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CABLE BALANCING.

TESTING AND JOINTING OF AIR SPACE UNDER-

GROUND CABLES WHICH REQUIRE TO BE LOADED

AND BALANCED FOR SUPERPOSED TELEPHONE
WORKING.

Underground cables which are used for superposing are
usually of the Multiple Twin Type. These cables are built
up of two-pair cores, each pair consisting of two wires twinned
together, and each core consisting of two pairs twinned
together. For convenience in explanation the four wires
of a two-pair core will be lettered A, B, C, D; A and B being
the wires of one pair, and C and D the wires of the other pair.

When a third circuit is superposed upon a two-pair core the
arrangement is as shown in Fig. 1.
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Transformer + —y,  Transformer
W3 (g;Dq Side Cirat, AB. | »-[:3) o Ne3
Supermposed B I -
Circut G
Side Grout C.D. pgggy
Transformer, Tronsformer
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Figt

In practice, this superposed circuit is very efficient, but
trouble is experienced owing to overhearing between the
Superposed circuit and the Side circuits AB and CD, and
also to a lesser extent between the Side circuit AB and the
Side circuit CD. This overhearing is considerably increased
when the circuits are loaded.

A consideration of the Wheatstone Bridge as used for

measuring resistances will show the cause of this overhearing,
and also explain the method of overcoming the trouble.



Fig. 2 is a diagram of a Wheatstone Bridge in which A, B, C
and D are the four corners of the bridge, M and N are the
ratio arms, R is the resistance in the fourth arm of the bridge
required to ** balance ~ the unknown resistance X. G is the
galvanometer, and b the battery.

It is well known that if

M X

N R
then this bridge will be balanced, or, in other words, no current
will flow through the galvanometer G when the battery is
joined to C and D.
Also, of course, it follows that if

M,
—— is not equal to —
N R
then a current will flow through the galvanometer G when the
battery is joined to C and D.

If the battery be replaced by a buzzer, and the galvano-
meter by a Telephone Receiver, then the buzzer current will
be heard in the telephone unless

X
N R

Similarly, if one telephone be joined to Cand D, and another
telephone to A and B, then speech in the one telephone will
be heard in the other unless

M X

N R
In other words, there will be ““overhearing ”’ between the
two telephones.
Now, a two-pair core of a Multiple Twin Cable is similar
to a Wheatstone Bridge; but the arms of the bridge are
capacities, instead of resistances.
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Fig. 8 shows the four wires A, B, C and D of a two-pair
core, in cross section, with the capacities w, », ¥ and 2z
between the wires. The wires are arranged in this manner
in order to show more clearly the similarity to a Wheatstone
Bridge.

Fig.3.

Actually, the Bridge made up of the capacities in a two-pair
core is not quite so simple as shown in Iig. 3. Each of the
wires A, B, C and D has a capacity to the cable sheath or
‘“ earth,” in addition to the capacities to the other wires in
the core.

All the capacities in a two-pair core are shown in Fig. 4,
except the capacities between A and B, and between Cand D,
which need not be considered.
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z = capacity between D ,, A,

a = 'y " A and cable sheath or earth.
b = " - B and cablesheath or earth.
c = - . c ,, " . .

d = - D, vs Vs v

A buzzer is shown joined to A and B, and a telephone
receiver to C and D.

It can be proved that this bridge will be * balanced ™ if

W=x=y =2
and a = b,and ¢ = d.

In other words, if a buzzer be joined to A and B, then no
current from the buzzer will flow through the Telephone
Receiver joined to C and D if the above conditions hold.

Similarly, if one telephone be joined to A and B, and another
telephone to C and D, then speech on one telephone will not
be heard in the other if the above conditions hold. That is,
there will be no ‘ overhearing”’ between the side circuits
in this two-pair core.

Fig. 5 shows a two-pair core in cross section with a tele-
phone receiver joined to each of the side circuits AB and CD
through Transformer No. 3; and a buzzer joined to the super-
posed circuit.

TransformerN®3 D
Do
d
w

okt

C
K%
C
Nransformer N2

Fig.o.

Tt can be proved that if the conditions stated above hold ;
namely, if,

&
i

¥ =y =2z
and @ =b;andc¢c = d,
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then no current from the buzzer joined to the superposed
circuit will flow through either of the telephone receivers
joined to the side circnits AB and CD.

Similarly, speech on the superposed circuit, will not be heard
on either of the side circuits, and vice versd.

Tt can therefore be stated that overhearing in multiple twin
cables, between the side circuits, and between the superposed
circuit and the side circuits, is due to the capacities between
the wires being unequal, and the capacities between each wire
and the cable sheath, or “ earth,” being unequal. In other
words, overhearing is due to ‘‘ capacity unbalance.”

Also, the condition for no overhearing between the Side
circuits, and between the Superposed circuit and the Side
circuits is,

Ww=x=y =2z
a=>">
and ¢ = d,
where w, #, y and z are the capacities between the wires,
usually termed the wire to wire capacities, and a, b, ¢ and d
are the capacities of each of the four wires to earth, usually
termed the wire to earth capacities, as shown in Fig. 4.

It should be remembered, however, that in order that there
may be no overhearing between any two circuits in a cable,
it is necessary, in addition to the above capacities being
“ balanced,”” that the conductor resistance, self aud mutual
inductance, and leakance, of all the wires in the cable should
be “ balanced” also. It is found in practice that these
quantities are sufficiently well balanced by the careful manufac-
fure of the cable, and therefore no special steps need be taken
during the jointing of the cable.

METHOD OF “ BALANCING” TRUNK CABLES.

The wire to wire capacities in a cable depend principally
(since the dielectric is mostly air) upon the distances between
the wires. The wire to earth capacities in a cable depend
upon the distances between the wires and the sheath of the
cable, and also upon the distances between the wires and
all the other wires in the cable.

In the manufacture of A.S.P.C. cables it is not possible
to insulate and twin the wires of each two-pair core so accu-
rately that the distances between the wires, and between the
wires and the sheath, shall all be exactly equal.

The wire to wire capacities w, x, ¥ and z are therefore unequal,
as are also the wire to earth capacities a, b, ¢ and d ; and special
steps have to be taken to balance these capacities during the
jointing of the cable.
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The procedure is as follows -

The wire to wire, and wire to earth capacity unbalances
are measured on each length of cable (about 176 yards) after
it has been drawn into the ducts.

Alternating
Current Supply

Fixed
Condenser,
\/ Condenser No2
{Vanable)
Condenser N%i
Fixed (Vanable)
Condenser

Fig.6.

For this purpose an alternating current Bridge is used.
This Bridge is shown in Fig. 6, and is called the “ Double
Bridge,” because two measurements are made simultaneously.

The Bridge consists of :—

Non-reactive Ratio arms 10000410000 a5 jvag..2

Two Air Condensers continuously vaséable from 0 to
1200 micro-microfarads, and graduated with centre
Zero.

Two fixed Air Condensers, 600 micro-microfarads
each.

Alternating current is supplied to the Bridge from a Reed
Hummer through a special balanced and screened trans-
former.

Balance is obtained by varying condensers No. 1 and No. 2
alternately until both the telephone receivers T, and T, are
silent simultaneously.

In practice only one telephone receiver is used, and a switch
is provided for changing over to the two positions. This
receiver must be very sensitive. A wireless headgear receiver
of about 2000w resistance is usually employed.

The Bridge is used to determine the following quantities.
in each two-pair core :—

w—2x, Z—Y, W—2, X—Y
usually termed the wire to wire unbalances,
and a—b, c—d
usually termed the wire to earth unbalances.
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In order to determine the above quantities, it is necessary
to join the four wires A, B, C and D of each two-pair core to
the Bridge in the four different ways shown in Figs. 7, 8, 9
and 10, a special switch being provided for this purpose.

Before making measurements on the cable, the Bridge itself
must be balanced.

=0
To do this, condenser No. 1 and condenser No. 2are mea‘

until both the telephone receivers T; and T, are silent at the
same instant.

The scales on condensers No. 1 and No. 2 are then set to
read zero. These scales are graduated in micro-microfarads
to read positive values when the capacity is decreased, and
negative values when the capacity is increased.

Having balanced the Bridge, a two-pair core of the cable is
joined to the Special Switch, and the switch set at the first
position. This joins the wires of the two-pair core to the
Bridge as shown in Fig. 7.

Condensers No. 1 and No. 2 are then varied until both the
telephones T, and T, are silent at the same instant. Then

Reading on Condenser No. l=w—x
LEd 1y vy NO' 2=(Z+a)_(y+b)

s



The Special Switch is then moved to position No. 2 (Fig. 8)
and the bridge is again balanced.
Then,
Reading on Condenser No. 1=z—y

” n i No. 2= (w-+a)— (x-+b)

Similarly for position No. 3 of the Special Switch (Fig. 9),
.Reading on Condenser No., l=w—z
» o »  No. 2=(x+ec)—(y+4d)
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And for position No. 4 of the Special Switch (Fig. 10),
Reading on Condenser No. l=x—y
. . v No. 2=(w+¢)—(2+4).
1f, now, the reading on condenser No. 1 in position No. 2
of the switch be subtracted from the reading on condenser
No. 2 in position No. 1 of the switch,
(z+48) = (-+b) — (e—9) =a~b,
and if the reading on condenser No. 1 in position No. 4 of the
switch be subtracted from the reading on condenser No. 2
in position No. 3 of the switch,
(w4c)— (z4d) — (w—2) =c—d.
The above measurements have therefore given the following
values for the first two-pair core of the cable :—
w—x, £—Y, w—2z, ¥—Y,
a—b, c—d.
Similar measurements are made on each two-pair core of
the length of cable under test, and the results are recorded on
a schedule.

METHOD OF JOINTING LENGTHS OF CABLE TO-
GETHER IN ORDER TO ELIMINATE CAPACITY
UNBALANCE.

Underground Trunk Cables are nearly always loaded,
loading coils being inserted at definite and regular distances
apart.

When “ balancing ”’ these cables, each loading coil section
is independently balanced.

The number of single lengths of cable in each loading coil
section will, of course, vary with the distance between the
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loading coils. As an example, however, consider the case in
which there are 12 single lengths of cable to the loading coil
section as shown in Fig. 11.

The single lengths of cabie are tested at the points T,, T,,
T,;, Ty, T;, and T4: lengths 1 and 2 being tested at T,;
lengths 3 and 4 being tested at T,, and so on.

The test results are recorded on Testing Schedules from
which Jointing Schedules are prepared which show the
jointer how the wires should be joined together.

The method of arriving at the best way of jointing the wires
of two adjacent lengths together is as follows :(—

Suppose on length 1 the Red core has a (w—x) equal to
200 micro-microfarads, as shown on the Testing Schedule.
That is,

(w—#x)g = +200 mmf.
The testing schedule for length 2 is then examined in order
to find a core with a (w-——x) as nearly as possible equal to
200 micro-microfarads.

Suppose on the Green core of length 2

(w—x)e = + 240 mmf.
Then, if these two cores are joined together, A wire to A wire
and B wire to B wire, the (w—#) measured on the two lengths
when joined together would be

(w—x)g -+ (w—2x)=2004+240= 4440 mmf.

But if, when joining these two cores together, the AB
wires are crossed, that is, if the A wire is joined to the B wire
and the B wire to the A wire, then the (w—x) measured on
the two lengths when joined together would be,

(w—#x)p— (w—x)e= +200—240= —40munf.
So that by crossing the wires, the capacity unbalance (w—x) has
been reduced to —40 micro-microfarads. It follows, of course,
that when selecting cores to be joined together, all the wire to
wire unbalances, w—x, z—y, w—z, x—y, and also the wire
to earth unbalances a—b and ¢—d, of each core must be taken
into consideration.

The preparation of the Jointing Schedules therefore
requires considerable skill and experience.

From the above it will be seen that the selection of the
cores will depend upon the relative magnitudes of the wire to
wire unbalances and the relative magnitudes of the wire to
earth unbalances. Whether the wires of these cords are to
be crosssed or not will depend upon the relative signs of the
wire to wire unbalances and the relative signs of the wire to
earth unbalances. On no account must a core be ‘ split.”
That is, if the A and B wires of the Red core are joined to the
A and B wires of the Green core, then the C and D wires of
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the Red core must be joined to the C and D wires of the same
Green core. Neither must a pair be “split.”” That is, if
the A wire of the Red core is joined to the A wire of the Green
core, then the B wire of the Red core must be joined to the B
wire of the same Green core.

There are therefore eight possible ways of joining together
the wires of two cores. These are shown in Fig. 12.

Having prepared the jointing schedules for the joints at
each of the points T, T, Ty, Ty, T, and T (Fig. 11), the joints
at these points are made and the loading coil section will then
be as shown in Fig. 13.

Tests are then made on each of the two-length sections at
the points T,, Ty, and T,.

These joints are ** selected ”” from the test results, and joint-
ing schedules are prepared as already described. When these
joints have been made, the loading coil section will be as shown
in Fig. 14.

Tests are then made at the point Ty, on each of the four-
length sections, 1, 2, 3, 4, and 5, 6, 7, 8, and at the point
T,, on the four length section 9, 10, 11 and 12.

The joint Ty, is ** selected ”’ from the test results and the
jointing schedule is prepared.

When this joint has been made, the loading coil section will
be as shown in Fig. 15.

A final test is made at the point T, on the eight-length
section, 1, 2, 3,4, 5, 6,7, 8.

This joint is ““selected " from the test results, and the jointing
schedule is prepared.

When this joint has been made, the loading coil section will
be completely joined up, and the wire to wire unbalances w—x,
z—y, w—z, x—2%, and the wire to earth unbalances, a—b and
c—d, when measured on the completed loading coil section
should have very small values.

The overhearing between side circuits and between the super-
posed circuit and the side circuit will then be so small as to
be negligible. If overhearing tests are made between any
other two circuits in the loading coil section, that is, between
any two circuits not in the same two-pair core, this over-
hearing will also be so small as to be negligible.

FEach loading coil section throughout the whole cable is
“ balanced * in the above manner. The loading coils are then
joined up, and, if overhearing tests are made on the completed
cable, it will be found that the overhearing between any two
circuits in the cable, whether these circuits are in the same
two-pair core or not, has been almost entirely eliminated.
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