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This invention relates to telephone sys-
tems and wore particularly to means, for
improving the transmission efficiency, of
the various telephone lines in such tele-
phone systems. It has long been recognized
{hat if all of the telephone lines were equal
“in resistance and if the ether electrical con-
"stants of all the telephone lines were uni-
form, it would be possible to produce a
much more cfficient transmitter or micro-
phone than is now.in use. The Ppresent
transmitter must be designed to function on
long or short telephone lines with the result

that it is not operating at its full efficiency -

on all telephone lines. .

One feature of the present invention re-
sides in the provision of means for render-
ing all of the telephone lines of a telephone
system of equal resistance. A further fea-
ture of the present invention. resides in the
means for supplying transmitter current of
equal uniformity to all tbe telephone lines.
An additional feature of the present inven-
tion is the automatic means which function

5 as soon as the connection is established, to

render the lines of the connection of equal
resistance, so that uniform talking battery
is supplied to the calling and called parties.
‘Other features of the invention reside in the
details of the circuit arrangements which
will be more particularly pointed out ir
the description and the appended claims.

In the drawings, Fig. 1 represents a
manual telephone system, in which the pres-

5 ent invention is incorporated. At the left

of Fig. 1 there is indicated a calling tele-
phone line and its sub-station, which ter-
‘minates at a manual switchboard and in the
center portion of the Fig. 1 a manual cord
circuit and resistance compensating means,

are disclosed, while at the extreme right of"

Fig. 1 there is represented a called sub-
station and its line conductors, which ter-
minate at -a manual switchboard. Figs. 2

5 and 3, when arranged in the order named,

diagrammatically represent an automatic

~ telephone system in which is shown the

50

prezent invention. At the extreme left of
Fig. 2 there is represcnted a calling sub-
station and its telephone line, which line
extends to the automatic exchange. At the
right and center of Fig. 2 there is repre-
sented a selector switch, which will be re-

ferred to as a numerical switch. In Fig. 3
there is represented a connector switch,

while at the extreme right of this figure.

there is represented a called sub-station and
its telephone line, which terminates in the
connector switch. In the lower left hand

corner of Fig. 2, and near the center of.

Fig. 3, there are represented two rotary
step by step switches, the contacts of which
are connected through resistance unmits. It
will be understood that the operation of
these switches serves to include or eliminate
‘certain. of these resistance units from the

‘various telephone lines of the connection.

Fig. 4 represents a schematic showing of
the Wheatstone arrangement for balanc-
ing the lines. ,

The mentioned rotary switch, may be of
substantially the same character as that dis-
closed in the patent to Clement #1,107,153,
granted August 11, 1914, while the selector
and connector switches may be substantially
the same character as those disclosed in the
patents to Keith, Erickson and Erickson,
815,321, 815,176, both granted March 13,
1906, when said switches are modified to
operate in a so-called two wire telephone
system. o
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Referring to Fig. 1 it is believed that the -

invention will best be understood by de-

scribing the method of extending a tele-

phone connection from a calling sub-sta-
tion such as that designated A, to a called
sub-station designated B. When the call-
ing subscriber as sub-station. A removes his
receiver from its switch hook, the line relay
5 1is cnergized in a circuit closed from
grounded battery, its left hand'.winding,

outermost armature and back contact of-

cut-off relay 6, over one side of the calling
line through the sub-station circuits and
the upper side of the calling line, inner back
contact and armature of the cut-off relay 6,
right hand -winding of relay 5 to ground.
The operation of the line relay 5, lights-the
line lamp 7, whereupon the operator inserts
her answering plug P, into the jack J, of
the calling telephone liné. This operation
is effective to close a eircuit from grounded
battery, winding of the sleeve reluy 8, sleeve
contacts-of the plug P and the jack J, wind-
ing of the cut off relay 6 to ground. The
sleeve relay 8 and the cut off relay 6 are op-
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erated in this circuit and the last named

relay disconnects the line relay from  the’

control of the calling telephone line. When
the line relay retr acts its armature it extin-
guishes the line lamp 7. The operation of
the sleeve relay 8 closes a break point in the
operating circuit of the answering super-
visory lamp 9, but it is not hrrhted at this
time due to the fact that the supervisory
relay 10, is operated. The operating cir-
cult of this relay is closed from grounded
battery, right hand winding of this relay
through the resistance units 11, switch
blush 12, the lower side of the cord circuit,
ring contacts of the plug P and the jack b
lower side of the calling line through the
sub-station circuits at A upper side of the
line, tip contacts of the ]ack J and the plug
P, over the upper side of the cord circuit,
switch brush 13, resistance units 14, left
hand winding of supervisory relay 10 to
ground.

The operation of the sleeve relay 8 and
the supervisory relay 10 is effective to com-
plete a circuit through the left hand wind-
ing of the indicator IGLIV 15, from grounded
battery, left hand W]Ildll’lﬂ‘ of this relay,
back contact and ar mature of relay 18,
outer armature and front contact of relay
10, front contact and armature of relay 8
to ground. With the relay :15 operated,
relay 15* is encrgized from grounded bat.
tery, winding of this last named relay, front
contact and armature of relay 15, armature
and front contact of relay 10, front contact
and armature of relay 8 to ground. With the
relay 15* energized, the resistance units 17
and 18 are included in a circuit to ground
through the inner armature and front contact
of relay 15°; also a circuit is closed from
ground thr ourrh the front contact and arma-
fure of this last named relay, winding of
relay 16 to grounded battery. The 1ehy
16 on opemtlon closes a locking circuit for
itgelf through its right hand front contact

“and fu‘mature to gr ound through the contact

and armature of lelay 8. The energizition
of relay 16 opens the energizing circuit
extending through the left hand Wmdmg
of the mdwatlnw relay 15. It is assumed,
however, that the resistance of units 11 and
14, together with that of the telephone line
A, are not equal to the predetermined
standard resistance represented by the resist-
ance units 17 and 18. For this reason the
relay 15 is maintained energized in 2 circuit
including its right hand winding, which cir-
cuit extends across a Wheatstone bridge ar-
rangement to be described. With the indica-
tor relay 15 operated, the motor magnet 19 is
actuated from gr ounded battery, 1tq winding
armature and back contact, front contact
and armature of relay 15, outer armature
and front contact of relay 10, front contact
and armature of relay 8 to ground. " Under
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the control of this circuit, the motor magnet

19, advances the brushes 12 and 13 of the
1ota1y switehy, in a step by step motion until
stopped by the deenergization of the indi-
cator relay 15. It should be stated that the
resistance units 17 and 18 represent two
sides of a Wheatstone bridge, while the
resistance of-the calling telephone line A
together with the resistance units 11 and 14,
and the right hand winding of relay 10
represents the other pair of branches of the
mentioned bridge. The right hand winding
of indicator 1e1f1y 15 is included in the
neutral path of the mentioned bridge cir-
cuit. . A schematic showing of this men-
tioned VWheatstone bridge auangemeni, is
shown in Fig. 4, '\Vhen the rotary switch
has advanced its brushes 12 and 13, until
the resistance units 11 and 14 have heen
varied so that both arms of the Wheatstone
bridge are of equal resistance, the indica-
tor relay 15 deenergizes whereupon the oper-
ating circuit of the motor magnet 19 is
opened,

The above described operations have taken
place in response to the insertion of the
plug P into the jack J of the calling line.
The operator now depresses her hstenm(r
key 20, and conznects her head set (not
shown) to the cord circuit now connected
to the calling telephone line and inquires
the deswrnqtlon of the wanted telephone line.
On receiving this designation the operator
then inserts the plug P’ into the jack J7
of the wanted telephone line and depresses
the ringing key 21, to connect the ringing
current to the called tel ephone line, The
insertion of the plug P’ into the jack J’
completes a circuit for energizing the sleeve
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relay 22, and the cut-off 1el‘1y 23 of the 103

called line in series. The operation of the

cut-off relay 28, disconnects the line relay

24 from the called line, to prevent the ligh-
ing of the line lamps 25, when the catled
]ruty answers. The opemtlon of the relay
22 completes a circuit from ground, arma-
ture and front contact of relay 22, inner
armature and back contact of the called
supervisory relay 125, supervisory lamp 26
to grounded battery. The lamp 26 is lighted

in this circuit until the called party 1espond§,

at which time the supervisory relay 125 ener-
gizes and opens the circuit of the lamp 26.
With the supervisory relay operated, an
actuating circuit is closed from frmunded
battery, IWM hand winding of the indica-
tor relay 7. back contact and ar mature of
relay 28, outer armature and front colitact
of 1eLw 195, front contact and armature of
relay 22 to ground. The operation’ of the
relay 27 completes an energizing circuit for
the relay 27%, which closes circuits for the
left hand wmdma of relay 27 and for the
relay 28, which function in a manner similar
to rehys 15 and 16, previously referred to.
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The operation of the relay 27* also closes a
circuit through the resistance units 81 and
32 to ground to complete one side of a
Wheatstone bridge arrangement. The oper-
ation of the indicator relay 27 through its
left hand winding shows that the combinéd
resistances of the called line and the resist-
ance units 29 and 30, are not equal to the
predetermined desired resistance indicated
by the resistance units 31 and 32. A Wheat-
stone bridge arrangement is also established
for the called end of the connection, in which
the resistance units 81 and 32 represent the
two branches of the Wheatstone bridge,

~while the left hand winding of relay 125,

the resistance units 29 and 30, together with
the resistance of the called line represent the
other pair of arms of the Wheatstone bridge.
It will be noted that the left hand winding
of relay 27, is bridged across the circuit
including the mentioned two sets of arms.
Since the indicator relay 27 is operated. a
circuit is extended for the motor magnet 33,

traceable from grounded battery, winding, -

armature and back contact of the motor
magnet 33, front contact and armature of

relay 27, front contact and armature of

relay 125, armature and front contact of
relay 22 to ground. Under the control of
this circuit the motor magnet 83 advances
the brushes 34 and 35 of the rotary switch,
in a step by step motion, until sufficient of
the resistance units 29 and 30 have been
eliminated from the called line circuit so
that the resistance units equal the combined
resistance of the units 81 and 82. At that
time the indicator relay 27 deenergizes to
stop the operation of the motor magnet 33.

Talking battery is supplied to the calling
sub-station through the windings of the
supervisory relay 10 and through the resist-
ance units 11 and 12, which have been
retained in, the circuit by the operation of
the rotary step by step switch, whose brushes
are indicated at 12 and 13. Talking battery
is supplied to the called sub-station through
the winding of the supervisory relay 195,
and through the resistance units 29 and 30,
which have been retained in the circuit, by
the operaticn of the rotary switch, whose
brushes ave designated 34 and 35.

At the close of the conversation the sub-
scribers at sub-stations A and B, replace

their receivers on their respective switch-

hooks, which effects deenergization of the
relays 10 and 125. When relay 10 thus
retracts its armatures, it completes a cir-
cuit for lighting the supervisory lamp 9,
which is a signal to the operator to remove
the answering plug from the answering jack
of the calling line. Similarly, when the
supervisory relay 125 deenergizes, the super-
visory lamp 26 is lighted to signal the opera-
tor to disconnect the plug from the called
line. The brushes 12, 13, 34 and 35 of the

rotary switch remain in the positions last

used. The apparatus of Fig. 1 is then in
readiness for use on a succeeding call.
By referring to Figs. 2 and 3, it will be

scen how the present invention may be 7

applied to an automatic telephone system.
When the calling subseriber at C, removes
his receiver from its switchhook, one or more
nonnumerical switches function to extend
this calling line to the selector switch of this
figure.  As soon as this portion of the con-
nection is established, the relay 36 is ener-
gized from grounded battery, its right hand
winding, uppermost armature and back con-
tact of relay 37, through the resistance units
38 in series, brush 41 over the upper side of
the established connection, including the con-
ductor 39, through the sub-station circuits
at (', in series over the lower side of the
established connection including the con-
ductor 40, the brush 42, resistance units
43, upper, inner armature and back contact
of relay 37, left hand winding of relay 36 to
ground. Relay 36 is energized in this cir-
cuit and operates its armature to close a
circuit extending from ground, lowermost
armature and back contact of relay 37, arma-
ture and front contact of relay 86, conductor
44, right hand armature and back contact
of relay 45, left hand winding of relay 46 to
groundedl battery. The operation of relay
46 effects the energization of relay 50 over
conductor 44 and indicates that the Tesistance
of the mentioned portion of the established
connection, comprising the circuit of relay
36, is not equal to the predetermined resist-
ance indicated by the units 47 and 48. With
relay 50 operated, relay 45 operates and
closes a locking circuit for itself over con-
ductor 44.- As in the previously described
arrangement, the resistance units 47 and 48,
represent two arms of a Wheatstone bridge,
whereas the circuit described as including
the right hand winding of relay 36, the
resistance units 88, and the conductor 39 of
the establishing’ connection through the sub-
station C, conductor 40, the resistance units
43, brush 42, conductor 49, outermost front

contact and armature of relay 50 to ground,

form the other two arms of this Wheat-

stone bridge. It will be noted that the right |

hand winding of the indicator relay 46 is in
the neutral path of this Wheatstone bridge,
includine the conductor 51, right hand wind-
ing of the indicator relay, inner front con-

tact and armature of relay 50, conductor 52

to the other side of the Wheatstone bridge.
Since the indicator relay is actuated, an
operating circuit is closed for the motor
magnet 53. of the rotary switch, whose
brushes are indicated at 41 and 42. The cir-
cuit of this magnet is traceable from
grounded battery, winding of this magnet,
its armature and back contact, front contact
and armature of relay 46, inner front con-
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tact and armature of relay 45 to  ground.
Under the control-of this circuit, the motor
magnet advances brushes 41 and @42 in a
step by step motion, until the proper number
of vesistance units 38 and 43 are included
in the calling end of the connection so that
both sets of arms of the Wheatstone bridge
are balanced. At this time the indicator
relay 46 deenergizes and stops the operation
of the motor magnet 53.

These previous operations just described
have all taken place as the result of initiat-
ing a call and the selector switeh is now in
readiness to be operated under the control
of the calling subseriber. The subscriber
operates his dial sender to transmit a code
of impulses corresponding to the first digit
of the called number. In response to each
of these impulses of the first digit, the relay
36 vibrates its armature and on each retrac-
tion of the armature of relay 36, a circuit is
closed from grounded battery. winding of
the primary motor magnet 54, winding of
the change-over reday 53, outer front con-
tact and armature of relay 45, back contact
and armature of relay 36, back contact and
armature of relay 37 to ground. The
change-over relay 55 and the primary mag-
net are energized in this cireuit, and since
the change-over relay 55 is slow to release, it
holds its armature attracted until the close
of this series of impulses. The motor mag-
net 54, however, when energized, advances
the brushes 56, 57 and 58 of the selector one
step in their primary movement. In re-
sponse to each of the impulses of this series
and the consequent retraction of the arma-
ture of relay 36, the primary magnet 54 is
operated to continne the step by step pri-
mary movement of the brushes 56 to 58 in-
clusive. After the first step of the selector
switeh the off normal contacts 59 are closed,
thereby completing a circuit for the relay
60, from grounded battery, winding of this
relay, off normal contact 59, armature and
continuity spring of relay 53, inmer front
contact and armature of relay 45 to ground.
Relay 60 is thus operated and closes a breal
point in the operating circuit of the second-
ary motor magnet 61, but the circuit of the
last named magnet is open at the back con-
tact and continuity spring of relay 55. At
the close of the first series of impulses, the
armature of relay 36 is held operated, there-
by interrupting the circuit of the change-
over-relay #5, which shortly afterwards re-
tracts its armature. This is effective to
complete the operating circuit of the sec-
ondary motor magnet 61, from grounded
Lattery, winding of this magnet, left hand
front contact and armature of relay 60,
back contact and continuity spring of relay
55, inner front contact and armature of re-
lay 45 to ground.  Under the control of
this circuit the motor magnet 61 advances

1,641,238

the selector branches 56 to 58 one step in

‘their secondary or trunk hunting move-

ment. Let it be assumed that the test ter-
minal of the first trunk tested, is charac-
terized by a busy condition such as indi-
cated by ground potential. The operation
of the secondary motor magnet 61 inter-
rupts the circuit of the relay 60, which cir-
cutt now extends from grounded battery,
winding of this relay, off normal contacts
59, armature and back contact of magnet
61, conductor 62, inner back contact and ar-
mature of relay 37, conductor 63, test brush
58, test terminals as 64 of busy trunks over
a conductor similar to 65, to ground,
through the left hand front contact and

70

75

80

armature of a relay similar to 66. It will -

be noted that the relay 37 is included in a
circuit in multiple of that last described,
which extends from conductor 62, winding
of relay 87, conductor 67, inner front con-
tact and armature of relay 45 to ground.
Relay 87 is not operated at this time; due to
the fact that it is shunted by the circuit pre-
viously described, as including conductor 63.
When the secondary motor magnet 61 has
advanced the brushes of the selector in the
manner just described, it retracts its arma-
ture and thereby again closes the circuit of
relay 60 which is operated to close the ac-
tuating circuit of motor magnet 61. This
interaction between the relay 60 and the
magnet 61, continues until the test brush 58
locates the test terminal of the idle trunk.
Tet it be assumed that the first idle trunk
located is that shown in Fig. 8. This idle
condition is indicated by the absence of
ground potential on its test terminal 64, so
that the shunting circuit of relay 37 no
longer exists, and the relay 87 is operated
to disconnect the relay 36 from the connec-
tion and to extend the connection through
the brushes 56 and 57 of the selector,
through both windings in -series of the relay
68 to ground and grounded battery respec-
tively. The relay 68 is thereby operated
and closes an operating circuit for the slow
releasing relay 66, which in turn applies a
guarding potential through conductor 65,
to the test terminals such as 64, at all
switches, which have access to this trunk.
This conductor, which applies the guarding
potential to the terminal 64, together with
conductor 63, closes a locking circuit for the
velay 37, through the inner front contact
and armature of this relay.

The connector switch is now in readiness
for operation and the calling subscriber
thereupon’ operates his dial sender to trans-
mit a series of impulses corresponding to the
tens digit of the wanted number. In re-
sponse to each of these impulses, the impulse
relay 68 vibrates its armature thereby com-
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pleting the circuit for the primary motor °

magnet 69, from grounded battery, winding
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of this magnet, side switch wiper 70 in.its
first position, change-over relay 71, right
hand front contact and armature of relay
66, back contact and armature of relay 68
to ground. The change-over relay is also
operated at this time and since it is slow re-
leasing, it remains operated during this tens
series of impulses. With the relay 71 oper-
ated the escape magnet 72 is maintained
operated from grounded battery, resistance
78, winding of magnet 72, continuity spring
and armature of relay 71 to ground. On

“the operation of the primary motor magnet.

69, the brushes 74, 75 and 76 of the connector
switch are advanced one step in their pri-

mary direction. In response to each of the

tens impulses, the impulse relay 68 retracts
its armature and thereby completes the oper-
ating circuit just described, for the primary
motor magnet, which continues to advance
the connector brushes. At the close of the
tens series of impulses, the impulse relay 68,
maintains its armature attracted for a rela-
tively long period, thereby interrupting the
operating circuit-of the change-over relay
71, causing the deenergization of this relay.
When the change-over relay deenergizes, it

‘opens the circuit of the escape magnet, which

deenergizes and moves the sideswitch wipers
into their second position in the well known
manner.

The calling subscriber now operates his
dial sender to transmit a series of impulses

ccorresponding to the units digit of the want-

ed number. In response to each of these im-
pulses, the relay 68 again vibrates its arma-
ture and in this instance closes a circuit from
ground its armature and back contact, arma-
ture and front contact of relay 66, winding
of the change-over relay 71, side switch
wiper 70 in the second position, upper arma-
ture and back contact of test relay 77, wind-
ing of the secondary motor magnet 78 to
grounded battery. The change-over relay
71 is again operated and holds the escape
magnet 72 operated, during the units series
of impulses. Also the secondary motor
magnet 78 is operated in this circuit and
moves the brushes of the connector switch
one step in their. secondary direction. In
response’ to each of the units impulses, the
motor magnet continues to advance these
brushes progressively. »

idle when it is tested by the test.brush 76.
Under this condition, when the change-over

relay 71 deenergizes, the escape magnet 72

likewise deenergizes and moves the side-
switch wipers into their third or ringing
position. The relay 82 is now actuated
from grounded battery, right hand wind-
ing of this relay, side-switch wiper 83, back

-contact and armature of the release magnet

84 to ground. Relay 82 on operation closes

an operating circuit for the escape magnet

72 through the inner right hand armature
and front contact of relay 82 to ground at
magnet 84. Ringing current is now sup-
plied from the ringing generator, through
the winding of the trip relay 79, side-
switch- wiper 80, connector “brush 75, over
the lower side of the called line and through

70

the bell at the wanted station, over the up- -

per side of the called line, connector brush
74, side-switch wiper 81 in its third posi-
tion to ground. Ringing current is sup-
plied over the circuit until the called party
answers, at which time the trip relay 79
attracts its armature and thereby short-cir-
cuits the escape magnet, which advances the
side-switch wipers into their fourth posi-
tion. It will be remembered that the relay
82 is also energized through the side-switch
wiper 83 in its third position and the back
contact and armature of the.release magnet
84 to ground. When the side-switch wip-
ers move ‘into their fourth position, the op-
erating circuit of the relay 82 is opened,
but since this relay is slow to release, it
maintains its armature attracted for a brief

‘interval, so that if the resistance of the

called line is not equal to the predetermined
-resistance indicated by the resistance umits
85 and 86, then the indicator relay 87 is
operated in the so-called neutral branch of
the Wheatstone bridge to be described. As
soon as the relay 87 is operated, a locking
circuit is closed for the slow-releasing relay
82 from grounded battery its left hand
winding, inner armature and front contact,
front contact and armature of relay 87, side-
switch wiper 83, in its fourth position, back
contact and armature of magnet 84 to
ground. Also with the relay 87 operated
an actuating circuit is closed for the motor
.magnet 88, which advances the brushes 89
and 90 of the rotary switch in a step by
step movement, thereby varying the number
of resistance units 91 and 92, which are in-
cluded in the called line, until the Wheat-
stone bridge is balanced. One pair of arms
of the Wheatstone bridge including the re-
sistance 85 and 86, is included in a circuit
extending from grounded battery to ground
through the right hand armature and front
contact of relay 82. The other pair of arms
of the Wheatstone bridge includes the right

3 . hand winding of relay 93, conductor 94,
Let it assumed that the wanted line is.

brush 89, resistance units 91, side-switch
wiper 80 in its fourth position, connector
brush 75 through the lower side of the called
line and substation circuits in series, over
the upper side of the called line, connector
brush 74, side-switch wiper 81, conductor
95, resistance units 92, brush 90, outer right
hand armature and contact of relay 82 to
ground. It will be noted that the indicator
relay 87 is connected across these two sets
of arms of the Wheatstone bridge. The
motor magnet 88 continues to advance the
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brushes 89 and 90 of the rotary switch, un-
til the resistance of the called line together
with that of the resistance units 91 and 92,
as well as the resistance of relay 93, is equal
to the predetermined resistances 85 and 86.
When such a condition exists the indicator
relay deenergizes to open the operating cir-
cuit of the motor magnet 88 and to inter-
rupt the holding circuit of the relay 82.
alking battery is supplied to the calling
party through both windings in series of

the relay 68, the various link circuits and

the resistance units 38 and 43, and the two
sides of the calling line. Talking battery
is supplied to the called party through both
windings in series' of relay 93 and the re-
sistance units 91 and 92, which have been
retained in the battery feed circuit, by the
operation of the brushes 89 and 90.

Tt has been assumed that the called line
was idle at the time when it was tested. Let
it be assumed that the called line is busy at
this time, which condition is indicated by
the presence of ground potential on its test
terminal 96. Under this condition when
the change-over relay deenergizes at the
close of the units series of impulses, the es-
cape magnet 72 is maintained energized
from grounded battery, resistance 73, es-
cape magnet 72, continuity spring and back
contact of the relay 71, winding of the test
relay 77, its continuity spring and back con-
tact, conductor 97, side-switch wiper 98 in
its second position, connector brush 76, con-
nector terminal 96 and through a multiple
terminal at the connector switch which has

reviously seized the called line and the test
grush such as 76 of that switch, to ground
through a side-switch wiper similar *o 98
in its third or fourth position. The escape
magnet 72 is thus held operated to prevent
the side-switch wipers from moving into
their third or ringing position. The test
relay 77 is also operited in this circuit and
closes a locking circuit for itself, through
its armature and continuity spring, off nor-
mal contacts 99 to ground. A source of
busy tone current BZ is applied to the call-
ing line through the armature and front
contact of the test relay. This tone indi-
cates te the calling subscriber that the con-

.nection cannot be completed.

At the termination of the conmnection or
when the subscriber abandons the call, he
replaces his receiver on the switch-hook.
This causes the impulse relay 68 to deener-
gize, which results in the closing of circuits
for the release magnet 84 of the connector
switch, and the release magnet 100 of the
selector switch, by which these switches are
restored to their normal condition in the
well known manner.

‘What I claim is: _

1. In a telephone system, a plurality of
telephone lines of varying resistance, means
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including automatic switches and link ecir-
cuits for interconnecting said lines to com-

plete voice transmission eircuits, and means -

responsive to the interconnection of a pair
of telephone lines for rendering the resis-
ance of the transmission circuit of said pair
of lines of a predetermined value. . ~ -

10 -

2. In a telephone system, a plurality of

telephone lines-of varying electrical char-
acteristics, a plurality of link circuits and
automatic switches for interconnecting said
telephone lines in voice transmission cir-
cuits, each link circuit having its ends con-
ductively separated but inductively con-
nected together, and means responsive to the
interconnection of the telephone lines by a
link circuit for supplying uniform current
to each end of said Iink circuit.

3. In a telephone system, a plurality of
telephone lines of varying length, each tele-
phone line being provided with a transmit-
ter arranged to be connected in series with
the two sides of said telephone line, a plu-
rality of link circuits and automatic switches
for interconnecting said telephone lines with
their transmitters in voice transmission cir-
cuits, and means variably operable in the
course of interconnecting two telephone lines
for supplying current of a predetermined
value to the transmitters of said connection.

4. In a telephone system, a plurality of
telephone lines of varying resistance, a tele-
‘phone transmitter on each telephone line,
means including link circuits for intercon-
necting two telephone lines and the trans-
mitters thereon into a transmission circuit,
a source of direct current for energizing
each telephone transmittér, means includ-
ing a step by step switch and resistance
units for varying the resistance through
which transmitter current flows from said
source, and means including a Wheatstone
bridge arrangement for varably operating
said step by step switch until current of a
predetermined value is supplied to the tele-
phone transmitter through said resistance
units. '

5. In a telephone system, a plurality of
telephone lines, each provided with a trans-
mitter, means including link circuits for

-interconnecting said telephone lines, at least

one of said link circuits having its ends con-
ductively separated but inductively con-
nected together, g source of current for ener-
gizing said telephone transmitters, a double
wound current-feed relay and resistance
units for each end of said link circuit, means
including a step by step switch for bridging
the windings of a battery feed relay to one
end of said link circuit through certain re-
sistance units, and means responsive to the
connection of a link circuit to a telephone
line for variably operating said switch to
include resistance units in said bridge cir-
cuit until current of predetermined value
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'is supplied to said telephone transmitter

from said source of current.

6. In a telephone system, a plurality of
telephone lines, means including link cir-
cuits for interconnecting said telephone lines,
each link circuit being divided into sections,

a source of current, resistance units for con-

trolling the supply of current to each section

of a link circuit, a Wheatstone bri%%e ar-

rangement for each link circuit, said Wheat-
stone bridge arrangement having one pair

of arms comprising resistance of a predeter-

mined value, the other pair of arms of said
Wheatstone bridge including said telephone
line and resistance unpits, a relay in the
neutral path of said Wheatstone bridge, and

means controlled by said relay for varying.

tlie number of said resistance units.

7. In a telephone system, a plurality of
telephone lines, each provided with a trans-
mitter, a plurality of link circuits for inter-
connecting said telephone lines, each link
circuit being divided into sections by con-
densers, a source of current connectable to
each section of the link circuit of a connec-
tion for supplying -transmitter current to
the lines connected to said link, a Wheatstone
bridge arrangement for each link section

" including a part-of the two sides of its asso-
eiated telephone line in series, and variable

means controlled by said Wheatstone bridge

arrangement for including a variable amount

of resistance in series with each link section,
whereby current of a predetermined value
is supplied to each telephone transmitter.

8. In a tclephone system, a plurality of
telephone lines, each telephone -line being
provided with a transmitter, link circuits
and automatic switches for interconnecting
said telephone lines to form voice transmis-
sion circuits, each link circuit being divided
into sections inductively connected together,
a source of current connected to each section
through a bridge circuit, artificial resistance.

associated with each section of a link circuit.

and means responsive to the completion of
a connection to a link circuit for introducing
the proper amount of artificial resistance in
each bridge circuit whereby a predetermined
amount of current is supplied to each trans-
mitter. . ' L
9. In a telephone system, telephone lines
serving as calling and called lines; said tele-
phone lines having portions of varying
characteristics, means including automatic
switches for interconnecting said telephone
lines, and means for equalizing one of said
characteristics of an interconnection be-

“ tween a pair of said telephone lines.
“10. In a telephone system, telephone lines

serving as calling and called lines, said tele-

7

phone lines having portions of varying im-
pedance, means including automatic switches
for interconnecting said telephone lines, and
means for automatically compensating for

65

certain varistions of impedance in said tele-

phone lines to render the mentioned por-
tions thereof uniform as to certain imped-
ance when connected to as called lines.

11. In a telephone system, telephone lines
serving as calling and called lines, said tele-
phone lines having portions of varying elec-

‘trical characteristics, means for intercon-

necting said telephone lines, means for au-

tomatically compensating for a certain one

of said variations in said telephone lines to
render the mentioned portion thereof umi-
form as to one characteristic when connected
to as called telephone lines, and means in-
cluding an impedance bridge for control-
ling said automatic compensating means, said
impedance bridge including a portion of one

.of said interconnected telephone lines.
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12. In a telephone system, telephone lines -

- serving as ca'ling and called lines, said tele-

phone lines having portions ¢f varying im-
pedance, means including automatic switches

86

for interconnecting said telephone lines, and .
means including a progressively movable -

switch for varying the amount of impedance
included in a portion of the called telephone
line until said portion has impedance of a
predetermined value. K
. 13. In a telephone system, telephone lines
serving as calling and called lines, said tele-
phone lines having portions of varying im-
pedance, means for interconnecting said te'e-
phone lines, means including a progressively
movable switch for varying the amount of
impedance included in a portion of the
called telephone line until said portion has
impedance of a predetermined value, and
means including an impedance bridge for
variably controlling said progressively mov-
able switch. o

14, In a telephone system, telephone lines
serving as calling and called lines, said tele-
phone lines having portions of varying im-
pedance, means for interconnecting said tele-
phone lines, a plurality of impedance, ele-

‘ments, means including a progressively mov-

able switch for simultaneously including im-
pedance elements in each of the two sides of
a called telephone line in series, and means
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including an impedance bridge for variably 116

controlling said progressively movable
switch. : o

In witness whereof, I hereunto subscribe
my name this 12th day of October, A D
1923. , ‘

- WINFRED T. POWELL.



