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6 Claims;
1
- The present invention: relates to arrangements
adapted to minimise the effects of the imped-
ance of the earth wire or édrth bus-bar in alter-
nating current electric circuits stich as laddeér
networks or thermionic valve amplifiers. 'The
effects of the impedance of the earth wire or earth
bus-bar are especially likely to be serious in the
case of filters or” attenuators of the unbalanced
ladder type where it is desired fo: obtain high
atténuation of the order of 100 decibels or more.
The éffects' may also in certain circumstances be
serious in the case of so-called balanced circuits.

The importance of arranging the' connections
of an unbalanced ladder rnetwork such as a filter
or’ attenuator so that the connections of the
Shunt elements to an earth bus-bar are made in
the same order along thé bus-bar as they appear
on the ladder diagram of the network has previ-
ousiy béen realised. The application of this sys-
tem of connecfions to a high-frequency electric
circuit such as a ladder network does not by it-
self i all cases provide the requisite minimisa-
tion of the effects of the finite impedance of the
earth bus-bar. Thus,. if there is' an input ter-
minal at one end of the: earth bus-bar of the
high=frequency circuit and an output terminal
at the other end, and some other connection ex-
ists between the said two' terminals; circulating
currents- of an alternating naiure may be pro-
duced in the closed circuit formed by the bus-
bar and the connection referred to and may; ow-
ing to the finite impedance of the bus-bar prodiice
voltage ‘drops along this bar which act to impair
the performance of the high- frequency’ circuit.
The' other connection referred to betweén the
terminals may  exist for examiple owing to the
fact that the circuits connected to the terminals
are independently earthed. One method of ob-
viating such-flow of circulating currents is so to
arrange the network or other circuit” concerned
by the inclusion of one or more transformers
therein that the continuity of the earth bus-bar
is broken.
however ‘disadvantages.

The present invention has' in' view the  pro-
vision' of arrangements by means of which the
flow of undesirable “ecirculating currents of an
alternating nature’ in cases such as that which
has been referred to' may be greatly minimised
without the use of a transformer or transformers.

Arrangements for attenuating currents flowing
in the same direction in’the two wires of a loop
circuit without attenuating loop™ currents are
known in'which inductance coils: are so-connected

a5 to’ introducé”iniductance’ in the path-of 168

» currents without mtroducmg inductance in- the
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path of looy currents Such' arraigemeénts how-
ever haveé 16t been conicerned with cases in which
the-currents flowing in the same direction in the
two wires’ return through a third path- joining
two points on- one of the loop conductors, the
current flow being caused by the mutual imped-~
arice between the loop circuit-and a circuit formed
by ohe of other of the wires of the loop and the
said: third path.

Acéording t6 4 main- feature of the present m-
vention a two’ coftductor input of output connec-
tion to: analteriating current electric ciréuit'such
as 5 ladder network’ or a thérmiionié valve ami-
plifier in which there'is an’ earth- bus-bar and
there" exists also another path between: the two
ends of the earth bus-bar is made in'such'a ‘man-
nei’ that each conductor of the input’ of output
connéction’ contains a coil which is tightly cou~
pled to'the coil'in the other conductor the coil in
the conductor connected to6 the earth bus-bar
being connected in that part of the circuit that
is'shunted by the othér path referred to, the two
coils'being'so proportioned and connected in such
sense that substantial inductance is introduced
into’ the’ path of circulating cutrents flowing
through a leg of the two conductor connection
and the said other path while & comparatively
low or negligible impedance is presented to the
flow: of 1oop currents over the connection, By the
provision” of this” feature it can readily be ar-
ranged that two independently earthed systems
cah bé connected together ovetr apparatus such
ag’a filter, attenuator, or amplifier without thére
being- any risk of the production of: sérious’ cir-
culafing curents of an alternating nature in the
cifeuit formed by the earth bus-bar and the said
other path caused by the mutual impedance: be-
tween the loop circuit and' the circuit formed by
one or other of the wirés of the loop and the
said other path.

One miethod of carrying out the feature is to
arrange’that the two-conductor input or output
connection: is 'made over the two conductors of
a lenigth of cable of the: coricentric type; a por-
tion or the whole of the said length of cable be-
ing! formed-into a coil. . This coil may be wound
round a core of magnetic material.

. Arother method of carrying out the feature is
to-arrange that each conductor of the two-con-
ductor connection contains one winding of a two-
winding: choke coil’ wourd with “twin” wiré’the
conneetion' being such that the windings are‘in
oppositioli” it s6" fr as 106p curients: are con-
cérned:. The' two wirés forming the “twin” wire
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may simply be wires lying side by side, but I
prefer to use a twisted pair. Each of the wires
may be formed of a number of strands and the
“twin” wire may be wound over a core of ferro-
magnetic material. i o

In carrying out the feature it is desirable (in

order to achieve the desired object) to arrange
that the conductor forming the coil included in
the leg of the circuit in which the undesired cir-
culating currents are liable to flow has a resist-
ance which is as low as possible compared with
the reactance values of this conductor at the
frequencies concerned. The reason for this is
that any voltage drop along the said conductor
which is produced by the flow of loop currents
through the resistance formed.by the conductor
will assist in the production of the circulating
currents and militate against the improvement
effected by the inclusion of the inductance of the
conductor in the path of these currents.
- According to a subordinate feature of the in-
vention, one or each of the tightly-coupled coils
of the input or output connection concerned is
shunted by a tuning condenser so that the flow
of circulating current of a critical frequency (or
range of frequencies) is impeded by resonance
effects.

In order that the provision of arrangements
according to the invention may achieve the de-
sired object, it is important that the impedance
of the earth wire or earth bus-bar of the alter-
nating current electric circuit concerned should
be as low as possible, and that any possible cir-
cuit for the flow of undesired circulating cur-
rents which includes this bus-bar should have
a minimum mutual inductance with each element
and closed circuit of the alternating current elec-
tric circuit. In order to meet the last require-
ment, it is important to arrange that the various
circuit elements are carefully screened and that
all corresponding “go” and “return” wires are
closely associated.

The nature of the invention will now be made
clearer and the considerations which govern the
design of the apparatus for carrying it into effect
briefly indicated, by a description given with
reference to the diagram shown in the three
figures of the accompanying drawing.

Fig. 1 of the drawings shows the application of
the invention to the circuits of a submerged re-
peater in a submarine cable system in which the
inductance coils are formed by coiling a length
of concentric cable. Fig. 2 shows how the ele-
ments of an electric network may be connected
to the input or output conductors for the pur-
poses of the present invention and Fig. 3 shows
the application of the invention to an unbal-
anced filter network, the inductance coils in this
case being wound with twin wire,

Referring firstly to Fig. 1 of the drawing, this
illustrates diagrammatically an application of
the invention in which the alternating current
circuit is a submerged repeater connected in a
submarine cable of the concentric type. The two
sections of the cable which are concerned- are
indicated at { and 2, and are arranged to enter
the metal housing 3 of the repeater through a
gland 4 at one end of the housing. The two
sections have  their outer conductors 5§ and 6
bonded to this housing so that the conductors
are joined through a circuit of very low re-
sistance. The repeater apparatus is indicated
diagrammaitically as comprising a low-pass filter
1 and other apparatus 8. The invention finds an
especially useful application in this instance, as
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withéut special provision being made troubles
some circulating currents are liable to be pro-
duced in a closed circuit including the earth
bus-bar of the repeater apparatus and the circuit
of low resistance just referred to. -

As shown, the arrangements according to the
invention whereby the flow of such circulating
currents Is greatly minimised take the form
of a length 9 of cable of the concentric type,
a. portion of the length being formed into a coil
10. The coil 16 may be wound round a core 33
of magnetic material. The two conductors of
the length 9 of cable are included in the connec-
tion between section 2 of the submarine cable
and the filter 7, the outer conductor of the said
length being included in the earth leg of the cir-

_cuit. -The effect of the inclusion of the coil 10

in the connection hetween the cable section and
the filter is that substantial inductance is intro-
duced into the path of circulating currents flow-
ing through the earth leg only of the connec-
tion, while the coil only presents a comparatively
low or negligible impedance to the flow of loop
currents over the- connection. An improved
performance can often be obtained by shunting
the outer conductor of the coil {0 by a tuning
condenser {f.

As has previously been stated, it is important,
in order that the provision of arrangements ac-
cording to the invention may achieve the desired
object, that the impedance of the earth wire or
earth bus-bar of the alternating current elec-
tric circuit concerned should be as low as pos-
sible, and that any possible circuit for the flow of
undesired circulating currents which includes
this bus-bar should have a minimum mutual
inductance with each element and closed circuit
of the alternating current electric circuit, A
method of connecting circuit elements which may
be employed to meet the last requirement is
shown diagrammadtically in PFig. 2 of the draw-
ing. The method consists in using a hollow
metal tube 12 as the earth bus-bar, this tube
having a number of branch tubes 13 Jjointed
into it to which the screening cases 14 of the
various circuit elements are connected by joints
of good conductivity, and all wiring being carried
out entirely within the tubes. The tubes are
preferably of copper, and may of course be bent
as is necessary to give the most compact or con-
venient layout of the circuit as a whole. In the
figure, the circuit elements are for the sake of
example shown as consisting of three series arms
15, 16 and 1T and two shunt arms (8 and 19.
The metal tube 12 and the wiring therein con-~
necting up the several circuif elements are con-
nected at one end to the outer conductor 26 and
inner conductor 27 of a concentric cable 28 and
at the other end to similar conductors of a
length of .coiled concentric cable 28 which itself
is connected.to another concentric cable 30. In
a modification which may be employed, it is
arranged that the terminals of the various cir-
cuit elements are close to the main tube and the
branch tubes are omitted. In a further modifi-
cation, the tubes are replaced by suitably ar-
ranged lengths of concentric cable.

Referring now to Fig..3 of the drawing, this
illustrates diagrammatically an application of
the invention in which the alternating current
circuit is an unhalanced: filter 20 connected be-
tween an input circuit 21 and an output circuit
22. The lower leg of the input circuit and the
lower leg of the output circuit are both connected
to earth independently of the earth bus-bar of
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‘the filter, these earth connections being repre-
‘sénted in the drawing by the leads 23 and 94.
The invention finds a useful application in this
instance, as without special provision being made
troublesome circulating currents are liable to be
produced in the closed circuit formed by the
earth bus-bar of the filter and the earth ‘connec-
tions just réferred to. As shown, the arrange-
mients .according to the invention whereby the
flow of such circulating currents is greatly mini-
mised take the form of a two- windihg choke
‘coil 25. This choke ¢oil is constructed by winhd-
ing “twin” wire on an iron core 32, the “twin”
wire preferably taking the form of & twisted pair.
Bach of the wires forming the “twinh” wire may
be formed of a number of strands. The two wires
‘at ohe end of the “twin” are connected to leads 21
.and the two wires at the other end of the “twin”
are conhected fto the input terminals of the
filter 20. One or each of the two windifigs
formed by the “twin” Wiré may be shurited by a
condenser 21 so that the flow of circulating cur-
rent of a critical frequency (or range of fre-
guencies) is impeded by resonance effects. The
effect of the inclusion of the choke coil 25 in the
connection between the input circuit 21 and the
flter is that substantial inductance is introduced
into the path of circulating currents flowing
through the earth leg only of the connection,
while the coil only presents a comparatively
low or negligible impedance to the flow of loop
‘eurrents over the connection.

The considerations which govern the design
of such a choke coil wiil now be briefly indicated.
With such a choke coil there is inevitably some
leakage inductance between the two windings,
and this shows itsélf as an inductance which op-
erates to impede the flow of loop currents. As-
suming by way of example that the choke coil is
being used in the case just referred to where two
independently earthed systems are connected to-
gether over an unbalanced filter, that enly cur-
rents of a specific frequency need be considered,
‘and that the two Windings of the choke coil are
connected in the input leads to the filter, one
half of the impedance due to the said leakage
inductance to currents of the specific frequency
represents a mutual impedance between the in-
put circuit of the filter and the circuit in which
an undesired circulating current of the specific
frequency is liable to be produced. It follows
from this that the efficiency of the choke coil in
limiting the flow of the undesired circulating
current is limited by the ratio:

Z,

37
where Zc is the impedance presented by the choke
to circulating current of the specific frequency
and Zt is the impedance presented by the choke
to loop or transverse currents of the specific
frequency, the limiting value being reached when
the effective resistance Re to circulating current
of the earth wire of the filter and the other earth
path is very small compared with 1% Z:. How-
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ever Zt must not be too large or attenuation is .

introduced into the pass range of the filter by
the resistance component of Zi, and reflection
loss is introduced by the reactance component
of Zit. An optium design is obtained when the
characteristic impedance of the twin wires when
these are considered as a transmission line®is
equal to the characteristic impedance of the fil-
ter, so that only the resistance component of Zt
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mtroduces any loss, Unfor Lunately, in practice
the characteristic impedainice of the tWin wires
can only be varied by changing the separation -of
the wires or the-diélectric constant of their insu-
lation, so that it is not generally practlcable to
match the characteristic impedance of the wires
to that of the filter. Consequently somé reflec-
tion- loss is inevitable, but it can of course be
minimised by keeping small the ‘lerigth of ‘the
twin wires, i. e. by keéeping Zt small. The best
coinpromise-is probably reached Wheh the meédu-
lus of Zyis about three or four-times Re. = A Tea-
sonable value for Z: in many cases would -be 2
ohms.

On working out detailed de51gns for specific
cases on the basig of the considerations just set
forth, we have found that at the lower end of
a range of frequencies (e. g., at 6 kilocycles per
second) the performance obtainable is limited
by the resistance of the choke windings, and at
the upper end of the range of frequencies (e. g.,
at 200 kilocycles per second) it is limited by the
leakage inductance of these windings. The use
of a coil of concentric cable reduces the unde-
sired leakage inductance to zero, but increases
the resistance owinhg to the poor space factor of
concentric .cable. At the lower frequenciés,
therefore, a choke coil should give better results
than a coil of concentric cable, while at the high-
er frequencies the coiled coticenttic cable would
be the more efficient of the two arrangements

What is claimed is:

1.'In éombination; a four termmal telephone
communication line filter comprising series and
shunt impedance elemernts and an earth bus bar
to which said shunt impedance. elements have
respectively one end connected; incoming and
outgoing cables connected to the inlet and out-
let pairs of terminals respectively; a-connection
between the respective earth wires of said cables
forming a parallel path to said earth bBus bar;
and means to reduce the effect on the attenua-
tion of the filter of eurrents induced by the four
terminal hetwork in the parallel path compris-

5 ing reactive coils situated in one of said cables

and in series with said parallel path so désigned
and arranged as o be in balancing magnetic -op-

. bosition as regards line current i the cable.cir-

cuit,

2, In combination, a four terminal telephone
communication line filter comprising series and
shunt impedance elements and an earth bus bar
to which said shunt impedance elements have
respectively one end connected; incoming and
outgoing concentric cables connected to the in-
let and outlet pairs of terminals respectively; a
connection between the outer conductors of said
concentric cables forming a parallel path to said
earth bus bar; and means to reduce the effect on
the attenuation of the filter of currents induced
by the four terminal network in the parallel path
comprising reactive coils situated in one of said
cables and in series with said parallel path so
designed and arranged as to be in palancing mag-
netic opposition as regards line current in the
cable circuit,

3. In combination, a four terminal telephone
communication line filter comprising series and
shunt impedance elements and an earth bus bar
to which said shunt impedance elements have re-
spectively one end connected; a metallic container
in which said filter is situated; incoming and out-
going concentric cables connected to the inlet and
outlet pairs of terminals respectively; an elec-
trical connection between the outer conductors
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of:said concentric cables and sald cofifainer form-
ing a parallel path to said earth bus bar; and
‘means to reduce the effect on the attenuation of
the filter of currents induced by the four ter-
minal network in the parallel path comprising re-
active coils situated in one of said cables and in
serles with said parallel path so designed and
arranged as to be in balancing magnetic opposi-
tion as regards line current in the cable circuit.

4. In combination, a four terminal communica-
tion line filter comprising series and shunt imped-
ance elements, screens surrounding.respectively
each of said elements, a metal tube, branch tubes
jointed into said metal tube and connected re-
spectively -to said screens and connections be-
tween one end of the said shunt impedance ele-

10

15

ments and the respective surrounding metal; in- -

coming and. outgoing cables, the earth wires of
said cables being connected respectively to the
ends of said metal tube; a connection to the other
wire of each .cable passing through said metal
tube and branch tubes and connected to said im-
pedance elements; an earth connection between
the earth wires of said cables forming a shunt
path to said metal tube; and means to reduce
the effect on the attenuation of the filter of cur-
rents induced by the four terminal network in
the parallel path comprising reactive coils sit-
uated in one of said cables and in series with sald
parallel path so designed and arranged as to be
in balancing magnetic opposition as regards line
current in the cable circuit.

5. In combination, a four terminal communi-
cation line filter comprising series and shunt im-
pedance elements, screens surrounding respec-
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“tively each of said elements, a metal tube, branch .

tubes. jointed into said metal tube and connected
respectively to said screens and connections be-
tween one end of the said shunt impedance ele-
ments and the respective surrounding metal; in-
coming and outgoing concentric cables the outer
conductors of which are connected respectively to
the ends of said metal tube; a connection to the
inner wire of each cable passing through said
metal tube and branch tubes and connected to
said impedance elements; an earth connection
between the outer conductors of said concentric
cables forming a shunt path to said metal tube;
and means to reduce the effect on the atten-
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uation of the filter of currents induced by the
four-terminal network in the parallel path com-
prising reactive coils situated in one of said
cables and in- series with sald parallel path so
designed and arranged as to be in balancing mag-
netic opposition as regards line current in the
cable circuit.

6. In combmation a four terminal telephone
communication line filter comprising series and
shunt impedance elements and an earth bus bar
to. which said shunt impedance elements have
respectively one end connected; incoming and
outgoing cables connected to the inlet and out-
let pairs of terminals respectively; a connection
between the respective earth wires of said cables
forming a parallel path to said earth bus bar; and
means to reduce the effect on the attenuation of
the filter of currents induced by the four ter-
minal network in the parallel path comprising
reactive coils situated in one of said cables and
in series with said parallel path so designed and
arranged as to be in balancing magnetic oppo-
sition as regards line current in the cable ecir-
cuit, the modulus of the impedance presented by
the reactive coils to transverse currents being
about three times the effective resistance to eir-
culating current of the earth bus bar and said
parallel path.

JOHN HENRY MOLE.,
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