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UNITED STATES PATENT OFFICE.

- EDWARD VROOM, OF OSSINING, AND JOSEPH A. KRECEK, OF BROOKLYN, NEW YORK,
ASSIGNORS TO WEHSTERN ELECTRIC COMPANY, INCORPORATED, OF NEW YORK,
N. ¥, A CORFPORATION OF NEW YORK. ‘

REPEATER SELECTION FOR TOLL ‘LINES.
‘ Application filed June 27, 1925, Se;‘ial No. 39,882.

This invention relates to a telephone ex- ductors 105 and 106 and the right contact of
change system and more particularly to the relay 116. ‘Non-adjustable gain control ap-
automastic selection of speech amplifying ap- paratus in addition to network 136 is shown &
paratus for toll line. ‘ associated with the toll line conductors.

5 Speech amplifying apparatus in the form Switches 149 and 159 are arranged to connect
of electron tube repeaters male possible good a toll line with the apparatus of a repeater
transmission over very long distances. = They that has been selected by a cord circuit.
have also made possibie the use of small gange Fig. 2 illustrates a toll cord circuit ar- 60
wire in cables for toll' Tines. . The insertion ranged for.the well-known functions of such
10 of repeaters in toll Hies at interconnecting cord circuits, in addition to the functioh of
stations has heretofore been accomplished by distingnishing between lines that require the
manual methods and the repeater gain con- addition of apparatus for speech amplifica-
trol apparatus has been adjusted by the same tions, and means for selecting a repeater to he 6
methoed. Tt has been found that this is not added in series with the line conductor for
15 the most cfficient method of toll line control thisspeech amplification.
from a transmission viewpoint since it is diffi-  Fig. 3 illustrates a toll line and repeater
cult for operators to handle this apparatus in = selection apparatus similar to Fig. 1.
a manner to obtain the best results. Anerror  Fig. 4illustrates electron tube repeater cir- 70
by an operator in the interconnection of toll cuits of the type completely disclosed in Pat-
20 lines may resultin poor transmission which is ent No. 1,511,428 issued October 14, 1924 to
very annoying to the telephone subseriber. . Doenald A. Quarles et al.

It is the object of this invention to provide ‘
automatic selection of speech amplifying ap-
paratus for toll lines that require speech am- =~ Let it be assumed for the following descrip-
plification which is made possible by the use tion that incoming and outgoing toll lines
of apparatus for ascertaining the require- interconnected by the cord circuit Fig. 2 re-
ments of lines in addition to the use of non- quire the addition of a repeater Fig. 4 for
adjustable repeater gain control apparatus.  speech amplification. - Upon the initiation of so

A feature of this invention relates to the  an incoming call over the toll line Fig. 1, re-
30 automatic selection of repeaters independent lay 137 is operated to light lamp 118 and

of eontrolby a switchboard operator, includ- operate relay 111.° A switchboard operator
ing automatic discrimination between lines inserts plug 200 into jack 100 to answer the
that require the addition of a repéater in :incoming call. The operator ascertains the 8
series with the talking conductor and lines line wanted and inserts plug 201 into jack 800,
that do not require this addition. which it will be assumed is the wanted. line.
A further feature of this invention relates The connection is thuscompleted by the oper-
to the provision of means for the elimination . ator, without regard as to whether the inser-
of contact resistance in the repeater selection  tion of a repeater is necessary. 90
apparatus in order to stabilize line balance go. . Since the incoming line is of sufficient
that non-adjustable gain control apparatus length to require the addition of a repeater,
may be used.” - ‘ ‘ it 18 equipped with apyaratus, as shown in
Fig. 1 shows diagrammatically a toll line Fig. 1, with the exception of conductor 109.
which may have either of two characteristics. When the cord cireuit is associated with such 95
One characteristic is that of a short toll line a line a marginal relay remains normal in
that does not require the addition of'a ve- order that another relay may be operated
peater. This has the sleeve of jack 100 con- through its contaets to signify that a repeater
nected directly to the winding of relay 112 is required for the line.. The outgoing line
throngh conductors 105, 109, and 108. A sec- Ifig.31salso equipped with apparatus of such 100
ond characteristie is'that of a long toll line wnature that the cord circunit apparatus asse-
50 that requires the addition of a repeatér and ciated with plug 201 is able to distinguish be-
has the sleeve of jack 100 connected to a high tween thisline and a line that does not require
resistance winding of relay 114, through con- the addition of a repeater, When the cord
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Fig. 38

circuit apparatus associated with plug 200
and the apparatus associated with plug 201
has signified that the addition of a repeater
is necessary for speech current amplification,
a series circuit is established to energize the
apparatus of a lock-out circuit to- prevent
interference from other cord circuits attempt-
ing to select a repeater.

When the lock-out circuit is operated, an

_idle repeater is selected by the cord circuit

gwitch 259 and apparatus 1s operated to sig-
nify to one of the lines that a repeater has
been selected. . The apparatus of the line in
ig first actuated to hunt for the re-
peater selected by the cord circuit through
the contacts of switches 349 and 359. Upon
the selection of the repeater by apparatus of
the line Fig. 8, apparatus of the line Fig. 1,

“is actuated to associate this line with the op-

posite end of the repeater. As soon as the
lines are associated with' the repeater, that
has been selected by the cord circuit, alter-
nating carrent sources 371 and 135 are_con-
nected through the contacts of the switches
349-—359—149--159 and the contacts of re-
lays 133 and 329 to eliminate any contact
resistance in the form of a film, oxidization

cor.dirt that may be on the surfaces of said
‘contacts.

A train of relays is operated as a
time measuring deévice to allow the alternat-
ng current to fow through the above recited
contacts for a predetermmed time period.
‘When the train of relays has operated the
alternating current sources are cut off.

A repeater has now been selected by the
cord circuit and associated with the appara-
tus of Figs. 1 and 3 but has not as yet been
associated with the line. As soon as the con-
tact vesistance has been eliminated from the
contacts, relays 117 and 328 are operated to
Tugert the selected repeater in series with the
line conductors .and associated gain control
apparatus. The operation of these relays
separates the toll Tine from the cord circuit
and toll line multiples; represented by jacks
100.and 300. The elimnation of contact re-
sistance in the manner described makes it
possible to use a non-adjustable repeater gain
control apparatus in the form of resistances.
Different gain control apparatus may be re-
quired for each line to adjust all lines to
approximately an. equal quahty of trans-
mission.

The repéater is eqmpped with 1e1avs 432
and 433 which may be operated over the line
by ringing current.” A circuit is established
through the contacts of these relays to actu-
ate the supervisory signaling apparatus in
the cord circuit. The switchboard operator
may actuate a key to release relays 117 and
328 to reassociate the toll lines with the cord
cirenit through jack 100 and plug 200, also
through jack 300 and plug 201. Tn this man-
ner the operator may supervise the lines in
the - standard manner for such operation.

2 ‘ o 1,708,982

TFfor monitoring upon a conneetion the opera-’

tor may actuate key 205 which is associated
with the repeater circuit through contacts
of reiay 216.

An interconnection between a long toll line

and a short toll line or local line does not
require the insertion of a repeater. There-
fore, upon the insertion of the cord circuit
plugs into the line jacks, apparatus asso-
ciated with the plug inserted in the jack of
the long line may signify that a repeater is
required, but the apparatus associated with
the plug ingerted in the jack of the short lince
will signify that a repeater is not required.
When such an interconnection is made the
apparatus of the cord circuit for selecting
a repeater is not operated and does not inter-
fere with the sclection of repeaters by other
cord cireuits. The apparatus of the cord
circuit for distinguishing the type of line
with which the phw is associated accon-
plishes the result of associating repeaters
only with lines that require speech current
amplification.

Detailed description.

The invention having now been briefly de-
seribed it will be assumed that a call 1s in-
coming over a toll line to a toll switchboard
which 15 to be connected by a cord circuit to
an outgoing toll line both lines being of suf-

“ficient length to require a repeater in circuit

with the talking conductors.

The incoming s toll line is connected to con-
ductors 101 and 102 which are extended
through the contacts of relay 117, condue-
tors 103 and 104, condenser 137, left contact
of velay 112, and winding of relay 110. The
ringing current impressed upon this toll line
by a distant operator actuates relay 110,
which in attracting its armature establishes
a circuit to operate 1dfn 111, The operaiion
of velay 111 establishes a locking cirenit for
itself and a circuit through the filament of
lamp 113 to cause its illumination. Lamp
118 represents a particular toll line asso-
ciated with jack 100 in the face of the switch-
Loard at which is located a plurality of cord
cireuits as shown in Fig. 2. The switch-
board operator answers tllo call by insert-
ing plug 200 in jack 100 in the usual man-
ner. :

Toll Tines of suflicient length to require a
repeater in series with the talking condue-
tors are equipped with relays 114, 115 and
116 associated with the sleeve conductor of
the jack and cut-off relay of the line and
connected as shown by conductors 105, 106,
107 and 108. Toll Jines that are not of suf-
ficient length to warrant the insertion of a
Tepeater do not have such relay equipment
and the sleeve of the jack is connected from
conductor 105 through conductors 109 and
108 and the winding “of cut-off relay 112,

‘Unon the incertion of plug 200 into jack
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100 & eircuit is estublished to operate sleeve
relays which determine whether a repeater
Is required for the i uuommﬂ line. This cir-
cuit may be traced from grounded battery,
througlh the Wmdist of relays 222 and 221,
conmct of relay 22(), sleeve of plug 200, ¢ .glt,ev
ot ych. 100, conduetors 105 and 106, right
um act of rela vy 116, left winding of 1‘dav
1i4 Lo ground. Xt will be noted that resist
ance oai connected to grounded battery is
0 multi plg with relays 221 and 222 to form
the proper marginal Condmom for welay
222, Relays 114. dnrl 21 operate in the ¢ir-
cuit traced. Relay 222 is marginal and does
not oper d[P in series with the hi oh resistance
winding of relay 114. The ma:mnwl condi-
tien for relay 992 is-arranged so that when it
is associated with a line that requires a re-
peater 1t remains unoperated in order that
the eperation of velay 221 may establish a
circuit from ground through its left con-
tact and the contact of 1eLly 222 to. op-
erate relay 223.  Relay 9223 establishes a

locking civcnit for itself through its left
ontact to the operating ground.: The op-

eration of relay 223 also prepares thro ol

its vight outer contact, a part of the circuit

to indicate that a repeater is required for the
connection. - It, hov wever ; only indicates that
a \LPQEILGI 18 uqunul for the in coming toll
line and as previously descnbed it is neces-
sary that a 1epe ater be required for both the
mne oming and outgoing toll lines to cause the

actuation of the cord cncult 1@1)0&1@1‘ select-

mo appalams
The operation o
obvious circuit to operate relay 115 which
in turn establishes an cbvious cireuit to
operate relay 116, Sofficient time is oc-
cupied by the operation of relays 110 and
116 to allow relay 223 to opelatc and es-
mbhm its locking ‘civenit.  The operation
of relay 116 establishes a " cireuit thro ough
its le:i’t contact . to operate cut-off relay
112 from grounded batfolv through' re-
miame 1{1 left contacts of relay 116, con-
ductors 107 and 108 to ground tnouoh the
winding of reluy 112 The operation of relay
112 relonses rel: ay 111 and extinguishes lamp
113 and further cpens through its right con-

tact the circuit of the ring-up ) rela Ly 110 which

o
St

64

G5

ls Lz!clnou ACTOss ihn toll line conductors.
19 cut-off w’av 112 remains operated dur-
ing the connected peu:;«l of the line. The 3 O]~
eration of relay 116 further establishes a lo\\
resistance circuit through the winding of
velay 222, Thismay be traced from ground,
through the right winding of relays 114 and
115, vight cont(ut of 1ehy 116, conductors
106 and 105, slee e\e of jack 100, sleeve of plug
200, contact of rel ay 220, windings of 161‘1%
221 and 222. Relay 222 is now opelated bt
1as 1o function at this time. The relays 114
and 115 are now maintained operated
through this low 1‘esistahce‘cn'cuit.

by the opera

of IGLLY 114 establishes an-

3

~The operator actuates talling key 206 at
the time when lamp 113 is lwhted to. asso-
ciate the telephone cirenit 1eple&entul by the
small rectangle 207, with. the incoming toll
lime conductms in order to determine what
line is wanted. Let it be assumed that a toll
line, 1*10 3, of sufficient length to require
a ropc atu is desu’ed by the La,,] ingline. The
operator thelelo] ¢ inserts plug 901 into ]%(,1«:
800 This line is equipped with relays 315
316 and 817 which operate in the same man-
1101 as relays 114, 115 and 116. A circuit is
thus established from ground through the
hmh 10%1<mec wmdmo of relay ul’), left
centact ol relay 317 condnct(ns 306 and 305,
sleeve of auh 300, sleeve of plug 204, right
contact oi relay 219, w mdmgs of relays 218,
217 and 239 to Olmmueu battery in m]tlpk
with resistance 257 to grounded battery.
Relays 289, 218 and 315 operate in the c¢ip-
cuit traced. Bince ‘it is a line that requires
a repeater, relay 217 does not operate until
the line slceve re tnnu\ has been reduced
abion of the line velays.  The op-
erationof relay 218 f*stahlis,hes a circuit toop-
evate velay 895 from ()mld(\f? 1»‘11101'\,7
through its wmdms{. c()‘\m.ci of 10Iay 217, 1
oround through the left contact of relay 219
The opmmt'on of ]o]ay 225 comn]o" es.an ob-
vious locking civenit for itself through its
right contact and a serics eircuit for the se-
lection of a repen ater through its left onter
contact which will be deseribed later. The
operation of relay 289 establishes an obvious
circuit to energizé relay 212, The energiza-
tion of relay 212 establis hos a, cirenit . Toi
bridging the left, windis 12 of coil 236 and the

‘v»mdmn of relay 211 across-the tip and ring

onductors through alternate contacts of he
204 whenever this. key iz operated after ﬂw
lines are connected: The cpomimn of this
key is for %p]}[’tnw *hﬂ lines and this bridge
is used to o1ve oper atmu supervision as 1s
cdone in general practice for toll i 1e control.
The operation of vo]dv 315 establishes an
obvious cireuit to energize relay 816, through
its right contact, and the energiza tion of Ie]ay
316 establishes an obvious cireuit to energize
relay 317, A cireuit is now established from
grounded battery, through resistance 370
right contacts of 10] vy B17, conductors 507
and 3 08, winding of c'ut off relay 311 o
gvound, The opemhon of wl‘zy 311 disasso-
ciates the ring-up relay 310 from the toli Iine
conductors in order that 3t may he removed to
prevent transmission loss. A ecivenit is fur:
ther established from ground thr ouﬂh the
IOW resistance left wmdmo% of relays 315 and
316, left con‘mct of relay 311. ondmtm s 300
and 805, sleeve of }&CL 300, sleeve of plug 201,
vight contact of relay 219, ‘\‘\Tlld‘}l”‘ of 1ol‘wq
218, 217 and 239 to ormmriefl battery. R ]ay
21& now operates in this low resistance cip-
cuit but serves no purpose ab this time since
relay 225 is maintained in a Jocked circuit fo
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4
ground through the left contact of relay 218.
The initial circuit employed in the selec-

-tion of a repeater to be placed in circuit with

the incoming and outgoing toll lines, is estab-
lished through the contacts of relays 223 and
225, -This circuit may be traced from ground
through the right outer contact of relay 223,
left outer contact of relay 225, right back con-

“tact of relay 233, contact and winding of

19

15

[
<

o
Tt

stepping switch magnet 250 of switch 249,
resistance 258 to grounded battery through
winding 230 and to grounded battery asso-
ciated with the switch terminals over which
brush 251 must rotate in search of an idle cir-
cuit. Busy circuits are characterized by
direct battery associated with the switch ter-
minals through the right outer contact of re-
lay 234 which is in an operated position dur-
ing the busy period of a cord circuit that has
initiated the selection of a repeater. It will
further be noted that battery is connected to

‘these terminals through the normal contacts

of relays 223 and 225 of the cord civeuits not
selecting repeaters, but is not connected to a
terminal when relays 223 and 225 are operat-
ed and relay 234 isnot operated. In this man-
ner the switch magnet 250 is energized when
brush 251 is-associated with any terminal of
the switch other than the terminal connected
to the cord circuit in use and thus the brushes
951 and 252 are rotated to conductors 260
and 261 swhere the switch brushes are ar-

_rested by the absence of direct battery. Re-

- 40

45

50

i

60

cuits in each group.

‘relays 228 and 229.

lay 230 1s shunted during the time that brush
951 is associated with terminals connected
to direct battery. ~It, however, operates as
soon s the brush is associated with conductor
260. - The operation of relay 230 establishes
a locking circuit for itself through resistance
258 to ground and an operating circuit for
relay 229 from ground through its left outer
contact, winding of relay 229 to grounded

~battery through the left contact of relay 226.

The "operation of relay 229 establishes an
operating circuit for relay 228 from ground-
ed battery, through its winding, contact of
relay 229 to ground through the right nor-
mal contact of relay 127. ‘
The locking circuit of relay 230 further
associates ground  through resistance 258
with resistance 258 and switch magnet 250.
This prevents the operation of magnet 250 by
other cord circuits served by switch 249 until
a repeater has been selected and this locking
circuit released. In effect thisis a cord lock-
ub circuit arrangement. The cord circuits
equipped for repeater interconnection are di-
vided into groups with a number of cord cir-
Each group is served
by a switch the same as switch 249 and each
cord circuit of the group is connected to a
particular terminal of the switch. Tlach
switel is served by a pair of relays such as
This lock-out circuit
serves each group of cord circuits in such

o remain in its normal position.

1,708,982

manner that only one cord cireuit in a plu-
rality of groups may select a repeater at any
one time, The switch and its associated con-
tacts and apparatus is known as a primary
lock-out circuit and is served by the second-
ary lock-out civenit of which relays 228 and
229 serve part of a major group and relays
226 and 227 serve another part of the smine
major group. By this arrangement only one
cord circuit of a major group may be in the
process of repeater selection and interconnec-
tion at any one time. When the interconnec-
tion of a repeater is completed by a cord cir-
cuit the primary and secondary lock-out cir-
cuits are released as heveinafter described
thus allowing further selection of repeaters
by other cord circuits in the group.

The operation of rvelay 228 associates
ground, from the right contact of relay 127,
with brush 252 and its associated contaet,
conductor 261, winding of relay 231, to
grounded battery. Relay 127 is operated
when all the repeaters are busy which opera-
tion provents the completion of the cirenit
raced Tor relay 231, Let it be assumed that
the civcuit for relay 231 is completed to canse
its operation. The operation of this relay
establishes a cirenit from grounded battery
through resistance 247, winding and contact
of switch magnet 240, left contact of relay
281, winding of relay 232, left contact of relay
233 to brush 241 of switch 259. The brushes
of this switch are shown in the selected posi-
tion associated with an idle repeater cirenit.
If, however, brush 241 is resting upon one of
the preceding terminals which is connected to
a busy terminal characterized by ground, a
civenit Is established to energize switch mag-
net 240 and relay 232 in geries. The magnet
and relay are encrgized in synchronismi as the
switeh brush rotates over its associated con-
tacts until brush 241 is associated with an tdle
repeater ¢ireuit which arrests the movement
of the brush assembly and causes relay 232
Ground is
now connected from the operating civeunit for
relay 231 through its right contact, contact
of relay 232, left winding of slow to operate
relay 233 to grounded battery operating relay
233, The operation of this relay conneets
ground through its left contact to brush 241
to make the terminal busy to other cord cir-
cuits which may hunt for idle repeater cir-
cutts. The busy ground further establishes
a cirewit to eperate relay 127 which may be
traced through brush 241 and its associnted
contact, winding of relay 127 to grounded
battery. The operation of relay 127 removes
ground from the operating circuit of relay
231 to cause its release. It will be noted.
however, that a locking civcuit is established
for relay 233 to maintain it in an operated po-
sition which elrcuit may be traced from
grounded battery througli its right winding
and contact, left outer contact of relay 225
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5

to ground through the right outer contact of a givén number of lines. The trunks are

relay 223 : ‘
Each cord circuitisequipped with a switch
similar to switch 259. - Repeater circuits are
connected to the terminals of these switches
and are multipled from switch to. switch.
When the repeater hasbeen gelected by a cord
circuit, relay 233 is operated as previously
described to associate ground with the brush
241 so that the repedter associated with that

cireuit is made busy on all of the siitches

to which 1t is multipled. B

During the selection of a repeater by brush
241 it will be noted that the operation of relay
233 1s prevented by the continuous operation
of relay 232 in serics with the switch magnet.
Relay 232 1s extremely fast in its operation
and relay 283 is sluggish in its operation so
that during the released moments of relay
232 there isnot sufficient magnetisin built up
by the left winding of relay 283 to cause its
operation. B : _
It will be vemembered that an‘operating cir-
cuit is established for relay 127 when an idle
repenater is found. - The operation of this re-
lay establishes a circuit to operate relay 410
from grounded battery through its winding,
to ground through the right contact of relay
127. The operation of relay 410 closes the
{ilamient circuits of repeater tubes 451 and 401
from. ground at the contact of relay 410,
through the filament to the filament battery.

Thelocking cireuit traced for relay 283 fur:
ther establishes an operating ¢ircuit for re-

lays 224 and 219 which may be traced from.
Y ) ! _

the right contact of relay 283 which is sup-
plhied with ground for its locking circut,
through the windings of relays 224 and 219 to
grounded battery. The operation: of relay
294 establishes control circuits through -its
contacts which will be deseribed ag the con-
trol circunits are associated with the operating
mechanism.. The operation of relay 219 adds
resistance 256 in series with the windings of

line relays 816 and 315 to cause the release of

relay 815, Relay 316, however, remains op-
erated. A circuit is now established to oper-
ato relay 323 from grounded battery through
its winding. left normal contact of relay 815
to ground through' the contact of relay 316:

The operation of relay 323 establishes cir-
cuits to cause the outgoing toll line appara-
tus to be assoriated with the repeater selected
by the cord circuit.. The brushes of the
gwitches 349 and 359 are shown associated

with the repeater that has been selected by

the cord cirenit. It is. however, ordinarily
necessary for these gwitches to hunt for the
selected repeater. - There is one switch 849
for each toll line arranged for vepeater se-
lection. The switches 349 are connected to
switches 359 by trunk conductors through
relay 829. There is one relay 329 for each
trunk and there are as many tranks as are

.

necessary for the selection of repeaters by

connected successively -to ‘the switch termi-
nals around the are and multipled to all of
the line switches similar to 849. The switch
359 may have any number of terminals asso-
ciated with its brush members dependent
upon the number of repeaters necessary for
the line equipment of an office. Switch 859
is arranged to select either end of a repeater
arranged alternately upon the terminals of
the gwitch. It is therefore apparent that a
line may be nsed for an incoming or outgoing
call. Plug 200 is always inserted in the jack
associated with an incoming call and plug
201 is inserted in the jack of the outgoing
alled line. Switch 859 is airranged for both
the east and west ends of a repeater so that
the incoming call Will always get the same
end of the repeater.

Let it be assumed that brash 841 is asso-
ciated with a trunk terminal characterized
by a busy ground from the left inner contact
of relay 825 in & line associated with a trunk
and repeater similar to the line shown in Fig.
3. The operation of relay 828 establishes a
circuit to energize magnet 840 and relay 824
in series to rotate the brush asseinbly of
switeh 849 in search of an idle trunk. This
cireuit may be traced from grounded battery,
through resistance 347, windihg and contact
of magnet 840, left contact of relay 823,
winding of reiay 324, left inner contact of
relay 325, brush 341 and associated contact,
terminal and brush of a line'switel similar to
349 -that 15 connected to 4 busy trank, to
ground throuwgh the left inner contact of re-
lay 325 of thie line that is connected 4o’ said
trunk. Midgnet 340 and relay 824 encrgize
synchronously to advance the brushes over
busy. trunks. - Upon the selection of an idle
trunk relay 824 is released to eéstabligh an
operating circiit for relay 825 from eround
through thé right contact of telay 823, nor-
mal centact of relay 824, winding of relay
325 to grounded battery. Relay 827 is also
operated - in multiple with relay 825 through
the right nerinal tontact of relay 826. The
operation of relay 327 associates alterhating
current with brushes 343, 344, 845 and 846
to prepare a-path through the contidtts of te-
lay 329 wlhen said relay is operated. The
utility of the alternating current thirolgh the
gwiteh brsh contacts will be deseribed later.
The operation of reiay 325 associatés ground
through its left mner coztact to brush 841 to
hold the trunk busy so that it will not be se-
lected by othier line switches similar to switch
349. . This ground is extended through the
winding of relay 320 to cause its operation.
The givcuit established through the left outer
contact of relay 825 is not effective at this
time. 3 S

The operation of relay 320 establishes a
cireuit to energize switch magnet 350.in series
with relay 821 to rotate the brush members of
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switch 859 in search of the repeater selected
by the cord circuit. - The terminals associ-
ated with brush 351 are ail characterized by
busy grounds from the lines or from the coxd
circuits except the one that has been selected

by the cord circuit for the lines in process of

interconuection. The ground connection to
the terminals assoeiated with brush 351 may
be traced froin the left inner normal contacts
of relays 127 associated with cord cireuits not
in use and from the left ihner contacts of re-
lays 822 of lines that are already connected
to repeater cireunits.. It will be remeémbered
that the velay 127 of the cord circuit being
dezeribed is operated and thus the terminal
agsociated with this cord cirenit and repeater
The brush
351 must now rotate until 1t is associated with
the terminal chavacterized by the absence of
ground. The circuit for energizing magnet
250 and relay 321 may be traced from ground-
ed battery through resistance 357, winding
and contact of magnet 350, left contact of

relay 820, winding of relay 321; left inner

normal contact of relay 322, brush 351 and
thence to the busy ground connections pre-
viously deseribed. The rotary movement of
switch 359 is arrested when brush 351 is as-
soctated with the terminal not characterized
by ground. - The magnet 350 and relay 321
are deenergized and a circuit is thus estab-
lished to energize relays 322 and 329 from
ground through the right contact of relay
320, contact of relay 321 to grounded battery
through the windings of these relays. The

‘operation: of relay 822 associates ground

through its inner contaet with the brush 351

and its associated terminal to characterize:

caid terminal as busy and to establish an op-
erating circuit forrelays 130 and 220. These
operating circtits may be traced from the
switch terminal through the left outer con-
tact of velay 127 to battery through the wind-
ing of relay 180 and to brush 246 and its as-
sociated terminal, right outer contact of re-
lay 224 to grounded battery through the
winding of ‘relay 220. The circuits estab-
lished by the operation of relays 130 and 220
will be-described later. :

The utility of the application of alternating

current at a comparative high voltage,
-through the talking conductor contacts of
“switches 349 and 359 will now be described.

It is well known in the art that toll lines

-must be accurately balanced for good trans-

" mission and proper repeater efficiency. If

)

resistance exists between the surfaces of con-
tacts through which the talking conductors
are carried the lines can not be accurately
balanced by the use of non-adjustable re-
peater gain control apparatus shown in the
form of bridged resistance 360 ‘to 364 in-
clusive, network 870 and brideed resistance
365 'to 369 inclusive. Should the resistance of

~the contacts greatly vary, a manual adjust-
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ment of the gain control apparatus would be
required. This is sometimes substituted by
an automatic gain selection. It is a well
known fact that contact resistance exists espe-
cially upon rubbing contacts in the form of a
film, oxidation or dirt. This resistance at
times becomes very high and is especially dis-
ruptive to electrical currents of low potential,
An electrical current of high potential will
however break down such a film or oxidation
and obtain approximately a zero contact re-
sistance between the surfaces of the contacts.

In order to eliminate this contact resistance
alternating current of proper potential is car-
ried through the switch contacts in the fol-
lowing manner: The application of alternat-
ing current is made from source 371, through
the contacts of relay 327, brushes 343, 344, 345
and 846 and their associated contacts, con-
tacts of relay 329, brushes 353, 354, 355 and
356 and their associated contacts and thence
through the windings of the output trans-
former and potentiometer of the repeater.
The alternating current remains connected
through these contacts for a period of time
sufficient to eliminate contact resistance. Tt
is then automatically cut off by the opera-
tion of relay 326, the operating circuit of
which will be described upon the completion
of the selection of the repeater by the calling
toll line.

75 to 125 volts alternating current is
found to satisfactorily reduce a very high
resistance between contacts to a fraction of
an ohm when applied to said contacts for one
second. Resistance is placed in series with
the contacts to bring about a current flow of
approximately .015 ampere. It is also found
that the current must be increased when di-
rect current is used for cleaning purposes.
120 to 150 volts direct current may be used
for cleaning the contacts in place of the lower
voltage alternating current. The time dura-
tion for the application of direct current
voltage is the same as for the alternating cur-
rent voltage. Resistance is placed in series
with the contacts to bring about a current
flow of approximately .040 ampere. From the
above the potential may be computed in ac-
cortlance with the resistance of the medium
between the contacts. Tt is not intended that
the invention be limited to the use of the fore-
going voltage and current values or the time
given for its application to the contacts.

Tt will be remembered that relays 130 and
220 were operated upon the selection of the
repeater by switch 359. The operation of
relay 130 removes ground from the switch
terminal associated with brush 151 to mark
that terminal for the repeater selection in the
same manner as previously described for
brush 351 of switch 859. The operation of
relay 220 adds resistance 255 in series with the
line relays 114 and 115 in order to reduce the
effective ampere turns for the magnetization
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of relay 114 and cause its release. Rday 115,
however, remains operated. A circuit isthus
established to ener gize relay 122, from ground
throughthe contact of relay 1lo right normal
contact of relay 114, winding of 1elaxy 122 to
grounded battery.

The cnergization of relay 122 establishes
a circuit to energize magnet 140 in series
with relay 121, if brush 141 s 1 resting upon a
busy trunk. M‘uumt 140 and ldav 121 en-
ergize in a circuit from grounded batter v,
Hnmwh resistance 178, wmdl*m and contac
of mafmet 140, right conmct of relay 122.
wmdmo of Jean 121 right inner contact of
relay 130, brush 141 to busy grounds asso-
ciated with the switch terminals. Upon the
location of an idle trunk the brush assembly
is arrested and relay 121 released. A civenit
is thus established to-energize xohyb 120 and
118 over a cuuut from ground, through the
left contact of relay 122, contact of 1ehv 121,

winding of relay 120 to grounded battu‘v,'

and thlou(Jh the left contact of relay 119,
winding of relay 118 to grounded battery.
The opelamon of relay 118 associates alter-

nating current source 185 Wl‘bh the brushes

of switch 149. The operation of me 120
associates a busy ground through its inner
contact to brush 141 and its associated ter-
minal. - This busy ground further estab-
lishes a circuit to energize relay 125 to estab-
lish an energizing cireuit for switch mag-
net 150. ThlS cn“emt may be traced from
grounded battery, through resistance 172
Wlndmo and contact of maonet 150, 'Uht
contact of relay 125, Wmdmo of 1elav 194,
right inner contact of relay l.du, brush 151
to ‘p_round associated with all the terminals
except the terminal shown connected to re-
lay 180. The terminals over which brush 151
rotates are characterized by ground from the
normal contact of relays similar to 180 in
other non-busy circuits and from ground
through the inner contact of relays similar
to 123 in other circuits that have selected re-
peaters. - The brush assembly of switch 159
15 thus rotated and relay 124 operated in
synchronism with the operation of magnet
150 until the switch brushes are associated
with the repeater that has been selected by
the cord circuit. Relay 124 is then released
*io estabiish an operating circuit. for relay
123 from ‘ground, through the left contact
of relay 125, contact of relay 124, wind-
ing of 1eLW 128 to grounded bfzttery Re-
lay 183 is also opﬂmted from the operating
gronnd for relay 123 to associate the trunk
talking conduc'l‘m,‘s with brushes 153 to 156
inelusive of gwiteh 159, The alternating cur-
rent from source 135 mow passes through
the switch contacts to -eliminate contact
resistonce which may have become accu-
mulated in the form of a film or oxidation.
This alternating current passes through the
output transformer and potentiometer of re-

lay 213 ‘opens

7

peater 400 in-the manner. deseribed. for the
elimination of contact resistance for switches
349 and 359.

The arrangement. of the switches 149 and
159 with the associated trunks and repester
connection is: the same as deseribed for the
switch arra nncmgnt in Fig. 3

The opers ation of 1eL1y 123 associates
ground through. its inner contact with brush
151 to char acterize the terminal upon which
it rests with a ground to energize the mag-
nets of other switclies that may rotate “in
search of a selected repeater. This ground
further establishes a cuunt 1o energize r dz\ Y
128 through ‘the outer contact of mLN 13
Relays 934 and 216 are also energized from
this ground or h’om grotind assocmwf{ with
the outer confact of 101@ 128, - Thig latter

-circuit may be traced from ground through

the contacts of relays 432 a nd 433, outer con-
tact of relay 128, brush 244 and its associated
terminal, left contact of relay 224, right in-
ner contact and winding of 1u(w 234 to
grounded battery. The circuit for 1<\lay 216
extends in parallel from the inner cen u,t
of relay 234 through the contact of relay
238 to battery through the winding of relay
216. - The operation “of relay 234 establishes
a locking cireuit for itself through its right
inner contact, left outer contact of relay 295

to ground through the' right outer contact
of r day 223, ‘The opes ration of relay 234 fur-

ther associates grounded battery through its
Fight outer contact with the contact of
switch 249 that is associ iated with brush 251.
This direct battery releases relay 230 by
shunting it, Wh](‘h m turn releases Ld{ws
228 and 229 to place the loclk out cireuit again
in its normal condition for use by other cord
cirenits under its.control.

Relay 234 establishes a cireuit through its
left contact for supervision under the control
of the repeater ¢ircuit. Previous to the oper-
ation of relay 234 a cireuit is maintained
from ground through the right contact of

relay 221, left contact of rela v 234, contact
of relay 210 to grounded battery thx,ough the
winding of relay 213. The operation of re-
a cirewit. which would omm-
wise be established for the operation of relay
214 from grounded battery, through the <,on-
tact of 1"911\/ 218 to ground through the right
contact of relay 291 The operation of rd(w
214 would establish an obvious operating
cirenit for relay 215 which would in turn
establish a circuit from grounded battery
through its left contact, [ﬂmnmt of Lunl
208 to ground to light this Iamp. Tt will
Turther “he noted that the contml of 1L1‘t‘7
234 is now through the contact of relay 238
which is in turn under the control of the
cord circuit keys. Upon the operation of
relay 234 the relay 213 is connected to ground
through the contacts of the repeater relays
432 and 438 through the left alternate con-
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- gizing cirvcuit for relay 117.
65

tacts of relay 284.- The supervision is thus

‘placed under the control of the repeater cir-

cuits in order that the cord circuits may be
eliminated. from the talking circuit con-
ductors. - R '

The operation of relay 128 further estab-
lishes a circuit to operate relay 131 from the
ground connected to brush 151, through the
outer contact .of relay 130, inner contact of
relay 128, left contact of relay 129, winding

[3}

of relay 131 to battery. The operation of re-

lay 131 establishes an chvious operating cir-
cuit to energize relay 132. The operation of
relay 132 establishes a circuit to cnergize re-
lay 129 which operates and opens the ener-
gizing circuit for relay 181 which releases in
turn releasing relay 132, Relay 129 in oper-
ating further establishes a locking cireuit for
itself to the ground associated with switch
brush 151, The operation of relays 131, 132
and 129 1s for the purpose of allowing a pe-

riod of time for the alternating current to

flow through the brush contacts of switches
349, 359, 149 and 159 to eliminate contact re-
sistance. The operation of relay 129 pre-
pares circuit paths to operate relays which
cut off the alternating current- sources 371
and 185. A circuit is established to energize
the windings of relays 126, 119 and 926 from
ground, through the right outer contact of
relay 223, left outer contact of relay 225, right

-inner contact of relay 234, contact of relay

238, left contact of relay 214, right inner con-
tact of relay 224, brush 245 and its associated

terminal, Jeft normal contact of relay 182,-
right contact. of relay 129 where the path is

divided, one branch extending through brush
152 and its associated terminal, outer contact
of relay 123, brush 142 and its associated ter-
minal, outer contact of relay 120 to grounded
battery through the right winding of relay
119. The second branch of the circuit is ex-
tended through the winding of relay 126 to
grounded battery to. energize tliis relay.
This path is further carried over conductor
171 to brush 852 and its associated terminal,
outer contact of relay 322, brush 842 and its
associated terminal, outer contact of relay
325 to grounded battery through the left
winding of relay 326. . The operation of re-
lay 119 opens the energizing circuit for relay
118 thus disestablishing the circuit from the
alternating current source 135 through the
switch brushes. = Relay 119 establishes a

~ locking circuit for itself through its left

winding and contact, contact of relay 121 to
ground through the left contact of relay 122.
It further establishes through its right con-
tact a balancing bridge across the line con-
ductors. Upon the relase of relay 118 the
ground traced for the operation of relay 119

‘1s connected through the right outermost nor-

mal contact of relay 118 to establish an ener-
The operation
of relay 117 disassociates the line conductors
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from jack 100 and the cord circuit and asso-
ciates the line conductors directly through the
repeater civeuit. The operation of relay 117
further associates bridge 172 and network
136 with the repeater circuit.

The operation of relay 326 opens the ener-
gizing circuit for relay 327 to cause its re-
lease, which disassociates the alternating cur-
rent source 371 from the switch brushes of
switches 849 and 359. Relay 826 establishes
a locking cireuit for itself through its right
winding and contact, contact of relay 524 to
ground through the vight contact of rela
323. It further cstablishes a civenit through
its left contact to associate hridge 373 with
the outgoing toll line. The release of velay
827 establishes u cireuit from the operating
ground for relay 326 throngh its left onter-
most contact, winding of relay 328 to
grounded Dbattery. Relay 328 is operated
to disassociate jack 300 and the cord cirenit
from the line conductors which are now asso-
ciated directly with the repeater cirenit. The
operation of relay 328 further associates
bridge 372 and netwok 570 with the outgoing
line and repeater circuit. The operation of
relay 126 removes the short eircuits from the
potentiometers of the repeater,

The repeater, Fig. 4, has now been added
in series with the talking conductors of the
incoming and outgoing toll lines to make the

proper transmission gain. This has been
done automatically and independent of

manual operation by the switchboard oper-
ator. The relays 432 and 433 in the repeater
cireuit control the lighting of cord circuit
lamps and are operated by ringing current
from a distant station in the usnal manner of
ringdown toll line service. Should the
cord cireuit signal be lighted the switch-
board operator actuates a key in the usual
manner which closes an olvious operating
circuit through the winding of relay 238,
The operation of relay 238 releases velays
117 and 328 in ovder that the toll lines
may be associated with the cord cirenit for
supervision.  When the key is released to re-
store relay 238 to normal relays 117 and 328
are again operated over the circuits pre-
viously traced through the contact of relay
238.

It will be remembered that relay 216 was
energized in parallel with relay 234 upon the
release of relay 238 at such time as the oper-
ator completed the connection of plugs 200
and 201 and restored the cord cirenit kevs to
normal. Relay 216 in operating establiches
a cirveuit path through the repeater circuit in
order that the switchboard operator may as-
sociate the telephone circuit 207 through the
contacts of key 205 with the line connection
for monitoring purposes.

Let it now be assumed that a call is in-
coming upon the toll line represented by
lamp 113 and jack 100 and that the cord cir-
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cuit plug 200 has been inserted in jack 100.
This line is of sufficient length to require a
repeater in series with the talking conductors
and ‘a repeater-will be selected 11 the outgo-
ing end of the cord circuit vepresented by
plug 201 is inserted. into a line of sufficient
length to require a repeater. If, however,
the outgoing line ig short; no repeater is re-
quired. For a connection between a long and
a short line the differentiating means in the
cord circuits must properly function so that
& repeater is not selected. ‘

Upon the ingertion of plug 200 in the jack
100 relays 114 and 221 operate in the manner
previously described.  Relay 222 is marginal
and remains normal since the energizing cir-
cuit is through the high resistance winding
of relay 114. During the period of time that
relay 222 remains normal a circuit is estab-
lighed to energize relay 223 through its con-
tact in the manner previously described. It
will be remembered that the operation of re-
lay 114 cstablishes an energizing cirecuit for
relay 115 which in turn establishes an ener-

5 gizing circuit for relay 116. At this time the

sleeve resistance is carried through low re-
sistance windings of relays 115 and 114 to

cause the operation of relay 222. This sleeve -

resistance 1s reduced to a low resistance also
for the reason that a normal busy test condi-
tion must be maintained at the-sleeve of
jack 100. ‘

Since it has been assumed that the line
into which plug 201 is inserted is:a short
line it will not be arranged for repeater se-
lection. - Therefore, the sleeve circuit is cax-
ried throueh conductors 305, 309 and 308,
winding of relay 311 to ground. ~The wind-
ing of relay 811 is-the normal low resistance
winding for such sleeve circuits. - Upon. the
insertion of phig 201 into jack 300 a circuit
15 established from ground through the wind-
ing of relay 811, sleeve of jack 800, sleeve of
plug 201, contact of relay 219, windings of
velays 218, 217 and 289 to grounded battery.
All velays in the civeuit traced now. operate
including the.mavginal relay 217, which re-
maing normal when the. cord circuit is con-
nected to atoll line requiring the selection of
a repeater. The immediate operation of re-
lay 217 opens the operating circuit for relay
295 to prevent the establishment of the series
circuit previcusly described for actuating the
lock out switch magnet 250, L

It is apparent from the foregoing descrip-
tion that a repeater is only selected by an an-
tomatically differentiating cord circuit when
it is vequired for both the incoming and -out-
going lines and since under this condition
the lock out circuit is hot. energized there is
no interference with other cord circuits that
require the selection of a repeater. ‘

The talking conductors for toll- connec-

tions that do not require a repeater are car-

ried through the cord circuit key contacts and

9

the supervision of the line is the same as in

‘an ‘ordinary toll cord cireuit, which practice

is well known in the art.

Whatis claimed is-

1. Ina telephone exchange system, lines of
different character, a cord circuit for inter-
connecting said lines, and automatically op-
erable means to distinguish a-line that re-
quires the addition of a speech current am-
plifier. ‘

2. In a telephone exchange system, lines of
different character, a cord circuit for inter-
connecting said lines, means for speech cur-
rent amplification, and automatically oper-
able means to distinguish lines that require
amplification for speech current and to add
said means for speech current amplification
in series with said lines.

3. In atelephone exchange system, lines of
different character. a cord circuit for inter-
connecting said lines, an electron tube re-
peater; and automatically operable means to
distinguish lines that require the addition of
an-electron tube repeater.

4. In a telephone exchange system, lines of
different lengths, a cord circuit for intercon-
necting said lines, repeaters and  automati-
cally operable means responsive to the inter-
connection of tivo Jong lines but nnresponsive
to the interconnection of two short lines to
cause the interpolation of a repeater in se-
ries with said long lines. o

5. In a telephone exchange system, lines of
different: character, a cord cireuit for inter-
connecting said lines, repeaters and means in
said .cord circnit responsive to electrical con-
ditions in said lines to cause the gelection and
gonnection .of repeaters between certain of
said lines. :

6. In a telephone exchange system, lines
of different lengths, cord circuits for inter-
connecting said lines, repeaters and-means in
said eord cireuits respeonsive.to the intercon-
nection of two long lines to cause the inter-
polation of a repeater in series with said long
lines, but unvesponsive to the interconnec-
tion-of a long and a short line to cause such
interpolation. : :

7. In a telephone exchange system, lines of
different -character, cord circuits for inter-
connecting said lines, speech current ampli-

fers, means in said cord cirveuits responsive

to electrical conditions . in said lines for dis-
tifiguishing hetween lines that require the ad-
dition of speech current amplifiers and lines
that do net require speech current amplifiers,
and means actuated by said distinguishing
means to select speech current amplifiers.
8. In a telephone exchange system. lines
of different. character, a cord circuit for in-

terconnecting said lines, répeaters, means in

said cord circuit responsive to electrical con-
diticns in said lines for distinguishing be-
tween: lines that require the addition of a rve-

‘peater and lines that do not-require this ad-
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emtlve upon the selection of a* repeater to
disconnect: sald cord circuit from said lines
and to interpose said repeater therebetiween.

9. In a telephone exchange system, lines
of (hf”exem character,. a cord cirenit for in-

‘terconnecting said hncs, repeaters, means in

said cord circuits responsive to electrical con-
ditions in said lines for distinguishing be-
tween. lines that require the addition of a re-

'peater and lines that do not require this ad-
‘ditien, means actuated by
ing me'ms to select a
er ative onLV wpon the selection of a repeater
to.di

said distinguish-
a Tepeater, and means op-

connect said cord civeuit from said lines
and to interpose the selected repeater there-

, betwoen

~10. In a telephene exchange: system, lines
of different character ter mmqtmw mn jacks,

cord circuits terminating in plugs, means

actuated. by the insertion of the plug of a

~cord circuit into a line jack to determine
whether the line associated with said jack re-

quires the addition of an amplifier for speech

current

11.-Tn a telephone exchange syster, lines

‘of different character ter mmmhng in- ]acks.

cord circuits terminating in plugs for inter-

connecting said lines, means actuated by the

insertion of the plugs of a cord circuit into
line jacks to determine whether the lines as-
sociated with said jacks require amplification
for speech current, speech current amplifiers,
and 'means operable in accordance with said
determining means to add speech current
amplifiers in series with said Iines: :
‘12. Tn a telephone exchange system, lines
of different character, cord circuits for inter-
connecting said lines, means automatically
operablein response to the interconnection of
lines to distinguish lines that require the ad-
dition of speech- amplifying apparatuvs, a

.common’ group of speech amplifying appa-

ratus, and means responsive to said distin-
euishing means to cause the selection of an
idle Qpecch amplifying apparatus.

13, In.a telephone excha ange system, lines
of different ¢haracter, cord cirenits for inter-

“connecting said Lnes, means automatically

erable in response to-the interconnection of

~ lines to distingnish lines that require the ad-

60

11ne¢

_dition- of speech. amplifying. apparatus, a

common group of speech amplifying appa-
ratus, means responsive to said distinguish-
ing means to cause the selection of an idle
coeech amplifying apparatus; and means re-
spouuwe to said selectmo means to place said

hfvmv zmp‘lratus n seues with -said

4. In & NcTeDbone e\dvumo systern, ll“es

Cof di ﬁ’“ ront c‘vu"v'lm cord circuits for inter-

connecting said 1in es, means antomatically
operable in response to the interconnection of
lines to distinguish lires that require the ad-
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dition of speech amplifying a¥paratuq a
common group of speech amplifying appa-
ratus, means responsive to said dlatmmush-

ing means to cause the selection of an idle

spcech amplifying apparatus, and means re-
sponsive to said selecting means to place said
amplifying apparatus in series with said
lines and to disconnect said cord circuit from
said lines.

15. In a telephone exchange system, lines
of different character, cord cireuit for inter-
connecting said lines, means automatically
operable in response to the interconnection of
lines to distinguish lines that require the ad-
dition of speech amplifying apparatus, a
common group of speech amplifying appa-
ratus, means responsive to sald distinguish-
ing means to cause the selection of an idle
speech amplifying apparatus and the inter-
polation of said apparatus between said lines,
and means to prevent interference between
selecting apparatus when a plurality of said
interconnected lines require the addition of
speech amplifying apparatus.

16. In a telephione exchange system, lines
of different character, cord cireuits for inter-
connecting said lines, signals in said cord eir-
cuits, means automatically operable in re-
sponse to the interconnection of lines to dis-

tinguish lines that require the addition of ¢

speech amplifying apparatus, a common
group of speech amphtying apparatus, and
nmeans responsive to ‘said distinguishing
means to cause the selection of an idle speech
amplifying apparatus, means responsive to
said se ectmg means to place said amplifying
apparatus in series with said lines and to dis-
connect said cord cireuit, means in said am-
plifying apparatus responsive to signaling
current over either of two interconnected
lines to actuate the signal in said cord cir-
enit, and means in said cord circuit to reas-
sociate said lines with said cord cirenit.

17. In a selecting cirenit, apparatus con-
tacts, means for variably connecting together
said apparatus contacts, a source of clectrical
current of sufficient potential to break down
contact resistance Dbetween said contacts,
nmeans automatically operable for connect-
ing said current source in a circuit through
apparatus contaets connected together, means
for maintaining said current through said
circuit for a time period of sufficient duration
to eliminate resistance between the contacts
so connected.

18. In a selecting circuit, apparatus con-
tacts having resistance in the form of a film
or oxidation over the surfaces of eaid con-
tacts, means for variably connecting together

said ‘mp(u atus contacts, a source of electrical
current of sufficient potential to break down
such contact resistance, means automatically
operable for connecting said current source
in a cireuit through Jpp‘lrth contacts con-
nected together, tlnnncr apparatus, means for-
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operating said’timing apparatus for main-
taining said current thr ough said cireuit for
& time period of sufficient duration to elim-
inate resistarice between the contacts so con:
nected; and means for disconnecting said cur-
vent source from said contacts at the termi-
nation of said time period.

19. In a telephone exchange system, toll
lines, repeaters, means to select repeaters for
sald lines, a gain control apparatus and net-
work in each-of said lines to control the
fransmission gain of said repeaters, appara-
tus contacts in said selecting means, the. re-
sistance between the surfaces of said con-
tacts being such: ag to. unbalance said lines
and cause said gain control apparatus to be
ineffective, a source of current of sufficient
potential to break down said contact resist-
ance, and means automatically operable to
connect sald current source through saild ap-
paratus contacts for a predetermined time
period to break down said 1‘es1smnce and
eliminate unbalance.

20. In a telephone exchange system, lines,
speech current amplifying apparatus, means
to select speech current amplifying appara-
tus for said lines, non-adjustable gain con-

trol apparatus in each of said hne,j, appara-.

tus contacts in said ‘selecting means, the re-
sistance between the surfaces of said contacts
being such as to unbalance. said lines and
cause said non-adjustable gain control ap-
par atus to be ineflective, a source of alter-
nating current of sufficient potential to break
down s2id contact resistance, dnd means to
connect said - alternating “current “source
through said apparatus contacts for a pre-
determined time period to break down said
resistance and eliminate unbalance.

21. In a telephone exchange system, lines .

of different character, a cord circunit for in-
terconnecting said lines, repeaters, means in
said cord cireuit responsive to electrical con-
ditions in said lines to cause the selection of
an idle repeater, and means operative upon
the selection of a repeater to connect each of

said interconnected lines with said repeater.

22. In a telephone exchange system, lines
ot different chavacter, a cold cirenit for in-
’rer"onnectingz said lines, repeaters, means in
gaid. cord -cireuif responsive to electrical
conditions in said lines to cause the selection
of an .idle repeater, dnd antomatic switch-
ing means associated with each of said inter-
connected lines to connect said. lines with
said 1epeater.

23. In an electrically operable system for
mielummectmv conductors, apparatus con-

tacts, means for selectively positioning said
con’mds for muerconn@dmcf said conductork,,
contact resistance existing Detween said con-
tacts as positioned, a source of electrical cur-
rent of sufficient potential to eliminate said
contact resistance, means antomatically oper-

‘ductors

11

able for passing said current through said
contacts for a predetermined period of time
of sufiicient duratmn to:eliminate said con-
tact resistance, and means to maintain said
conductors disconnected from said contacts
during ‘the elimination of said contact re-
sistance ‘

24 In an e}ﬂcmeally operable system for
interconnecting conductors, apparatus con-
tacts, means for selectively posnmnmo said
contucts for mterconnectmo said conductors,
contact rosistance existing betw een said con-
tacts.as posxmomd, a source of electrical cur-
rent of sufficient potential to eliminate said
contact resistance, means automatically op-
erable for passing said current through said
contacts for a ]_)1Cd€‘lell11}110(¢ period of time
of sufficient duration to eliminate said con-

tact vesistance, means to maintain’ said con-
ductors disconnected from said contacts dur-
ing the elimination of said contact resistance,
means opuable at the termination of said
time period for disconnecting sald current
source from said contacts, and means op-
erable in response to the operation of said
d1~;connectmu means. to connect said. con-
said contacts.

26. In. a telephone exchange system lines,
repeaters, means for interconnecting said
lines, and. means automatically ommble in
response. to said.interconnection “to distin-
guish lines that require the addition of a
repeater. )

26, In a telephone exchange system, lines,
repeaters, -means for 111Lercomnedm(r said
lines, means automatically operable in re-
sponse to said interconnection to distinguish
]mc that require the addition of a repeater
and to add a repeater in series with said lines.

27, In a telephone exchange system, lines,
repeaters, means for interconnecting said
lines, means automatically operable in re-
gponse to said interconnection t to distinguish
lines that require the addition of a repeater,
and means -actuated by said distinguishing
means to select a repeater for said Tines. ‘

28. In a telephone C\chanﬂe system, lines,
repéaters, means for muerwnnoctma said
lines, and means automatically operable in
1'esponse to said interconnection to distin-
guish lines that require the addition of a re-
pea*er and lines that do not requn‘e such ad-
dition.

29. In a telephone exchange system, lines,
repeaters, means for mterconnectmo said
lines, means automatically operable in re-
gponse to said interconnection to (:h%unomsh
lines that require the addition of a repeater
and lines that do not require.such addition,
and means to select a repeater for lines re-
quiring such addition,

30. In a telephone exchange system, lines
of different lengths, repe‘xtex\;, means for in-
terconnecting said lines;, and means auto-
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matically operable in response’ to said inter-
connection to distinguish lines of a length
-that require the addition of a repeater.
. 3L, In a telephone exchange system, lines,
5 a group of repeaters .common to said lines,
means for interconnecting said lines, means
automatically operable in response to said
interconnecticn to distinguish lines that re-

quire the addition of a repeater, and means
responsive to the actuation of said distin- 10
guishing means for selecting an idle repeater
1n said group for said lines.

In witness whereof, we hereunto subscribe
our names this 20th day of June, A. D., 1925.

: EDWARD VROOM.
JOSEPH A. KRECEK.




