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To (//? w/’mm it nun/mnuww

Be-it Imown: that 1. Lo B, Darrow, re-
giding ot New Y “ork ,in the umntv of Ne\\
York and State of New York, have invented
certain - Imy yrovements in - Transmission-
'.iﬁqx,m‘!i:a:.xt]zm Arrangements, of which the
following is o spe(,,ah(,ltlon.

This invention relates to telephone sys-
temg and more particatarly to the provision
of mieans Mwe iy the e slectrical characteris-
tics of telephone lines may be equalized or
rendered move uniform,
shonae lines have, in general, different
al characteristics varying  with - the
oths of the lines. . For any particular type
ot line construction which may be employed
the resistanice, capacity, inductance ”nd leak-
nge ot the cirveuit inerease with the length.
These vaviations in the clectrical character-
istics of the different subscribers’ lines in a
telephone system introduce
viable effécts in-the telephone service ren-
dered from différent stations. For example
the different electrical characteristics res "IH'
in different degrees nf attenuation in the al
ternating t
subscribers’ Tines and thus give louder and
more effective telephenic communication to
subscribers connected by means of short lines
than to subseribers connected by means of
A aresult, asnbseriber having
a long line, when connected with any “other
subseriber. " does receive as good tele-
nhone transmis as would. a oubs\mbm
having a short line similarly connected.
Furthermore, in the common battery sys-
tems now so generally employed in all but
amall communities, the resistance of the line
égusesa fivther efféct on the transmission in
the amount of diréet-current
cens
and so renders it less effi-
the alternating

tral office. battery

telephone current,  Likewis
((1v systems emp]nvmu electro-magnetic re-
celvers this variation in cuirent supply in-
troduces changes in the efliciency of the re-
ceiver which ave undesirable.

In view of the conditions
to, it has not been heretofore possible to pro-
all sitbgeribers with the same grade of
transmission and it is one of the objects of
this invention 1 o provide means whereby this
difficulty may be overcome and transmission
over different lines Lth/cd Other and

a number of va-

-\Immum\ current passing over ‘c]nL

o in cominon bat-

above referred

further tedtulu of ‘the invention ~will ap-
pear fromi the description hereinafter given.

In the arrangements of this invention the
transmission oqlmhvmn means are associnted
with the connecting means, juch for example
ag a cord circunit oy (‘;th,el means; by which
connections are established with the lines,
rather than with “uo lineg themselves as in
former arrangements. -Associated with the
connecting means. or cord circuit is
ratus, such as a relay, which is so arranged
that, when the cord éireuit is connected with
a line ado pted as a standard with respect to
resistance, it will not operate. However,
when the cord circuit is connected to-lines
having resistances other than that of the
standard line, the. curvent ‘flow over such’
lines will be greater or less than over the
standard line and will opérate the relay de-.
vice.” The velay device may be arranged to
oper ate other 10ny means to add te or sub-
tract series resistance elements from the line,
until the resistance (rf’ the linehas been made
the same as that of the ¢tandard line. The
vice. The relay device may be arranged to
operate other relay means whereby 1 the volt-
age of the operating current may be in-
ue\&ed or decreased in propor tion' to a' va-

iation in the vesistarice of the line from that
o,'i’ the standard line. Sueh arv uwomvuua
afford a means for equalizing transmi
over subscribers’ lines of different length
or resistance values and for rendering more
uniform transmission over such lines:

The nvention may be more fully nnder
stood from the following. descr 1p{10n when'
talcen in connéction with the accompanying
drawing in the Figures 1, 2, 8,4 and'5 of
which ave illustrated a pleicned form and
modificationg of the nvention. Tike nus
merals have been used to denote like parts
in all of the figures of the invention.

In Fig. 1 of the drawing is illustrated 2
1)mt'on “of a cord civenit which is uﬁe{ m

establishing connections with sabseribers’
]meb, such as the line I:,. a port mn of which
is shown terminating in the jack J,.  The
cord civeuit termina tes in‘the D blug P and in
the tip and ring conductors 1 and 2 of the
cord are a plmahfy of resistance elements.
such as R and R,. These resistance elements
(u‘e controlled by the 1th 6 which is of the
“non-stop” type; that 15, the contacts 4 and
5 of relay 6, which are mounted on a gear
mechanism 3 3 8, always turn in one directi mﬂ
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 sleeve. contacts of jack J, and plug
55

in to the jack J, with the plug P
~ will close the following circuit : from ground

and operate so as to short circuit the resist-
ance 'R and R,, until all of them are short
circuited, and then operate to connect all the
resistances in. series again, repeating the
process. With this arrangement the resist-
ance included in series in the conductors 1
and 2 may be varied. The relay 6 is con-
trolled by the relay 7, the windings of which

rare. arranged differentially for purposes

which will be more fully pointed out herein-
after. Associated with the sleeve conductor
of plug P, is the relay 10, which controls the
supervisory signal 11, which in turn is fur-
ther controlled by the line relay 12. The re-
lay-7 controls the circuit for the relay 6,
which circuit is completed through an inter-
rupting apparatus 13, so that the relay 6 will
operate intermittently.

The arrangements in Fig. 2 are substan-
tially the same as those in Fig. 1, except that
the relay 6 serves to control the voltage of
the battery supply 9 rather than the series
resistance of conductors 1 and 2.

In the arrangements illustrated in Fig. 3,

the relay 7 controls the operation in se-
~quence of the relays 14, 15 and 16, which re-

lays in turn determine the number of series
resistance elements, such as resistances R,,

- R,, R, Ry, R, and Ry, which should be in-
30

cluded in the conductors 1 and 2.

In Fig. 4 the relay 7 controls the operation

in sequence of the relays 14, 15 and 16, which
relays in turn control the amount of current
supply which should be applied to the con-
ductors 1 and:2. :

~ In the arrangements illustrated in Fig. 5
are shown series resistance elements R and
R, included in conductors 1 and 2. These
resistance elements are controlled by the re-
lays 22 and 23, and the gear mechanism 3.
The relays 22 and 23 are controlled by an
ammeter relay 20 which responds to varia-
tions in the amount of current transmitted
over the line.

- 'The invention may be more fully under-
stood from the following description of the
operation of the arrangements illustrated in
Fig. 1. When a subscriber on a line such as
L, originates a call, and his line signal
lights, the operator will answer by plugging
. This

associated with the sleeve of the jack J,,

15 COR-
ductor 30, winding of relay 10 to battery and

- ground. This will operate the relay 10 and

60

65

thereby : close the following circuit: from
ground and battery, armature and contact
of relay 10, conductor 31, signal lamp 11,
contact and armature of relay 12 to ground.
However, the signal lamp 11 will not light,
as this last mentioned circuit will be held
open by the relay 12, which operates over
the following circuit when the plug P, is in-
serted in the jack J,: from ground, battery

1,415,868

9, conductor 32, left hand winding of relay
7, conductor 33, tip conductor of the cord,
resistance elements R, conductor 1, tip con-
tacts of plug P, and jack J,, tip conductor
of the line L., through the subscriber’s sub-
station apparatus, ring conductor of Jine L,
ring contacts of jack J, and plug P, con-
ductor 2, resistance elements R, ring con-
ductor of the cord, conductor 34, winding ot
relay 12 to ground. This civeuit will operate
relay 12 and close the following creuit:
from ground, battery 9, conductor 32, right
hand winding of relay 7, conductor 85, con-
tact and armature of relay 12, to ground.
As has been formerly pointed out, the wind-
ings of relay 7 are arranged differentially
and are so adjusted that when the cord cir-
cuit is connected with a line whose resist-
ance 1s taken as a standard, the currents
{lowing through both windings will be equal
and the opposing fluxes set up in the core of
relay 7 will be equal and nentralize each
other. However, if the cord circuit is con-
nected with a line having a resistance other
than that taken as a standard, the currenis
flowing through both windings will not he
equal and the flux caused by the left hand
winding of relay 7 will not be equal to the
flux caused by the right hand winding, and
the relay 7 will operate. The operation of
relay 7 closes the following cireuit: from
ground, contact and armature of velay 7,
conductor 86, winding of relay 6, conductor
37, interrupter apparatus 13, to battery and
ground. The closing of this circuit will
cause relay 6 to operate intermittently, whiclh
will operate the gear mechanism 3 and cause
contacts 4 and 5 to votate. The contacts 4
and 5 will operate to short cireuit more or
less of the resistance clements R and R, in-
cluded in series with the previously traced
circuit including the left hand winding of
relay 7, until the resistance of said circuit
has been made the same as in the case when
the cord circuit was connected with the
standard line. At this point the currents
flowing through the two windings of relay 7
will be equal and the flux cansed by the left
hand winding will again be equal and oppo-
site to the flux caused by the right hand
winding and the relay 7 will release, there-
by opening the previously traced cirenit
through the winding of relay 6, and causing
the relay 6 to stop operating. With this
arrangement, transmission over subseribers’
lines of different lengths and characteristics
may be equalized by varying the series ve-
sistance included in the eivenit.  This ar-
rangement equalizes both the battery sup-
plied to the subscribers’ lines and alwo the
high frequency loss.

In the arrangements illustrated in Fig. 2
15 shown an arrangement wherehy the talk-
ing current supplied to subscribers’ lines of
different lengths is equalized by changing
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the voltage of the battery supplied to the

cord and line. 'When the plug P; is inserted
in the jack J,, talking current for the line

is supplied from the cord. circuit over the
following. cirenit: from one of the terminals’
of battery 9, conductor 38, winding of relay:

12, ring conductor of the cord, ring con-

“tacts of plug P, and jack J,; over the ring

conductor of the line, through the substation
apparatus, over the tip conductor of the line,

“tip contacts of jack J, and plug Py, over the

tip conductor of the cord,; conductor 39, left
hand winding of ‘relay 7, conductor 40, con-
tact 4, to one of the terminals of ‘battery 9.
The closing of this cireuit: operates relay 12
and closes the following circuit: from
ground and battery, right-hand winding of
relay 7, conductor 41, contact and: armature
of rvelay 12 to ground: In the same manner
as pointed out with respect to IMig. 1, the
fluxes set up in the core.of relay 7 by the
differentially arranged:’ windings thereof,
will neutralize each other when the cord is
connected with a standard line, but when
the resistance of the line is other than stand-
ard. these fluxes will not neutralize -each
other, and the ‘velay 7 will operate. The
operation of relay 7 will operate relay 6 and
the gear mechanism 3, and cause the contact
4 to rotate across the terminals of battery 9,
thereby changing the voltage of the current
supplied ‘over the previously traced circuit
including the subscriber’s line and the left
hand winding of relay 7. As soon as this
current from battery 9 has in-this manner
been increased -or decreased sufficiently so
that the flux sét up by the left hand winding
of relay 7 is equal to the opposing flux: set
up by the right hand winding thereof, the
relay 7 will release, thereby releasing the
relay 6, and the proper amount of current
will be supplied to the subseriber’s line to

" compensate for any changes hetween the line

and the standard line.” = g

The principle of the operation of the .ar-
rangement illustrated in Fig. 3'is substan-
tially the same as the arrangement in Fig.
1, in that the transmission ig equalized by
varying the amount of series resistance ele-
ments inclided in the talking circuit;. When
a connection is made with a line laving a
resistance other than the standard, the dif-
ferentially wound relay 7 will operate and
close the following circuit: from ground and
battery, contact and armature of relay 7,
conductor 47, contact 49, conductor 48, wind-
ing of relay 14, to ground. The closing of
this cirenit will operate velay 14, which will

~pull up its armatures and close short circults

about the resistance elements R, and R,
thereby reducing the total resistance of the
talking circuit. Tf this reduction in ve-
sistance is sufficient to make the resistance
of the talking circuit equal to that of the
standard talking circuit, the relay 7 will re-

8

lease.  Relay 14 will be locked up over the
following civcuit: from ground, winding of
relay: 14, conductor 48, contact: 50, armature
of relay 14, conductor 58, conductor 43, con-
tact and armatire of relay 18, conductor 42,
contack and armature of relay 17 (which was
operated when the plug P, of the cord was
ingerted .in the jack of the line), to battery
and-ground. . However, if to reduce the ve-
sistance of the-talking circuit to a standard
it ds necessary to. further decrease the re-
sistance of the circuit, the relay 7 will not
release.. ~Accordingly, upon the operation
of relay 14 the following cireuit will also be
completed: from ground and battery, con-
tact and armature of velay 7, conductor 47,
contaet 51, conductor 52, contact 53, condue-
tor 55, winding of relay 15, to ground. This
will operate relay 15, which will close short
cirenits-about resistance elements R, and R,
and further reduce the resistance of the talk-
ing circuit. In case the subseriber’s line is a
party line; and the connection is madé for
one of the parties such as the party furthest
from the central office, and while the connec-
tion is up the party neavest the central office
removes his receiver. from the switch hook,
the cord cireuit will equalize the current
supplied to the line, so that both transmitters
in. parallel receive only the predetermined
ralue of the current. In case the second sub-
seriber finding the line busy, should again
hang up, the current flow to the first sob-
scriber -would then not be equalized. Relay
7 would then operate and vemain operated
until all of the velays 14, 15, ete., had been
operated. When the relay 16 operates; the
following circuit is cloged : from ground and
battery, contact and armature. of relay 7,
congnctor 47, contact 51, conductor 52, con-
tact .56, conductor 57, contact 63, conductor
64, winding of relay 18, to ground. This
will operate relay 18 which will open at its
contact the previously traced Tocking circuits
for the rvelays 14,15 and 16, All of these

it

relays then release and the process of short

cireniting the resistance elements starts in
again from velay 14, and continues until the
proper balancing point for welay 7 is
reached. “Whilé only three velays, such as
relays 14, 15 and 16 have been illustrated,
and only the resistance elements R,, R, R,
R, R and R, itis understood that a greater
or smaller number of relays and resistance
elements similarly arranged may be em-
ployed. : “

In the arrangements illustrated in Fig. 4,
the operation is substantially similar to the
arrangements of Fig. 8. However, the re-
lays 14, 15 and 16 do not control the current
supplied to the circuit by means of varying
the resistance of the-circuit, but rather by
adding in series with battery 9 the batteries
70. 71 and 72 respectively.

In the arrangements illustrated in Fig. 5,
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an ammeter relay 20 is employed in place of
the differentially wound relay 7 of the other
figures. © The ammeter relay 20 is adjusted
so that when the cord is connected with a

“line of standard resistance, it will not oper-

ate. However, should the cord be connected
with a line having a resistance greater than
standard, less current would flow through
the ammeter relay, and the armature there-
of would be deflected to the left, thereby
closing the following circuit: from ground,
armature  and make contact of relay 21
(which operated when the cord was con-
nected with the line) over conductor 73,
armature and left hand contact of relay 20,
conductor 74, winding of relay 22, conductor
75, interrupter 13, to battery and ground.
The closing of this circuit will operate re-
lay 22 and the gear mechanism 3 whereby

the contacts 4 and 5 will be rotated in a-
manner so asto short circuit portions of the

resistance elements R and R, in series with
the talking circuit, thereby decreasing the
resistance of the talking circuit until it is
the same as that of a standard line, at which
point relay 20 will release. This will release
relay 22 and caunse the aparatus to stop oper-
ating. In a similar manner, if the cord is
connected with a line having less total re-
sistance than a standard line, the armature
of relay 20 will be deflected to the right, and
& circuit completed through relay 23. This
will cause the contacts 4 and 5 to rotate in a

~ manner so as to increase the resistance ele-

40

45

ments R and R, connected in series with the
talking circuit, and so increase the total re-
sistance of the talking circuit to that of a
standard line. ' ‘ ’
* While the arrangements and transmission
equalizing means of the invention have been
illustrated, for purposes of convenience, as
associated with cord circuits, it is pointed
out that they may equally well be associated
with other forms of connecting circuits such
as trunk lines, and also may-be used in con-
necting’ means employed 1n' automatic te-

lephony such as in district or incoming selec-

~tors in such systems. Accordingly while the

50

arrangenents of the invention have been
disclosed in certain specific arrangements
which have been deemed desirable, it is un-
derstood that they are capable of embodi-
ment in many and widely varied forms with-

1,415,868

out departing from the spirit of the inven-
tion as defined in the appended claims.

‘What is claimed is:

1. In a telephone exchange system, sub-
scribers’ lines of differing electrical char-
acteristics, a connecting means for establish-
ing connections with said lines, a source in
said connecting means for supplying talk-
ing current for said lines, a differentially
wound relay in said connecting means, one
of the windings of said relay being included
in the talking circuit of said connecting
means and a line, the other winding being
included in a local circuit, said local cireuit
being so adjusted that when said talking cir-
cuit includes a line of predetermined eler-
trical characteristics said relay will not opes-
ate, and means controlled by said velay for
varying the current flow from said source
over said talking circuit.

2. In a telephone exchange system, sub-
scribers’ lines of differing electrical char-
acteristics, a cord circuit for establishing
connections with said lines, a source in said
cord circuit for supplying talking current
for said lines, a differentially wound relay
in said cord circuit, one of the windings of
said relay being included in the talking cir-
cuit of said cord and a line, the other wind-
ing being included in a local circuit, said
local circuit being so adjusted that when
said talking circuit includes a line of pre-
determined electrical characteristics said re-
lay will not operate, variable resistance ele-
ments included in the talking civeuit of said
cord, and relay means controlled by said dif-
ferentially wound relay for controlling said
variable resistance elements.

3. In a telephone system, subscribers’ lines
of differing electrical characteristics, a con-
necting circuit for establishing connections
with said lines, a variable resistance included
in-series in the talking circuit of said con-
necting circuit, relay means in said conneci-
ing circuit responsive to variations in saiil
electrical characteristics, and a step-by-step
switch controlled by said relay for control-
ling said variable resistance.

In testimony whereof, T have signed my
name to this specification this 30th day of
September, 1919.

LEO H. DARROW,
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