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This invention relates to cable splicing systems.
More particularly, this invention relates to ar-
rangements for substituting the conductors of
one cable pair or one cable quad for the conduc-
tors of another pair or quad in a different cable
without interference with the fransmission of
signals over the telephone circuits formed by the
pair or quad.

In the ordinary telephone cable there are a
great many pairs and quads which extend
throughout the length of the cable, each -quad,
for example, comprising four separate conductors
which are arranged in two pairs forming two two-
wire side circuits, respectively, and the two side
circuits are in turn arranged to provide a phan-
tom circuit.- When the side circuits are well bal-
anced, the quad provides three wholly independ-
ent telephone circuits, namely, the two side cir-
cuits and the phantom circuit. Telephone trans-

mission may take place over one of the side cir- -

_cuits without introducing cross-talk or other in-
terference in the other side cireuit or in the phan-
tom circuit, and conversely, telephone signals may
be transmitted over the phantom circuit without

introducing “cross-talk or other adverse effects .

upon either of the side circuits.

When a cable must be replaced due to a failure
at some point along its length; or for other rea-
sons, it is often necessary, not alane to locate and
identify the various gquads of the-cable at two or
more points-along the cable, but to replace these
quads with other quads of another cable extend-
ing between the same points. It is also desirable
that the cable “cutover” be performed without in-
terfering with serviee over the various cable cir-
cuits. - Heretofore each conductor of the cable
quad was identified and isolated and separately
replaced by a good conductor of another cable.
However, the connection of an individual conduc-
tor to any one of the quad conductors results in
an appreciable change in the impedance of the
side circuit of the quad of which it is a part and
of the phantom circuit of the quad so that these
circuits are no longer properly balanced. This
is due to the fact that the addition of a single con-
ductor in parallel with a conductor of the quad
changes the reactive and resistive components of
the conductor with respect to ground and hence
the involved side circuit and the phantom circuit
then become unbalanced. The phantom current
or other longitudinal current on the side circuit,

for example, will become infroduced into the side’

circuit, causing noise, cross-talk and other unde-
sirable effects therein and, moreover, the side cir-
cuit unbalance will likewise affect the phantom
circuit. ' L s

It is, therefore, one of the objects of this inven-
tion to provide an arrangement for replacing cable
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conductors so that a new pair or quad of con- -

ductors may be substituted for an old pair or quad
by simultaneously conneeting the two pairs or
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quads to each other so that the splice may be made
without adversely affecting transmission over any
of the circuits.. .

It is another object of this invention o provide
apparatus for simultaneously connecting the con-
ductors of one pair or quad to the conductors of
another pair or quad, the apparatus including
means for ascertaining whether the tip conduc-
tors of the original circuit or side circuits are
connected to the corresponding tip conductors of
the replacing circuit or side circuits and for ascer-
taining also whether the ring conductors of the
original circuit or side circuits are likewise con-
nected to the replacing ring conductors of the cir~
cuit or side circuits. )

These general objects of the invention may be
accomplished in a cable having a plurality of
quads by simultaneously connecting both of the
side circuits of the original quad to both of the
side circuits'of the replacing quad at one poin{
along the cable so that the signals fraversing the
original side circuits ‘will be applied also to the
side circuits of the replacing quad at the same
time. - At another point along the cable, one wind-
ing of a three-winding transformer may be con-
nected to one side circuit of the original quad,
another winding of the transformer connected to
a side circuit of the replacing quad, and the third
transformer winding conneécted to an indicating
device. The indicating device will then register
a maximum current when the connections be-
tween the side circuits are properly made. If the
connections of the side circuits at the point
where they have been joined together have not
been made. properly, the detected current will be
at a minimum value (or zero). The error may
then be readily observed by the splicer and the
connections therefor reversed. The arrangement
may also include a switching device for reversing
the first-mentioned winding of the transformer
to facilitate the determination of the maximum
and minimum detected currents. Another three-
winding transformer may be similarly employed
for checking the connections of the remaining side
cirecuits of the quads. In accordance with this in-
vention, the arrangement may also include a
source of oscillations of low frequency, for ex-
ample, which may be connected to the two circuits
under consideration for obtaining effects similar
to those obtained from the signal currents trav-
ersing the side circuits. Moreover, the arrange-
ment may-include a source of oscillations of high
frequency for identifying the quads which contain
loading coils, as will be explained later. -

- 'This invention will be better understood from
the more detailed description hereinafter follow-
ing, when read in connection- with the accom-~
panying drawing in which Figure 1 illustrates the

‘essential apparatus required in the practice of.

the invention, and Fig. 2 shows an arrangement
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of loaded circuits to which the invention may
also be applied.

Referring to Fig. 1 of the drawing, there is
shown four conductors designhated Wi, Wiz, Wa
and Waz, comprising one of the many quads of
a cable extending between two points designated
X and Y. Conductors Wi and Wiz represent a

pair providing one side circuit SCi, these con- .

ductors interconnecting the repeating coil RE:
and RW1 in a well known manner. Likewise, the
conductors War and Wa2 constitute another pair
providing a second side circuit SC2, the latter
conductors interconnecting the repeating coils
RE: and RW2 in a well known manner. The
third or phantom circuit PH is formed as shown
by connecting one of the windings of the repeat-
ing coil RPE to the midpoints of the correspond-
ing windings of repeating coils RE1 and RE: and
by similarly connecting one of the windings of
the repeating ceil RPW to the midpoints of the
repeating coils RWi1 and RWa2,  Since the two
wires on each side of the circuit are identical,
any current transmitted from the east end of
the phantom circuit PH, for example, will divide
equally between the two halves of the repeating
coil RE; and then travel over the two side circuit
conductors W11 and Wiz so as to produce equal
and opposite magnetic effects in the two halves
of one of the windings of the repeating coil RWi.
These phantom currents in the repeating current
RW: will neutralize each other ‘and thus the
phantom current will not reach the receiver (not

shown) at the west end of the side circuit SCi.

The phantom current will return over the .con-

ductors Wa1 and W2z of the other side circuit SCz «

and also become neutralized so as to be non-
effective in the side circuit SCa. Thus, the three
circuits SCi, SC2 and PH will constitute three
separate channels which are independent of each
other and free from noise, cross-talk, etc.

The conductors Ws3i—Wsz and Wa—Wiz com-
prise two similar pairs of wires forming a quad
in another cable extending between the same
points X and Y. It is intended to associate these
four conductors with the corresponding con-
ductors Wir—Wiz and Wa—Wa22 of the original
quad in such a way that the tip conductors Wi
and Wi will be connected together, the ring
conductors Wiz and Wiz will be likewise con-

nected together, and the tip conductors Wa1 and -~

Wau and the ring conductors W22 and W42 simi-
larly connected together. Transmission may
continue cver any or all of the circuits SCi, SC2
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conductor Wiz will be connected to conductor
Wiz through the upper inner make contacts of
key D. Similarly, the conductor W21 will be con-
nected to the conductor Wa through the lower
inner make contacts of key D and conductor Wz
will be connected to conductor W4z through the
lower outer make contacts of key D. Thus, the
east end of the side circuit SCi will be connected
at point X not alone to the original side circuit
Wir—Wi2, but also to the corresponding side cir-
cuit W31—Wsz of the new cable. Consequently,
all signals transmitted over the side circuit
Wiu—Wiz will be similarly transmitted over the
corresponding side circuit W3i—Wa32 of the new
cable. ’

When key F is operated to “test” and key G
operated to “normal” at the west point Y, the
side circuit conductors Wir and Wiz will be con-
nected to the winding  MC: of a three-winding
transformer, the interconnected circuit including
conductor Wu, clip CWi1, conductor WWi, the
lower inner right make contacts of key F, the
upper normal right contacts of key G, the wind-
ing' MC: of the transformer, the lower normal
right contacts of key G, the lower outer right
contacts of key F, conductor WWz, clip CW: to
conductor Wiz. Thus, the signals transmitted
over the side circuit SCi will be received by the
transformer winding MCi. Another winding
HT: of the same transformer will be connected
to the corresponding side circuit conductors Ws:
and Wiz of the new cable, the interconnected cir-
cuit - including conductor Wasi, clip CWs, con-
ductor TW1, the lower inner left normal contacts
of key F, the winding HT: of the transformer,
the lower outer left normal contacts of key F,
conductor TWsz, clip CWs to conductor Wais.
Transformer winding HT: will therefore receive
the same signals transmitted from the side cir-
cuit SC: over the corresponding side circuit
Wii—Wsz of the new cable. If the clip CE: is
connected to the tip conductor Wi and the clip
CE: connected to the ring conductor Wiz and the

_ clip CEs connected to the tip conductor Wz and

or PH unaffected by the splicing operations and __

without interference with signaling over the three *

circuits of the quad. The splicer at the east
terminal X will connect the clips CEi1, CEz, CE3
and CE: to the conductors Wu, Wiz, Wa1 and Waz,
respectively, of the original cable as shown. He
will also connect the clips CEs, CEs, CE7 and CEs
to the corresponding conductors Wi, Wiz, Wa
and Wys, respectively, of the quad of the new
cable which is to replace the original quad. The
splicer at the west end Y will connect the clips
CWi, CW32, CW3 and CWq to the conductors Wi,
Wiz, Wa1 and Wsz, respectively, of the original
cable. He will also connect -the clips CWs, CWs:
CW7 and CWs to the corresponding conductors
Wii1, W3z, Wa and Waa, respectively, of the new
cable. The splicer at the east terminal X may
operate the key D (to the right) whenever de-
sired, after he has connected all of his clips.
The operation of key D will then connect the
conductor Wu to the conductor Wa1 through the
upper outer make contacts of key D. Likewise,
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the clip CEs connected to the ring conductor Waz,
as shown in the drawing, the magnetic flelds
established by winding MCi and HT: of the trans-
former will then aid each other and produce an
increased magnetic field through the third wind-
ing WCi of the transformer. The winding WC:
of the transformer is connected through the
normal right contacts of key H to an amplifler
AM in the output of which there may be a pair
of head phones such as TR and/or an indicator
ID. The phone TR and indicator ID will indi-
cate that the currents received from the two side
circuits are aiding each other. Were the two side
circuits connected in opposition to each other, as
would be caused, for example, by a reversal of
clips CE: and CE: or by a reversal of clips CWs
and CWs, the magnetic flelds within coils MC:
and HT: of the transformer would then oppose
each other. Hence the magnetic field within the
coil WCi1 would be at a minimum value and the
amplified current received by the phones TR and
the indicator ID would be at a very small or
negligible value. The arrangement just described,
therefore, permits the splicer at the west terminal

.Y to determine whether the tip conductor Wn

is connected to the tip conductor Ws: at terminals
X and Y and whether the ring conductor Wiz is
connected to the ring conductor Ws2 at the same
terminals. This Is one of the features of the

. splicing arrangement involved in this invention.

In this test, key D is operated to its “splice” posi-
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tion, key F is operated to its right position, key
H is operated to its left position, and key G re-
mains in its normal position, as already noted.

To ascertain whether. or not maximum cur-
rents are reaching the phones TR and indicator
ID over the corresponding side circuits Wiu—Wis
and Wi1—Wa, the splicer at the west terminal
Y may operate the key G to the right. This will
reverse the winding MC: with respect to the side
circuit Wir—Wiz. © When the key G is so operated,
the amplified current should be at & minimum for
the same received signals, provided the tip and
ring conductors Wi and Wiz of the original cabile
are connected respectively to the tip and ring
conductors Wz and Wiz of the new cable. Thus,
by moving the key G between its normal position
and its operated position at the right, the splicer
may detect any undesired transposition of the
conductors in the corresponding side circuits of
the two cables. '

Similar tests for the polarity of the second side
circuit Wai—Wa2z of the original cable with re-
spect to the second side circuit Wai—Was of the
replacing cable may be performed at point Y.
In this case the coil MC2 of the transformer will
be connected to the second side circuit Wai—Waa,
the interconnecting circuit including conductor
Wi, clip CW3, conductor WWs, the upper inner
right make contacts of key I, the upper left
normal contacts of key G, coil MC: the lower
normal left contacts of key G, the upper outer
right make contacts of key F, conductor WWy,
clip CWq to conductor W22, Thus, coil MCz will
be energized by the signals traversing the second
side circuit SC2. The coil HT: of the transformer
will be connected to the second pair Wa—Waz of
the new cable, the interconnecting circuit includ-
ing conductor Wai, clip CW+, conductor TW3, the
upper inner left normal contacts of key P, coil
HT>, the upper outer left normal contacts of key
F, conductor TWs, clip CWs to conductor Was.
Thus, the coil HT: will be connected to the pair
Wi—Waz and to the east end of the side circuit
SCa2. Consequently the signals in the latter cir-
cuit SCz will be received by the coil HTz. The
two coils MC: and HT: will produce a common
magnetic field which will act upon the third
coil WCa of the transformer to produce an effect
which will be transmitted through the make right
contacts of key H to the amplifier AM when key
H is operated to the right. The amplified cur-
rents will produce a registration in the receiver
TR and indicator ID. ‘The registration will be
at its maximum value if the two side circuits
War—W22 and Wa—Waz are connected tip to tip
and ring to ring. On the other hand. the regis-
tration will be at its minimum value if the con-
nections between the two side circuits are re-
versed so that the tip of one side circuit is con-
nected to the ring of the other. A more positive
test may be performed by operating key G to its
left operated position, thereby reversing the wind-
ing MC: with respect to the winding HT2. If the
maximum indication is obtained with kev G in
its left operated position, then the clips CWr and
CWs may be reversed to obtain the desired
polarity. Whien these clips are so Teversed, the
maximum indicated current will be obtained with
key G in its hormal position. Thus. by moving
the key G between its normal and left positions,
the splicer may quickly determine whether the
two side circuits Wai—Wa and Wua—Wai are
properly poled, i. e., tip conductor Wz to tip con-
ductor Wu and ring conductor Wz to ring con-
ductor Waz, : , .
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It will be observed. that resistors ZC: and ZT:
are shown connected at the midpoints of coils
MC; and HT: and that similar resistors ZCs and
ZT: are connected at corresponding peints in coils
MC: and HTe, respectively. These resistors may
have values of, for example, 20,000 ohms and are
intended to provide high impedances in the cir-
cuits of these coils. Such high impedances will
reduce to a negligible extent. the amount of loss
introduced into the side circuits SCi and SCa
during the splicing and testing operations.
These losses may be overcome by amplifier AM so
far as the testing apparatus is concerned. It will
be understood that these resistors just referred
to may be positioned at any other points in the
circuits but always in series with the respective
coils. The provision of high impedances in the
testing circuits permits the splicer to make
polarity tests without interfering with signaling
over the side circuit SC: or over the phantom
circuit PH. : B

- The splicer at point ¥ need not rely upon the
signals emanating from the east end of the side
circuit SCi, for example, for performing the test
already outlined. If desired, the splicer may con-
nect a low frequency oscillator LFW to the testing
circuits by orerating key J. When key J is so
operated (with Key H retained in its left operated
position as shown) the oscillator LFW will be
connected to the winding MC: over a circuit which
includes oscillator LFW, the upper contacts of key
J, the upper left make contacts of key H, resistors
Z1, the inner lower normal left contacts of key
F, conductor TW1, clip CWs, conductor Wiy, ¢lip
CEs, the upper outer make contacts of key D, con-
ductor WEs, clip CEi, conductor Wii, clip CW;,
conductor WW3, the lower inner right make con-
tacts of key F, the normal upper right contacts
of key G, winding MCy, the lower normal right
contacts of key G, the lower outer right make con-
tacts of key F, conductor WWs3, clip CWs, con-
ductor Wiz, clip CEz2, conductor WEz, the upper
inner make contacts of key D, clip CEs, conductor
Wiz, clip CWs, the lower outer left normal con-
tacts of key F, resistor Zz, the lower left make con-
tacts of key H, the lower contacts of key J to
generator LFW. The generator LFW will thus
be connected to the coil MC1 over a series eircuit
which includes both conductors of both side cir-
cuifs Wir—Wi2 and W3n—Wsa. The oscillator
LFW will likewise be connected through the make
contacts of keys J and H and resistors Z: and Zs
to the winding HT: of the same transformer. The
coil WCi will then pick up the combined magnetic
effects of both coils MC1and HT: and register the
amplified effect uron the receivers TR and in-
dicator I). The key G may be moved between
its normal position and its operated position at
the right to reverse coil MCi so as to test the polar-
ity of the two side circuits in the manner already
explained. Similarly, the oscillator LEW may be
connected to both coils MC: and HT2. The con-
nection to coil MC2 will extend through a-corre-
sponding series path provided by the side circuits
Wai—W22 and Wa—Wie. The polarity of these .
side circuits may be likewise tested by moving the
key G between its normal position and its oper-
ated position at the left in the manner already
described. The use of the oscillator LFW enables
the splicer at the west point Y to perform his tests
either with the aid of or in the absence of sighals
in the side circuits SCr and SCa.: This is another
feature of the invention. ' - : -

If so desired, the oscillator LFE at the east point
X 'may be connected to the system: for testing the
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polarity of the corresponding side circuits of the
original and replacing cables. Upon operating key
M: the oscillator LFE will be substituted for the
oscillator LFW in the circuit previously described
for testing the polarities of the side circuits
Wi—Wiz and Wii—Wasz. By releasing key M:
and then operating key Mz, a similar test may be
performed upon the other side circuits Wa—Wz23
and Wi—Was. The circuits interconnecting the
generator LFE with the coils MC2 and HT: of the
transformer may be readily traced without further
description.

The two side circuits Wi—Wiz and War—Wz2
of the original cable quad and the two side cir-
cuits Wa—Wsz and Wa—Waz of the replacing
cable quad may be of an unloaded type as shown
in Fig. 1 or they may be of the loaded type as
shown in Fig. 2. The lines shown in Fig. 2 would
be part of the system shown in Fig. 1 and may be

assumed to be positioned within the box shown :

in dotted lines between points X and Y of Fig. 1.
If the lines of Fig. 1 are loaded as shown in
Fig. 2, each side circuit will include one or more
pairs of loading coils such as CLi and Cle, each
pair of these coils being mounted on a common
core of iron so that the side circuit therein will
produce additive effects in the common core but
phantom circuit currents traversing these wind-
ings will neutralize each other. Moreover, each
pair of side circuits of a quad arranged for phan-
tom use will be equipped with at least one iron
core having four windings thereon, such as CIu,
CLiz, CLiz and Clus, the latter coils being effec-
tively part of the phantom circuit. The side cir-
cuit currents traversing coils CLi: and CLiz will
neutralize each other, but they will produce addi-
tive effects with respect to phantom currents
traversing the side circuit Wir—Wiz.
coils CLi3z and CLis will likewise produce cumula-
tive effects with respect to phantom currents
traversing the side circuit Wzr—Wezz. By this ar-
rangement the magnetic effects of the side circuit
loading coils such as CLi and CLz will not intro-
duce reactance, noise, or cross-talk into the phan-
tom circuit and the phantom circuit loading coils
CLy, CLiz, CLliz and CLis will not introduce re-
actance, noise, or cross-talk into the two side
circuits Win—Wiz and War—Woez. )
When it is desired to identify one of the loaded
quads of the original cable, the key D will be re-
turned to its open position (at the left) and key
N will be operated. The high frequency oscillator
HFE will then be connected through resistors Zs
and Zs and then through resistors Zu, Zis, Z13
and Zus to all four conductors Wi, Wiz, Wa1 and
Wz, at the east point X of the system. At the
west point Y this same quad of conductors may

be separated from the other conductors by the
aid of probing and detecting apparatus, of well’

known type. The patent to D. Fisher et al., No.
2.133,384, dated October 18, 1938, shows one form
of probing and detecting apparatus, and it will
be apparent from the latter patent that the prob-
ing and detecting apparatus may be arranged to

be responsive to the current of the high fréequency’
emitted by the oscillator HFE. The high fre-
quency current of oscillator HFE will traverse

the loading coils which are now connected to each
other in parallel relationship and the magnetic

effects of this current in the various coils will

be of such magnitudes and directions as to sub-
stantially neutralize and balance each other.
After the desired cable quad has been located
and identified, the pairs of the quad may be seg-
regated from each other. Pair Wii—Wi2 may be

The other
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identified by operating key Mi and operating key
P to “test” while key D is held open. In that
case the low frequency oscillator LFE will pro-
duce an audible tone in the receiver TR and a
visible indication on indicator ID. The circuit
interconnecting the oscillator LFE to the indi-
cating apparatus includes oscillator LFE, the
lower make contacts of key Mi, resistor Zu, con-
ductor WEs, clip CE;, conductor Wu, clip CWh,
conductor WW1, the lower inner right make con-
tacts of key F, the upper right normal contacts
of key G, winding MCi, the lower right normal
contacts of key G, the outer lower right make
contacts of key F, conductor WWs, clip CWy,
conductor Wiz, clip CEs, conductor WEg, resis-
tors Z1z2, the upper make contacts of key M, back
to oscillator LFE. The current traversing coil
MC; will be transmitted through coil WCi, then
through the normal right contacts of key H, to

 the amplifier AM and thence to the receiver TR

and indicator ID. However, should the indi-
cator equipment fail to indicate the presence of
the low frequency tone of oscillator LFE, the key
H may then be operated to its position at the
right. If the tone is then audible, the clips for
the two pairs Wi—Wiz2 and Wa—Wz would
have to be interchanged so as to apply the oscil-
lator current to pair Wu—Wiz. When so inter-
changed, the audible tone will be received when
key H is operated to its position at the left.
Similarly, by operating key Mz the low frequency
tone obtained from oscillator LFE may be trans-
mitted to coil MCsz, this tone then being trans-
mitted by coil WC2 to the amplifier AM and to
the indicating equipment. For the latter test
key H will have to be operated to its position at
the right.

After the two pairs of the lodded quad have
been properly identified, the matching of the
conductors of the side circuits Wu—Wiz and
Wii—Ws2 may then be obtained in the manner
already described hereinabove with respect to
the non-loaded conductors of Fig. 1. As already
explained, the tip conductors Wi and Wi will
then be associated with each other and the ring
conductors Wiz and Wiz will be similarly asso-
ciated with each other.

Whether the cable conductors are of the load-
ed or of the non-loaded type, the splicing oper-
ations may be performed after the conductor
identifications have been completed, after key
D has been operated to the right and key F to
the left. These keys simultaneously connect
conductor Wi to conductor Wi1, conductor Wiz
to conductor Wiz, conductor Wa1 to conductor
Wi and conductor Wzz to conductor Wz at points
X and Y. The conductor Wi may be perma-
nently connected to conductor Wi at point XE:
at the east terminal X while these two conductors
may also be permanently connected to each other
at point XW: at the west terminal Y. The other
corresponding conductors, such as Wiz and Was,
may also be permanently connected to each other
at the two terminals X and Y. After the perma-
nent connections have been completed for all
four of the cable quad conductors, further tests
MCi2 will be transmitted through cail WCi, then
nections, if so desired. The original cable con-
ductors W11, Wiz, Wa21 and Waz may be severed
beyond the points where the splices have been
made as quickly as possible at each point. The
new cable quad will now completely replace the
old quad. .

The resistors Z1, Zz, Z3 and Zs, resistors Zs and
Zs, and resistors Zu, Zaz, Zi3 and Zu are prefer-
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ably of large magnitudes of, for example, 10,000
ohms.

While this invention has been shown and de-
scribed in certain particular embodiments merely
for the purpose of illustration, it will be under-
stood that the general principles of this inven-
tion may be applied to other and widely varied
organizations without departing from the spirit
of the invention and the scope of the appended
claims.

‘What is claimed is:

1. In a telephone system, the combination of a
two-wire main line transmitting signals, a second
two-wire line to replace said main line, means for
connecting the two distant terminals of the main
line to the two corresponding distant terminals
of the second line, a three-winding transformer
having one winding connected to the two near
terminals of the main line, another winding of
the transformer being connected to the two near
terminals of the second line, and a detector con-
nected to the third winding of said transformer.

2. In a telephone system, the combination of &
two-wire main line transmitting signals between
first and second points, a second two-wire line
extending between the same points, means for
connecting the two wires of the main line to the
corresponding two wires of the second line at said
first point, a first winding connected to the two
wires of the main line at said second poini, a
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lines, the first winding of said transformer and
the ring conductors of both lines, and means for
simultaneously connecting said oscillator to the
second winding of said transformer, and detect-
ing means connected to the. third winding of said
transformer.

6. In a telephone system, the combination of a -
main line having tip and ring conductors extend-
ing between first and second points, a second line
having tip and ring conductors also extending
between said first and second points, means for
connecting the tip conductors of both lines to
each other and the ring conductors of both lines
to each other at said first point, an oscillator, a
transformer having first, second and third wind-

" ings, means for connecting said oscillator over a
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second winding connected to the two wires of the -

second line at said second point, a third winding
magnetically coupled to said first and second
windings, and detecting means connected to said
third winding.

3. In a telephone system, the combination of a
two-wire main line transmitting signals between
first and second points, a second two-wire line
extending between the same points, means for
connecting the two wires of the main line to the
corresponding two wires of the second line at said
first point, a first winding connected to the two
wires of the main line at said second point, a
second winding connected to the two wires of the
second line at said second point, a third winding
magnetically coupled to said first and second
windings, detecting means connected to said third
winding, and means for reversing the connection
between said main line and said first winding.

4. In a telephone system, the combination of a
two-wire main line extending between first and
second points, a second two-wire line also extend-
ing between said first and second points, means
for connecting the two terminals of said main
Iine to the corresponding two terminals of said
second line at said first point, a transformer hav-
ing first, second and third windings, a low fre-
auency oscillator, means for connecting said oscil-
lator over both two-wire lines in series with the
first winding of said transformer, said means in-
cluding means for connecting said oscillator in
series with the second winding of said trans-
former, and a detector connected to the third
winding of said transformer.

5. In a telephone system, the combination of a
main line having tip and ring conductors ex-
tending between first and second points. a second
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line having tip and ring conductors also extending .

between said first and second points, means for
connecting the tip conductors of both lines to
each other and the ring conductors of both lines
to each other at said first point, an oscillator, a
transformer having first, second and third wind-
ings, means for connecting said ascillator over
a circuit including the tip conductors of both
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cireuit including the tip conductors of both lines,
the first winding of said transformer and the ring
conductors of both lines, said means including
means for simultaneously connecting said oscil-
lator to the second winding of said transformer,
detecting means connected to the third winding
of said transformer, and means for reversing the
connection of the first winding of said trans-
former. . :

7. In a signaling system, the combination of
two circuits each including a tip conduector and
a ring conductor, means for transmitting the same
signals over both circuits simultaneously, first
and necond coils connected respectively to said
two circuits, & third coil coupled to said first and
second coils, detecting apparatus connected to
said third coil, and means for reversing said first
coil, whereby the detecting apparatus will indi-
cate whether the tip conductors of both circuits
are connected to each other and the ring con-
ductors are likewise connected to each other.

8. In a signaling system, the combination of a
source of signals, first and second lines each con-
nected to said source of signals, each line includ-
ing tip and ring conductors, first and second coils
connected respectively to said first and second
circuits, a detector, and a third coil coupled to
said first and second coils, whereby said detector
will indicate whether the tip conductors of both
lines are connected to one terminal of said source
and the ring conductors to the opposite terminal
of said source.

9. In a signaling system, the combination of a
first line transmitting signals continuously be-
tween first and second points, a second line to
replace said first line, means for paralleling both
lines at said first point, first and second coils, two
equally high impedances connecting said first and
second coils to said first and second lines respec-
tively at said second point, an amplifier, a third
coil coupled to said first and second coils and con-
nected to said amplifier, and indicating means
connected to said amplifier.

10. Apparatus for identifying a predetermined
quad of conductors each having a load coil in
series therewith, the predetermined quad of con-
ductors being one of many quads in a cable, com-
prising a source of current of super-audible fre-
quency, means for applying said current to said
predetermined quad at one point along said cable.
a probing device, and a detector connected to said
probing device, said probing device being used .
at the other end of said cable to locate the pre-
determined quad to which said current is applied,
whereby said. detector will register a large effect

.when said probing device is closely adjacent to

said quad. .
BRANCH OWEN ADKERSON.




