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This invention relates to a method .and
means for preventing inductive interferences
from arising in circuits in a group, such, for
example, as 1n a cable. ‘

The arrangements of the invention are par-
ticularly advantageous for preventing the oc-
currence of interferences which might other-
wise originate in the cable, or group, itself
due to operations which have to be carried

10 out in the ordinary working on such circuits, -

such for example, as splicing or testing oper-
ations. - ’
The problem of preventing the repairing
or testing operations on one pair of conduc-
15 tors from causing interference on adjacent
pairs is particularly serious when the circuits
are utilized for the transmission of high fre-
quency carrier currents. This is due to the
fact that the frequencies are so high and the
oo carrier levels are so low that work on one
pair may very: seriously disturb transmission
on a number of adjacent pairs. Further-
more, the operations which must be per-
formed in connection with loading ordinary
‘25 voice circuits are liable to cause serious in-
terference on adjacent carrier circuits.
There are four elementary operations
which may be performed on a pair of conduc-
tors which may cause interference in adjacent
ag carrier circuits. These operations are .as
" follows: A conductor may be suddenly
“grounded when there is a potential difference
between the conductor and ground; the con-
ductor may be removed from ground at a
5 time when there is current flowing from the
conductor to ground;the conductor carry-
ing current may be suddenly interrupted ;
or ‘a severed c¢onductor may -be  connect-
ed at a time when the two portions are
at a different potential. Tn the case of the
above listéd operations there is a wave with a
steep front originated which is ‘very rich in
high frequencies. Computations indicate
that the interference due to these operations
“may, under unfavorable conditions, be far in
excess of any permissible. interference and
may constitute a major trouble.  According-
1y it is one of the primary objects of the ar-
‘tangements of the invention to proyide ar-
_rangements whereby the above operations and
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others may be carried out without causing in-
terference in adjacent circuits. Other ob-
jects and features of the invention will ap-
pear more fully from the detailed description

_thereof hereinafter given.

- The invention may be more fully under-
gtocd from the following description together
with the accompanying drawing, in Figures
1 and 2 of which the invention is illustrated.
Fig. 1 shows a methed of preparing a pair
of cable conductors for repair or test work;
Fig. 2 shows the method and apparatus of
this invention whereby connections may be
made to a pair of cable conductors for repair
or test purposes without causing any inter-
ference in adjacent circuits. Similar refer-
ence characters have been utilized to denote
like parts in both of the figures.

In Fig. 1is shown a section of cable 1. In-
cluded in the cable would be a group of con-
‘ductors of which the pair of conductors 4
and 5 are shown. The clamps 6 and 7 are
affixed to these conductors and are connected
by the strap 8 to.clamps, such as 3, whereby a
ground connection may be established on the
cable sheath 2. Under these conditions no
interference will be caused from touching the
two conductors together, or to ground, or to
testing apparatus, or from cutting them at
the points marked XX. However, the estab-
lishment of the above described connections,

“or the connection and removal of the clamps,

are just the operations, heretofore pointed
out, which will cause inductive interference
on adjf‘acent circuits.

In Fig. 2 are shown the arrangements of
this invention whereby the above type of con-
nection may be established without such op-
erations causing interference on adjacent cir-
cuits. In this arrangement are shown the

~two conductors 4 and 5 with the clamps 6” and

77 affixed thereto. Each of these clamps is

“associated with the four-position switches 14

and 21. Switch 14 has four positions, posi-
tion 15 being open, position 16 being connect-
ed to circuit 11 through an inductance 19, po-

‘sition 17 being directly connected to a circuit

11, and position 18 being connected to circuit
11 through a condenser 20. Switch 21 has
four positions, position 22 being open, posi-
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tion 23 being connected to circuit 11 through
an inductance 30, position 24 being directly
connected ‘to circuit~11; and - position 26
being connected to circuit 11 through a
condenser 25.  Circuit 11 may be completed
by means of a switch 10 which is also con-
nected to a clamp 8’ which may be grounded
on the cable sheath as heretofore.  If desired
the circuit 11 might be completed through a
telephone set 12 or-a testing set 13.

The procedure with the arrangements of
this invention is to connect the clamps 6’ and
7’ to the conductors 4 and 5 while switches 14
and 21 are on the open positions 15 and 22,
respectively. . Switch 10, which is connected
to clamp 3 grounded on the cable sheath, may
then' be closed. The' niext operation is to

“throw the switches 14 and 21 to the positions

.18 and 23 which are connected to circuit 11

B
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» through the inductances 19 and 30.

these conditions any - potential difference

- which may exist between the conductors 4

o)

and 5 themselves on the one hand and between
the conductors and the cable sheath is equal-
ized, but due to the inclusion of the induc-
tances 19 and 30 in the connection, the process
of equalization is not rapid enough to cause
appreciable inductive interference 1n adjacent
circuits. ~The next operation involves throw-
ing the switches 14 and 21 to the positions 17
and 24 whereby the coriductors are connected

“directly to circuit 11 and to ground. For this

‘operation it is necessary that the switch be of
a make-before-break type. As the conductors
are at the same potential at this time, there
will again be no interference. or disturbance
caused. - Finally after the current in the in-
ductances has. died out; the switches may be
removed altogether from the positions con-
fected to the inductances. "When this condi-
tion has been brought about, the clamps and
apparatus, such as shown-in Fig. 1, may, if
desired, be-aflixed ‘to the conductors and the
apparatus of Fig. 2 may be removed.

Ii it is desired to remove the clamps and
apparatus of Fig. 1, the apparatus shown in

‘Fig: 2 is again connected to the conductors

with the switches 14 and 21 on the positions
17 and 24 which are directly connected to cir-
cuit 11. The switch 10 is closed.  After that
the switches 14 and 21 are moved to positions
18 ‘and .26, respectively, which- are connected
to.circuit 11 through the condensers 20 and 25.

"This is again a make-before-break operation.
“After the operation, any current which flowed
_previously is interrupted but the interruption

is brought about gradually by the condenser
becoming charged so that there is no sudden
interruption of the current. . This operation
will - accordingly ~cause no - interference.
After . the: current has reached  zero -the
switches are put in the open position and the

-clamps may be removed.

- The. application- to,thelcdnductdrs of ap-
paratus other than for repair or splicing op-

Under:

‘erations, such as telephone or testing sets, is

also likely to result in interference of the same
general type at the time that the apparatus is
connected or disconnected. The arrange-
ments of Fig. 2 are suitable for connecting
any apparatus of this type to the conductors.
Such apparatus would be connected to cir-
cuit 11 in a manner similar to that of the tele-
phone set 12 or the testing set 13. The pro-

cedure of-operation would be the same as

heretofore  described except that switch 10
would be left open. - Tl

‘While the switches 14 and 21 are shown
with only four positions, it might be ad-
vantageous .to utilize a greater number of
positions and to utilize intermediate react-
ance steps.” In that case the operation of
switch 21, for example, would be from the
open position 22 to the position connected to
the larger inductance; from that position to
one connected to a smaller inductance; and
finally to the position 24. The operation for
opening would be to go from position 24 to a
position connected to a large capacity, thence
to one connected to a smaller capacity, and
thence to the open position 22.

While the invention has been disclosed as
embodied in certain specific arrangements
which are deemed desirable, it is understood

‘that it is capable of embodiment in many and

other widely varied forms without departing
from the spirit of the invention as defined
by the appended claims. ‘

. What is claimed is:

1. The method of preventing inductive in-
terference from being caused in circuits in
a group by the disconnection from a pair in
such group of apparatus utilized for prepar-
ing such. pair for testing or repair purposes,
which comprises disconnecting such appa-
ratus from the conductors of said pair gradu-

“ally through a capacity.

2. The method of preventing inductive in-
terference from being caused in circuits in a
group.by connection and disconnection from
a palr in such group-of apparatus for pre-
paring such pair for testing or repair pur-
poses, which comprises connecting such appa-
ratus to the conductors of a pair through an
inductance, - eliminating such inductance
from the connection, and disconnecting such
apparatus from the conductors of the pair
gradually through a capacity. ‘ ’

3. The method of preventing inductive in-
terference from being caused in circuits in a
group by the connection to a pair in such
group of apparatus for preparing such pair
for testing or repair purposes, which com-

prises. grounding such ‘apparatus, ‘connecting
-such grounded -apparatus to the conductors

of a.pair through an inductance, and elimi-
nating the inductance from such connection.

- . 4.A pair of conductors, clamping members
“connectible to said conductors, a circuit con-
nected to said clamping members, means for
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grounding said circuit, an inductance, and
switching means for completing said circuit
through said inductance.

5. A pair of conductors, clamping members
connectible to said conductors, a circuit con-
nected to said clamping members, means for
grounding said circuit, a capacity, and
switching means for including said capacity
in said eircuit.

6. A pair of conductors, clamping members
connectible to said conductors, a circuit asso-
ciated with said clamping members, means
for grounding said circuit, and switching
means whereby said circuit may be completed
between said clamping members either di-
rectly, or through an inductance, or through
a capacity.

In testimony whereof, I have signed my
name to this specification this 16th day of

July, 1529.
HARRY NYQUIST.




