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1o all whom 2t may concern:

- Beit known that I, SipneEy Hanp BrownE

a cltizen of the Umted States of Amerlea,

and resident of Plttsburg county of Alle-—
gheny, and State of Pennsylvania, haye in-
vented a new and useful Impmvement in
Systems for Telephone-Trunking, of mhlch

the following is a specification.

My invention pertains to telephone éx-

10 *changes 1nvolving the completion of tele-

phonw connections between substation tele-

- phones whose lines terminate .in separate

central oflices, the central offices being con-
nected by trunk circuits over which the con-

nections are ‘completed.
My object is to provide equipment by

~ which the required acts on the part of the op-

erator first receiving a call are reduced to o
minimum in number and simplicity, and

also by which the likelihood of error is much

reduced as. compared with present common

. practice:

29

In present common pmctlce when g call is.

received from a patron in the execution of

whose order it is necessary to connect with a
Iine. termmatmg in a central office distant

 from that in which the call is recelved, one of
two general plans 1s followed: First, the op-

‘erator taking the order may communicate

~with. a distant operator, in the distant cen-
‘tral office, g

~7hich connection is required,.and the opera-

giving the number of the line with

~ tor in the distant office will then select a

. trunk and cohnect it with the line required,
39

giving, to the first operator as reply to her

“order the designating number of the trunk

-dlstant central oflice. -

used, that-the first operator may connect the
ca,]lm% patron with that trunk; this involves
the selection of a trunk by the opm ator in the
Second, the operator

- gnswering ‘the call and tﬂ,kmg the patron’s

order may test trunks reaching the distant

centr al office and when an idle trunk is found
may connect the calling patron with it and

‘ring the distant exchange; the operator in

- the distant central office then in response to

will connect him with the deme

that ring will answer the calling tja,u on and
J[E‘l{‘ ]11‘]1

me; thls mvolves the selmtmu of o tr lm i 1

<t
-__n::

;’.ﬁ"pa.ratUb herein deseribed,

“the opemtor first receiving the call.

My

'hm and In
provides

invention in its s the an-

for

~proper and expeditious prosecution of the

| '-.a-.ubscrlber

S md@r W 1tlwnt any selection of
£ trunks: on the pm‘ 01 any operator, sueh

the -

! trunk selection being taken out of the re-
- quired manual operations and bmnff made
wholly automatic.

My invention provides that the operator
first answering a call, learning that the call
| is for a substation tele bphone served Dy a line
terminating in a distant céntral oflice, may
connect the calling line with an idle tr unk of
that group without any prelinmnary manual
method of testing, and thereby will transfer
the call immediately to the central oflice in
whieh the line desired by the calling ﬁ?&tl{)ll
terminates. In my description, I sha
equipment which provides that calls received

E e

plugs instead of being received upon ]acks
requiring the insertion of a plug before the
operator can place herself in conamtmlcauon
with the calling patron; which provides that
the operator first answering & call, learning
that the call is for a distant office, may Lk
any vacant jack reaching that office and
thereby transfer the call immediately to that
office; and which provides flllthf‘ bhﬂ:t the

call thus switeched forward will terminate
upon 2 plug before an operator within reach
‘} the desired line. 1 accomplish these re-
sults and reduce the equipment involved to &
minimum by the use of automatic switches
and of trunks &utmnatma]lv selected.
~In the drawings: Figures 1* and 1P show
one central Oﬂlce in an exchanee eqguippetd
according to my, invention, lﬂm 28 andd 2P
show another cettral office in the s SAMe e -
change also equipped according to my -
vention. In each ollice is shovwn m]mmm* ' {
for receiving a call froni the distent otiice,
well as for receiving a call from a patron ana
for fOI“dlleO it to the dis tant oflice; and
g, 3 18 ¢ (h*wunnnmtw view, illustrating
more in d{‘iaﬂ a suitable umrw*tmn—;wmm—
Ing meter. .

In Fig. 1* there is lustrated equipment by
which a calt originating at a substation tele-
phoue, as 8 may be termmated upon a con-
neetig plug, as 51, m the "in*-;ul ol an operas
tor advised of the uuunmnnﬂn s of the patron
at the substation el PRONEG anda prow e
with connecting jacks, as 5x w g, J4v,
! ;uld}}tt‘tl {0 rec otve the mm‘u g'ilmu ik 111”‘ It m
complete’or to forward the eall mmumh‘“l by
the patvon at substation telep hone 8. A
telephont Tiie is shown at 17,

ey —

4 — - S A m e W o

show

at an exchange are received directly upon

connecting at.
one encwith a substation telephone, 8, and
| at the @thel end ‘mth Ihe central ollice line
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equipment shown below at the left of Fig. 12, I a plurality of radial contacts and provides

and 1 part m [ig. 1°. The central oflice

Cline equipment consists of a call receiving

o

10

equipment, comprising a group of multiple
jacks, as 96, accessible to conneeting plugs,
as 76, Hig. 1¢ for the completion of ealls
originating on other lines and requiring con-
necting with the line shown, and a call for-
warding equipment, for forwarding to a cen-
tral ‘oftice operator a call originating at the
connected substation telephone, 8. The
call forwarding equipment consists of an au-

- tomatic switch designated as a whole 20, and

15

associated relays 10, 16, 19, 40, the inter-

rupter 7 and battery 9, said interrupter and
battery bemng common to many lines. An

clectromagnetically operated call register,
or service meter, 1s indieated at 200, its mag-
net core and associated electric circuits be-

ing shown. In this register, the attraction

- of the armature shall add one to the number

313

60

nolding pawl engaging the teetli of

previously registered by the dials of the de-
vice, the return of the armature being ac-

complished without mechanical effect upon
the counting train, as is common in simple

rlectric counting devices.

~ "The automatic switch 20 may be of any

desired or preferred type of electromagnet-
ically controlled circuit selector. It is well
known m the art of telephony, to construct
a switeh having a plurality of contacts ar-

ranged to project inwardly from a eylindrical |

surface, said surface being either a complete
section of a cylinder, or merely a segment of a
cylinder, and to arrange, supported by an
axis at the center of the cylindrical surface,

movable elsctrical terminals adapted to

make contact successively with the fixed

noints when the supporting axis is rotated ; a |

srondisr example is the Strowger automatic
switeh., In such a switch the essential ele-
ments «conslst of a cvlindrical surface, clec-
frical contact poiuts fixed in sald eylindrical
surface, o rotatable shaft occupving the po-
sition of the axis of the cylinder, terminals
attached to said shaft occupying the posi-
tion of radi of the cylinder and adapted to
connect with the {ixed contacts in the cylin-

“drical surface, a ratchet wheel attached to

said shaft, a retractile spring attached to said
shait or ratchet wheel, holding the part
against a stop or in its position of rest, o

DR AN
ratchet wheel, means for withdrawing said
holding pawl from the teeth of said ratchet
wheel, & driving paw! adapted to engags the
feeth of said ratchet wheel when actuated,
actuating means associated with said driving
pawl adapted to cause said driving pawl to
drive sald ratchet wheel and its attached

shaft and radial clectrical terminals at each
actuation through an angular distance equiv-
alent to the angular distance between con-

tact points m said cylindrical surface. In

‘such switches the usual practice provides for

L":I_-_]"l;! )

|

I
|
[
}

+ gl Bl by el g =y i

and battery

Tl e L m—

position of rest.

for fixed contacts arranged 1 groups or sets,

- so arranged and located that the radial con-

tacts muahe conneetion respectively with the

- individual dixed. contacts of a given group
when the <haft s ata grven position, and as

the shaft moves, the radial termials moyve

from set to set of the lixed contacts and ¢f-

feet electrical connection wiih the respeciive
contacts of cuch set as progress is made from
set, to set. -

In Fig. 12 1 have shown two sets of {ixed
contact points connected with conductors 21,
22,23, 24, 25, ana conductors 31, 32, 33, 31,
35; a set of radial terminals is shown at 11,
12, 13, 14, 15; the ratchet wheel 15 shown

at 5; the retractile spring is shown at 6; the
holding pawl 2 is shown as the armature to

the upper core of magnet 4; means for with-
drawing said holding pawl is shown in mag-
net 4; the driving paw!l 1 i1s shown pivotally
attached to the armature of magnet 3, and
means for actuating said driving i[)f,L"n‘-.-‘l 18
shown in magnet 3 and its associatec
9. It 1s common also 1n such
switches to 1mglude an operating part hold-
Ing an electric circult open by the separation
of 8
perioa of time when the rotatable shaft re-
malns 1n 1ts position of rest, and to permit
such contact pair to make. connection when
the shaft makes ils first step away from its
Such an ejle(;triczzl contact
patr 1s called an oil-normal switch and is
shown at 45—46 in Kig. 1°. o
The mechanism involved in the switeh des-
ignated as a whole 20 in Fig. 1* {or switch 63
m If1g. 1P which is similar to switeh 20)
therefore 1s one of a general type well known
in the art and one which readily may be con-

structed and used without {urtlier descerin-
£

tion here. The circuits by which the actu-

circult

é)air of electrical contacts during the

oo
=

el

100

105

ating means for the driving pawl 1 is con- -

trolled and by which the rcleasing nicans is
coutrolled are disclosed in the paragraphs

of this specification following. The circuits

shown it Hig. 1% are in accordance with the
invention of my application, Serial No.
222 645, filed August 29th, 1904,

in Figs. 10 and 2? is shown a double-track
trunk for forwarding telephone calls from
one ceutral office (such as shown in Figs. 12
1b) to another central oflice (such as shiown

in KFigs. 22 2%), the trunk being counected
] * ';- * ]':.' [ i : & L.a ' ,:A ftr L 15: T "‘l s " -
by eircuil conductors 64, 65 across the bot-
The complete doubie-track

tom of g, 22 _
trunk, consists of the connecting circuit con-

-ductors 64, 65 provided at each end with a

call veeelving equipiuent consisting at one
end (sce iig. 17) of aplurality of sets of wait-

-0

19n0

Ing contacis, as 61, 82, 83, 54, 55 wia the re-

lay 66, & switching and signaling equipment,

" as the plug 76, and associated elements shown

adjacent to that plug, and an interference

equipment comprising the relays 67 snd 68, 1
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o ment ot the other end of the trunk

and 687, 2
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The object of the interference equipments is
to operate, when the trunk is taken at one

of1ts call receiving equinments, to isolate the

trunk from the switching and signaling
equipment in the office in which the trunk is
taken for use and to isolate the trunk from

‘the call receiving equipment in the distant
oflice, leaving the switching

equipment f}&zemtive 1n the said distant cen-
tral office.  The similar call-receiving equip-
consists
(see Iig. 22) of sets of waiting contacts, as
S17, 827, 83’ 847, 85/, relay 66, plug 76/, and
assoclated elements adjacent to the plug, and
interference equipment comprising relays 67/

Lo enable the operator in charge of the
coniecting plug 51, Fig. 12, to connect with
the trunk 64, 65, her switehboard position
1s provided with a plurality of trunk 1acks,

2558, each of which has an automatic switceh,

| g
e

30

40

30

~as 63, containing the above mentioned

b

shown at the central office of IF 1S, 28 and
1 have applied the

piu-

rality of sets of waiting contact oimnts, as
o1, 82, 83,84, 83, pertaining to a p]

trunks, and a set
72,75, 74, 75 and controlling parts or relays
oY, €60, 61, 62, and resistance 99.

equipment is provided to enable the operator

to msert the connecting plug 51 into any ;

vacant jack 538, thereby causing the auto-
matic action of the switch 63 to select g

-trunk, connect the jack 58 with it, and to

actuate the interference mechanisms 67, 68,
and 67, 68’ to isolate from the trunk the

5-plug 76 at the one end and the fixed walting

contact points 81/, 82’ 83’ 84’ 85’ at the
other end. . '

Equipment is provided in central office, 2 "
stmilar in all respects to that provided for
central office 1%, 1?, so that all of the opera-
tions herein described as originating in cen-

)

2%, the connection over the trunk being made -

In reverse order. To the parts and elements

b
- - 1
sume reference numerals,

with the addition of prime marks, as are ap-

plied to corresponding parts shown at the

central office at Figs. 1+ and 1v.

The progress of a call. throughout the sys-

~tem shown in the four sheets of drawings is as

follows: When the receiver at substation
telephone 8 is taken fronr the hook, the auto-
matic switeh 20 homediately seleets the first
tdle trunkleading to a telephone o perator, and

thuslightslasiznntlamp, as 48, nssocinted with

~ designated as belonging to that
5 as the jack '58. whereunon ths auntomatic

0 learniing that the line
distant central ofliee,

aplag, as 51, before suchoperator: said

| opei-
ator then 1akes the

subserther’s order, and
stant as that shown in Figs. 28
2% immediately connects the said plug, with-
otit any process ol test, with any vacant Jack
central oflice,

and signaling

_ urality of |
ol movable terminals, 71,

required terminates in o

ST e e — T T S s —— —rea

f

&

switch 63 immediately connects said jack,

and therefore the calling subseriber, with the
first idle trunk, as 64, 65, leading to the se=
lected distant central oflice, and in so doing

 renders said selected trunk impossible of use

by any other automatic switch at either of
its ends and also lights a signal lamp, as 93/
before a teleaphone operator in the distant
central office; the t_eféplmnu operator thus
secondarily selected then takes the order of
the calling patron directly from substation
telephone 8 by means of her kev 102 and tele-

phone set 55', and connects the trunk plu;_’;.

76" with the line of the telephone, as 8, called
tor, one of whose multiple jacks; as 96/, nee-
essarilly is located within reach of the said
trunk operator by reason of the primary se-
lection exercised by the operator who hirst
answered the call; the called station is rung

- by the second operator, by operation of her

ringing key 103’

- the called station, the service meter as 200,

- connected with the calling line, is operated {o
In dis-

record the successful connection.
connection, the calling line controls a signal

- before the first operator, and the first o pera-

Thus |

tor controls a signal before the second opera-
tor, betore whom is also a signal controlled
by the called line. '

In the application of my .invention as
shown in the accompanying drawings, T have

used automatic switches each adapted to se-

lect automatically the first-idle trunk cireuit,
of a series of such cirepits connected with the
switch, whenever the one controlling tele-
phone line or trunk cireuit, which the switeh
serves, becomes ggetive.
matie switches appears in cach of the four

and upon the answering of

One of these auto-

70

50

89

90

100

sheets of drawings, and the parts and func-

tions common to all of these switches (desig-
_ _ ' nated as & whole, 20 in Fig. 12, 63 in Fig. 17,
~tral office 1, 1 may be equally well accom- |
- plished when criginating in central office 22

20" m Fig. 22 and 63/ in Fig. 2) in the sev-

107

eral drawings are as follows, referring to

Fig. 1*: The switeh consists of a fixed frame
bearing magnets, pawls, springs, etc., and
also sustaining a rotary part adaﬁ)ted to be

110

- controlled by a driving pawl 1, and a holding

awl 2, .
L}* magnet 3 and hoth of said pawls beinge
controlled by magnet 4 to release the rotary
part of the switch. The rotary part of the

switch consists of a shaft 220 to which is .t~

tached the ratchet wheel 5, one end of the
- volute spring 6, and the five wipers 11, 12
13, 14, 15; these Wipers are 1}‘1(}1‘»’11}.@'Olt}}(:tl‘lcal' |

convacts permanently connected to the con-
ductors pertaining to the one line or trunk
whieh that sutomatic switeh serves, and
adapted to make temporary eleetrical eon-

nection with circuit terminals pertaining (o

trunks withy which it is desived to connect
the line or trunk served.  The fixed portion
of the swiich supports a plurality of sets of
walting contacts, of which one set 1s shown
connected to conductors 2

-~
H.';

sald driving pawl being controlled

1]

)

22,23, 24, 2b. 130"
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A

and another set is shown connected to con-
ductors 31, 32, 33, 34, 35. The driving pawl
1 under influence of magnet 3, 1s adapted to
move the rotary part of the switch, one step
at a time; normally, the wipers are not m

“connection with any of the sets of waiting

contacts, but upon the first energization of

magnet 3, the rotary pert of the switch

‘moves one step and the wipérs are brought

10 into connection with the first set of waiting

15

20

25

contacts, viz., those connected to;jconduc-
tors 21, 22, 23, 24, 25; at the next energiza-
tion of magnet 3, the second step of the ro-
tary part of the switch brings the wipers into
contact with the second set of waiting con-
tacts, viz., those connected witi conductors
31, 32, 33, 34, 35, which are provided with a

“complete trunk equipment identical witir
that shewn associated with conductors 21,.

22 23,724, 25, and so on for the entire com-
plement of sets of walting contacts, which
in practice probably would be twenty-five
to {ifty sets, répresenting as many trunks.
The progress of the rotary part, step by step,
is secured by the interrupter 7 in the cirenit
of magnet 3, such interrupter being a con-
tinuously operating device, separate from
the automatic switches. The starting and
stopping of the rotary part is accomplished

30 by relays and circuits associated with the

trunks and lines.

The operation of the circuits and electrical
mechanism shown in Fig. 12, in response to a
call initiated by subscriber at telepﬁ}mm 8, 13

35 as follows:—The removal of the receiver from |
the hook at substation telephone 8 permits
current to flow from battery 9 through relays .
10 and 16, and line 17 to ground at 18, thus

40

45

50 19. wiper 14, walting contact and conductor
; W1D y 4 |

2D

60

J&

o

energizing relay 16 to open its contact and
energizing relay 10 to close its contact, thus
permitting current from battery 9 to fiow
through contact

back to battery; the encrgization of magnet 3
now advances the rotary part of the switeh

“designated as a whole 20, making electrical

contact between wipers 11, 12, 13, 14, 15 and
waiting contacts21,22,23,24, 25 respectively ;
current from battery 9 flows through relay

24, armature contact 26, armature 27, wind-
ing 28 of relay 29 and to ground at battery
30 thereby energizing both relays 19 and 29.
The energization of relay 19 attractsits arma-
ture, thereby interrupting. the previously
traced circuit through magnet 3 and stopping
the switeh with its wipers m engagement
with contacts 21, 22, 23,24, 25, Salid energi-
zation of relay 29 periits current to How
from battery 30 through armature 36, arma-
ture contact 37, resistanee coil 199, conductor
and waiting contact 23, wipar 13, conduetors
a8 and 39 through winding of relay 40 to
oround, encrgizing relay 40 and causing it by
the astuation of ifs armmature to open the cir-

of relay 10, contact of relay
19, winding of magnet 3 and interrupter 7 |

|
|
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cuit, of the winding of relay. 10 and to transter
e conductors of the line 17 to wipers 11 and

12, thus providing path for current from bat- |

tery 30 through relay 41, elements 22, 12, 17,
8,17, 11, 21 and relay 41 back to battery 30,
energizing relay 41 and giving path for cur-
rent from one pole of battery 30 through
armature 42, winding 43 of relay 29, arma-
ture contact 44, armature 27, winding 28 and
to other pole of battery 30, compieting the
encrgization of relay 29 and breaking the
conncction between arvinatuve and contact
27—26. 1 thefirst trunk encountered by the

of that trunk would have been energized, and
the armaiure contact 27—26 would have
been open, thus giving no path for curvent
through relay 19, so thet the path for current

from battery § through magnet 3, contiued
throush the armature of relay 19, would have
‘been mterrupted at the interiupter 7, releas-

ine armature of magnet 3, again closed at m-
terrupter 7, energizing magneéet 3 the second

time, stepping the wipers forward into con-

nection with the second set of waiting con-
tacts, whers if relay 29 had beéen alveady en-
ergized the process would have been re-

peated, and so on until a set of contacts was
found in which the relay 29 was not ener-

gized, thus giving path for current through

been already in use, the relay 29

80

89

g0

95

relay 19 and so effecting the connection of

the line 17 with that trunk and the stopping
of the automatic switch in that position until

conditions were proper for disconnection.

Electrical contact 45 and electrical contact
spring 46 have a tendgan(:yf to close together
wien net restrained, but a projection 4V on
ratchet 5 holds 46 away from 45 so tong as the
ratchet 5 is in its position okrest; however, at
the first step of the ratched 5, the projegtion

3 . : H . N r

7 is moved to permit the contact patr 45—46
to close; upon the hanging up of

the re-
ceiver at the substation telephone &, the cir-
cuit i1s broken and current ceases to flow
through relay 16, thus permitting its arma-

ture contact to close and to give path for-cur-

rent from battery 9 through armature con-
tact of relay 16, magnet 4, contact pair 45—46
back to battery 9, thus energizing magnet
4 until by return of the rotary part:of the
switch to normal the contact between: 45 and
46 is opened, thus releasing magnet 4. Thus
it is seen that as scon as the recciver 1s re-
moved from the hook at subistation teiephone
8, automatic switeh 20 beeomes active, se-
lects the first 1die trunk, connects the calling
line with that trunk, and by the ¢nergization
of relay 41 gives current from one pole of bat-

tery 30 through lamp 48, armnatuves 49 and

50 to the other pole of said battery, causing
lamp 48, in the switchboard near plug 51. to
olow as:a signal to the attendant telephone
operator that a calling line has been cou-
nected. to plug 51. -

The operatqr. whose eguipment 1s shown

LRIV
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110

115
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~oflice: upon trunks incoming from the
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at 54 in Fig. 1* may be termed a subseriber’s

_operator, because she serves calls originating

for her office upon subscriber’s lines, while

the operator whose equipment is shown at 55
in Fig. 1* may bhe called a trunk operator be-

cause "she serves calls originating for her

ex-
change office. shown in Figs. 28—2°

. In

- - f .. . . *
similar terminology, the operator at 54’

Fig. 2* i3 a- subscriber’s operator and the op-

erator at 55" in Fig. 2P is a trunk operator.

Kach subscriber’s operator has before her a

plurality of jacks as 58, Fig. 1°, eaca of whien
1s equipped independently with associated

relays as 59, 60, 61, 62 and ‘wit'h an-automatic
switch as 63, laving a set of wipers 71, 72,73,

74,75, and a plurality of sets of waiting con-
tacts, as 81, 82, 83, 84, 85.

- Between the offices of Figs. 1*—1* and
Figs. 22—2b are provided a plurality of trunk

~circuits, each consisting of two conductors,

29

as 64 and 65. The trunk conductors 64—65
have associated with them the plurality of
waiting-contacts 81, 82, 83, 84, 85 in multiple
in.a plurality of said switches as 63 before

“the subseribers’ operators of the office: each
. ]

trunk has also a relay as 66 and a pair of re-

- lavs as 67, 68, whence the trunk is extended

30

~ tact 84 and ground in manner similar to the

by conduc ‘ors 69,70 to a plug 76 acting as.a

terminal of the trunk before an operator at
55. - Trunk conductors 64, 65 are equipped

“at their distant end, in the office shown 1n
Figs. 24—2P with sumilar apparatus.
. 'T'he purpose of the relay 66 1s to open the |

circuit between the conductor leading to con-

action of relay 29 (Fig. 1*) and for the same

L

purpose, viz., to place busy test conditions
upon the waiting contacts connected with

that eonductor. The purpose of the relay 67

Is similar, viz., to place busy test conditions | _ _
of relay 61 connects conductor 89 to wiper

~upon the waiting contacts in the oflice of

Fies. 12—-1° when the trunk has been taken
iy

~ for use from ofiice of Figs. 22—2%; the pur-

50

ah 31 _
Y T

pose of relay 68 is to remove the connection
of extension conductors 69-—70 from the

trunk when the trunk has been taken for use
from the office of Igs. 1#8—1P.

_ The two re-
lays, 67 and 68, are so related that by the op-
eration of one the other is rendered 1nopera-
tive, . | |

" The object of the pair of relays, 67, 68 1s to

permit intercommunication ‘over-the trunk,

cither from ollice of Figs. 1*-—1P to oflice of

~Tes. 28—2Y or in the reverse direction from
oflice of Wigs, 222" to office of Ings. 18—1",

~thus makine it a two-wayv tronk.  Although

60

in this description I shall deseribe a two-way
Junk, my invention embraces also a one-way

“trunk having wailing contacts 1n one oilice
~and a plug end tn the other, with the refays

67 and 68 and associated connections omitted.
The operation ol the circults and electrieal

devices shown in Fig. 1P 18 as follows: By

5 the insertion of a plug, as 51, in jack 58, cur-

rent, from egrounded battery 30, IFig. 18,
flows, from the body of said plug through

to ground, and current from the same source
also flows from the ring of said plug 51
through winding of relay 59 and contact of
relay 61 to ground; the energization of relay
60 gives path for current from battery 76
through contact of relay 60, contact of relay
62, magnet 77 and interrupter 78 back to

‘battery, thus operating the rotary part of the

automatic switch 63; by the action of the

E |
-~

winding of relay 60 and contact of relay 61 -

70

interrupter 78 the said rotary part progresses .

step by step until a trunk is found in which
neither relay 66 nor 67 is energized, at which
time current will flow from grounded battery
76, wiper 75, contact 85, contact of relay 67
and winding of relay 68 to ground, energizing

relay 68 and dissonnecting from the trunk
the extension 69, 70; -also current from bat-

g

te}‘y 76 will flow through winding of relay 62, . -

wiper 74, contact 84, contact 79, armature

80, winding 87 of relay 66 and contact of

reléy 67 to ground, energizing relay 62 which
attracts its armature stopping the action of
the automatic switch.. lgela,y 66 1s also en-
ergized by this circuit and attracting iu.
armature 80, closes contact 80—86 and gives
path for current from grounded battery 76"

through winding of relay '61, wiper 73, con-.

tact 83, winding 88 of relay 66, contact 86,

armature 80, winding 87 of relay 66, and con-

90

99

tact of relay 67 to ground; this energization

of relay 66 also opens armature contact
79—80. The energization of relay 61, by the
eircuit above traced therethrough, opens the
circuit of current through winding of relay

60, releasing the armature of that relay; the
opening of contact 79—80 interrupts the cir-

cuit through winding of relay 62, releasing

the armature of that relay; the energization

71 already in electrical connection with con-

100
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tact 81 and consequently with trunk con- -

ductor 64, and also connects conductor 90
with wiper 72 already in electrical connection
with contact 82 and therefore with trunk

conductor 65, and current previously flowing

through relay 59 and the contacts of relay 61
to ground, now flows through relay 59, con-
ductor 90, armature of relay 61 and 1ts front
contact, wiper 72, waiting contact 82, and
trunk conductor 65 to the distant oflice (see
now Fig. 2°) and over conductor 91’ to arma-
ture of relay 68" where the current divides,
one portion passing through the winding of
relay 67’ to ground and the other portion
passing over extension conductor 70" and
through winding of relay 92" to ground.
The energization of relay 67" opens the cir-
cuit between conductor 84’ and ground, thus
oiving busy test conditions to all automatie
switches in central office of Iigs. 24—2%; the

energizatinon of relay 92’ gives path for cur-

rent from battery 95’ through lamp 93’ con-
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exchange,
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tacts of relay 94" and contacts of relay 92’ to | closes circuit for lamp 97, but the armature
eround; lamp 93’ is located in the switch-

board near plug 767, and by the glowing of
Jamp 93" the telephone operator using the
cquipment at 57 is notified that a calling line
is connected with plug 767, and she therefore
completes the connection by taking the
pairon’s order by means of her telephone set

55 and key 102" and selecting and connect- |

ing with the proper jack, in a'manner similar
to that of the operator using equipment at
54, who first received the call. -

I have described the operation of portions
of the apparatus in showing how a call is re-

ceived from a subscriber, first in the central

ollice of Figs. 12—2P, and then from a truunk,
in the central office of Figs. 23--2P.

% on a line terminating in central office of
[igs. 12— 1Y, progressing over trunk 64—65
and terminating in substation telephone &

on a line terminating in central office of Figs.

2820 together with the consequent actua-

tion of the service meter connected with the

line of the originating substation telephone.
In this part of the deseription, those parts

whichhdvebeen described in detail F reviously

will be passed briefly here, while those parts

will be given indetail which have not been so

oiven before. o |

A patron,at substation telephone 8 desires
to eall subsétation telephong 8 and takes his
receiver from the hook; immediately auto-
matic switeh 20 selects its first idie trunk, es-
tablishes busy test conditions upon the mul-

a subseriber's operator, as signal lamp 48 as-
soeinted
usinge cquipment. 54 operator at 54-by means
of key 52 conmnunicates with the patron.

tion N7,
fee of Figs. 20 20 and mserts the trunk
plisg A1 into any jack conmecting with- that
central office, as jnek HS:rinving key 53 15 not
p<ed i sueh aoconnection, nor s signal lamp
47 used, thosé elements being provided for
tae i such calls as would require connection
with a called e also terminating i oflice of

Fies. 1210 there being no necessity in sueh

.

calls to nse o trunk to another oflice of the
3y the insertion of plug 51 mto

M e — e ma

I shall -

“deseribe now the progress of 4 complete con-
nection, originating at substation telephone

. —————— . .w =

e . aEE AR S M OCRe AR -

“tiple jucks of the calling line, and lights a sig-
nal lamp associated with a trunk plug before

920,258
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of relay 100 simultaneously opens said lamp

circuit, thus preventing the lamp from glow-
ing; also armature 49 of relay 98 opens the
circuit of signal lamp 48, extingmshing that
lamp and leaving no signal betore operator

at 54, indicating that her work is temporarily -

completed. - |
The insertion of plug 51 into jack 58
causes automatie switeh 63 to select its first

| idle trunk as 64, 65 to the central office of

Figs, 22—20 establishes for said trunk busy

test conditions at all accessible points, and .
by the energization of relay 92" causes the

clowing of a signal lamp associated with &

80

trunk phug located hefore a telephone opera-

tor in the distant office, as signal lamp 93" as-

using equipment 55'. The operator at 53

by means of key 102’ communicates directly

with the calling patron, takes his order for
connection with substation 8, tests a multfi-

sociated with trunk Plug 76’ before operator .

ple jack as 96’ of the line serving substation

S’ and finding that the line is not busy in-

serts plug 76" in jack 96’ and actuates the sig-
nal bell of substation telephone 8" by means
of the ringing key 103, - '

-

50

The insertion of plug 76’ into ja;ckj 96’ I

TIVeS {mth for current from battery 93
through relay 94’ to the body conductor of

&«

jack 96 and thence over conductor 106’ and

through the winding of relay 107" to ground,

energizing relays 94’ and 107’, the latter of

W\'l’]i(‘il isolates line 17/ from the equipment
associated with automatic switch 20, Re-

95"
95

100

luy 94/, thus energized, opens the circuit of |

lamp 93" and extinguishes that signal, but
also closes by contacts of another armature &

*cireuit by which-current flows from grounded

with trunk plug 51 before operator

battery 95 through the contacts of relay 94',
lamp 1087 and contact of relay 109’ to ground,

thus illuminating lamp 108’ as a signal to the
operator at 55" that the receiver at stibsta- -

iakes his order for connection with substa-
recognizes from the directory num--
wr that substation 8 is (o be reached by ol-

t1on tf'rlorhtmeﬁ’ has not been taken from the

hook. By means of key 103" the patron at

“substation telephone 8 ‘is called, and as

«ated above, when he answers the call and
remioves his telephone” from tire hook he
closes the eireuit through his hook switeh
and eives path for current from battery 95°
Lhrougeh 1'0%:\}" 109, conductor- 110/, ]i)lug 6

Cjack 967, line 177, substation telephone 3.

jack 58, path-is givenr forocurrent from
orounded battery 30 throngh relay 98 to
body conductor of jack 58 whenee st flows to:
around through resistance 99 and also throueh
refay 60 and contacts of relay 61 to eround.
Path is given also for current from arounded

Dhattery 30 thieugh relay 100, conductors 101

and 06, the latter containing the winding of
relay 59, and through the contacts of relay
GI to ground. An armature of relay 98

E

“given for current from battery 957 through
Ccontacts of relay 1127 to conductor 69,

sienads before the operator at 57 dark, anc

line 177, jack 96/, plug 76/, conductor 111/

andd relas 1127 to eround, thus energizing re-
Livs 1O and 112,
1097, circuit through lamp 108 1s-interrupted
and that lamp is extinguished, leaving all

indicating torher that the party rung has an-
swered theeall, and that she has no further
immediate duties in connection with the eall.
By thé energization of relay 1127, path s

By energization of relay
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through contacts of relay 65" to conduetor 130



64 Cont‘a’étjim, wiper 71, contact of relay 61,
~conductor 89, jack 58, plug 51, conductor

e

~ contacts of relay 114, conductor 25, resist-
. ance 115, wiper 15, conductor 201 and wind-
1ng 202 to ground, energizing the core of
 service meter 200 and actudting its arma-

10

15

~ of any lines which may he brought into elec-
' trical connection witg

. tiple contacts by reason ‘of other automatic
20 switches testing the trunk and passing it as
"~ busy. In the progress of the motion of the

' the making of ‘the contact with ground at
203, contact is-made between parts 204 and
205, giving path for current from grounded
. battery 206 through meter winding 207, con-"
" tact 204, armature 205, conductor 208, con-
' lact point 45, contact spring 46 and to
* ‘ground at battery 9, thus continuing the

30
~current has ceased to flow through winding
02 because of the shunt placed upon that
' winding by the connection of ground 203.
“ . Explained 'in connection with Fig. 3, the

35

- materia )
- contact ¢ permitting the latter to move into |
-engagement with a spring contact b, thereby
closing the circuit from grounded battery
208, through meter winding 207, contacts
b and.a, conductor 208, etc., heretofore ex-
| Pluined in connection with KFig. 12, In the

5 0

e
- recelver at substation 8 is hung upon the
- hook; this, howeve., cannot he taken as a
~ disconnect sigrial by the operator at 55
* since to disconnect upon this signal would at
.66

- -therewith but not shown in Fig:'1. By the
* actuation of the armatures of service meter
~ /200, ground at 203 is connected directly to
-Wiper 15 and resistance 115, so that these

- current to the meter by conductor 201 passes
 through winding 202 to ground, as above ex-
o {)lained.* This energizes core m and the
_atter ‘attracts 1ts ‘srmature 205, actuating
.40
© . pawl e being always  maintained in proper
' operative position by a spring ¢ and stop
- pmf.  Retaining pawl A holds the ratchet 7
- and counting train K in their advanced posi-

projection -n- presses spring confact ¢ into
©engagement with spring contact d, thereby

~connecting conduetor 201 to ground through
7 Ueontacts d and e and conductor 203,

920,258 7
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113 and relay 114 to ground at battery 30.
By energization of ‘relay 114 path is fur-

'I.F

nished for current from battery 30 throuch

tures and the counting train connected

parts now have no potential tending to pro-
duce current flowing to earth in any meters

any accessible mul-

armatures of service meter 200, and prior to

energization of-the core of meter 200 after
operation of the meter is as follows:—The
pawl e, rautchet 7, and counting train X, the

tions.. In the movemeni of the armature
205, a Fro_}ectmn n thereon of insulating :
‘1s first drawn away from a spring

urther movement of the armature 205, the

For the purpose of supecvision and dis-

-

connection, the lamp 108’ glows when the

times lead her to disconnect a trunk upon |

"

which the called substation had wbi’ re-
sponded to the ring: therefore the operator -
at 55" must disconnect only upon signal of

lamp 937,

When the patron at substation telephone
S hangs his telephone upon the hook and
opens the circuit through that substation

- telephone, he intﬁrruFtS the current flowing

through relays 41 and 16.  The interruption
of current flowing through relay 16 releases
its armature, closing its.armature contact
and giving path for current from battery Y,
through armature contact of relay 16, wind-
ing of magnet 4, contacts 45 and 46 back to
battery 9, thus by the energization of magnet
4 releasing the rotary part of the automatic
switch 20 and permitting its return to normal:
upon the return to normal of the rotary part
0

engages the contact spring 46 and presses it

just described and releasing magnet 4: also
by the opening of the contact befween parts

45 and 46, the circuit from grounded battery
206 through 207, 204, 205, 208, has been

automatic switch 20, the projection 47

81

3 .'-'1

- away from contact 45, opening the circuit

9

opened, and the meter 200 therefore is re- -

leased also. The disengagement of wiper 13
from its waiting contact releases relay 40,
and all parts associated with the line 17
return to their normal position of rest.

By the interruption of current there-
through, as above stated, relay 41 releases
its armatures; release of armature 42 inter-
rupts current through relay 29, which re-
leases its armatures; release of -armature 50
gives path for current from battery 30,

through signal lamp 48, armature 49 of en- _

ergized relay 98 and armature 50 of released
relay 41 back to battery 30; the glowing of
this lamp acts as a positive signal for dis-
connection for operator at 54, who then re-

moves the plug 51 from the jack 58, releasing

all relays associated with that plug. In

plug 51, eurrent ceases to flow through relay
59 and this relay releases its armature and
so closes its armature contacts.  Thus a path
1s given far current from battery 76 through

- armature contacts of relay 59, winding of re-
lease magnet 116, contact pair 117118 back -

to battery 76, thus releasing the rotary part
of the automatic switch 63; by the return of
switch 63 to normal, with the incident open-
ing of contact pair 117—118 and disconnec-

-tion of the wipers 71, 72, 73, 74, 75 all relays

and magnets in connection with antomatic
switch 63 are released and the source of cur-
rent 1s disconnected from relays 66. 68, 677

and 92, By the release of relavs 66, 68, 677,
busy test conditions are removed from the

trunk, and by the release of relay 92/ path is

given for current from grounded battery 95,

through signal lamp 937, contacts of ener-
gized relay 94’, contacts of released relay 92/
and te ground, causing lamp 93’ to glow asa

104
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connection with jack 58, by the removal of

174

124
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1077 of the Iine 177.

between themselves the total curre

=

disconnect signal to the operator
(hon removes the plug 76”7 from jack 967,
which releases all velavs, ineluding the relay

A condition encountered in the testing

aetion of the automatic switches requires .
ing line,
and which was received by the relay 40 of the

qention. as it effects the limitations of de-
<ion of the apparatus required.

contaers of conductors 21, 22, 234 24, 25 i
busy, and that the automa tie switeh 20 at-
tenpts to. connect with that trunk. The
waitine contact of conductor 23 15 connected
‘o the conductor 38, and relay 40 of the tine
Loldine the trunk busy, and thence to
oround ; when the automatie switel 20 steps
its wipers into connection with the walting
contacts of this trunk, conductor 23. through
it waitine contact in switeh 20 1s connected
al o to conductor 38, and through relay 40
the testing line, and to ground. Thus a Clr-
cuit exists from battery 30, through arma-
ture 36, contact point 37, resistance 199, and
conductor 23, thence dividing, one part pass-
ne over conductor 38 and winding of relay
10 of the line holding the trunk busy, and
the other part passing over conductor 38 and
winding of relay 40 of the lne testing the
frunk. | VUith this condition existing the relay
10 of the line holding the trunk busy, which
relay was energized and attracted 1ts arma-
fures at the time the trunk was taken by the
line. and has held its armatures continuously
since then, must not now release its arma-

tures: relay 40 of the line testing the trunk

for busy must not attract its armatures. By
making resistance 199 comparatively high
with respect to the resistance of the relay 40,
ill relavs 40 being of equal resistance, the de-
sired result is attamed.

Defore the trunk was tested and while 1t
was being held busy by the first mentioned
line, a civeuit existed including battery 50,
armature 36, point 37, resistance 199, con-
duetor 23, its waiting contaet, wiper 13 of the
first line, vonductor 38 of the first line, con-

ductor 30 of the first line, and winding of re-
Tay 40 of the first line, over which cireuit cur-

rent was flowing, By the shunting of relay
40 of the second or testing line, arqound the
winding of relay 40 of the first line, the total
rosistance of the civcuit above deseribed 1m
Jdotail was reduced by one-half the amount of
the resistance of one of the relays 40; this

caused am inerease of the total current flow-

ing in the circuit, the ratio of ncrease being

controlled by the ratio which the resistance
of the relay 40 bears to the total resistance of

the cireuit, or to the resistance 199, If now,

ihe resistance of the relay 40 be small as com-
pared with the resistance 199, the increase in
current produced by
relays, will be smali.

by the shunting of the two
By the shunting of the
two equal relays, the relays divide equally

at 57, who | through resistance 199, and as
is but stichtly increased over what 1t was be-

Assume In |
Fie. 12 that the trunk connected with wating

of

euit leading from the
Jack instend of a plug, and to terminate the

nt fiowing

920,258

as that current

fore the socond relay was shunted around the
first, the curreng reccived by such relay 1s but
Litle more than one-half the current whieh
would be received by the relay 49 of the test-
if the tested trunk were not busy,

first line before the sccond line tested the
trunk for busy. The relays 40 may be ad-
justed not to respond to the energization pro-
duced by that proportiou of normal current
received when testing a busy line; by reason

of the armature being much nearer to the

core of the relay after the attraction of the

armature, the armature will be retained by
that degree of energization which was msuf-
ficient to attract it n the first place. With
the resistance of the relay 40 equal to one-

fourth of the resistance 199, and assumnmg.

the conductors external to those elements to
be of negligible resistance, the current re-
ceived by each relay when the two are shunt-
ed together, solves to be about 55% of the
current received by one relay when the other
:s not shunted arvound it. The margin ol op-
oration of the relay 40 of the testing hne

therefore is.liberal.  With reference to the

reduction of -current to 55%: of normal for

ihe retention of the armatures of the relay 40

of the tested line, it is found that relays as

commonly constructed in present telephone
practice require a much greater reduction
tharr this. Speciallv constructed. relays,
therefore, are not required for this e reutt, the
limitation being that proper relation be es-

80

Q0

10¢

tablished between the resistance of the wind-

and the resistance of 199

ing of the relay 40
adjustment of

to avoid the necessity of close
relay 40. "

In Fig.
tested clreuits 1 ¢
one just deseribed as (o Tog 1
here involved is numbered 61 and the series
resistance involved is made up of the wind-

1b g relation of relays of testing and

ines 87 and 88 of the relay humbered 66, In
“this portion of the circuit 1t s roquired that
relay 61 be
not more than one-quarter of the resistance
of the windings 87 and 88, or of those wind-
ings plus

the resistance of the winding of

a1l external resistance in series with
them: in negleet of this relation of resist-

ance, some special adjustment of relay 61

might be required.

The equipment shown in drawings figs. I®
and 2* mav be replacoed with other types of
equipment. Many different deviees and ar-
rangements of parts might be designed to
accomplish the same results: for lnstance, 1t
would
calling subseriber n a

outgoing ends of the trunk lines i nlugs
rather than in jacks so that the operator
would make a connection between n calling

< encountered similar to the
The relay

be- possible obviously, to end the cir-
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trunk into the jaék of the calling line. A
jack and a plug, regardless of which 1s asso-
ciated with the trusdk and whieh with the |
‘line, is a form of manually operated switch,
-and obviousl
 erated
‘jacks and plugs might be-lsed by the opera-

b

10

15

20

29

30
35

40

495

920,258

i

]
e

line and a trunk by Inserting the plug

%7 other forms of manually op-
witches than those consisting of

tors. to perform their respective functions.
Tharefore, while I consider that my inven-
tion is well illustrated in the drawings here-
with, it is to be understood that my invention
is not restricted to the specific type of appa-
ratus shown.

What I claim as new, and desire to protect

by United States Letters Patent, 1s: .
1. In a telephone system, two central sta-
tions; a trunk extending between said cen-

tral stations; multiple contacts connected

with said trunk at the said central stationsre-
spectively; relays also at both central sta-

]

tions:; extensions at said. central stations

connecting the respective ends of said trunk

L ]

with switehing and signaling devices; and

circuits, by which, when connection 1s made

with said trunk at one of its multiple con-
tacts at one central station, said relays at
such station operate to disconnect the ex-
tension thereat from said trunk, and said re-
lays at the other station operate to estab-
lish busy test conditions at the multiple con-
tacts of said trunk at said other station, sub-
stantially as described. o

2. In a telephone system, two ceritral'sta-
tions; a trunk extending between said cen tral
stations; automatic .selective switches 1In
each of said central stations; multiple con-
tacts in said automatic selective switches of
both central stations, said contacts heing
connected with said trunk; relays at both
central stations; extensions at said central
stations connecting the respective ends of
said trunk with switching and signaling de-
vices: and circuits, by which, when connec-
tion is made with said trunk at one of 1ts

~ multiple contncts at one central station, said
relays at each station operate to disconnect

ihe extenston ' thereat' from said trunk, and

said relays,at the other station operate to

50

60

establish bisy test conditions at the multiple

contacts of said trunk at said other station,

substantially as deseribed.

"3, In a telephone systém, a switching plug,
a relay mn connection with said switeching
plug; a meter; circuits by which said meter

18 electrically operated consequent upon the
encrgization of said relay; a trunk jack; an
automatic switch connected with said jack;
u distant switchboard; trunks terminatingin

<aid automatic switch and in sald distant

switchboard; mechanisms and circuits by

which said automatic switch may select an

65

sdle one of said trunks and connect it Lo said .
the selected trunk including a conduc-
for direct current and con-

Jack,
tor 'contlnuous

s

7

‘meter is actuated consequent u[l)on

2

board: circuits bv which when said switch-
ing plug is conneered with said jack and saud
jack is connected with saud crunk said con-
ductor will be connected with said relay; »
source of electric potential at said distant
switchboard not- normally connected with
said conductor; a telephone line termmnting

in said distant switchboard; a substation

telephone on said telephone line; the cireuit,
through said telephone line and substation
telephone; switching devices for conmecting
suid trunk to said telephone line; a ielay
associated with said distant switchboard and
with said trunk; cireuits by which said sec-
ond relay is energized when said trunk is
connceted with sald telephone line and said
circuit through said telephone and substa-
tion telephone 1s closed; and circuits which
by the energization of said second relay place
the said source of electric potential m con-
nection with the said conductor and said
first relay is energized, substantially as de-
scribed. | |

4. In a telephone system, a telephone line;
a meter associated with said line; an auto-
matic selective switch; a manually operated
switch wherebyv said.telephone line may be
connected with said automatic switeh; a dis-
tant switchboard; a trunk terminating m
said automatic switch and in said distant
switchboard:; automatic devices by which
said switch conneets said line with said
trunk when said line is connected manually
with said switch; a conductor included m
said trunk continuous for direct current and
connecting said switch with said distant
switchboard; circuits by which said meter is
electrically operated; & source of continuous

‘and direct electric potential at said distant

switchboard not normally impressed upon
said conductor; a telephone line terminating
in said distant switchboard and including a

substation telephone; switching devices for

connecting the said trunk to said latter tele-
phone line; a relay associated with sald dis-
tant switchboard and with said trunk; eir-

cuits by which said relay is encrgized when
' kaid trunk is connected with said telephone

sine and the circuit through said tele{)hope
line and substation telephone is closed; cir-
cuits which by the energization of said relay

| impress said potential upon said conductor;

and circuits and devices associated with said
automatic switeh|, manually operated switeh
and telephone line and meter, by winch said
pon impress-

ment of said potential on said conductor,
substantially as described. ~
5. In a telephone system, the combination
of a telephone line; an clectrically operated
meter; an automatic selective switch; a dis-
tant switchboard; & trunk terminating n
said ‘automatic switch and 1n sald distant
switchboard; & telephone line terminating

of the | necting said switch with said distant switeh-
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10 line; and means whe ereby smd meter 1s

i said distant ‘bﬁitch’m}ﬂ,rd; a substation |
telephone on said iatter telephone line; man-

unlly Ugfe @,md means for connecting said
first telephone lime with sald automatic
switeh means tor connecting said trunk

with said second telephone hne a rela},:
means whereby said reiay is ener ;’{lZPU Con-

sequent upon the snswering of said substa-
tion felephorne upon ssid second telephone

!

al--.

D20,258.

tuz;t,tt,d conse HE}Ilt uipon the energization of
afd relay. snbstantially as deseribed. -
Signed by me at Pittsburg, county of Alle-

ﬂ"hen} , wtate of Pennsvlv&m& in the presence

of two thnesses

SIDNEY HAND BROWNE.

Witnesses: -
CAvics M. GODFREY
Al H. MORAWEEK.
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