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UNITED STATES

1,900,514
PATENT OFFICE.

FRANCIS W. DUNBAR, OF CHICAGO, ILLINOIS, ASSIGNOR, BY MESNE ASSIGNMENTS,

TO KELLOGG SWITCHBOARD & SUPPLY

COMPANY, A CORFORATION OF ILLINOIS.

AUTOMATIC TELEPHONE SYSTEM.

Application filed February

Lo all whoiv it may concern:

Be it known that T, Fraxcis W. Duxsaz,
a citizen of the United States, residing at
Chicago, in the county of Cook and State
ot Illinois, have invented new and useful
Improvements in Auntomatic Telephone Sys-
tems, of which the following is a specifica-
tion.

The present invention relates to automatic
telephone systems generally and has to do
more particularly with systems of the so-
called “master-switch type”, in which the
so-called “selectors” and “connectors” ave
employed in conjunction with similarly con-

5 structed “line selectors” controlled by “mas-

ter-switches”. To give a cleaner idea of
this type, it may be stated that with one
hundred point switches and on a basis of
ten per cent trunking, a ten thousand line
exchange might be provided with one hun-
dred master-switches, one thousand line se-
lectors, one thousand first celectors, one
thousand second selectors and one thousand
connectors; each subscriber’s line would

5 then be multipled to ten line selectors and

ten connectora; and line selectors and first
selectors would be united in pairs without
multiplying; the wipers of the second se-
lectors would be multipled to bank contacts
of one hundred first selectors, and the wipers
of each connector would be multipled to
bank centacts of one hundred second selec-
tors. These values, of course, may be de-
parted from, but they serve to indicate ful-
Iv the character of the type of system refer-
red to.

In systems of this type and in other auto-
matic systems heretofore proposed, the con-
struction of the switches employed has been
more or less complicated in order to bring
about the proper operation of the system.

Cue of the principal objects of the pres-
ent invention is to devise a syctem of the
character indicated. in which comparatively
simple switch mechanism may be employed
in conjunction with ordinary relays to bring
about the proper operation of the system.
In other words, instead of relying on me-
chanical movements to bring about certain
necessary circuit change~, it is sought to
provide novel circuits for accomplishing
these resu'ts with comparatively simple
mechanism. The invention contemplates
the vse of such simplified cireuits in con-
nection with three classes of switching

18, 1908, Serial No. 418,607.

mechanism which may be defined as (1)
poly-wiper, circular, step-by-step release,
switches; (2) poly-wiper, linear, circular or
arcuate, spring release switches; and (8)
double-motion, or two dimension, arcuate
switches with spring release. In the latter
class, the movable contacts, or wipers, are
assoclated with a large number of fixed, or
paisive, contacts arranged in a bank, and
the wipers are first given a movement in one
direction, followed by a movement at an
angle thereto,—the former, or primary,
movement bringing the wipers to a desired
group of bank contacts, and the latter, or
secondary, movement causing the wipers to
engage desired bank contacts in the selected
group. These switches are returned to nor-
nal through the agency of retractile springs
In the switches of the other classes, a wiper
and bank contacts perform a function equiv-
alent to the primary movement of the wipers
of the two dimension switch, and a second
wiper and associated bank contacts perform
a function similar to the secondary move-
ment of the wipers of the two dimension
switch. In the case of the first class, the re-
lease is obtained by continuing the forward
motion of each set of wipers until their
normal positions are reached; while in the
second class, the release, is obtained by the
use of retractile springs.

Another object of the invention is to ex-
tend this idea of simplification to all com-
mercial adaptation of straight automatic
systems so as to include “nickel-in-the-slot”
service, measured service, party line service,
and unlimited service.

Still another object of the invention is
to provide a novel arrangement of electrical
connections between the switches whereby
any calling line may be connected to any
second selector, thereby decreasing the
chances of being unable to complete a de-
sired conversational circuit.

The invention also includes other features
and details which, together with the above,
will be more fully understood upon refer-
ence to the following detailed description,
talen in connection with the accompanyin
drawings, and the scope of the invention will
be particularly pointed out in the appended
claims,

Before considering the drawings, however,
it may be noted that in developing the in-
vention along the lines indicated, many fea-
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tures have been devised which are capable
of use in other relations than those herein
indicated and in the various telephone sys-
tems including manual systems and so-called
“semi-automatic” systems, as well as straight
automatic systems.

Referring to the drawings, Fig. 1, which
includes parts 1, 2, 3 and 4, illustrates
diagrammatically a preferred embodiment
of telephone system employing switches of
the first class and illustrating individual
lines, party lines, slot service lines, and
meter service mechanism at the central
office; Fig. 2, which includes parts 1, 2, 3
and 4, illustrates diagrammatically a modi-
fied autcmatic telephone system employing
switches of the second class adapted to
secure service similar to that of Fig. 1, but
omitting the slot service and meter service
equipment; Fig. 3, which includes part 1
and 2, illustrates diagrammatically a second
modified automatic telephone system em-
ploying switches of the third class and like-
wise omitting slot service and meter service
equipment ; Kig. 4 illustrates a novel method
of interconnecting and trunking between
switchess; Fig. 5 is a top view of a switch of
the first class designed for use in the circuits
of Fig. 1; Fig. 6 is a central section of the
same taken on a plane indicated by the line
6—6 of Fig. 5; Fig. T is a top view, similar
to Fig. 5, of a switch of the second class, de-
signed for use in the circuits of Fig. 2;
Fig. 8 is a diagram of the wipers and bank

5 contacts of the primary portion of the

switches of the first and second classes; Figs.
9, 10 and 11 are similar diagrams of the
secondary portion of said switches; Fig. 12
is a similar top view of a modified switch of
the first class provided with meter service
mechanism; Fig. 13 is a partial sectional
view of the same taken on the line 9—9 of
Fig, 12 Figs. 14, 15 and 16 are elevations
of a line selector of the third class of
switches designed for use in the circuits of
Fig. 3, the selector illustrated being typical
of other selectors and the connectors em-
ployed in the form of the invention illus-
trated in said figure; Fig. 17 is a top view
of said switch; Fig. 18 is a section plan of a
portion of the same taken on a plane indi-
cated by the line 21—21 of IFig. 15; Figs. 19
and 20 arve front and side elevations re-
spectively of a master-switch employed in
the control of the line selectors; and Fig.
21 is a sectional view of slot mechanism
of the type diagrammatically represented in
Irig. 1. Throughout these views, like char-
acters refer to like parts.

System of Fig. 1.

Apparctus—Referring to the diagram of
TMg, 1, M at the left designates a subscriber’s
station provided with “slot” equipment de-

signed for either individual or party line

-y

-y -

service. In the diagram, party line connec-
tions of three other similar substation equip-
ments are indicated at M?, M3, M*: These
substations are united to the exchange line
Limbs P—S8S which extend, by extension con-
ductors, to the multiple contacts of line
selectors QQ and connectors 1V, as will he
hereinaiter more fully explained. Connec-
tion is obtained between the subscriber’s line
at the left of the diagram and that at the
right through the agency of a master-switch
O, a line selector Q, a first selector U, a sec-
ond selector V, and a connector W. Assum-
ing that the selectors and connectors em-
ployed are provided with one hundred line
bank contacts in the secondary portion of
the switch, and assuming that there are ten
thousand lines in the exchange arranged on
a basis of ten per cent trunking, then, where
individual lines are employed, the number

of switches (considering the primary and”

secondary portions of each switch as a single
switch) and their multiple arrangement
would be that heretofore outlined; namely,
one hundred master-switches O, one thou-
sand line selectors Q, one thousand first
selectors U, one thousand second selectors V,
and one thousand connectors W. The sub-
scribers’ lines would be divided into groups
(for the initiation of calls) of one hundred
Iines each and ten line selectors would be
assigned to each such group, thus enabling
each line to be multipled to the correspond-
ing bank contacts of ten different line selec-
tors. Kach group of line selectors would be
under the control of one master-switch hav-
ing a pair, or set, of bank contacts assigned
to each line selector. Kach subscriber’s line
would also be multipled to the bank con-
tacts of ten connectors whereby a group of
ten connectors become available for estab-
lishing connections to a group of one hun-
dred lines. The lines comprising said latter
group of one hundred lines may, however,
be distributed among a large number, or all,
of the groups provided for the initiation of
calls.

Now, in case party lines are employed,
each such line is multipled to a number of
sets of connectors corresponding to the num-
ber of selectively signalled substations on
the line. Thus in the diagram, the bank
contacts of four sets of ten connectors cach
are represented at W, W', W2 and W?¥, cor-
responding to the four selectively signalled
substations 3", M2 M2 and M! on the line.
From this it will be seen that with a four-
party line, such as illustrated, each line may,
1f desired, be multipled in the bank contacts
of forty connectors. On the other hand, in
the case of individual lines as previously
pointed out, only the connections of one of
these sets would be employed, such as thar
indicated at W, thus providing but ten
multiple connections per line. Of the ten
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multiple connections between each indivi-
dual line and the line selectors Q, only one
set of such connections is illustrated, but
others are indicated by the multiple taps.
Similarly, in a party line, the number of
multiple connections to the line selectors
may be greater than ten. Moreover, it is
obvious that in the case of either individual
or party lines, the number of line selectors
provided for a group of calling lines, or the
number of connectors provided for a group
of called-for lines, may be increased above
ten, as desived. All of this will more fully
appear from the following description.

In outline, the connections between the
switch contacts are as follows: The mov-
able contacts, or wipers, of each line selector
Q arve tied to corresponding wipers of a first
selector U, thus providing one thousand di-
rect connections between one thousand line
selectors and the one thousand first selec-
tors. The wipers of the second selectors V
are connected to the bank contacts of the
first selectors U; and since there are in the
illustration assumed, one thousand of each
of these selectors, the wipers of each second
selector are connected to the corresponding
bank contacts of one hundred first selectors.
Similarly, the wipers of each of the thou-
sand connectors W are connected to the cor-
responding bank contacts of one hundred
second selectors V. As previously indi-
cated, this apportionment of values, either
as to the number of switch points or per-
centage of trunking in any part of, or
thronghout, the system, may be varied to
suit the exigencies of any particular case.

In the operation of these instrumentali-
ties in establishing connection between a
substation on the line P—S at the left, as
substation M’, and one located on the line
associated with extension conductors at the
right, the calling party at substation M’ first
removes his receiver from its hook and, if
the line be idle, deposits his token in the
slot mechanism and thereby, through the
agency of a master-switch O, sets an idle
line selector Q in operation to automati-
cally seek out and establish connection with
his line, thus extending the calling line cir-
cuit to the first selector U, paired with the
actuated line selector Q. The calling party
then, by means of his calling mechanismn,
transmits a number of impulses correspond-
Ing to the digits of the number of the sub-
scriber wanted. The first series of these
impulses operates the connected first selec-
tor U so as to cause it to pick out and es-
tablish connection with an idle second se-
lector V associated with the thousands
group to which the called line belongs.

‘Thus if the number of the calling party be

2000 and some cdd, the first set of two im-
pulses will move the wipers of the primavy

portion of the first selector U t¢ establish

connection with a particular set of wipers
of the secondary portion of the switch which
will then automatically move over the con-
tacts associated with it until an idle sev of
contacts 1s encountered, thereby extending
the circuit of the calling party to an idle sec-
ond selector in the second thousands group
The second series of impulses will similaily
operate the second selector V to pick out
and establish connection with an idle con-
nector W associated with the hundreds
group to which the called line belongs. The
third series of impulses may then be trans-
mitted over the circuit to cause the oper-
ation of the primary wipers of the connector
W to establish connection with the second-
ary wipers having access to the contacts of
the sub-groups of ten lines containing the
called line; and the final series of impulses
will cause the selected secondary wipers to
move over their bank contacts until they en-
counter the contacts corresponding to the
called-line, thus completing connection be-
tween the calling and the called lines.

Each line is provided at the exchange
with a line relay LR, which is instrumental
m closing, through the master-switch O, a
starting circuit for an idle line selector Q
upon the initiation of a call; also with a cut-
off relay CO, which is used to destroy the
normal substation control of the line relay
and to otherwise vary the line connections.

The master-switch O, in the precent in-
stance, comprises a pair of wipers 20—21
co-operating with bank contacts 22—23 and
caused to step over said contacts by motor
magnet MM, the complete operation being
controlled by relays 24—95, as hereinafter
more fully pointed out.

The line selector Q includes the primary
wipers 26, 27, 28, 29, co-operating with pri-
mary bank contacts 30, 31, 82, 83 respective-
ly, and a plurality of sets of secondary wip-
ers 34, 35, 86, co-operating with secondary
bank contacts 37, 88, 39, respectively. The
movement of the primary wipers 26, 27, 28,
29 will be brought about by the primary
magnet PM controlled by primary relay
PR; and the movement of the secondary
wipers, brought in the circuit by the opera-
tion of the primary wipers, will be similarly
brought about by the recondary maomet SM
controlled by a secondary relay SR. The
release of the switch, which permits the
veturn of all its parts to normal position, is
brought about by the release magnet RM,
The line selector is also provided with pri-
mary and secondary off-normal switches PO
and SO which are operated upon the first
movement of the primary wipers and the
first movement of the secondary wipers, re-
spectively. This switch may also be pro-
vided with a printing or recording mecha-
nism indicated at X, which will be describad
more fully hereinafter,
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The first selector U includes the primary
wipers 40, 41, 42, co-operating with the pri-
mary bank contacts 43, 44, 45, respectively,
in response to the operation of the primary
magnet PM’ controiled by the primary re-
lay PR ;and a plurah‘q7 of sets of second-
ary wipers 46, 47, 48 co-operating with bank
contacts 49, 50, 51 respectively, and in turn
actuated by the secondary magnet SM” con-

trolled by the secondary 1e1ays SR and
SR . The release of the switch parts, which
permits their restoration to normal, is
brought about through the release mflonet
RM’. This switch is also provided w ith a
primary off-normal switch PO’ and a sec-
ondary off-normal switch SO’, here as be-
fore operated by the first movements of the
primary and secondaly wipers respectively.
The cireult associated with this selector also
includes a reversing relay RV for reversing
the direction of current supply to the call-
ing line for purposes which will hereinafter
more fully appear.

The second selector V is similar in con-
struction and circuit arrangement to the
first selector U and comprises primary wip-
ers 52, 53, 54 co- operatino with primary
bank contacts 55, 58, 57, respectively, and
actuated by primary magnet PM?; and a
plurality of sets of °econda1y w1pels 58, b9,
60, co-operating with secondary bank con-
tacts 61, 62, 63, and actuated by a secondary
magnet SM?, controlled by the secondary
relay SR In this instdnce the restoration
of the switch parts is flccomphsbed by the
release magnet RM?® and the switch, as be-
fore, is provided with primary and second-
ary ‘off-normal switch contacts, designated
PO? and SO respectively.

The connector W is provided with pri-
mary wipers 64, 65, 66, co-operating with
primary bank conta(,ts ()1 68, 69 respective-
ly, and actuated by a pum 1y magnet PM?;
aud = plumhtv of sets of second‘uV wipers
0, 71, T2, co-operating with secondary bank
(ontacts (3, T4, 75, 1‘espect.ive1y, and actuated
by secondary magnet SM® As before, the
switch parts are restored to normal by the
actuation of a release magnet, designated
RMs2. The connector is also plovided with
primary and secondary off-normal contacts
designated respectively PO?® and SO In
.1ddi(‘ion to these parts, associated cireuits
are provided with a busy relay BR, a ring-
ing relay RG, a closing relay CR, a tip 1elay
’IR, a so-called “flip- ﬂop” relay FF, and a
relay R, all which co-operate in a manner
more fully set forth hereinafter.

The equipment at substation ¥’ includes
the usual switch-hook 76, receiver 77, call-
bell 78, transmitter 79, calhno mechanism
80, avd “glot” mechanlsm 81, including a
pohl‘lzed relay 82.

At the exchange, the connections of the
subscribers’ lines to the multiple contacts

of the line selectors @ and to the connectors
W will be brought about through the agency
of a distributing bhoard DB and extension
conductors 83, 84, 85, 86, preferably ar-
ranged in the manner illustrated.

Operation—Having now given a general
description of the character of the appa-
ratus diagrammatically illustrated in Fig.
1, it is believed that a further understand-
1n§> of the invention will be best accom-
plished by entering at once into a descrip-
tion of the operation of the system therem
depicted.

Assuming that a party at substation M’
on the line P—S at the left desires to con-
verse with a party at a substation on the
line associated with extension conductors
85 at the right, and assuming that the
number of the la ttel s telephone is 3333 then
the calling party first removes his veceiver
u from its hook 76 and places the receiver
77 to his ear to determine whether or not
the line is idle. This, of course, will only

Le necessary in the case of a party ImL’

The 1dle indication is obtained from an in-
terrupter 87, acting through an induction
coil 88, one 01“ whose windings is included
in the local circuit with the 1nt011uptu' the
other of whose windings is included in the
grounded branch 1e%chn0 through the line
1e1‘1y LR. This oround branch may be of
low resistance and made common to a num-
ber of line relays, as indicated in the draw-
ing. Circuit through the calling party’s re-
ceiver 77, may be Traced trom the ground
at the induction coil 88, through one > wind-
ing of said coil, line relay LR. normal COh
tact 89 of cut-off relay “CO, line limb S,
closed contact 90 of the substation calling
mechanism 80, transmitter 79, swi itchhoolk
76, veceiver 77, condenser 91, closed con-
tact 92 of calling mechanisin 80 line Timh
P, normal mn‘mct 93 of cut-off 1‘r\lay CO,
plotectlve resistance 94 to ground thrOUOh
battery B. The inductive stlOD ploduced
in this secondary circuit by the interrupter
87 in the local circuit, produceq a charac-
teristic signal in the receiver 7 of the call-
ing patty as an indication to hnn that the
line is idle and that he may proceed to malke
a call. This he does by depositing his nickel,
or token, in the slot n\ech‘uusm 1. Tt will
he observed that the previous movement of
the switch-hook 76, O(,Ldfilon(}d by the re-
moval of the receiver 77, rocks the armature
arm 95 pivoted at 95 ada‘nst the tension of
the return spring 96 far enotgh to bring the
upper end of the arm into a posmon to hold
the token against delivery through either of
the outlets of the slot. This movement of
the arm 95, howerver, is not sufficient to cause
its lower end to engage contact 97. The de-
posit of the token, by engaging the insulat-
Ing piéce on the sprlncr contact 98 forces the
latter from its normal to its alternate posi-
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tion, thereby completing a conductive bridge
between the two sides of the line, which is
instrumental in energizing the line relay LR.
At this point, it may be observed that 1f the
token is deposited in the slot before the re-
ceiver is removed from its hook, it will at
once be returned, through the opening at the
left, into a suitable socket from which it may
be readily withdrawn by the calling party.
Furthermore, it will be observed that the re-
moval of the receiver alone is insufficient to
energize the line relay LR at the exchange
and thus cauge the operation of a line selector
Q. The circuit, which is completed upon
the movement of contact 98 to its alternate
position, may be traced {from the live pole
of the battery B, through protective re-
sistance 94, normal contact 93 of cut-off re-
lay CO, line limb P, clozed contact 92, al-
ternate contact 98, closed contact 97, the
winding of polarized relay 82, switch-hook
76, transmitter 79, closed contact 90, line
limb S, normal contact 89 of cut-off relay
CO, the winding of line relay LR, and a
winding of induction coil 88 to the grounded
side of battery B. The closing of this cir-
cuit permits a flow of current through the
polarized relay 82 in a direction to force
the lower end of the arm 95 to the left
against the upturned and insulated end of
the switch-hook 76, This, however, has no
effect upon the relative position of the parts,
but the latter remain unchanged. The sup-
ply of current to the line relay LR, however,
causes it to break its normal contact 99 and
close alternate contacts 100 and 101 to
ground. The closing of contact 100 to
ground energizes group relay GR which
thereupon, by opening its coantact 102, ve-
moves the normal ground on the primary
bank contact 33. The said group relay GR
has itg winding connected to a plurality of
alternate contacts, 100, on as many differ-
ent line relays L.R. Thus in the example
chosen, there would be one hundred line re-
lays and ten group relays for a group of one
hundred calling lines. Each group relay
would then be connected to ten different line
relays, Each of the ten bank contacts 33
therefore corresponds to a different sub-
group of ten calling lines. The sets of sec-
ondary wipers and their associated bank
contacts are divided into similar groups
whereby a particular contact 33 corresponds
to a particular set of wipers 34, 85, 36 and
to their associated line contact points 87, 38,
39. The common connecting point for relay
GR is indicated by the star * adjacent to the
relay. This same sign throughout the dia-
gram indicates a common connecting point.
The grounding of contact 101 of line relay
IR energizes relay 24 of the master-switch O
and causes the latter to close its contact 103 to
thereby complete a starting circuit for the
particular line selector Q, whose master-

.

switch bank contacts 22—283 are at that time
engaged by the wipers 20—21 of the master-
switch. In the example chosen, relay 24 is
connected to a similar contact 101 of each of
the other ninety linerelaysof the group. The
opening of normal contact 99 of line relay
LR also removes anormal ground connection
from the bank contacts 89 of the line se-
lectors Q corresponding to the group con-
taining the calling line, thereby establishing
that condition which will cause the switch
wipers to stop In engagement with the con-
tacts of the particular line calling. This
wrmal ground connection extends from the
contacts 39 of the several line selectors,
through conductor 104, normal contact 103
ot cut-off relay CO, and said normal con-
tact 99 to ground. The energization of line
relay LR also moves contact 106 from its
normal to its alternate position, thereby dis-
connecting the cut-off relay CO from the
private bank contacts of the connectors W,
W, W2, W3, ete., having access to the line
and replacing the normal ground connec-
tion through the winding of said relay by a
connection extending to battery B via said
alternate contact 106, live limbs S and I,
normal contact 93, and coil 94, as previous-
ly traced in the reverse direction through
the line relay LR. The conductors 185 lead-
ing to the connectors W, W, W2, W3, are
thus provided with a batiery connection for
the purpose of rendering them busy as will
be explained later. The starting circnit for
the line selector Q, which is brought about
by the energization of relay 24, may be
traced from the normal grounded contact
107 of relay 25, closed contact 103 of re-
lay 24, wiper 20, engaged contact 22, nor-
mal contact 108 of primary off-normal
switch PO, contact 109110 of release mag-
ret RM, winding of primary velay PR to
the battery bus-bar B’. The closing of this
circuit energizes primary relay PR to actu-
ate its contacts. The closing of contact
111 to ground completes an energizing cir-
cuit for the primary magnet PM, from gen-
erator bus-bar G, supplied with alternat-
ing, pulsating, or like current from a suit-
able source, such as the gemerator . As
diagrammatically illustrated, the primary
magnet, by means of an armature 11 and a
driving pawl 113, rotates a ratchet wheel
114 mounted on a shaft 115 which carries
the primary wipers 26, 27, 28, 29. In their
normal positions, the wipers rest on insu-
lated contacts, but upon the first step, wiper
29 moves into engagement with a contact
33 which may be either grounded or non-
grounded, according to the condition of the
group relay GR which controls its connec-
tion. The first movement of the primary
wipers also, as previously noted, actuates the
contacts of the off-normal switch PO, there-
by interrupting the initial energizing cir-
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cuit of the primary relay PR at contact
108. This circuit, however, is replaced by
a maintaining circuit for said relay which
extends from the battery bus-bar I3” through
the winding of relay PR, contact 110—116
of release magnet RM, closed contact 117
of primary relay PR, and wiper 29 to
ground at contacts 10.2 so long as ground-
ed contacts 33 ave encountered. The result-
ing continued movement of the primary
wipers will ultimately bring the wiper 29
into engagement with the unglounded con-
tact 33 corresponding to the group contain-
ing the calling line. As soon as this con-
bact is reached, the maintaining circuit for the
primary relay PR is interrupted, with a con-
sequent interruption of the circuit of primary
magnet PM, and the primary Wlpels are
theleby left in engagement with the bank
contacts corvesponding to those secondary
wipers having access to multiple contacts 37,
38, 39, of the “sub- group containing the call-
111? line. This primary selecting movement
is followed immediately by the operation of
the selected secondary wipers. This oceurs
as soon as primary relay PR is deenergized,
since the latter, by closing contact 118, com-
pletes an energizing circuit for secondary
relay SR whicly ma y be traced from battery
bus-bar B’ through the winding of said re-
lay, closed contact 119 of secondary off-
normal switch SO, said closed contact 118
and closed contact 120 of off-normal switch
PO to ground. Secondary relay SR being
thus energized, closes its contact 121 to
pround and completes the energizing circuit
for secondary magnet SM to the genevator
bus-bar G” and generator G.

It will be understood that the secondary
magnet actuates a ratchet wheel 114" mount-
ed on the same shaft 115" which carries the
ten sets of secondary wipers 34, 35, 36. The
resulting selecting ope‘"l(lon is similar to
that of the primary wipers. The initial en-
argizing civeuit of the secondary relay SR
is mtonupted at contact 119 of off-normal
switch SO., upon the first movement »f the
secondary wipers, but a maintaining civcuit
has been previously established for caid re-
lay by way of normal contact 122 of release
magnet RM, alternate contact 123 of secon-
(hrv 1ehy SR, primary wiper 28, engaged
cont wet 82, (the third in order) secondaw
wiper 86 and contact 39 to the grounds on
conductor 104 provided at normal contacts
99 of the line relays as previously described,
so long as grounded contacts are encoun-
tered. As before, however, as soon as the
ungrounded contact, corresponding to the
calling line, is engaged, this maintaining cir-
cuit will be interrupted, with a resulting in-
terruption of the circuit of the secondary
magenet SM and the stopping of the switch.
It will be noted that the primary wipers 29

and the secondary wipers 86 are made broad
enough to bridge the space between contig-
uous contacts and also that, although nor-
mally out of engagement w ‘ith the nearest
bank contacts, they will engage said contacts
as soon as the comgsponchng off-normal con-
tacts have moved from normal. By this
means, a continued movement of the switch
wipers is maintained until an ungrounded
contact is encountered. Since other sub-
scribers’ lines are multiply connected to con-
tacts over which the secondary wipers 34—383
pass during their selecting opemtmn, and
since conversation may be | going on over a
connection including said contacts, the relay
SR s arranged to olectucmw disconnect thie
primary wipers 26—27, and consequently
the secondary wipers 84—35, during the
movement of the latter. This is bronght
about by contacts 124—125 which, in their
normal positions, unite the adjacent por-
tions of the link-circuit strands D282 , but,
when actuated, interrupt them, thus discon-
necting said wipers. Thus, during the move-
ment of the secondary wipers, they are dis-
ccunected from the strands P2—382, hut the
normal connection is restored as soon as
their movement is completed. Contact 125
of the relay SR, when in its alternate posi-
tion, unites the strands P2—S= hy a conduc-
tive bridge 126. It will be noted, by lo'fer
ring to part 2 of Fig. 1, that the same strands
are also united through normal contacts
127—128 of reversing 10111\' RV, windings
of primary and ¢ condal) relays P’R— Q’R,
and batteries o-—b’. These hatteries, being
arranged in series, supply current over :
circuit including said bridee 126 and there-
by energize said relays P'R and S'R to ac-
tuate their contacts. The energization of
these relays prevents the possible closing of
the release cirenit which might otherwise
oceur, after the secondary off-normal switch
SO has been actuated (thus operating relay
SN through contact 131), from bus-har B’,
through the Ni mdmo of release magnet RM,
closed cont: 130 of 1'01(1\% SR and
PR and cont:-w(; 131’ of said veluy SN to
ground,

As soon as the contacts 124—125 of the
secondary relay SR have been restored to
normal, thus disconnecting the bridge 126,
it will be seen that other circuits are already
established for the primary and secondary
relays P’R—S’R. One of these may be
traced from the live, or negative, pole of
“the battery 0, through the winding of pri-
mary relay PR, normal contact 127 of relay
RV, strand P? including contact 124, wiper
26, strand P’, wiper 84, extension conductor
83, normal contact 132 of cut-off relay CO,
and the winding of said cut-off velay CO to
ground. The closing of this cilrcuit main-
taing the primary relay P’R temporarily en-
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ergized, and energizes the cut-off relay CO.
The other of these two circuits may be traced
from the live, or positive, pole of the bat-
tery 0, through the winding of secondary
relay SR, normal contact 128 of relay RV,
strand $? including contact 125, wiper 27,
strand %', wiper 35, extension conductor 84,
line limb S, contact 90, transmitter 79,
switch hook 76, polarized relay 82, contacts
97, 98 and 92, line limb P via normal con-
tact 93 and coil 94 to the negative pole of
battery B, prior to the operation of cut-off
relay CO and immediately subsequent there-
to to the negative pole of battery b via alter-
nate contact 93 and the path previously
traced (in the reverse direction), for the
mitial energization of said cut-off relay
CO. Relays PR and SR are thus
held energized to prevent the premature
closing of the release circuit through mag-
net RM. The closing of contacts 105—132,
upon the energization of cut-off relay
CO, rvesults in a transfer of the vner-
gizing circuit of said relay from the pri-
mary strand of the heavily marked cireuit,
as previously traced, to a local circuit which
extends from the battery bus-bar B’, through
a vesistance lamp 140, preferably of compar-
atively low resistance (for example, one
hundred ohms), closed contact 140* of off-
normal switch SO, contact 140°—123, pri-
mary wiper 28, engaged contact 32, secon-
dary wiper 36, engaged contact 39, conductor
104, contact 105—132 of cut-off velay CO,
and the winding of said relay to ground.
The said latter circuit is established prior
to the opening of the initial energizing path.
The energization of the said cut-off relay
O, therefore, by its contact 93, disconnects
battery from the primary side of the circuit
and completes the normally disconnected
portiens of the extension conductor 83,
thereby extending the calling line circuit
through the line selector Q to the associated
first selector U. This extended circuit is
condnetively continuous to the condensers
183—134 located in the strands P>—S2 re-
spectively and is completed conductively at
said selector U through the primary and
secondary relays P’R—S’R and the batteries
O and 0" as above traced. It will be noted
that the divection of flow of current from
the batteries 0—0” over the line cireuit is
the same as that initially supplied from the
battery B, and consequently polarized relay
82 will have its armature arm 95 pressed in
the same way against the upturned end of
the switch-hook 76. The movement of con-
tact 89 of cut-off relay CO to its alternate
position disconnects the line relay LR from
the line and thereby removes it from the
calling party’s control and, at the same time,
unites the limb S to extension conductor 86.
This latter connection is brought into play

4

only when the line S—P is selected as a
called line.

The disconnection, and consequent de-
energization of line relay LR causes the re-
lease of the group relay GR unless there be
another line relay, belonging to the same
sub-group of ten, encrgized at this time for
the purpose of also initiating a call. As-
suming no such condition to exict, the re-
lease of relay GR will restore the ground via
contact 102 to bank contact 33 and to its
other multiple contacts on the mine other
line selectors, thereby permitting wipers 29
of said other line selectors to rotate past the
sub-group containing the calling line whose
call has now been “picked up.” Also the de-
energization of said line relay LR causes
the release of relay 24 of the master-switch
O unless there be at that time another line
relay belonging to the same group of one
hundred subscribers then initiating a call.
Assuming there be no such other call exist-
ing, the release of said relay 24 will prevent
the starting of another line selector Q when
the macter-switch steps its wipers 20, 21
around to engage the bank contacts corre-
sponding to the next idle line selector. The
closing of contact 105—132 is instrumental
in thus causing the stepping forward of the
master-switch. Thus upon the closing of
contact 105—132, circuit may be traced from
the live pole of the battery B, through the
winding of relay 25, wiper 21 and engaged
contact 23 of the master-switch O, contact
185—123, primary wiper 28, engaged con-
tact 32, secondary wiper 36, engaged contact
39, conductor 104, contact 105—132 of relay
CO, and the winding of said relay to ground.
Relay 25 is thus placed in multiple circuit
with the lamp 140, its circuit as previously
traced extending from said battery B
through said lamp and closed contact 1402
to closed contact 123—140 where it joins the
above traced circuit of relay 25 through the
cut-off relay. Relay 25 is therefore prefer-
ably wound to relatively low resistance, say
one hundred ohms, so as to properly operate
in multiple with said low resistance lamp
140. It 1s apparent, however, that relay 25
cannot operate until after the cut-off relay
CO has been energized, thus permitting the
release of relay 24 (as hitherto described),
prior to the stepping forward of the master-
switch to an idle line selector whereby said
selector will not be mneedlessly started as
might occur should relay 24 be delayed in its
release. The actuation of relay 25 causes its
contact 107 to complete the actuating circuit
of the motor magnet MM which thereupon,
through the agency of its armature 136,
driving pawl 137, and ratchet wheel 138,
mounted on the wiper shaft 139, steps the
wipers 20 and 21 into engagement with the
next set of hank contacts 22—23. If these
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contacts be those of a busy line selector Q,
the contact 23 will be connected to ground
over the path just traced through contacts
of the cut-off velay or, during the release of
the line connector, by way of closed contact
140 of release magnet RM. If, on the other
hand, they be those of an idle line selector,
these civenits will be opened either at the
primary wiper 28 or at said contact 140. In
the latter event, the relay 25 will be thus de-
energized and the further advance of the
master-switch discontinued. In this instance,
as before, the private wiper 21 of the master-
switch is broad enough to bridge the space
Letween contiguous contacts, but the switch
is not provided with a normal position to
which it is returned after each operation.

The printing, or meter, mechanism X,
which may be employed or not, as desired,
is diagrammatically represented in this fig-
ure as comprising two type-wheels 141—142
mounted on concentric shafts and co-operat-
ing with a record strip 143 and a_hammer
144 adapted to record an impression upon
the strip each time the magnet 145 is actu-
ated.  As will be explained hereinatter, the
cireuit of this magnet is completed only
upon the response of the called party. As
will alse appear hereinafter. the primary
and secondary wipers are also preferably
mounted on concentric shafts and to these
shafts are geared the concentric shafts which
carry the type-wheels 141 and 142. From
this it will be seen that upon a given rota-

4 . U - .
tion of the primary type-wheel, a given

designation will appear opposite the ham-
mer 144 and will remain independent of the
operation of the secondary type-wheel. The
Intter in turn will also present a definite
deslgnation opposite the hammer 144 corre-
sponding to its position. Thus by means of
the two type-wheels side by side, an impres-
sion is placed upon the recording strip
which corresponds exactly with the joint po-
sition of the primary and secondary wipers
and consequently may be arranged to print
the number of the calling line.

The calling line circuit, having now. been
extened to a first selector U in response to
the removal of the receiver and the deposit
of a token at the calling station, it remains
for the calling party to extend his line cir-
cuit by operating his calling mechanism 80
in accordance with the number of the called
party, which has been asumed to be 3333.
The calling apparatus is diagrammatically
represented by a spring returned disk hav-
ing a number of teeth adapted to engage
spring contact 92 to cause it to break con-
tact a number of times upon the return of
the disk, and a single tooth similarly co-op-
erating with a spring contact 90 to cause it
to open its contact once after the contacy
92 has completed its interruptions. The
disk is also provided with an insulating pin

ayue vyoaE

which normally engages a mounting spring
contact 146 to hold it open. In operation,
the disk is moved in the direction of the ar-
row until a definite number of teeth have
passed below the spring contact 92 and it is
then allowed to return to normal with the
resulting interruptions of the line limbs at
contacts 92 and 90.

At this point, it may be noted that any
operation of the dial before contact 98 has
been moved to its alternate position by the
deposit of a token in the slot mechanism,
will not be instrumental in actuating any
mechanism at the exchange. The line limb
5, even though the receiver be removed from
its hook, will be grounded at both the sub-
station and the exchange and interruptions
of it will not produce any results in the op-
eration of the mechanism. On the other
hand, line limb P, which is connected to
battery at the exchange, is open at contaci
98 until the token is deposited.

With this explanation, it will be seen that
the calling party will therefore rotate his
dial far enough to bring three teeth below
the spring contact 92 and will then release
the same to allow it to veturn to its normal
position, and he will then follow this opera-
tion by three similar operations. Consider-
ing now the effect of the first operation, it
will be noted that as soon as the dial is
moved from normal, both limbs of the line
will be grounded at contact 146. The pur-
pose of this ground is to continue the en-
ergization of the primary relay P'R from
the grounded battery 2 over the primary
side of the circuit and this ground at the
substation, in case the secondary side of
the line be then open; also to continue the
energization of the secondary relay S'R
from the grounded battery b’ over the sec-
ondary side of the circuit and the same
ground, in case the primary side of the line
be then open. Consequently, the three re-
sulting breaks and makes of the contact 92
will cause three deenergizations of the pri-
mary relay P’R, and the single following
break and make of the contact 90 will canse
a single de-energization of the secondary re-
lay S’R. An inspection of the contacts 147,
148, 149, 150, of the primary and secondary
relays P'R—S'R show that the three de-
energizations of the primary relay P'R wili
be instrumental in grounding the strand P2
at the right of condenser 133 three times,
while the single de-energization of second-
ary relay SR will be instrumental in
grounding the section of strand S? to the
right of condenser 184 once. While the re-
lays P’} and S'R remain energized, these
sections or portions of the strands P2—8&2
are not grounded by reason of open contact
148 in the one case, and open contact 149 in
the other. From this it will be seen that
the passage of each tooth of the calling
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mechanism past the contact 92 has the effect
of producing a momentary ground upon the
section of the primary strand P? at the right
of condenser 133, and each movement of a
single tooth past contact 90 of said mecha-
nism has the effect of producing a single
momentary ground upon the corresponding
section of the secondary strand S2. Thus
the initial operation of the calling device at
the calling station. by grounding the strand
P2 three times and the strand S? once, pro-
duces three distinct energizations of the pri-
mary magnet PM’, followed by a subsequent
operation of the secondary magnet SM’.
The primary magnet PM’ is energized over
the circuit extending from battery bus-bar
B, through the winding of said magnet,
normal contact 151 of release magnet RM’,
normal contact 152 of off-normal switch
SO, closed contact 148 of primary relay
P’R and closed contact 150 of secondary
relay S'R to ground. These three energiza-
tions will cause the primary wipers 40, 41,
492, to move to the third set of bank contacts
43, 44, 45, which are connected to the third
set of secondary wipers 46, 47, 48. Upon
the first movement of the primary wipers,
the contacts of off-normal switch PO’ will
be closed, thereby establishing conditions
suitable for the release of the selectors, sub-
sequently to be described. Thus at the ex-
pirvation of the movement of primary wipers
40, 41, 42, the line circuit is extended
through to the secondary wipers 46, 47. The
following single secondary impulse, by
erounding strand S?%, completes a circuit for
the secondary relay SR’, which may be
traced from the battery bus-bar B’; through
the winding of said relay, normal contact
153 of off-normal switch SO’, closed contact
149 of relay S’R and closed contact 147 of
relay P'R to ground. The resulting ener-
gization of secondary relay SR’ will, by
opening its contacts 154—155, disconnect
wipers 46—47 to prevent interference with
possible conversation over multiply connect-
ed bank contacts. The closing of contact
156 of said relay will complete an energiz-
ing ecircuit for the secondary magnet SM’,
which may be traced from the generator
bus-bar G, through the winding of said
magnet, said closed contact 156 and normal
contact 157 of release magnet RM’ to
It will be understood in this in-
stance, as before, that the secondary magnet
SM’ actuates the ten sets of secondary
wipers 46, 47, 48. Consequertly, upon the
completion of its energizing circuit, these
wipers will be moved one step from their
normal position into engagement with the
first set of bank contacts. At the same time,
the contacts of the secondary off-normal
switch SO’ are moved to their actuated posi-
tions. The movement of contact 153 of this
switch thus interrupts the initial energizing

circuit of secondary relay SR’; but in the
meantime, the maintaining circuit for said
relay has been completed by way of normal
contact 158 of release magnet RM’, alter-
nate contact 159 of secondary relay SR/,
primary wiper 42, engaged contact 45, sec-
ondary wiper 48 and engaged contact 51 to
ground, so long as grounded contacts 51 are
encountered. As soon, however, as an un-
grounded contact 51 is met with, relay SR’
1s de-energized thus opening the circuit of
magnet SM’ and the further advance of the
secondary wipers is stopped, thereby con-
tinuing the calling line circuit through the
secondary wipers of the first selector. As-
suming that the contacts thus selected are
those in which the strands P4—S* terminate,
then it will be seen that the calling line cir-
cuit is extended through the first selector U
to the primary wipers 52—53 of a selected
idle second selector V (Fig. 1, part 8). In
the case of the first selector U, as before, and
also as in the case of the second selector V,
the ends of the secondary private wipers are
made of sufficient breadth to bridge contigu-
ous contacts to thereby better maintain
proper operation of the switch. Contacts 51
associated with idle second selectors V are
free from grounds as each conductor 170
stands normally open. The de-energization
of the said relay SR’ will restore contacts
154—155 to thereby complete the strands
P2—82 at these points. Also upon the re-
turn of contact 159 of said relay SR’ to
normal, a ground is applied to the multiply
connected secondary bank contacts 51, thus
guarding the contacts of the selected link-
circuit P*—S* and the second selector V,
from selection by other first selectors U.
This ground connection extends via second-
ary wiper 48, engaged primary contact 45,
primary wiper 42, contact 159—160, con-
ductor 161" and normal contact 162 of re-
lease magnet RM of the line selector Q to
ground. Thus it will be seen that by this
operation of the calling mechanism, the cir-
cuit of the calling line is extended to a sec-
cnd selector V of the third thousand group,
and said selector rendered busy.

The next step in the operation consists in
operating the calling mechanism to first
ground the right-hand portion of the strand
P? three times and then following this by a
single grounding of the right-hand portion
of the strand S% in a manner heretofore ex-
plained. The operation of the second selec-
tor V is substantially the same as that of the
first selector just described. The grounding
of the primary strand three times produces
three distinct energizations of the second
selector primary magnet PM? to cause the
primary wipers 52, 53, 54, to advance from
normal to the third set of primary bank con-
tacts 55, 56, 57, which are comnected with
the third set of secondary wipers 58, 59, 60,
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and the single grounding of the secondary
strand causes the secondary wipers to ad-
vance over the secondary bank contacts 61,
62, 63 and continue until they encounter con-
tacts of an idle link-circuit P¢—S° The
circult of the primary magnet PM? extends
from the battery bus-bar B’ through the
winding of said magnet, normal contact 163
of release magnet RM? of the second se-
lector V, closed contact 164 of off-normal
switch SO2, and thence over the primary
side of the circuit to the strand P* and
ground via contacts 148 and 150. The ini-
tial energizing ecircuit for the secondary re-
lay SR2 extends from the battery bus-bar B’
through the winding of said relay, contact
165 of primary off-normal switch PO?
(closed upon the first primary movement of
the switch) closed contact 166 of secondary
off-normal switch SO? and thence over the
secondary side of the circuit to strand S?
and ground via contacts 149 and 147. A
maintaining cireuit is then established for
the relay SR? by way of normal contact 167
of release magnet RM?, alternate contact
168 of said secondary relay SR?, primary
wiper 54, engaged contact 57, secondary
wiper 60, and engaged contact 63 to ground
so long as grounded contacts 63 are encoun-
tered. The ground connection in this case
is obtained by way of a multiple contact 63,
a secondary wiper 60 of some other second
selector V engaging said contact, a primary
bank contact 57 and a wiper 54 of said other
second selector V, normal contacts 168—169
of its secondary relay SR?, a conductor 170
and a secondary bank contact 51 of some
other first selector U, a secondary wiper 48,
a primary bank contact 45, and a primary
wiper 42 belonging to said other first se-
lector, a contact 159-—160 of its secondary
relay SR’, a conductor 161’, and normal con-
tact 162 of its release magnet RM to ground.
In this instance, the cireuit of the secondary
magnet SM?2, which operates the ten sets of
secondary wipers, may be traced from the
generator bus-bar G/, through the winding
of said magnet, closed contact 171 of second-
ary relay SR2, and normal contact 172 of
release magnet RM? to ground. The select-
ed second selector wipers are also discon-
nected during the movement of the secondary
wipers by contact 178—174 of the secondary
relay SR2 The initial energizing path for
said relay SR? is broken at contact 166 upon
the first step of the secondary wipers there-
by allowing the release of said relay SR? as
soon as wiper 60 of the third set reaches an
idle or ungrounded contact 63, just as-de-
seribed with respect to the first selector.
Conductors 223 stand normally open in the
idle connectors. Thus, as a vesult of the
transmission of the second set of three im-
pulses, the circuit of the calling line is ex-
tended through link-cireuit P®~—S° to a con-

nector W having access to the thivd hun-
dreds group of the third thousands sub-
scribers’ lines.

The next step in the operation consists

in again grounding the primary strand Pz 7

three times, followed by a single grounding
of the secondary strand S% as before ex-
plained. The grounding of the primary
strand produces three distinct energizations
of the primary magnet PM?® which causes
the primary wipers 64, 65, 66 to advance
from normal to the third set of primary
bank contacts 67, 68, 69, which are con-
nected to the third set of secondary wipers
70, 71, 72. The energizing circuit for the
primary magnet PM? extends from the bat-
tery bus-bar B’, through the lower winding
of said magnet, contact 175 of the secondary
off-normal switch SO?, normal contact 176
of relay R and thence by the primary side
of the circuit to strand P? and ground. On
the first movement of the primary wipers, as
usual, the primary off-normal switch PO?® is
actuated to close its contacts, and conse-
quently, upon the single grounding of the
secondary strand 52, a circuit is completed
through the relay R, which may be traced
from the battery bus-bar B’ through the
winding of relay R, its normal contact 177,
closed contact 178 of off-normal switch PO2,
normal contact 179 of secondary off-normal
switch SO? to strand S¢ and thence to the
secondary side of the cirvcuit to strand S2
and ground. The resulting energization of
relay R closes a locking cireuit for its wind-
ing which may be traced from the battery
bus-bar B’ through the winding of said re-
lay, alternate contact 177 and closed con-
tact 180 of busy relay BR to ground. This
locking cireuit 1s closed prior to the opening
of its initial energizing circuit at normal
contact 177. Thesaid initial energizing path
is opened at this time to prevent the pre-
mature operation of relay RV of the first
selector U. Thus, it will be seen that as
soon as relay S'R of said selector U is again
energized by the closing of contact 90 at the
subscriber’s station, the circuit for said re-
lay RV is extended from bus-bar B’, via the
winding of said relay, closed contact 206,
alternate contact 153 of secondary off-nor-
mal switch SO, to strand S? and thence to
said normally closed contact 177 of relay R
over the path previously traced. The open-
ing of said normal contact 177, however,
prevents the operation of relay RV through
the grounded contact 180 of the relay BR.
The operation of relay R also closes con-
tact 176 to its alternate position, whereby
the secondary magnet SM* of the connector
is connected between the battery bus-bar B’
and the primary strand P° while the pri-
mary magnet PM? is disconnected from said
strand by the same movement. By the open-
ing of its contact 181, the closing of an en-
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ergizing circuit for local relay RG is pre-
vented until relay R is again de-energized.
By the closing of its contact 182, the right-
hand winding of the busy relay BR is in-
cluded kbetween the battery bus-bar B’ and
the secondary strand $2 except for a single
break at alternate contact 179 of secondary
off-normal switch SO

In view of the above, the next step in the
operation, which consists in again ground-
ing the primary strand P? three times and
following this by a single grounding of the
secondary strand 2, causes three distinct
energizations and de-energizations of the
secondary magnet SM? followed by a mo-
mentary energization of the busy relay BR
as will shortly appear. The three energiza-
tions of the secondary magnet SM? will ad-
vance the secondary wipers 70, 71, 72 so as
to bring their third set into engagement with
the third set of secondary bank contacts 73,
74, 75, which are bank contacts of the de-
sired called line. As before, upon the first
movement of the secondary wipers, the off-
normal switch SO?® is actuated and by this
means the circuit for the busy relay BR is
completed between the battery bus-bar B’
by way of closed contact 182 and alternate
contact 179 to secondary strand S° so that,
upon the application of ground to the sec-
ondary strand S2, by the sending of the final
impulse from the sub-station, said relay BR
is momentarily energized. One rvesult of
said energization 1s to open contact
180, thereby opening the locking circuit
of relay R to cause its release. A complete
connection, except for the interruption at
contacts 183-184 of ringing relay CR, has
now been established from the calling sub-
station M’ over the heavily marked circuit
to the called line associated with the exten-
sion conductors 85-86.

Oalled line idle—If it e assumed that
the called line is idle, then the multiple con-
tact 75, corresponding to the said line, will
be connected to ground via conductor 185,
normal contact 106 (Fig. 1, part 1) of the
line relay LR, and the winding of cut-off
relay CO corresponding to sald line. On
the other hand , if said line is in use, battery
will be supplied to the said multiple contact
75 as already explained. In the Iatter event,
then, a circuit will be completed from the
said battery to engaged contact 75, through
the secondary wiper 72, engaged contact 69,
primary wiper 66, closed contact 186 of re-
lease magnet RM?, alternate contact 187 of
busy relay BR, through the left-hand wind-
ing of said relay to ground. Tt will be first
assumed that the called line is idle. Under
this agssumption no maintaining circuit for
the relay BR will be completed through said
winding and sald relay will immediately
return to its normal position. Thereupon a
cireuit will be completed for the ringing

relay RG and the cut-off relay CO of the
called line as follows: from the battery bus-
bar B” through the winding of relay RG,
closed contact 181 of relay R, closed contact
188 of the secondary off-normal switeh SO2,
normal contact 187 of relay BR, closed con-
tact 186 of release magnet RM? primary
wiper 66, secondary wiper T2, conductor 185,
normal contact 106 of line relay LR of the
called line and winding of its cut-off relay
CO to ground. Before considering the ef-
fect of the energization of relays RG and
CO, it may be noted that the return of con-
tact 182 of relay R to normal disconnects
the right-hand winding of relay BR from
strand 8% and the veturn of contact 176
to normal does not again connect primary
magnet PM?® to the primary strand P, since
at this time contact 175 of secondary off-
normal switch SO? is open, nor does the re-
turn of contact 177 of relay R to its nor-
mal position again include the winding of
said relay in circait with the strand S°¢ be-
cause of the previous operation of contact
179 of the secondary off-normal switch.
Thus the primary magnet PM?, the secon-
dary magnet SM?2, the busy relay BR, and
the relay R have their windings disconnect-
ed from the strands P° and 5% and remain
deenergized. As will be apparent from the
previous consideration, the energization of
the cut-off relay CO of the called line will
be instrumental in cutting off the line relay
from said line, maintaining a ground con-
nection (through the cut-off relay CO) to
the contacts 89 of the line selectors Q, hav-
ing access to said line, as previously de-
scribed, and completing the talking strands
by the movement of contacts 89 and 93 to
their alternate positions. The energization
of ringing relay RG connects battery from
the battery bus-bar B/, through impedance
coil 189 and closed contact 190 to secondary
strand S° At the same time, by closing its
contact 191, it connects the primary strand
P to ground by way of contact 192—192°
ot flip-flop relay FF, closed contact
190 and the winding of tip relay TR.
The closing of contact 193 of relay RG com-
pletes an interrupter circuit for the flip-
flop relay ¥F, which may be traced from
the battery bus-bar B’ through the winding
of relay FF, closed contact 193, closed con-
tact 194 of closing relay CR (which may
also be termed a ringing relay, because it is
employed to discontinue the application of
ringing current to the called line), and in-
terrupter 195 to ground. Due to the pres-
ence of the interrupter in this cireuit, the re-
lay F¥ is repeatedly energized and de-erer-
gized and alternately connects the tip refay
TR and the ringing generator ¢ to the tip
or primary strand P° During the time con-
tact 192 is in its alternate position, a ring-
ing cireuit over the called line is completed.
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"Thig circuit may be traced from the live pole
of the grounded generator ¢, through alter-
nate  contact 192 primary strand P°,
primary wiper 64, pun’nu'y stiand P7, second-
ary wiper 70, extension conduetor 85, ul-
ternate contact 93 of cut-off relay CO of
the called line, extension conductor 83,
primary limb P, closed contact 92 of the
calling device at the called station, con-
denser 91, switeh-heok 76, call-bell 78, closed
conta(t 80, se ovdarv strand 9, alternate

wntact 89 of cut-off velay CO, extension
cmuuctm 86, secondary wiper 71, strand

", primary wiper 65, strand 3¢ closed con-
ta(:t 190 of yelay R, impedance coil 189
to the battery bus-bar B’ and ground. Thus
ringing current is intermittently applied to
actuate the call-hell of the called party, and,

dunng the non-ringing intervals, the t1p
relay TR is included in circuit. Conge-

quently, as soon us the called party responds
by removing his receiver from its hook, a
cirenit for the flow of battery current is
completed from the Dbattery bus-bar B/,
through the impedance coil 189, closed con-
tact 190, the secondary side of the called
subscriber’s civeuit, closed contact 90 at the
alled station, transmitter 79, switch-hook
76, pelarized relay 82, normal contact 97,
98, and resistance 196 to ground. It will
be noted that upon the closing of this cir-
cuit, the direction of current flow through
the said polarized relay 82 is such as to move
the lower end of the armature arm 95 to the
right against the tension of the spring 96
into eng aoemenr with contact 97, thus Dreak-
ing the previously existing circuit through
the resistance 196 but prior thereto sub-
stituting a path through alternate contact
.u and arm 95, thus completing a conduc-
tive Dridee between the two sides of the
e at the substation, the said flow of cur-
rent continuing through closed contact 92,
thence over the primary side of the circuit
via strand P, alternate contact 93, exten-
sion conductor 85 and wipers 70 and 64 to
strand P¢ and through the tip 101(13 TR
to ground via contacts 109“1“9’ ot relay
FE and closed contact 181 of relay RG. At
thig point. it will be noted that upon the de-
energlzation of relay ¥F, contact 192 en-
s contact 1927 before disengaging said
latter contact from its grounded stop. “Thus
upen each de-encrgization of the flip-flop
relay FE, the primary strand P7 ig momen-
tavily nmnmlod to momentarily short cir-
cuit the tip relay TR. This is done for the
purpose of preventing the discharge of the
condencers on the called line from prema-
turely operating the said tip relay TR. The
relay TR is thus energized only upon the
response of the called party. The resultant
closing of contact 197 of the tip relay causes
closing relay CR to be energized over a cir-
enit extending from the bcutery bus-bar B~

through the winding of said relay CR,
closed contact 197 of relay TR and closed
contact 198 of relay RG to ground. The
consequent actuation of relay CR opens its
contact 194 to intervupt the ciremit of the
flip-flop relay FF and thereby discontinue
the application of ringing currvent. The
closing of its contact 199 completes a locking
circuit for itselt which may be traced from
the winding of said relay through said
closed contact 199 and closed contact 193 of
relay RG to ground. The closing of contact
200 of this relay completes a part of a ve-
leasge civcuit including the right-hand wind-
ing of the release magnet RM?, but this
¢ircult is not completed at this time be-
cause of the previous opening of contact
201 of tip relay TR. 'The movement of
contact 202 of tip relay TR to its:alternate
position connects the multiple contacts 63 of
the second selectors having access to this
connector to ground through resistance coil
203. 'FThis resistance is included because of
the muitiple arrangement of the release cir-
cuits hereinafter referred to. Prior to the
movement of contact 202 to itg alternate
position, the left-hand winding of relecase
magnet RM? is connected to local conductor
223 via contact 204 of plnnmv off-normal
switeh PO? and contact 205 of secondary
off-normal switch SO3, the purpose of which
will be ex pldmod later. Isy means of con-
tacts 183—184, the secondary wipers 70 and
71 ave disconnected during their selecting
movements; but upon the energization of
closing relay CR. the normally disconnected
portions of the strands P¢ and S°¢ are united
and the circuit is thereby completed between
the calling and called substations. The re-
sponse of the called party is also instru-
mental in actuating the printing magnet 145
associated with the line selector Q, and also
in collecting the token deposited in the slot
mechanism 81 of the calling party. It will,
of couree, be understood that in practice it
is not usnally considered necessary to re-
cord a completed connection against a line
whose subseribers are equipped with nickel-
in-slot service. It will, however, aleo be un-
derstood that although the only subscriber’s
line shown in full in Fig. 1 1s equipped with
slot service mechanism there may be other
lines belonging to the same calling group
not thus Lqmppo'l Thus, some, or all. of the
lines of any calling group may be in-
dividual, as one- pnty hnes having limited
or measured service. In such cases, the
record given bv the printing magnet 145 is
highly desirable. Again, there mzy be cer-
tain groups of calling lines in which all sub-
5(111)015 are ])10\'1(19(1 with slot service in
which case not only the printing magnet but

the entire recording device X may be
omitted from the selector switches. The

description, however, with respect to Fig.
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1 will include the use of party lines
equipped with coin box service.

From the circuit previously traced through
impedance coil 189 to the primary side of
the heavily marked ecircuit and thence
through the called sub-station and back over
the secondary side of the heavily marked
circuit through the tip relay TR, it will be
scen that as soon as relay CR has operated
to close contact 184, there will be a flow of
current through the reversing relay RV,
which may be traced from the battery bus-
bar B’, through the winding of said relay,
closed contact 206 of secondary relay S’R,
alternate contact 158, thence over the sec-
ondary side of the heavily marked cireuit,
joining with the current supply through the
impedance coil 189, cut-in over the called
line and back through the tip relay TR to
ground. The resulting energization of re-
versing relay RV, by reason of the cross con-
necticns 207—=208, disconnects primary relay
P’R from primary strand P2 and connects
it to secondary strand 8%, and similarly dis-
connects secondary relay S'R from strand
3% and connects it to strand P2 Thus the
supply of current from the batteries 5—>5’ to
the. calling station M’ is reversed and the
polarized relay 82 at said station is thereby
operated to throw the upper end of the arm
95 to the left to collect the token by allow-
ing it to pass through the right-hand open-
ing into a suitable receptacle provided for
the purpose. The energization of relay RV
further, by closing its contact 209 to ground,
completes a circuit for printing magnet 145
which actuates its hammer 144 to apply
the proper impression to the recording strip
143 and to, upon its release, move said strip
to a new position. Thus it will be seen that
the token deposited by the calling party, in
case slot service be employed, is not collect-
ed, or the record of the call, in case measured
service be employed, is not completed, until
the called party has responded to the call.

With the parties thus connected, conversa-
tion may be carried on. At this time, trans-
mission current will be supplied from the
batteries J~—0”to the calling party’s transmit-
ter, and from the battery B, via battery bus-
bar B’, to the called party’s transmitter, the
latter connection being, as before indicated,
through the impedance coil 189 and revers-
ing relay RV in multiple to the secondary
side of the circuit, and through tip relay TR
to the primary side of the cirenit.

The called line may be busy either be-
cause 1t has already been selected by some
other line or because it has initiated a ecall
or is in the process of initiating one. Un-
der the former assumption, the multiply
cornected test contacts 75 of the connectors
will ke connected to battery B through relay
R{t as already traced. Under the assump-
tion that the called line is busy, because it

has just started to initiate a call, that is,
while its line relay LR is still energized, the
said testing contact 75 would be connected
to battery via the alternate contact 106 of
said operated line relay as previously traced.
Under the assumption that the called line is
busy because it has initiated a call and the
connection has been established far enough
to cause the release of its line relay LR, the
said testing contacts 75 would be connected
to battery B via the normal contact 106 of
said line relay LR as previously traced.
Thus, in all cases, when the called-for line
is busy, the testing contacts 75 are connect-
ed to battery. Therefore, the final second-
ary impulse transmitted to the connector mo-
mentarily energizes the busy relay BR as
previously described ; but said relay does not
now return to normal upon the release of
relay R, but is held up by reason of the
maintaining circuit previously traced from
battery through the secondary wiper 72, pri-
mary wiper 66, closed contact 186, alternate
contact 187 and the left-hand winding of
relay BR to ground. This maintaining cir-
cuit is established prior to the breaking of
contact 180 which causes the release of relay
R. The closing of its contact 181 will not
now be instrumental in energizing the relay
RG, since its energizing circunit is now open
at normal contact 187. On the other hand,
by reason of the continuous closure of con-
tact 210 of rclay BR, a characteristic busy
signal is transmitted to the calling party
through the agency of a primary circuit ex-
tending from bus-bar B” and including in-
terrupter 211 and a winding of induction
coil 212, in association with a secondary cir-
cuit including the other winding of said
coil 212, the condenser 218, closed contact
210, alternate contact 179 of off-normal
switch SO?®, thence over the secondary side
of the heavily marked cireuit, through the
transmitter, receiver and condenser at the
calling substation, back over the primary
side of the heavily marked circuit to such
ground connections as may be found there-
on, such as that through the primary relay
P’R. Due to the characteristic signal pro-
duced in the secondary circuit, due to the in-
terruptions caused by interrupter 211 in the
primary circuit, the calling party will un-
derstand that the desired line is not avail-
able to him and will restore hLis receiver to
its hook. In such event, the token at the
calling station, which has up to this time
remained in engagement with the upper end
of the arm 95, will be returned into the
socket of the slot mechanism, and the talk-
ing circuit will remain uncompleted at con-
tacts 183—184 of the relay CR.
Lelease—This leads naturally to the con-
sideration of the release of the various
switches employed in establishing the con-
nection. Assuming that the connection has
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been completed between the sub-station M’
and a similarly equipped substation on the
called line connecting with the conductors
85—86 at the right of the diagram, as here-
tofore explained, and assuming that con-
versation has been carried on between these
stations, then, whenever the calling party at
substation 3’ hangs up his receiver, whether
before or after the called party hangs up
his, all the switches, except the connector
W, will be released and restored to nor-
mal as a result of his action; likewise, when
the called party hangs up his receiver,
whether it be before or after the calling
party hangs up his, the connector W will
be released. Thus, after conversation, the
restoration of the calling party’s receiver
controls the release of the line, first and
second selectors; and the restoration of the
called party’s receiver controls the release of
the connector. Now, if it be assumed that
the line circuit of a calling line has been
extended through to the line of a desired
subseriber, and the latter is found to be
busy, or does not answer, then, when the
calling party vestores his rcceiver to its
hook, all the switches, including the connec-
tor W, will be released and restored to nor-
mal. Likewise, if at any time, in the process
of extending the calling subscriber’s cir-
cuit, such subscriber decides not to com-
plete the call, he may restore his receiver
fo its hook and thereby release all the
switches which have thus far been oper-
ated, and they will be restored to normal.
It will be remembered that in this form of
the invention, the restoration of the gwitches
to normal is brought about by a step-by-
step advance of the wipers until they reach
their normal positicns.

Considering these release operations more
in detail, it will be remembered that during
conv e1swt10n, the relays P’R and S’'R are
maintained contmuously energized over the

calling line circuit. The restoration of the
calling party’s receiver to its hook inter-
rupts this energizing civeuit and these re-
lavs are thelwpon de-energized, thereby
allowmo their contacts 129180 to close.
By the closing of these contacts, a release
circuit for the release magnet RM of the
line selector is completed. Relay SN has
been plevlouslv operated by current from
battery B, bus-bar B/, eaid relay SN and
closed contact 131 of the secondary off-
normal switch S$0O. The said relay estab-
lishes a locking-circuit for itself via its con-
tact 1312 and contact 131% of the primary off-
normal switch PO, whereby the said relay,
after having been once operated by the clos-
ing of contact 131, will remain operated until
both the primary "and secondary off-normal
switches of the line selector @ have been re-
stored to normal. The operation of said
relay SN closed contact 131” thereby com-

pleting the release circuit for the release
magnet RM of the line selector as follows:
baltery bus-bar B, through the winding of
said release m‘lonet R\{ closed contacts
129—130 of relays SR and P'R respective-
ly and said closed contact 131" to ground.
The closing of this circuit ener 0i7es the re-
lease maonet RM and, by the closmo of its
contact 214 completes a locking cireuit with
parallel frround connections thr0u<rh the
primary and secondary off-normal switches.
This circuit may be traced from the winding
of release magnet R}M, through closed con-
tact 214 to the point 215 and thence to
ground either by way of closed contact 216
of offmormal switch PO or closed contact
217 of off-normal switch 8O. Thus the re-
lease magnet is maintained energized until
the switeh has advanced to its nonnal posi-
tion, thereby restoring the primary and
secondary off-normal contacts to their nor-
mal positions. Due to the mechanical con-
struction of the switch and to the relative
distances which the wipers have to move to
each normal, in some instances the primary
wipers and, in other instances, the secondary
wipers, may reach their normal positions
ﬁ1st, and consequently this double ground
connectlon, through the primary and sec-
ondary off-normal switches, is provided to
insure the maintenance of the release circuit
until both sets of wipers have returned to
normal. The movement of contact 122 of
release magnet RM to its alternate position,
completes a circuit for the secondary relay
SR othrough said alternate contact 122 and
closed contact 218 to ground, thereby ener-
gizing said relay to disconnect the switch
wipers 26 and 27 during their advance
movement to normal. The movement of
contact 110 of release magnet RM to its
alternate position likewise completes a cir-
cuit for primary relay PR via sald alternate
contact 110 and closed contact 120 of off-
normal switeh PO to ground. The result of
the energization of both the primary and
econchrv relays PR and SR is to complete
the energizing circuits for the primary and
sec ndmy maonets PM and SM respective-
ly. Asa result, the primary and secondary
wipers are advanced until they reach their
normal positions. During this advance, the
local wiper 28 has its circuit open at normal
contact 192 of release magnet RIL until the
secondary wiper 36 has reached normal.
As soon as the primary wipers reach their
normal position, the primuy off-normal
contact PO returns to normal and thereby
cause the de-energization of primary 1ehy
PR with a boncequent interruption of the cir-
cuit of the primary magnet PM. Likewise,
as soon as the secondary wipers reach their
normal position, the secondary off-normal
contacts are 1est01ed to normal with a conse-
quent de-energization of the secondary relay
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SR and an interruption of the circuit of the
secondary magnet SM, thereby leaving the
secondary wipers in their normal positions.
During the restoration of the line selector to
normal, and in fact until its release magnet
RM is restored to normal, the contact 23 of
the master-switeh is maintained grounded at
contact 140, thereby maintaining the busy
condition of the said selector until it has
been completely vestored to normal and be-
comes again avallable for use. The ener-
gization of relay SR interrupts, at normal
contact 125—140% the maintaining ecircuit
of cut-off relay CO, thus permitting its
restoration to normal with a consequent
restoration to normal of the calling sub-
scriber’s line and its associated apparatus
and circuits.

The movement of contact 162 of release
magnet RM of the line selector Q to its alter-
nate position is instrumental in completing
release circuits for the first and second se-
lectors. Upon the closing of said contact,
current is supplied from the battery bus-bar
B” through resistance lamp 140, alternate
contact 162, conductor 161’ to contact 160 of
relay SR/, thence there dividing, part going
to ground via the winding of re'ease magnet
RM” and closed contact 161 of offnormal
switch PO’ and closed contact 219 of off-
normal switch SO’, and part extending
through primary wiper 42 of second selector
U, engaged primary bank contact 45, sec-
ondary wiper 48, engaged secondary bank
contact 51, conductor 170, normal contact
169 to point 220, there dividing, part going
to ground through the winding of release
magnet RM?* of the second selector and
cloged contact 221 of off-normal switch PO?
and closed contact 222 of off-normal switch
802, and part continuing via normal con-
tact 168 of secondary relay SR? through pri-
mary wiper 54 of second selector V, engaged
bank contact 57, secondary wiper 60, en-
gaged bank contact 63, conductor 228, alter-
nate contact 202 of tip re'ay TR through
resistance 203 to ground. From this it will
Le seen that paraliel circuits extend through
release magnets RM’ and RM? and resistance
203. The parallel path through resistance
205 might be omitted as far as the release is
concerned, but it is provided in order to es-
tablish a ground connection to the secondary
bank contacts 63 of the second selectors hav-
ing access to the particular connector WV,
thereby rendering the said connector busy
to other selecting second selectors V, when-
ever the selectors have been released in ad-
vance of the said connector, as occurs when
the calling party hangs up his receiver in ad-
vance of the called party hanging up his.
The operation of release magnet RM’ closes
a circuit for primary magnet PM’ which
may be traced from the battery bus-bar B’
through the winding of said magnet, alter-

is

nate contact 151 of release magnet RM’ and
closed contact 224 of off-normal switch PO’
and interrupter 925 to ground. By means
of the interrupter, which like the other in-
terrupters shown in the system is preferably
constantly rotated, the primary magnet PM’
is repeatedly energized and de-energized
with the consequent advance of the primary
wipers until they reach normal. As soon as
this point is reached, the interrupter circuit
is broken by the return of contact 224 of pri-
mary off-normal switch PO’ to normal. ‘fhe
energization of release magnet RM” also re-
sults in energizing the secondary relay SR’.
Fhis circuit may be traced from the battery
bus-bar B’ through the winding of said sec-
ondary rvelay SR’, through alternate contact
158 of release magnet RM’, the winding of
said magnet and thence to ground either by
way of primary off-normal contact 161 or
secondary off-normal 219. The energization
of secondary relay SR’ disconnects the line
wipers during their advance to normal po-
sitlon and, at the same time, completes an
energizing circuit for the secondary magnet
SM” which may be traced from the live pole
of the generator bus-bar G’ through the
winding of said magnet SM’, closed contact
156 of relay SR/, alternate contact 157 of
release magnet RM’ and closed contact 226
of off-normal switch SO’ to ground. This
circuit is maintained until the secondary
wipers reach their normal position, at which
time the secondary off-normal switch con-
tacts return to normal thereby interrupting
said circuit at contact 226, and, at the same
time, (assuming that the primary wipers
have already reached normal) interrupiing
the circuit of relay SR’ and release magnet
RM’, thereby allowing them to return to
normal. Relay RV is restored to normal by
the operation of SR’. The cireuit of wiper
42 1s maintained open at alternate contact
158 during restoration to normal. Similar-
ly, the energization of release magnet RM?
of the second selector V results in closing a
circuit for the primary magnet Pk which
may be traced from the battery bus-bar B’
through the winding of said magnet, alter-
nate contact 163 of magnet RM?2, closed con-
tact 227 of off-normal switch PCG? and intes-
rupter 228 to ground. The closing of this
circult results in advancing the primary
wipers to their normal position, at which
time the primary off-normal switch PO? re-
turns its contacts to normal, thereby inter-
rupting the primary magnet circuit and pre-
venting further movement of the primary
wipers. The energization of release magnet
RM? also completes an energizing circuit
for the secondary relay SR2 which includes
the winding of said magnet RM2. This cir-
cuit, as before, extends from battery bus-
bar B’ through the winding of relay SR,
alternate contact 167 of release magnet RMz2,
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the winding of szid magnet and to ground
by way of primary off-normal contact 221
and secondary off-normal contact 222. The
energization of secondary relay SR? discon-
nects the line wipers during their advance
to normal and cloges a cireuit for secondary
magnet SM? by way of closed contact 171,
alternate contact 172 and secondary off-nor-
mal contact 229 to grvound. The secondary
wipers are thus advanced until they reach
their normal positions at which time the sec-
ondary off-normal contact 229 interrupts the
circuit for said secondary magnet, and fur-
ther advance of the wipers is prevented.
The return of both the off-normal contacts
thus interrupts the circuits of the release
magnet RM? and secondary relay SR? there-
by allowlno their contacts to return to nor-
mal. /U‘Lhmmh in this description I have
first veferred to the primary circuit and the
return of the primary wipers to normal, yet
it will be understood that the return of the
scts of wipers 1s not always in that order,
but, in many instances, as both start at the
sume time, the secondary wipers will reach
normal before the primary wipers; in such
event, the maintaining cireunit for the re-
lease mwnet will be continued thr ough the
primary “off-normal contact. The cireuit of
wiper 54 is maintained open at alternate con-
tact 167 during restoration to normal.
Moreover, it will be observed that during
restoration to normal, the second selector V
and the link-circuit extending thereto, is
rendered “busy” by the presence of ground
on conductor 170 via alternate contact 169
of relay SR2 Thus it will be seen that upon
the restoration of the calling party’s receiver
to its hoolk, the line selector (Q, first selector
U and second selector V, which have been
employed in the connection, are restored to
normal. Moreover, the connector W, not
yet released, 1s rendered “busy” by ground
on conductor 223 via alternate contact 202
of tip relay TR and coil 203.

Considering, now, the result of the resto-
ration of the called party’s receiver to its
hoolk, 16 will be observed that as soon as this
is done, the circuit through the tip relay
TR is interrupted at the switch-hook 76 at
the called substation. The restoration of the
tip relay contacts to normal Immediately
completed a circuit to ground for the release
magnet RM? through the primary and scc-
ond‘us off-normal contacts. This circuit ex-
tends from the battery bus-bar B’, through
the right-hand winding of release magnet
RM3, closed contact 200 of relay CR (which
is held up at this time), closed contact 201
of relay TR, conductor 230, to ground via
closed contact 204 of off-normal switch PO?
and closed contact 205 of off-normal switch
S08%  The closing of this circuit energizes
release magnet BM? and the latter, by clos-
ing its contact 231, completes a locking cir-

i,676,814

ciut for itself through the same grounded
off-normal contacts 204 and 205. While the
tip relay thus remains de-energized, and
during the complete releasing opelation ot
the connector, conductor 2238, which leads to
the secondary bank contacts of the second
selectors V having access to this connector,
is grounded via normal contact 202 of relay
TR, the left-hand winding of release magnet
RM3, conductor 230 and said closed oft-nor-
mal contacts 204 and 205. The closing of
contact 232 of release magnet RM?® completes
an energizing circuit for the primary mag-
net PM?® which may be traced from the gen-
erator bus-bar (', through the upper wind-
ing of said magnet, closed contact 232 and
closed contact 2 033 of off-normal switch PO?
to ground. Due to the character of the car-
rent supplied over the generator bus-bar G,
the primary magnet PM? is repeatedly en-
ergized and de-energized with a resulting ad-
rance of the primary wipers to their normal
Dosition. As soon as this position is reached,
the energizing circuit of primary magnet
PM? is interrapted at primary off-normal
contact 233, and the further advance of the
primary wipers is prevented. At the same
time, the closing of contact 284 of release
magnet RM? closes a vibratory circuit or in-
dividual interrupter, for the secondary mag-
net SM? which may be traced from the bat-
tery bus-bar B/, through the winding of said
relay, vibratory contacts 235, closed contact
234, and closed contact ’)"() of off-normal
switech SO?% to ground. Due to the vibra-
tory or intermittent character of this circuit,
the secondary magnet is repeatedly ener-
gized and de- enelﬂl/ed to advance the sec-
ondar y wipers to normal position. As soon
as this position is reached, secondary ofi-
normal switch SO® has its contacts veturned
to normal, thereby interrupting the vibra-
tory circuit of the secondary magnet and
preventing the further advance of the sec-
ondary wipers. As Dbefore, there 1s no
definite sequence in the operation of the pri-
mary and secondary magnets, (both start-
ing at the same time) and the primary mag-
net may have its operation discontinued be-
fore the secondary magnet in some instances,
and in others the Secondary magnet will
have its circnit interrupted first. In either
event, the release magnet circuit is main-
tained until both sets of w ipers have been re-
stored to normal.

1t will be observed that the energization
of release magnet RM® also opens contdct
186 which, it will be remembered, is in-
cluded in the civenit which holds up the
relays RGoand CO ot the called line, dur-
ing conversation. Consequently, these re-
lays will be de-energized. The de-energiza-
tion of relay RG results in the de-energiza-
tion of relay CR, since, as previously shown,
the latter relay is locked up over a circuit
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including contact 198 of the former relay.
Consequently, all the relays, wipers and
other parts of the connector civeuit are re-
stored to normal. Iikewise, the de-energi-
zation of cut-off relay CO restores its con-
tacts to normal and places the called line
again in its normal condition.

Assuming now that the called-for sub-
scriber should first replace his telephone
upon its hook, the connector W would be
released in the manner above deseribed and
suid connector would still be maintained
“busy” because of the ground present on
conductor 223 at contact 162 of the line se-
lector Q as already described. Upon the
hanging up by the calling party, switches
Q, U and V would be restored as above de-
seribed, thus leaving all switches normal.

It now remains to consider the effect of
the calling party’s restoring his receiver to
its hook at various times prior to the com-
pletion of a conversational circuit. Thus,
he may, after initiating a call, immediately
restore the receiver to its hook. In such
event, the line relay LR will be drawn up
to close a circuit for relay 24 of the mas-
ter-switch O and the master-switch will in
turn be operated to complete a starting cir-
cuit for the connected line selector Q. The
latter will thus be started in search of the
calling line just as hereinbefore described
at length. If the receiver, however, is im-
mediately restored, the energization of group
relay GR may be discontinued before the
private wiper 29 engages the bank contact
33 corresponding to the. group relay of the
calling line. In such event, the primary
wipers of the line selector will not be
stopped by engagement with the contacts
corresponding to the group relay, but will
(assuming there be no other subscriber just
initiating a call) continue their advance
nmovement until they again reach normal, at
which time the off-normal switch PO will
return to normal, thus preventing the clos-
ing of the cireuit through the secondary
relay SR. Since this latter cireunit is not
closed, there will be no advance movement
of the secondary wipers of the line gelectors,

If, however, it should happen, that the
receiver is not restored to its hook until
after the primary wipers have completed
their selecting movement and the secondary
wipers have been set in operation, but that
the receiver is then immediately restored to
its hook, that is, is vestored prior to the
secondary wipers engaging the said calling
Iine contacts, then the said secondary wipers
would in like manner continue their advance
movement until they be returned to normal.
It will be apparent that if the secondary
relay SR be energized, the bridge 126 will
be cloged and cause the initial energization
of relays P'R and 5'R as already described.
Similarly, relay SN will be operated upon

P S ¢

the first movement of the secondary wipers
through contact 131 of secondary off-normal
switch SO, and will lock itself up through
contact 131° of the primary off-normal
switch PO, as previously described. There-
fore, should the secondary wipers return to
normal without first selecting a line, as as-
sumed, relay SN would still be held operated
over its locking circuit including the pri-
mary off-normal switch, whereby the release
circuit for magnet RM would, upon the
dropping back of relay SR, be completed.
Thus, because the wipers 84, 85, have re-
turned to normal, the relays P'R and S'R of
switch U will be de-energized upon the open-
ing of the bridge 126, to close contacts 129,
130, thus completing the energizing circuit
for release magnet RM via said contacts
129, 130, conductor 131* and contact 131’ as
previously described, whereby said magnet
RM locks itself up via primary off-normal
switch contact 216 to effect the complete re-
lease of the primary wipers,—the secondary
wipers having been already restored to nor-
mal. The purpose of relay SN and its lock-
ing circuit through said primary off-normal
switch contact 181° is to secure the release
of the primary wipers, as above described,
under the unusual conditions when a calling
subscriber replaces his telephone after start-
ing the secondary wipers of switch Q but
before they have selected his line. The said
relay SN may be omitted and the conductor
131* brought directly to contact 131 of
switch SO in case the next to the last bank
contact points 37, 33, and 39 of the second-
ary segments of the line selector @ be left
unconnected or open. This arrangement is
shown in Fig. 2. With this arrangement
the secondary wipers would be unable to
return to normal when seeking a calling line
without first stopping in engagement with
said last set of contacts, because the absence
of a ground on said last contact 39 (Fig. 1),
would cause the de-energization of relay SR
and thereby cause the de-energization of re-
lays P'R and SR (because their circuit
would then be open at wipers 34, 85). The
circuit for the release magnet RM would
then be completed through the secondary
off-normal switch contact 131 and the release
of the entire switch would take place as
hitherto described at length.

In case the calling line circuit be extended
to the first selector U, or the second selec-
tor V, the releasing operation of these selec-
tors and the line selector will be substan-
tially the same as heretofore described, and,
therefore, need not be repeated. In  case,
however, the calling line circuit has been
extended to a busy called line, then the re-
lease of the connector is under the control
of the calling party; and in such event,
battery is supplied, in the manner previously
traced, to conductor 223 of the connector,
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from which point the circuit extends via
normal contact 202 of tip relay TR, the
left-hand winding of release magnet RM?,
conductor 230 to ground at both the pri-
mary off-normal contact 204 and the sec-
ondary off-normal contact 205. The ini-
tial energizing circuit for the release mag-
net RM?, as before, vesults in completing
the circuit of the locking or right-hand
winding through the contact 231 of said
relay, and the subsequent releasing opera-
tion is the same as heretofore described.
Similarly, in case the called-for subscriber
is idle but does not respond to his call, the
releasing cireuit will (upon the calling sub-
scriber replacing his telephone upon its
hook) be completed through the same left-
hand winding of the releasing magnet RM?
of the commector, thereby causing its op-
eration and the complete velease of the con-
nector just as above pointed out with re-
spect to a busy called line. It has already
appeared that the reversing relay RV of
the selector @ which controls the operation
of the printing magnet 145 as well as the
collection of the coin at the substation, can
only be operated after relays TR-and CR
of the connector have operated in response
to the removal of the telephone at the called
station. It thervefore follows that a coin
will not be collected, nor a charge be made
for either a “busy” call or for a “don’t
answer” call, but that, on the contrary, up-
on the replacement of the telephone at the
calling station, the coin will be automatical-
ly restored through the left-hand opening,
unless the calling subscriber has actually
established a conversation circuit with the
called subscriber.

Additional features—In the practice of
my invention, I may employ an individual
interrupter, a common interrupter with an
additional winding on the stepping magnet,
or a vibratory interrupter interchangeably,
and T do not wish to be restricted to the
specific use of these instrumentalities shown.

In the diagram of the connector circuifs,
ringing generators ¢’, ¢* and ¢* are shown
in addition to ringmg generator g. These
generators are designed to supply ringing
current of different frequencies to operate
the call-bells at the various substations of
a partly line, and each generator is in-
tended for connection to a different group
of connectors. Thus the generator ¢ is con-
nected to the connector whose circuits are
shown in the diagram; and connections to
other similar connector circuits are indicated
by the additional lines extending from its
active pole. Similarly, each of the other
generators is connected to a group of con-
nectors. This will be more fully explained

hereinafter in connection with Fig. 4. Ob-
viously, in the operation of party lines,
other methods of selective ringing may be
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employed. The method illustrated is mere-
ly typical and is that disclosed in Patent
No. 779,588, granted to W. W. Dean. 1t
may be stated at this point that although
four substations are shown in this diagram
and the other diagrams of this application
to indicate the party line, the system need
not be limited to four parties on a line, but
any desired number may be employed.
Ancther feature to which attention is di-
rected is the employment of a condenser r,
together with a switch s, in the strand "
associated with the connector. This is pro-
vided to care for a certain class of service
in which the calling party, having either
meter or slot equipment, will not be charged
with the call. It will be seen that by throw-
g the switch s so as to bring the con-
denser ¢ in circuit, the reversing relay RV
will not be operated and consequently the
token at the substation, where skot service
is given, will not be collected, or the meter
mechanism X, where measured service 13
oiven, will not be operated. It will of course
be understood that, in the arrangement of
the system, all so-called “dead-head” calls
will be arranged to pass through certain defi-
nite connectors, whose civeuits will be pro-
vided with the condenser ¢ while the other
connectors will have them omitted.

System of Fig. 2.

Apperatus—In the diagram of Fig. 2,
which is analogous to that of Fig. 1, the
equipment employed differs essentially from
that employed in the system of Fig. 1, in
having switches of the second class—that is,
switches of the one dimension type, prefer-
ablv rotarvy, which are returned to normal
position instead of being advanced step-by-
step to normal position, asg are the switches
of Fig. 1. This difference in switch con-
struction necessitates the employment of a
retirn spring, or its equivalent, and a re-
lease magnet for the switch wipers. This
results in the employment of somewhat dif-
fevent arrangement of circuits. In this fig-
ure, as in the preceding, a party line is rep-
resented, the line extending to the exchange
via limbs P5-—8% from substations M, k%
B and MY™; slot service, however, is
omitted for the purpose of simplicity and
the spring arrangement of the calling device
80 is somewhat modified. The line civeuit
arrancoement, by which the line is connected
to the multiple contacts of the connectors
and line selectors, remains the same. The
master-switch O is also of the same construe-
tion. Connection is completed between the
aubseribers’ line PP5——5% at the left and a
line at the right of the diagram through the
agency of a line selector, first selector, sce-
ond selector, and a connector, designated, re-
spectively Q/, U’, V/ and W’. In part 1
oi the diagram, the connectors for party line
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service are indicated at W, Wi, W12 and
VWi In this system, the same proportion-
ing of the switches may be employed as in
the system of Iig. 1. In view of the simi-
larity of this diagram to that of Fig. 1, it is
believed that a full understanding of the
system depicted therein will be understood
by entering at once into a description of the
operation of the system without further ex-
planation as to the parts associated with
cach switch and their general operation,
which is substantially the same as that of
the switches of Fig. 1, except in the matter
of releage, as just pointed out.
Operation—Assuming that a party at
substation M on the line P*—3® at the left
desires to converse with a party at a sub-
station on the line associated with extension
conductors 85—86 at the right, and assum-
ing that the number of the latter’s telephone
is 8333, then, as before, the calling party re-
moves his receiver 77 from its hook 76; and
1f he finds the line not in use, the line relay
IR and the relay 24 of the master-switch O
operate in the manner hevetofore described
to complete a starting civeuit for the line
selector Q. It will be apparent that if the
line is 1 use, the relay LR will not be under
the control of the party at substation M
and consequently a line selector will not be
operated. In this instance, the idle indi-
cator of Fig. 1 is omitted and the calling
party must rely upon hearing conversation
over the line to determine the busy condition
of the line. Obviously, in the case of an
idle line, the removal of the calling party’s
receiver will be instrumental at all times in
energizing the line relay to cause the conse-
quent operation of an idle line selector. In
this ingtance, the removal of the receiver
completes a somewhat different bridge be-
tween the line limbs, due to the absence of
the slot mechanism of the previous figure.
This Dbridge extends from line limb P8,
through contacts 287—238, transmitter 79,
switch-hook 76, impedance coil 239, contacts
240—241 to line limb 8% Without repeat-
ing the operation by which the starting cir-
cuit through an idle line selector is com-
pleted, it will he sufficient to start at this
point and trace said cireuit from the battery

hus-bar B, through the winding of primary
relay PR% closed contact 242 of off-normal
switch PO*, bank contact 22 of the master-
switch O, wiper 20, closed contact 103 and
normsal contact 107 to ground. The conse-
quent energization of relay PR* results in
establishing a circuit for primary magnet
PAM* from the generator bus-bar G, which,
as before, supplies alternating, pulsating, or
like current, through the winding of said
relay and alternate contact 243 to ground.
Upon the first movement of the primary
wipers 244, 2485, 246 and 247, associated with
bank contacls 248, 249, 250 and 251 respec-
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tively, the primary off-normal switch PO* is
actuafed and the initial energizing circuit of
relay PR* is interrupted, but a maintaining
cirenit for said velay has been established
via closed contact 252 of said relay, primary
wiper 247, engaged contact 251 and thence
to ground so long ag grounded contacts av
engaged. As soon as an ungrounded con-
tact 1s encountered, this circull is inter-
rupted and the further advance of the pri-
mary wipers discontinued, as hevetotore de-
scribed.  Upon the return of contact 243 of
relay PR* to normal, a cirenit is completed
for secondary relay SR* which may be
traced from the battery bus-bar B3’, through
the winding of relay SR¥ closed contact 253
of secondary off-normal switech 50, closed
contact 254 of said off-normal switch PO*
and normal contact 243 to ground. The en-
ergization of this relay SR* opens the
strands P*—S' at contacts 124—125 and
unites the right-hand portions thereot by a
conductive bridge 126. The energization of
the relay SR* also completes an actuating
circuit for secondary magnet SAM* which ex-
tends from the generator bus-bar G,
through the winding of said magnet, normal
contact 255 of release relay RR?, and closed
contact 256 of secondary relay SR* to
ground. Upon the closing of this cirenit,
the advance of the secondary wipers 257, 258

‘and 259 over their co-operating contacts 260,

281 and 262, respectively, begins. Upon the
first movement of these wipers, secondary
off-normal switch SO% being actuated, in-
terrupts the initial energizing circuit of the
secondary relay SRY, but a maintaining cir-
cuit is provided for such relay via normal
contact 263 of release relay RR#, alternate
contact 264 of relay SR*, primary wiper 246,
cngaged contact 250, secondary wiper 259
and contact 262 to ground, so long as the
grounded contacts are encountered. As soon
as an ungrounded contact is encountered by
wiper 259, the civeuit of relay SR* is inter-
rupted with a consequent stopping of the
secondary wipers in engagement with the
contacts corresponding to ungrounded con-
tact 262, which, as in the case of the line
selector Q of Fig. 1, will be the contacts of
the calling line.

As goon as the contact 125 of the second-
ary relay SR* is moved to its alternate posi-
tion, thus closing the hridge 126 across the
strands P**—8*, the relays P?R and S2R,
contained together with the batteries 02—178
in bridge of the same strands, are energized.
Upon the return of contact 125 to normal, it
will be seen that other cirenits arve already
established for the relavs P2R and S2R.
One of these extends, as in the case of Fig. 1,
momentarily through the winding of the
cut-off relay and need not be traced. The
closing of this circuit maintains the primary
relay, P*R temporarily energized and ener-
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oizes the cut-off velay CO. The other cir-
cuit extends from the live, or positive, pole
of battery 2, through the winding of sec-
ondary relay SR, strand 5%, including con-
tact 125, wiper 245, strand S°, wiper 258, ex-
tension concuctor 84, line limb S, contact
240—241, coil 239, switch-hook 76, trans-
mitter 79. contact 237-—238, line limb S,
via normal contact 93 and coil 94 to the live,
or negative pole of battery B prior to the
operation of cut-off relay CO and immedi-
ately subsequent thereto to the Iive, or nega-
tive, pole of battery 0* via alternate contact
98 and the path previously traced for the
initial energization of the cut-oil relay CO.
Relays 2R, 5°R are thus held energized to
prevent the premature closing of the release
civenit through release relay RR*%  The en-
ergization of the cut-oft relay CO, as before,
disconnects the line relay and battery and
extends the calling line circuit through the
line selector Q7 to the associated first se-
lector U’. This cireuit is conductively con-
tinuous to the condensers 266 and 267, lo-
cated in the strands P and $° respectively.
As before, the cenergization of the cut-off
relay, by closing its contact 105—132, com-
pletes a circuit which is instrumental in
causing the master-switch to step its wipers
around until they engage the bank contact
corresponding to an idle line selector. The
encrgization of the cut-off relay also, as be-
fore, provides a local maintaining circuit
through resistance lamp 140, closed contact
968 of off-normal switch S0O%, contact 269—
964, primary wiper 246, engaged contact
250, secondary wiper 239, engaged con-
tact 262, conductor 104, contact 105—132
and the winding of cut-off relay to
ground. The operation of the group re-
lay GR and the master-switch O under
the various conditions of service are the
same as set forth heretofore in the de-
seription of the operation of the system of
Tig. 1. In this form of the invention, it
will be observed that the primary and sec-
ondary relays P?R and S*R are connected
directly in bridge of the strands P-—5*
without the intervention of a reversing re-
lay such as is employed in the system of
g, 1. Obviously, this relay might be em-
ploved in this system if required for the op-
eration of any substation apparatus, meter
mechanism, or the like.

The calling line circuit having now been
extended to a first selector U’ In response
to the removal of the veceiver at the calling
station, it remains, as before, for the calling
party to extend his line-circuit through the
Rest selector U7, a second selector V7 and
a conncctor W’ to the desived called line, by
operating his calling mechanism 80 in ac-
cordance with the number of the called
party, which has been assumed to be 3332,
The disk of the calling mechanism 80 is
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operated the same in this case as before, but
the spring avrangement is somewhat dif-
forent. In order to transmit three impulses
corresponding to the thousands digit, the
disk is moved in the direction of the arrow
against the tension of its retractile spring
until three teeth have passed below spring
contact 270 and it is then allowed to return to
normal, with the resulting three interrup-
tions of the primary side of the circuit.
following three similar groundings of the
secondary side. This is brought about by
contact 270 first engaging contact 237, there-
by grounding the secondary side of the cir-
cuit, followed by a separation of contacts
287 and 238, thereby interrapting the pri-
mary side of the civeuit. The purpose of
grounding the secondary side in this man-
ner is to continue the encrgization of relay
S2R while the primary side of the circuit is
open. The interruptions of the primary
side of the circuit are followed by a similav
grounding of that side of the circuit and a
single interruption of the secondary side
of the civeuit. This is brought about by
grounded contact 271 and co-operating con-
tacts 240 and 241, similarly arranged. The
ground in this case similarly continues-the
energization of relay P?R while the sec-
ondary side of the circuit is open. Thus
the initial operation of the dial at the call-
ing station, as before, causes three de-ener-
gizations of the primary relay P2R followed
Ly a single momentary de-energization of
secondary relay S°R. The effect of these
de-enevgizations is to ground the primary
side of the circuit at the right of condenser
266 three times, followed by a grounding
of the secondary side of the circuit at the
right of the condenser 267 once. This is
brought about by primary relay contacts
279—278 and secondary relay contact 274.
The three momentary grounds, occasioned
by the primary relay P2R, cause three com-
plete energizations and de-energizations of
the primary magnet PM° which controls
the primary sipers 275, 276 and 277, co-
operating with the bank contacts 278, 279
and 280 of the first selector U’, the circui®
of the primary magnet PM°® extending
through closed contact 281 of off-normal
switch SO® and the contacts of the primary
and secondary velays. Upon the first move-
ment of the primary wipers, primary off-
normal contact PO is closed to ground.
The single grounding of the secondary side
of the circuit energizes secondary relay SR®
over a cirenit including the winding of said
relav, closed contact 282 of off-normal
switch SO° and the contacts of relay P?Ii
and S2R. The cnergization of this relay

KA.
disconneets the selector wipers by opening
contacts 283—284, and, by closing contact
985. completes a circuit for the secondary
magnet SM® which also extends through
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contact 286 of release relay RR5. 'The single
energization of the secondary magnet SM*
advances the secondary wipers 287, 288 and
289 into engagement with the first set
of bank contacts 290, 291 and 292, and
actuates secondary off-normal switch S80S,
‘The actuation of the latter interrupts the
initial cireuit for secondary velay SR?, but
the latter, by actuating its contact 293, pro-
vides a maintaining path through normal
contact 294 of release relay RR?, alternate
contact 293 of relay SRS, primary wiper
277, engaged contact 280. secondary wiper
989 and engaged contact 292 to ground, so
long as grounded contacts are encountered.
Thus, as before, the circuit of secondary
magnet SM’ is maintained and the sec-
ondary wipers are stepped over the contacts
until an ungrounded contact is encountered.
As soon as this occurs, relay SR® is de-
energized with the consequent closing of
strands P**—3'% whereby the calling line
cirenit is extended, via strands P—3" and
P25 to a second selector V of the third
thousands group. The ground connection,
by which the selected link-circuit P52 i3
guarded against selection by other first selec-
tors, is provided over a path extending from
such multiple comnbacts 292 through sec-
ondary wiper 289, primary contact 280,
primary wiper 277, contact 298—295, con-
ductor 296, contact 297 of release relay
RRE* to ground.

The next step in the operation consists
in repeating the previous operation of the
calling mechanigm, which rvesults in again
grounding the primary side of the ecireuit
three times, followed by a grounding of the
secondary side of the circuit once. The
operation of the second selector V’, thus
connected, is substantially the same as that
of the firgt selector U’. The circuit through
the primary magnet PMS extends through
closed contact 298 of off-normal switch SO°
to the primary side of the circuit, and the
secondary relay SR is initially energized
over a circuit through contact 299 of off-
normal switch PO¢, and contact 300 of ofi-
normal switch SO° The primary magnet
PM°® advances primary wipers 301, 302 and
303 over co-operating contacts 304, 505 and
306, respectively, and actuates off-normal
switch PO®% A maintaining circuit for sec-
ondary relay SRS extends via normal contact
307 of release relay RRS, alternate contact
308 of secondary relay SRS, primary wiper
303, engaged contact 306 and the private
secondary wiper 311 fo ground so long as
groundecd contacts ave encountered. The
secondary magnet SB® actuates the second-
ary wipers, which are designated 309, 310
and 811, and which co-operate with second-
ary bank contacts 312, 313 and 314 respec-
tively. The energizing cireuit for the sec-
ondary magnet includes the winding of said

magnet, normal contact 815 of release relay
RR¢ and closed contact 316 of relay SRS,
which contact is grounded. The secondary
off-normal switch SO° is actuated, as be-
fore, upon the first step of the secondary
wipers 809, 810 and 311. During the move-
ment of the secondary wipers, they are dis-
connected at secondary velay contacts 317—
318, Thus the second set of three impulses,
followed by a single impulse, is instrumental
in extending the calling line circuit through
strands P1—5' and P—8, {0 a connector
W of the third hundred of the third thou-
sand, which connector has access to the de-
sired called line. The selected link-circuit
P11 s gnarded against selection by other
second selectors V' by reason of the
grounded connection extending from con-
tact 314 of the selected second sclector,
through a multiple contact 814, a secondary
wiper 811 of some other second selector V,
an associated primary contact 306, and pri-
mary wiper 303, normal contact 808 of re-
lay SR of ssid other second selector, nor-
mal contact 319 of said relay, conductor
320, to contact 292 of the first selector U’
connected to said other second selector V7,
and thence to ground as previously traced.

The next step in the operation consists
in again repeating the previous operation
of the calling mechanism, therehy transmit-
ting the directive impulses corresponding
to the tens digit of the called number. This
results in grounding strand P™ three times,
followed by a single grounding of strand
. The grounding of strand P** three

e
times causes three complete energizations
and de-energizations of primary magnet
PR over a circuit extending from battery
bus-bar B/, through the winding of said
relay, closed contact 821 of off-normal
switch 30°% normal contact 322 of relay R/,
through strand P* to ground. These ener-
gizations of magnet PMS step the primary
wipers 323, 824 and 325 to the third set of
bank contacts 826, 827 and 328, respectively,
and actuate primary off-normal switech POS.
The actuation of the latter, by closing con-
tact 329, completes a circuit from battery
bug-bar B/, through the winding of relay
B, closed contact 329 and normal contact 330
to secondary strand 5. Consequently, upon
the greunding of said strand, relay R’ is
momentarily energized ; and upon such ener-
gization, closes a locking cireuit for itself
through its closed contact 331 and closed con-
tact 332 of busy relay BR’ to ground.

The next and final step in the operation
on the part of the calling party is to repeat
the preceding operation, thereby again
grounding strand P twice, followed by a
grounding of gtrand & once. Fach
grounding of strand P completes a circuit
through the winding of the secondary mag-
net BH° alternate contact 822 of velay R/,
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strand P* to ground. The closing of these
circuit energizes magnet SM°® twice and
thereby advances secondary wipers 333, 334
and 835 to the second set of bank contacts
336, 837 and 838 respectively, which are
bank contacts of the desired called line.
Thus, up to the time that the secondary side
of the circuit is about to receive its final
impulse, the calling line circuit is extended
to the called line, except that contacts 339
and 840 of closing relay CR” have not been
actuated to connect the normally discon-
nected portions of the strands P** and S*™.

Called line idle—If it be assumed that
the called line is idle, then, as before, the
multiple contacts 338 will be connected to
ground. On the other hand, if said line
1s busy, said contacts will be connected to
battery, as previously explained. Under
the assumption, then, that the called line
is idle, in which case the contact 338 of the
engaged connector W is grounded, then the
final grounding of strand S** will momen-
tarily energize busy relay BR’ over a cir-
cuit extending from battery bus-bar B/,
through the right-hand winding of velay
BR’, closed contact 341 of relay R’, alter-
nate contact 330 of off-normal switch SC°
and strand S' to ground. The resulting
energization of relay BR’ will close alter-
nate contact 842 and open contact 3832,
thereby, in the latter case, interrupting the
maintaining circuit of relay R’ and allow-
ing its contacts to return to normal; and
in the former case, connecting engaged con-
tact 838 to ground through the left-hand
winding of busy relay BR’. This latter cir-
cuit may be traced from contact 338, through
secondary wiper 335, primary contact 328,
primary wiper 325, normal contact 343 of
release relay RR?, alternate contact 342 and
the left-hand winding of relay BR’ to
ground. From this it will be seen that if
battery is supplied to the contact 338, as
would be the case if the called line were
busy, then relay BR’ will be held up. Un-
der the present assumptions, however, this
it does not do, but immediately restores to
normal and therveby completes a local eir-
cuit extending through the winding of
ringing relay RG’ and the winding of cut-
off relay CO of the called line. This cir-
cuit is substantially the same as the corre-
sponding circuit of Fig. 1 and may be
briefly outlined as including closed contact
344 of relay R/, contact 345 of off-normal
switch SO°¢ mnormal contact 842 of relay
BR’, normal contact 343 of relay RR®, pri-
mary wiper 325, secondary wiper 335, con-
ductor 185, normal contact 106 of the line
relay LR and the winding of cut-off re-
lay CO. The resulting energization of cut-
off relay CO operates, as before, to destroy
the normal substation control of the line re-
lay and to render the extension conductors
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of the called line continuous. The energiza-
tion of ringing relay RG completes a cir-
cuit for the flip-flop relay FF” through con-
tacts 846—347 and interrupter 348. Its ener-
gization also comnects contact 349 of relay
CR’ to ground through contact 350; and
at the same time, connects the secondary
strand S* through impedance coil 351 to
battery bus-bar B’ via contact 352; and also
connects the primary strand P* to ground
via contacts 353—354 of fip-flop relay FI”,
contact 355 of relay RG’, through the wind-
ing of tip relay TR’. The momentary
ground connection, occasioned in the:oper-

“ation of contacts 353 and 854 of relay FEY,

is provided to care for the discharge of the
substation condensers of the called lines, as
previously explained. As before, the opera-
tion of the flip-flop relay FF’ alternately
connects ringing generator g and tip relay
TR’ to the primary, or tip, side of the cir-
cuit. As before, upon the response of the
called party, by which a conductive bridge
is completed between the line limbs at his
station, the tip relay TR’ is energized; and
as a result, closing relay CR’ is energized
over a circuit including tip relay contact 356
and ringing relay contact 350. This cir-
cuit is at once replaced by a locking circuit
extending through closing relay contact 349
and ringing relay contact 350. 'The energiza-
tion of closing relay CR’ completes the talk-
ing cireuit at contacts 339—340 and inter-
rupts the flip-flop relay circuit at contact
347. Thus the calling and the called sub-
stations are connected and conversation may
be carried on. At this time transmission
current is supplied from batteries 6>—0% to
the calling party’s transmitter, and from
battery bus-bar B’, via impedance coil 851
and tip relay TR/, to the called party’s
transmitter.

Called line busy~Now, if it be assumed
that the called line is busy, then, as soon
as the secondary impulse is transmitted, and
thebusy relay BR’ismomentarily energized ag
aresult thereof, the aforesaid cireuit through
the left hand winding of the said relay, being
closed to battery, will maintain said relay
energized; and by the closing of its contact
357, a characteristic busy signal will be trans-
mitted to the called party through the agency
of interrupter 358, induction coil 859 and
condenser 360, in a manner which will be
understood without tracing the civenits. In
such event, the talking circuit between the
connected stations will remain nuncompleted
at contacts 339—340 of relay CR’.

Release—As in the case of the system
disclosed in Fig, 1, the release of the various
gwitches, after a complete connection has
been established and conversation carried
on, is controlled by the restoration of the
calling and called parties’ receivers to their
hooks. TUnder these conditions, the line,
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first and second selectors are under the con-
trol of the calling party, and the connector
under the control of the called party. Un-
der these assumptions, the restoration of
the calling party’s receiver to its hook inter-
rupts the normal circuit through the pri-
mary and secondary relays P2R and S2R
and thereby allows their contacts 265 and
361, respectively, to close a circuit for re-
lease relay RIR* which may be traced from
the battery bus-bar B’, through the wind-
ing of said relay, closed contacts 361—265,
and closed contact 362 of off-normal switch
SOt of the line selector, to ground. In or-
der to hold up the release relay RR* through
both primary and secondary off-normal con-
tacts and independently of the contacts of
relays P2R and S*R, connections are com-
pleted, upon its energization, through «losed
contact 863, closed contact 364 of off-normal
switch PO* and normal contact 343 of relay
PR* to ground, and from closed contact 363
through closed contact 865 of secondary off-
normal switch SO* to ground. The ener-
gization of release relay RR* energizes sec-
ondary relay SR* over a circuit extending
from battery bus-bar B’ through the wind-
ing of said relay and alternate contact 263
of relay RR* to ground. Thus during the
release movement, the line selector wipers
are disconnected. The movement of con-
tact 255 of release relay RR* to its alter-
nate position completes energizing circuits
for the release magnets RM* and R'M* of
the line selectors. These circuits extend
from the battery bus-bar B’, through the
windings of said release magnets in parallel,
thence by way of alternate contact 255 of
relay RR* and closed contact 256 of relay
SR* to ground. As diagrammatically iHus-
trated, all of the switches of this form of the
invention are moved from normal against
the tension of a retractile spring by means
of a driving pawl, which is normally held
out of engagement with the ratchet teeth,
and a retaining pawl holds the wipers in the
position to which they have been moved.
The release magnets actuate these retaining
pawls to free the ratchet wheels and thereby
allow the wipers to return to normal under
the action of their retractile springs. Dur-
ing the restoration of the line selector to
normal and until the de-energization of re-
lease relay RR*, the wiper 21 of the mas-
ter-switch is grounded via closed contact
2957, thereby maintaining the busy condi-
tion of said selector until it is completely
restored to normal. The energization of re-
lay SR* at this time interrupts the cut-off
relay circuit at contact 264—269, thercby
permitting the restoration of the line cireuit
to normal. The release civcults of the first
selector U’ and second selector V” are simi-
lar to those of the line selector just traced.
The energization of release relay RR* con-

28

nects conductor 296, via alternate contact
297 and resistance lamp 140, to battery bus-
bar B’, thereby supplying current for the
actuation of the release of the selectors U’
and V’. From contact 295, in which con-
ductor 296 terminates, battery is supplied
over a circuit including contacts 298—366,
the winding of release relay RR® and closed
off-normal contact PO’ Trom this same
contact 295, battery is supplied through pri-
mary wiper 277, secondary wiper 289, con-
ducter 320 to the point 367 and thence over
a path including the winding of release re-
lay RR® of second selector V’ and closed
contact 368 of off-normal switch PO® to
ground. The closing of these circuits re-
sults in the energizations of the release re-
lays RR® and RR®. The energization of the
former, by the movement of its contact 294,
closes a new circuit which extends from bat-
tery bus-bar B’, through the winding of
secondary relay SR®, alternate contact 294,
winding of release relay RR? and to ground
via primary off-normal contact PO° and
closed contact 369 of off-normal switch SO,
The corresponding circuit for release relay
RRC extends from the battery bus-bar B’,
through the winding of secondary relay
SRS, alternate contact 307, the winding of
relay RR®, to ground via closed contact 368
of off-normal switch PO° and closed contact
370 of off-normal switch 30¢. By the ener-
gization of secondary relays SR® and SRS,
the wipers of the first and second selectors
U’ and V', respectively, are disconnected.
By the closing of contact 285 of secondary
relay SRS, an energizing cirenit for release
magnets BM® and R'M° of the first selector
U’ are completed via alternate contact 286
of release relay RR® and closed contact 285
of secondary relay SR? to ground. The cor-
responding ciremits for the release magnets
RM® and R’M° of the second selector V7 ex-
tend through alternate contact 315 cf re-
lease relay RR° and closed contact 316 of
relay SR* to ground. The energizations of
these release magnets, as in the case of the
line selector @, withdraw the retaining
pawls from engagement with the different
ratchet wheels and allow the switch wipers
to return to normal. In the case of any
particular switeh, the circuit of the release
relay will be maintained until both sets of
wipers are restored to normal. This is true,
irrespective of the order in which the wipers
reach normal, and is brought about by pro-
viding two connections for the release ro-
lays through both primary and secondary
off-normal switches. Since the secondary
and release relays ave held up through these
off-normal contacts, it follows that when
both sets of switch wipers have been re-
turned to normal, said relays will be de-
energized, with a resulting return of their
contacts to normal position, thus leaving all
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the parts in the condition illustrated. Dur-
ing the restoration of the second selector
V’ to normal, said selector and the link-cir-
cuit P2—3 are rendered “busy” by the
presence of ground on conductor 320 via
alternate contact 319 of relay SRS Simi-
larly, during the vestoration of the second
selector V (Ifig. 1) to normal, the second
gelector V and the link-circuit P+—3S* are
rendered “busy” by the presence of ground
on conducter 170 via alternate contact 169
of relay SR Similarly, also, connector W’
(Fig. 2), not yet released, is vendered busy
by ground on conductor 369 via alternate
contact 377 of tip relay TR, and resistance
coil 203, just as explained with reference
to Fig. 1. Thus it is seen that after the
completion of a conversational circuit, the
restoration of the calling party’s receiver to
its hook releases the line, first and second
selectors, and leaves the connector still
“busy.”

Considering, now, the vesult of the restor-
ation of the called party’s receiver to its
hook, it will be observed that as soon as this
is done, the circuit for the flow of battery
current through the tip relay TR’ will be
interrupted at the switch-hook of the called
party. The restoration of the tip relay con-
tacts to normal, as in the case of the connec-
tor W of Fig. 1, immediately completes a
circuit for the release velay RRC through
primary and secondary off-normal contacts.
This ecircuit extends from battery bus-bar
B/, through the right-hand winding of re-
lease relay RRS, closed contact 371 of relay
CR’, normal contact 372 of relay TR’, con-
ductor 873, closed contact 374 of off-normal
switch PO° to ground, and from conductor
873 through closed contact 375 of off-normal
switch SO The closing of this circuit ener-
gizes release relay RRS, and the latter, by
closing its contact 376, completes a locking
cirenit for itself through the same grounded
off-normal contacts. While the tip relay
thus remains de-energized, and during the
release operation, conducter 369, which
leads to the secondary bank countacts of the
second selectors P’ having access to this
connector, is grounded via normal contact
377 of relay TR’, the left-hand winding of
release relay RRS, conductor 373 and the
same grounded off-normal contacts. The
closing of grounded contact 378 completes
an energizing circuit for releasc magnets
RM¢ and R’M¢. The result of closing this
cireuit is to withdraw the retaining pawls
and allow the switch wipers to return to
normal, as before cxplained. Upon the ve-
turn of said wipers to normal, primary and
secondary off-normal switches PO° and
SO are returned to their normal positions,
thereby interrupting the release velay cir-
cuit and allowing the contacts to return to
normal. The energization of release relay
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RR¢, by opening contact 343, interrupts the
circuit of relays RG” and CO of the called
line. The de-energization of relay RG’ ve-
sults, as in the case of connector W of Fig.
1, in the de-energization of relay CR/, since
the latter is held up over a cirvcuit including
contact 850 of relay RG’. Consequently, all
the relays, wipers and other parts of the
connector cirenit aie vestored to normal.
Likewise, the de-energization of the cut-oft
relay CO, as before, restoves its contacts to
normal and places the line in condition for
the establishment of another connection.

Assuming now that the called-for sub-
scriber should first replace his receiver, then
the connector W’ would be released in the
manner above described and said connector
would still be maintained “busy” because
of the ground on conductor 369 at contact
297 of the line selector Q' as already de-
seribed. Upon the hanging up by the call-
ing party, switches Q’, U’ and V’ would
each be vestored as above described, thus
leaving all switches normal.

It now remains to consider the effect of
the calling party’s rvestoring his receiver to
its hook at various times prior to the com-
pletion of a conversational circuit. The ef-
fect of the calling party’s removing his
receiver and then immediately restoring 1t
prior to the selection of the sub-group by
the primary wipers of the line selector
would be to cause said wipers to continue
their motion until they reached the last set
of primary bank contacts. Said last set 1s,
however, whether the switch be cireular, ai-
cuate or linear, preferably left open and
disconnected from any of the secondary wip-
ers of said switch. In other words, the said
switch is preferably provided with a suf-
ficient number of primary bank points so
that in addition to the normal point there
may be ten other points corresponding to the
ten sets of secondary wipers and an addi-
tional dead point. Should said primary
wipers rotate to the last set of contacts with-
out finding a sub-group containing a sub-
scriber just initiating a call, then the pri-
mary relay PR* would be released just as
hitherto described and cause the energiza-
tion of secondary relay SR* to start the ad-
vance of the secondary wipers. It is ap-
parent, however, that the said relay SR*
would be released as soon as the secondary
wipers had made their first step, thus com-
pleting the circuit through the release relay
RR* over the circuit hitherto traced and in-
cluding closed contacts 361 and 265 of re-
lays S*R and P?R respectively, and closed
_contact 362 of secondary off-normal switch
SO¢, whereby the line selector Q7 and call-
ing line circuit would be completely restored
as hitherto described at length. Should,
however, the calling party replace his tele-
phone upon its hook subsequent to the pri-
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mary wipers of the line selector Q’, select-
ing the sub-group, but prior to the selection
of his line by the secondary wipers of said
line selector, then the said secondary wipers
would continue in their motion until they
reach the Jast set of bank contacts. Said
last set are, however, also, whether the
switch be circular, arcuate or linear, pref-
erably left open and disconnected from all
lines. In other words, said switch is prefer-
ably provided with twelve sets of second-
ary bank contacts, the first set being the
zero position and the twelfth set being a
dead position. Should, therefore, said sec-
ondary wipers rotate to said last set of con-
tacts without finding a line just initiating a
call, the secondary relay SR* would, as
usual, be released, thus completing the ener-
gizing circuit for release relay RR* and
causing the complete release of the said line
selector Q' and calling line, as hitherto de-
scribed. Although T have deseribed the line
selecting switch as having preferably twelve
primary bank contacts for each primary
wiper and twelve secondary bank contacts
for each secondary wiper, so that the said
switch will accommodate one hundred tele-
phone lines, yet it is apparent that if it be
desired to include less than one hundred lines
in each group of calling lines, the num-
ber of bank contacts may be proportionally
decreased. In case the calling line circuit
be extended to the first selector U’, or the
second selector V’, the releasing operation of
these selectors and the line selector would
be the same as heretofore described. In case,
however, the calling line circuit has been ex-
tended to a busy called line, then the re-
lease of the connector W’ is also under the
control of the calling party. In such event,
battery current, which is supplied to the
point 367 in the circuits of second selector
V7, flows also through the release relay RR®
of the connector over a path extending from
point 367, through normal contact 308 of
secondary relay SRS, primary wiper 303 of
selector V', secondary wiper 311 of said
selector, conductor 369, normal contact 877
of relay TR’, the left-hand winding of re-
lease relay RR®, conductor 873 and off-nor-
mal contacts 874 and 875 to ground. This
initial energizing circuit for the release re-
lay RR®, as before, results in immediately
completing the locking circnit through its
right-hand winding and contact 376 of said
relay, whereby the complete restoration of
said connector is obtained as heretofore de-
scribed at length. Similarly, in case the
called subscriber does not respond, the hang-
ing up by the calling subscriber will cause a
complete release of all of the switches, the
battery cireuit being extended, just as in the
case of a “busy” line, over conductor 369 and
through the left-hand winding of the re-

lease relay RR®, whereby-the connector W’
will be also restored to normal.

Party line features—The same party line
features exist in this form of the invention
as In the form illustrated in Fig. 1, and
the generators ¢, ¢’, ¢° and ¢* are intended
to be operated in the same manner.

System of Fig. 3.

Apparatus—In the diagram of Fig. 3,
which is somewhat analogous to that of the
preceding figures, switches of the third class
are employed. It will be remembered that
these switches are operated to advance their
wipers first in a primary direction to a
desired group of bank contacts, and then in
a secondary direction over the contacts of
sald group, and that they are released by
retractile springs or their equivalents. Due
to this different switch construction, a modi-
fied arrangement of circuits must be em-
pleyed for each of the switches. In the
diagram, as in each of the preceding di-
agrams, a party line is represented at the
left by the line limbs P*—8 extending
from substations M2, M2, M2?* and M2¢ to
the exchange. In this diagram, the same
substation equipment is shown as in the di-
agram of Fig. 2, but the calling apparatus 80
has the spring arrangement of that of Fig.
1. The line circuit arrangement and the ar-
rangement of the master-switch circuits are
the same as those heretofore described. Con-
nection is completed between the subscriber’s
line P**—S° at the left and the line at the
right of the diagram associated with the
extension conductors 85, 86, 185, at the right
of the diagram, through the agency of a
line selector, a first selector, a second selec-
tor and a connector, designated, respectively,
Q?, U2 V2 and W2 In part 1, of the di-
agram, the connectors for party line service
are indicated at W20, W2, W22 and W23,
With this preliminary outline of the appa-
ratus employed, it is believed that a full un-
derstanding of this form of the invention
will be had from a consideration of its op-
eration.

Operation—Assuming that a party at
substation M?** on the line P*—Si¢ af the
lett desires to converse with a party at a
substation on the line associated with exten-
sion conductors 85, 86, 185 at the right, and
assuming, as in Fig. 1, that the number
of the latter’s telephone is 3333, then, as
before, the calling party removes his re-
ceiver from its hook and operates the call-
ing apparatus in the same manner as in the
operation of each of the previously de-
scribed systems. As explained in connec-
tion with the statement of operation of the
system of Fig. 2, if the calling party’s line
is idle, the removal of his receiver will cause
the operation of line relay LR and master-
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switch relay 24, and a starting circuit will
be thereby completed for the idle line selec-
tor Q2 associated with the master-switeh con-
tacts then engaged. Starting at this point
with a more detailed statement of the oper-
ation, this starting circuit extends from the
battery bus-bar B’, through the winding
of primary relay PR7, closed contact 379
of off-normal switch PQO7, master-switch
contact 22, wiper 20, and closed contacts
103—107 of relays 24 and 25, respectively,
to ground. The consequent energization of
primary relay PR results in establishing
a circuit for the primary magnet PM" from
generator bus-bar G/, Which, as before
supphes alternating, pulsating, or like cur-
rent, through the winding of said magnet
and alternate contacts 380 of relay PR to
ground. Upon the first movement in a pri-
mary direction of the switch wipers 381, 382,
388 and 884, associated with the bank con-
tacts 385, 386, 387 and 388, respectively, the
primary off- normal sw1tch PO7 is actuated
and the intial energizing circuit of primary
relay PRT is mtenupted but a maintaining
circuit for said 1eLW has been established via
closed contact 389 of said relay, wiper 384,
engaged contact 388 and thence to oround
via normal contacts 102 of group 1ehys GR
so long as contacts 888, thus grounded, are
encountered As soon as an ungrounded
contact is encountered, this circuit is inter-
rupted and the fur ther advance of the wipers
881, 882, 383 and 384 In a primary direc-
tlon is dlscontmued From the previous de-
scription, it will be remembered that the
group relay GR, conesporﬂlno to the group
which contains the calling line, is energized
upon the initiation of a call.  Consequently
the wiper 384 will advance over the con-
tacts 888 until that contact, corresponding
to-the group containing the. calling line, is
encountered. The wiper 3884, by reason of
the mechanical construction of the switch,
partakes of the primary movement only,
while the remaining wipers 881, 382 and 383
partake of both the primary and secondary
movements, but engage contacts 385, 386 and
887 only on the secondaly movement. Con-
sequently, each of the latter wipers is moved,
during the advance of the wiper 384, in
jus tapomtlon with a group of bank con-
tacts in which contacts, corresponding to
the calling lines, are Tocated. Upon the re-
turn of contmct 380 of relay PR” to normal,
a circuit is completed for secondary rehy
SR which may be traced from the battery
bus-bar B’, through the winding of said
relay, closed contact 390 of off-normal switch
S0O7, closed contact 391 of off-normal switch
PO7 and normal contact 380 to ground.
The resulting energization of 1e1a 7 BRT
opens the stre ands P87 gt contacts 392
and 393 and unites the right-hand portions
thereof by the conductive bridge 126. The

energization of relay SR? also completes a
circuit for secondary magnet SM” which ex-
tends from the generator bus-bar G, through
the winding of said magnet, normal con-
tact 394 of release relay RR‘ and closed con-
tact 395 of relay SR” to Oround Upon the
closing of this cireuit, due to the character
of the current supphed and the construction
of the switch, the wipers 381, 382 and 383
begin their movement in the secondary di-
rection. At the beginning of this movement,
the secondary off-normal switch SO7 is ac-
tuated and thereby interrupts the initial en-
ergizing circuit of secondary relay SR, but
not untll after a maintaining circuit is pro-
vided for such relay via normal contact 396
of release relay RR7, alternate contact 397
of relay SR7, wiper 383, engaged contact
387 to ground via conductor 104, normal con-
tact 105 of cut-off relay CO, and normal con-
tact 99 of line relay LR, so long as .this
ground connection exists. Tt will be remem-
bered however, that this ground connection
18 int-errupted "for the contact 387 corre-
sponding to the calling line. Consequently,
the advance of the wipers 381, 382 and 383
will be discontinued when the wiper 383
engages the contact 387 corresponding to
the calling line. In this event, the extension
conductors 83—84 of the calling line will be
connected via wipers 381 and 3882 to the link-
circuit strands P—S8. The switch is
stopped in its secondary movement, as just
described, for the reason that the cireuit of
the secondary relay SR7 is interrupted and,
as a result, said relay is de-energized and
thereby interrupts the circuit of the sec-
ondary magnet SM”".

As soon as the contact 893 of the second-
ary relay SR7 is moved to its alternate posi-
tion by the energization of said relay, thus
closing the bridge 126 across the strands
P1—5, the relays PR and S®R, contained
together with the batteries 5*—5° in bridge
of the same strands, are energized. Upon
the return of contact 393 to normal, due to
the deenergization of relay SRF upon the
selection of the calling line, other circuits are
found to have been established for the relays
P*R and S°R. One of these momentarily
extends, as in the case of Figs. 1 and 2,
through the winding of primary relay P*R
and the cut-off 1e1‘1V CO of the calling line
and need not be traced. The closing of this
circuit maintains the primary 1elaw PR
temporarily energized and energizes the cut-
off relay CO. The other circuit extends from
the live, or positive, pole of battery &° over
the secondary side of the circuit to the call-
ing substation, through said station and back
over the primary line limb ¢ to contact 93
of cut-off relay CO and thence to the live,
or negative, pole of battery B via normal
contact 93 and coil 94 prior to the operation
of the cut-off relay and immediately subse-
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quent thereto to the negative pole of battery
b*, as in the case of Figs. 1 and 2. The ener-
gization of the cut-off relay CO, as before,
disconnects the line relay and battery and
unites the line limb P* and extension con-
ductor 83, thereby extending the calling line
circuit through the line selector Q? to the as-
sociated first selector U2 This circuit is con-
ductively continuous to the eondensers 399
and 400, located in the strands P'7 and S*,
respectively, and is completed at said selec-
tor through the relays PR and SR and
batteries 0*—0%, as above traced. As be-
fore, also, the energization of the cut-off re-
lay CO, by closing its contact 105—1382, com-
pletes a circuit which is instrumental in
causing the master-switch to step its wipers
around until they engage bank contacts cor-
responding to an idle line selector Q% The
energization of the cut-off relay also, as
before, supplants its initial energizing cir-
cuit by a local circuit through resistance
lamp 140, closed contact 401 of off-normal
switch SO7, contact 402—397 of relay SR,
wiper 383, engaged contact 387, conductor
104, said contact 105—132 of cut-off relay
CO, and the winding of said relay to ground.
In this form of the invention, as in Fig. 2,
no reversing relay is employed. The oper-
ation of the group relay GR and the master-
switch O is the same as heretofore described.

The calling line circuit having now been
extended to a first selector U? in response to
the removal of the receiver at the calling
station, it remains to consider the operations
of the switches in response to the operations
of the calling apparatus at the calling sta-
tion. This mechanism, as in previous cases,
de-energizes the relay P®R a number of
times, depending upon the extent of move-
ment of the mechanism, and this is followed
by a single de-energization of the secondary
relay &*R. Tn transmitting the number
3333, the first operation of the calling appa-
ratus then causes three distinct de-energiza-
tions of relay PR, followed by a single de-
energization of relay S°R. The effect of
these de-energizations, as before, is to sue-
cessively ground the primary and secondary
sides of the circuit at the right of the inter-
nosed condensers, here the condensers 399
and 400. These grounds are applied through
the agency of contacts 408—404 of relay
P3R and contact 405 of velay S*R. The
three momentary grounds, occasioned by
the primary relay PR, cause three complete
energizations and de-energizations of the
primary magnet PM?® of the first selector
U2  This magnet controls the operation of
wipers 406, 407 and 408, which co-operate
with bank contacts 409, 410 and 411, re-
spectively. The circuit of primary magnet
PMS extends from battery bus-bar B/,
through the winding of said magnet, closed
contact 403 of relay I*R, and alternate con-

tact 405 of relay S*R to ground. On the
first movement of said wipers in a primary
direction, the primary off-normal contact
PO® is actuated. The following single
grounding of the secondary side of the cir-
cuit energizes secondary relay SRE over a
cireuit including the winding of said relay,
closed contact 413 of off-normal switch SOS,
closed contact 404 of rvelay P*R, and normal
contact 405 of relay S*R to ground. The
energization of this relay disconnects the
wipers 406-—407 by opening contacts 414—
415 and, by closing contact 416, completes a
circuit for the secondary magnet SM®, which
extends from the generator bus-bar G,
through the winding of said magnet, normal
contact 417 of release relay RRS and closed
contact 416 of relay SRS to ground. Due to
the character of the current supplied to the
sccondary magnet, and due to the construe-
tion of the switch, the closing of the circuit
of said magnet causes it to move the wipers
406, 407 and 408 in a secondary direction
over the associated bank contacts, the first
step advancing said wipers into engagement
with the fivst set of bank contacts. Upon the
first step in a secondary direction, secondary
off-normal switch SO® is moved te open
position, thereby interrupting the initial
energizing circult of secondary relay SRS,
The latter in the meantime has, however,
been provided with a maintaining circuit
which extends from the winding of said
relay, through normal contact 418 of release
relay RRS, alternate contact 419 of second-
ary relay SR®, wiper 408, and engaged con-
tact 411 to ground, so long as a grounded
contact is encountered. Thus, the wipers
406 and 407 are moved into engagement with
contacts in which an idle link circuit P&—
S terminates, thereby extending the calling
line circuit through to an idle second seiec-
tor of the third thousands group. As scon
as the selection of the idle link-circuit occurs,
relay SR® is de-energized and its contacts
414—415 unite the previously separated por-
tions of the strands P—817 The ground
connection to the contact 411, oy which the
selected link-circuit is guarded against selec-
tion by another first selector, may be traced
from wiper 408, through contact 419-—482 of
relay SRS, and normal contact 481 of relay
RR7 to ground.

As a result of again transmitting three
primary impulses, followed by a single im-
pulse, from the calling station, which results
in grounding the primary strand P three
times, followed by a single grounding of the
secondary strand S'°, the connected second
selector V? is operated to extend the calling
line circuit to a connector W? of the third
hundreds group of the third thousand. The
operation of this second selector ig substan-
tially the same as that of the first selector
U2 The circuit through the primary mag-
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net PM? extends through closed contact 424
of off-normal switch 8509 to the primary
strand P'®; and the secondary relay SR? is
initially cnergized over a circuit through
contact 425 of off-normal switch PO?® and
contact 426 of off-normal switch SO? to sec-
ondary strand ©*. DPrimary magnet PM°
advances the wipers 427, 428 and 429 in a
primary direction to the third group of bank
contacts and actuates primary off-normal
switch P(O° These bank contacts are desig-
nated, respectively, 430, 431 and 432. The
energization of secondary relay SR® com-
pletes a civenit for secondary magnet SM?
extending from generator bus-bar G,
through the winding of said magnet, normal
contact 433 of release relay RR?, closed con-
tact 434 of relay SR® to ground. Due to the
construction of the switch and the character
of the current supplied over this circuit, the
secondary magnet SBL® causes the wipers
427, 428 and 429 to advance over the contacts
430, 431 and 432, in a secondary direction,
until they encounter contacts of an idle link-
civeuit P—5, Upon the initial movement
of the wipers In a secondary direction, off-
normal switch 302 is actuated and the initial
energizing cireuit of relay SR? is interrupt-
ed; but before this occurs, a maintaining
circuit for secondary relay SR is completed
via normal contact 435 of relay RR?, alter-
nate contact 436 of relay SRR?, wiper 429, the
first contact 432 and thence to ground if said
contact be that corresponding to a busy link-
circuit. Thus, as before, the secondary move-
ment of the wipers is continued until they
rest upon the contacts of an idle link-circuit.
As soon ag this occurs, secondary relay SR?
is de-energized and, by restoring its contacts
437 and 438, which have been open during
the secondary movement of the wipers, the
calling line circuit is extended through to
a connector W2 having access to the called
line. The ground connection with multiple
contacts 432, which protects the selected link-
drentt PP—S1 from selection by other sec-
ond selectors having access thereto, is pro-
vided over a path including wiper 429, nor-
meal contacts 436 and 422 of relay SR?, con-
ductor 421, bank contacts 411 and wiper
408 of selector 5% to ground at normal con-
tact 481 as already traced. From the ground
connections traced bLoth from contacts 411
of first selector U? and from contacts 432 of
second selector V2 it will be apparent that
the maintaining circuits for the relays SRS
and SR are maintained during the selective
operation by multiple contacts and similar
ground connections thereto at other busy
switches in the system.

The next step in the operation consists in
again repeating the previous operation of
the calling mechanism, thereby transmitting
the directive impulses corresponding to the
tens digit of the called line. This results in

grounding strand P three times, followed
by a single grounding of strand S*. The
grounding -of strand P three times causes
three distinet energizations and de-energiza-
tions of primary magnet PM™ over a circuit
extending from battery bus-bar B’, through
the winding of said magnet, closed contact
443 of off-normal switeh S0 normal con-
tact 444 of relay R? to said strand P* and
ground. These energizations of primary
magnet PM'°, due to the construction of the
switch, advance the wipers 445, 446 and 447
to the third group of bank contacts 448, 449
and 450, respectively, and actuate off-normal
switch 0, The actuation of the latter.
by closing contact 451, extends a cireuit from
battery bus-bar B’, through the winding of
relay R2 normal contact 452, closed-contact
451 of said off-normal switch PO and nor-
mal contact 458 of off-normal switch SO,
to the secondary strand S**. Consequently,
upon the grounding of said strand, relay R*
is energized; and upon such energization,
closes a locking circuit for itself through al-
ternate contact 452 and closed contact 454
of busy re’ay BR? to ground. The locking
cireuit is closed prior to the opening of the
initial energizing circuit at normal contact
452, the same as in the case of relay R of
Fig. L.

The next and final step in the operation
on the part of the calling party is to repeat
the preceding operation, thercby again
grounding strand P three times, followed
by a grounding of the strand ' once. EKach
ground of the strand P completes a cireuit
from battery bus-bar B/, through the wind-
ing of secondary magnet SM™, alternate
contact 444 of relay R* to said strand P*.
Magnet SM is therehy operated to step
wipers 445, 446 and 447 to the third set of
bank contacts 448, 449 and 450 in the
previously selected third group, which are
bank contacts of the desired called line.
Thus, up to the time that the secondary side
of the cireuit is about to receive its final im-
pulse. the calling line circuit is extended
through to the called line, except at contacts
455 and 456 of closing relay CR2

Called line idle—~Itf it be assumed that
the called line is busy, then the multiple
contacts 450 will be connected to battery,
as previously explained. On the other
hand, if said line is idle, said contacts will
be conmected to ground. Under the given
assumptions, then, the final grounding of
the strand S will momentarily energize
busy relay BR? over a circuit extending
from battery bus-bar B, through the right-
hand winding of sa*d relay PR, closed con-
tact 457 of relay R?% alternate contact 453
of off-normal switch SO and strand S*° to
ground. 'The resulting energization of re-
lay BR? will move contact 458 to its alter-
nate position and open contact 454. By the
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opening of the latter, the maintaining cir-
cuit of relay R® is interrupted and the con-
tacts of said relay rveturn to mormal. The
movement of contact 458 to its alternate
position at this time performs no useful
function, since the contact 450 of the called
line, under the assumption that the line is
idle, is grounded. However, it will be ap-
parent that if it were connected to battery,
as is the case when the line is busy, then re-
lay BR? would be held up over a circuit ex-
tending through the wiper 447, normal con-
tact 459 of relay RR*, alternate contact 458
of relay BR?, and the left-hand winding of
said relay to ground. Under the present as-
sumptions of an idle line, however, this is
not the case, but the relay BR?, upon hav-
ing its initial energizing circuit broken, im-
mediately restores its contacts to normal and
thereby completes a local circuit through
the windings of ringing relay RG* and cut-
off relay CO of the called line. This cir-
cuit is the same as heretofore traced but,
for convenience, may be ontlined ag includ-
ing normal contact 460, closed contact 461,
normal contact 458 of relay BR?, normal
contact 459 of release relay RR, wiper 447,
engaged contact 450, conductor 185, normal
contact 106 of line relay LR, and the wind-
ing of cut-off relay CO. The resulting ener-
gization of cut-off relay CO operates, as be-
fore, to interrupt the normal line relay and
battery connections and to complete the
talking circuit through the extension con-
ductors of the called line. The energiza-
tion of the ringing relay RG? completes a
circuit for flip-flop relay FF? through con-
tact 462 of relay RG>, contact 463 of relay
CR? and interrupter 464. TIts energization
also connects contact 465 of relay CR? to
ground through contact 466; at the same
time, it connects the secondary strand S° to
battery bus-bar B’ through 1mpedance coil
467 and closed contact 468, and also connects
the primary strand P? to ground via con-
tacts 469—470 of flip-flop relay FF2, con-
tact 471 of relay RG?, and the winding of
tip relay TR2. The momentary ground con-
nection, occasioned by the operation of flip-
flop relay contacts 469—470, is provided to
care for the discharge of the substation con-
densers of called lines, as previously ex-
plained. As before, the operation of the
flip-flop relay alternately connects ringing
generator ¢ and tip relay TR? to the pri-
mary, or tip, side of the circuit. As before,
upon the response of the called party, by
which a conductive bridge is completed be-
tween the line limbs at the ealled station, tip
relay TR? is energized. As a rvesult of the
energization of said relay, closing relay CR?
is energized over a circuit including tip re-
lay contact 472 and ringing velay contact
466. This cireuit is at once replaced by a
lecking circuit including contacts 465 and

29

466. The energization of closing relay CR?
completes the talking circuit at the contacts
455—456 and interrupts the flip-flop relay
circuit at contact 463." Thus the calling and
called substations are connected and conver-
sation may be carried on. At this time,
transmission current is supplied to the call-
ing station from batteries 5*—5°, and to the
called station from battery B, via bus-bar
B’ and impedance coil 467 to one side of the
cireuit; and from the opposite or grounded
pole of the battery, through tip relay TR?,
to the other side of the circuit.

Called line busy.~—~Now, if it be assumed
that the called line is busy, then as soon as
the final secondary impulse is transmitted
and the busy relay BR? is momentarily en-
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ergized as a rvesult thereof, the aforesaid -

circuit through the left-hand winding of
said relay will be closed to battery and said
relay thereby energized. The resulting con-
tinued energization of relay BR? will main-
tain its contact 478 closed, thereby transmit-
ting a busy signal to the calling party
through the agency of condenser 474, induc-
tion coil 475 and interrupter 476 in the same
manner as heretofore explained.
Release~—As in the case of the other forms
of the invention, the release of the various
switches, after a complete connection has
been established, as a result of the response
of the called party, is occasioned by the re-
storation of the calling and called parties’
receivers to their hooks. Under these condi-
tions, the line, first and second selectors are
under the control of the calling party, and
the connector under the control of the called
party. Thus upon the restoration of the
calling party’s receiver to its hook, the nor-
mal circuit through the primary and sec-
ondary relays P*R and S*R is interrupted
and, by the return of their contacts 898 and
477, respectively, a circuit for release relay
RR7 is closed. " This circuit may be more
fully traced as extending from bus-bar B’ ,
through the winding of said relay, closed
contacts 477—398, and closed contact 478 of
off-normal switch SO7 to ground. The re-
sulting energization of release relay RR7, by
closing its contact 479, completes ‘a locking
cireuit through its winding, which is inde-
pendent of the contacts of relays P3R and
F*R and of off-normal switch SO7. This
circuit extends from closed contact 479,
through closed contact 480 of off-normal
switch PO" and normal contact 880 of pri-
mary relay PR The energization of re-
lease relay RR7 also closes a circuit for sec-
ondary relay SR, which may be traced from
the battery bus-bar B, through the winding
of said relay, and alternate contact 396 of
relay RR7 to ground. As a result of the
energization of relay SR, the wipers 381
anc 382 of the line selector are disconnected
during the releasing movement. Similarly,
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the civeuit of wiper 383 is left open at con-
tact 396 of relay RR". The energization of
release relay RR7 and secondary relay SR7
completes an energizing circuit for release
magnet RM7, which may be traced from the
battery bus-bar B’, through the winding of
said magnet, alternate contact 394, of re-
lease relay RR7, closed contact 395 of sec-
ondary relay SR” to ground. Due to the
construction of the switch, the energization
of the release magnet RM” frees the switch
wipers and allows them to retrace their mo-
tion and return to normal under the tension
of their retractile springs. Upon the com-
pletion of the return of the secondary move-
ment of the wipers, off-normal switch SO7
is restored to normal; and upon the complete
restoration of the switch wipers, off-normal
switch PO7 is restored to normal. Thus the
circuit for release relay RR7 is interrupted
only when the wipers return to normal
whereupon the contacts of said relay are re-
stored to normal, with a resulting de-ener-
gization of relay SR and the restoration of
its contacts to normal. Thus all the parts of
the line se'ector are restored to their normal
positions. During the release of the line se-
lector and until the de-energization of re-
lease relay RR7, the wiper 21 of the master-
switch O 1s maintained grounded at contact
480" of relay RR7, thereby maintaining the
busy condition of said selector until it is re-
stored to normal and rendered available for
use.

The release circuits of the first selector U?
and second selector V2 are similar to those
of the line selector illustrated. The ener-
gization of release relay RR’, by moving
1ts contact 481 to its alternate position, closes
a circuit for the release of the first selector
U2 and second selector V2. This circuit ex-
tends from battery bus-bar B’, through re-
sistance lamp 140, alternate contact 481 of
release relay RR7, to contact 482 and thence,
by parallel paths, to ground through re-
lease relays RR® and RR? of said selectors.
The path through relay RR® extends from
contact 482, through contacts 419—420, wind-
ing of release relay RR® and closed off-nor-
mal contact PO® to ground. The path
through release relay RR® extends from
contact 482, through contact 419, wiper 408,
engaged contact 411, conductor 421, normal
contact 422 of relay SR?, winding of release
relay RR? and closed contact 423 of off-nor-
mal switch PO°® to ground. A third path,
in shunt with the two said relays, extends
from point 422’ via normal contact 436 of
relay SR?, wiper 429, conductor 439, alter-
nate contact 440 and resistance coil 441 to
ground. The said coil is provided for pur-
poses to be later explained. The energiza-
tion of release relay RR® closes a circuit
from the battery bus-bar B’, through the
winding of secondary relay SR® alternate
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contact 418 of release relay RR®, the wind-
ing of said relay, through closed off-normal
contact PO® to ground. A corresponding
circuit for the second selector V? extends
from the battery bus-bar B’, through the
winding of secondary relay SR?, alternate
contact 435 cf relay RR? the winding of
said relay, clozed contact 423 of off-normal
switch PO°. DBy the energization of the sec-
ondary relays SR® and SRe, the wipers of
the first and second selectors U? and V?, re-
spectively, are disconnected during the rve-
leasing operation. By the energization of
release relay RRS®, a cirenit is completed
from battery bus-bar B’ through release
magnet RM®, alternate contact 417 of relay
RRS, closed contact 416 of relay SRS, and a
corresponding circuit for the release mag-
net RM® extends from battery bus-bar B’,
through the winding of said magnet, alter-
nate contact 433 of relay RIR?, closed contact
434 of relay SR?, to ground. The energiza-
tion of the release magnets RM® and RM?,
as in the case of the line selector Q2 causes
the wipers of their respective switches to
return to normal under the retractile force
of their return springs. In like manner, the
secondary and primary off-normal switches
are restored to neormal. Since the release
relays are maintained energized by a clreuit
extending through the primary off-normal
switches, it will be clear that a positive and
complete releasing operation will be ob-
tained in each case. During the restora-
tion of the second selector to normal (as
well as at all other times when the secondary
relay SR? is energized) said selector (and
censequently the link-circuit P8, S') is
rendered “busy” by the presence of ground
on conductor 421 via alternate contact 422
of said relay SR Also the connector W=,
not yet released, is rendered busy by ground
on conductor 439 via alternate contact 440
of tip relay TR* and resistance coil 441,
Thus it is seen that after the completicn of
the conversational cireuit, the restoration of
the calling party’s receiver to its hook re-
leases the line, first and second selectors.
Considering, now, the restoration of the
called party’s receiver to its hook, 1t will be
observed that as soon as this is done, the cir-
cuit for the flow of battery curvent through
the tip relay TR? is interrupted at the
switch-hook of the called party. The resto-

ration of the tip relay contacts, as in the

age of the connectors of Figs. 1 and 2, im-
mediately completes a civeuit for the release
relay RRY, which may be traced from the
battery bus-bar B3, through the right-hand
winding of release relay RR', closed con-
tact 483 of closing relay CR?, closed contact
484 of tip relay TR2 and closed contact 442
of off-normal switch PO to ground. The
closing of this cirenit cnergizes the release
relay RR*, and the latter, by closing its
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contact 485, completes a locking circuit for
itself through the same grounded off-nor-
mal contact. The closing of grounded contact
486 of relay RR™ completes an energizing
circuit through release magnet RM™. The
latter, as in the case of the line, first and
gecond selectors, Q2 U? and V3, frees the
switch wipers for restoration to normal un-
der the actuation of their return springs.
As before, algo, the off-normal switches
PO and 50 are restored to normal at the
same time. The cnergization of releace re-
lay RR*, by opening contact 459, interrupts
the local circuit including relays RG® and
CO dnd thereby causes the de-energization
of sald relays and the consequent de-energi-
zation of closing relay CR? and the resto-
ration of all the connector circuit parts and
line cireuit parts to normal. During the
restoration of said connector, the wipers
445 and 446 are maintained open at contacts
455, 4506, respectively of velay CR? and
wiper 447 is maintained open at normal con-
tact 459 of relay RR*. Also the connector
is held busy during restoration by ground
on conductor 439 via normal contact 440 of
tip relay TR? left-hand winding of relay
RR®Y and primary off-normal contact 442.
It now remains to consider the effect of
the calling party’s restoring his receiver to
its hook at various times prior to the com-
pletion of a conversational circuit. Thus
he may, after initiating a call, immediately
restore the receiver to its hook. In such
event, the line relay LR will be drawn up
to close a circuit for relay 24 of the master-
switeh O, and the master-gswitch will be in
tuwrn operated to complete a starting circuit
for the connected line selector Q2. The lat-
ter will thus be started in search of a calling
line. If the receiver, however, is immediate-
ly restored, the grounding of group relay
GR may be discontinued before the private
wiper 384 engages the bank contact 388 cor-
responding to the group relay of the call-
ing line. In such event, the wipers of the
line selector will not be stopped when they
have reached the group of bank contacts
in which those of the calling line are located,
but will be stepped in a primary direction
beyond the last group of connected bank
contacts. Thigs will leave the wiper 384 on
open circuit and will thus cause a de-ener-
gization of relay PR7. This will result, as
before explained, in energizing secondary
relay SR?, which, by momentarily closing
the energizing circuit of secondary magnet
SM7, will advance the wipers 381, 382 and
383 one step in a secondary direction., This
single step will leave the wiper 383 on open
circuit; and since this first step also causes
the actuation of secondary off-normal switch
507, the secondary relay SR7 will be de-
energized and the further advance of the
switch wipers discontinued. This will re-
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sult in leaving the talking wipers 881 and
382 on open circuit and consequently, as
soon as bridge 126 is broken by the return
of the secondary relay contacts, there will
be no energizing circuit for the primary
and secondary relays P*R and $*R which
control the circuit of release relay RRY, as
previously explained. Consequently, this
release circuit will be closed and the regular

releasing operation, previously explained, 7

will ensue. Similarly, in case the calling
subscriber should replace his receiver after
the primary wiper 380 had selected the sub-
group but prior to the selection of his line
by the wiper 383, then the sccondary move-
ment would continue until said wiper 883
reached the last (or unconnected) point 3887,
whereupon the secondary relay SR would be
released thus again leaving relays P*R and
S°R on open circuit, to secure the release
of the switch as above described.

In case the calling line circuit has been
extended to the first selector U2, or the sec-
ond selector V2 the releasing operation of
these selectors and the line selector will be
the same as that heretofore deseribed.

If, however, the calling line circuit has
been extended to a busy called line, then the
release of the connector also is under the
control of the calling party; and in such
event, battery current is supplied, during the
release of the first and second selectors, to
point 422" at selector V2, as previously traced.
From this point, then, current for the re-
lease of the connector will flow through nor-
mal contact 436 of relay SR®, wiper 429,
cngaged contact 432, conductor 439, normal
contact 440 of tip relay TR?, the left-hand
winding of release relay RR*, and closed
contact 442 of off-normal switch PO™ to
ground. The closing of this cireuit, with
the consequent energization of release relay
RR*, results in closing a locking circuit for
its right-hand winding via its contact 485
and closed contact 442, as previously traced.
The releasing operation, resulting from the
energization of this release relay, is the same
as heretofore described. Similarly, in case
the called subscriber does not answer, the
connector will also be released by the hang-
ing up of the calling subscriber, the releas-
ing civeuit being the same as above described
for a “busy” subseriber.

This diagram also shows a plurality of
ringing generators ¢, ¢’, 9> and ¢®, for use
in the same manner as those of the previous-
Iy described connectors.

Connections between switches.

Tn oxder to explain fully and clearly the
arrangement of connections between swifches,
heretofore veferred to, by which it is possi-
ble for any subscriber to obtain connection
with any second selector in the exchange,
and in order to make clear the general ar-
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rangenient of connections of a  complete
automatic telephone exchange system with-
out extending the diagram of such a system
Leyond the reasonable bounds of a patent
drawing, I have employed a diagran, shown
in Fig. 4, of a complete telephone exchange
system having a Imited number of lines in-
stead of omplm’lnn* a diagram of a small
1)0111011 of an automatic telephone exchange
7\s em having a large number of lines. Tt
ws been fairly casy to accomplish this by
rexson of the fact that the system of the type
to which the invention relates is ])1'efu'ubly
a decimal systeny: that is, a system based on
the number 10 as a unit. Consequently, by
employing some smaller number as a unit 1t
s possible to greatly reduce the size of a
dizgram, while still retaining the same prin-
ciples of mterconnection and interrelation.
In preparing the diagram of Fig. 4, I have
used the number 3 instead of the number 10
and In t 1is way a system having eighty-one
subscribers’ lines, twenty-seven line selectors,
twenty-seven first selectors, twenty-seven
second selectors, and tiventy-seven connec-
tors lias been developed as vrepresentative of
a system employing ten thousand lines, one
thousand line seloctors, one thousand first
selectors, one thousand second selectors and
one thousand connectors. In the diagram
also, switelies having thyee rows of three
contacts cach are employed instead of
switches having ten rows of ten contacts
each. Thus the numbers 1, 3, 9, 27 and 81
of the diagram ccerrespond 105})0(3t1\'ely to
the numbers 1, 10, 100. 1,000 and 10.000 of a
ten thousand line exchange. In the latter
systeu, the number of the subscribers’ lines
are made up by combining, in combinations
of four, all the ten characters of the arith-
nietical notation, giving numbers from 0001
to £999 (although not in this order) and in
the sysfom of the dingram. the numbers of
the subseribers” lines ave similarly made up
by combining (likewise in combinations of
four), three dig‘its, viz: 1. 2 and 3, thus
aiving the oia‘hty— one numbers, set out at
the riwht of the diagram.

With this prelinunary explanation of the
relation of the diagram to a ten thousand
line exchange, the diagram may be con-
sidered more in detail. The line selectors,
first selectors, second selectors and connee-
tors are show'] in rows and are respectively
designated Q. U, V and W in accordance
with the designations of the corresponding
switches of Fie. 1. This same diagram ap-
plies equally well to the systems of Figs.
2 and 3, but in such eveat it will be under-
stood that the letters Q. U,V and W take
the place of the same letters with their ex-
ponents as employed in said Figs. 2 and 3.
The eighty-one (corresponding to ten thou-
sand) subscribers’ lines are divided into nine
{(corresponding to one hundred) groups of
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nine (corresponding to one hundred) lines
each, as indicated at the left of the dizgram
where they are connected to the line selec-
tors Q, and. as indicated, at the right of the
dingram where they are connected to the
connectors W. The orouping of the lines
for the latter connection should be such as
to include the lines whose numbers are those
given adjacent to each group. The grouping
for the former connections need not be in
accordance with a definite numbering of the
lines. This is true for the reason that the
connections with called lines are brought
about. by the operation of connectors in ex-
act accordance with directive impulses trans-
mitted from the calling station; while the
connections with calhno lines are dependent
upon the changed condition of the line se-
lector contacts corresponding to said lines
and not upon definite directive impulses.
Obviously then any calling subscriber’s line
may be connected to the bank contacts of
any group of three (corresponding to ten)
Iine selectors Q. From the nmnbenno of
the subsceribers’ lines at the right of Tw. 4,
it will be seen that three (correspondmg to
ten) of the nine (corresponding to one hun-
dred) line groups, which may be termed
“minor” groups, constitute one major group
of twenty-geven (corresponding to one thou-
sand) Hnes and that there are three (corre-
sponding to ten) such groups. In a ten
thousand line exchange, these groups may he
referred to as a given hundred in a given
thousand, as the sixth hundred of the first
thousand, the third hundred in the tenth or
“0th” thousand, ctc. For convenience. the
twenty-seven (corresponding to one thou-
sand) switches of each elass may be similarly
divided into three (corvesponding to ten)
major groups of nine (corresponding to one
hundred) switches each. and each of these
major groups may again be divided: into
three (corresponding to ten) minor groups
of three (corresponding to ten) switches
each. Thus a minor group of connectors
(W) corresponds to and is capable of con-
necting to the lines of a minor line group.
teferring now to the connections Letween
the line selectors Q and first selectors U,
it will be observed that each line selector is
paifed with a first selector. An inspection
will also show that connections extend from
each minor group of line selectors to one
mmt selector in each major group of first
selectors.. Thus, in the specific instance of
the first three line selectors Q, which cen-
gtitute the first minor group of the first
major group of line selectors, a conductor
2 unites the wipers of the first line celector
() in that group to the first first sele tor U
in the first major group of first selectors, a
conductor n unites the second line selector in
that same group to the first first selector in
the second major group of first selectors, and
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the same group to the first first selector in
the third major group of first selectors. It
will alco be observed that the connections
are between minor groups of the same order.
In other words, the first minor group of any
major group of line selectors has ifs
switches connected to the switches of first
minor groups of different major groups of
first selectors, the second major group to the
second and so on. Thus the conductors om,
n, 0, run from the line selectors of the first
minor group of the first major group of
line selectors, to first selectors U of the first
minor group of the first, second, and third
major groups of first selectors, respectively.
As to the connections between the first se-
lectors U and the second selectors V, it will
be observed that connections are made be-
tween the major groups of the same order,
and that each second selector is multiply
connected to bank contacts of all first selec-
tors of the corresponding major group of first
selectors. Thus each second selector V has
its wiper multiply connected to nine (corrve-
sponding to one hundred) first selector bank
contacts. Moreover, it will be observed that
the first minor group of second selectors has
its switches connected to the first row bank
contacts of the associated major group of
first selectors, the second to the second, and
so on; and that the order of connection
among the contacts of each row is changed
upon passing from one minor group to an-
other. Thus in the diagram, the first second
selector V, which is the first switch of the
first minor group of the first major group
of second selectors, is connected to the first
bank contacts of the first minor group of
first selectors, to the second contacts of the
second minor group, and to the third con-
tacts of the third minor group. Thus the
order of rotation for the first second se-
lector V is 1-—2—3. The corresponding
order for the next second selector is
2—3—1 and for the third second selector
3—1—2. This will all be apparent from an
inspection of the drawing. The same order
of rotation of 1—2-—8, 2—3—1 and 8—1—2,
exists in the connection of the second se-
lectors of the second minor group to the
second row contacts of the first selectors,
and of the second selectors of the third
minor group to the third row contacts of
the first selector contacts. Thus are the
first and second selectors of the first major
groups connected. The first and second se-
lectors of each of the remaining major
groups are similarly connected. By this
method of rotation among the contacts of
each row, the work of the second selectors
is more evenly divided than if such method
were not employed. This is true whether
the master-switches O do, or do not, return
to normal upon the selection of the calling

line. This will be clear after an inspection
of the diagram, from which it will be seen
that, starting with any given row of first
selector bank contacts, any of the switches
of the first minor group of said first se-
lectors, will attempt connection with the
second selectors of the first minor group in
the order 1—2—3, while in the case of the
second minor group of first selectors, the
order will be 2—8—1 and in the case of the
third minor group, 8—1—2. This is true
for each of the other minor groups of sec-
ond selectors.

In case the master-switches O do restore
to normal upon the selection of a calling
line (instead of advancing to the next idle
line selector as is the case in the embodi-
ments of my invention shown in Figs. 1, 2
and 3), then, the rotation, above described
between the bank contacts of the first se-
lectors and the wipers of the second selec-
tors, becomes very important in securing an
approximately uniform use of the second
selectors. Moreover, even if the said mas-
ter-switches O, do not restore to normal
upon the selection of the calling line (as is
the case in the embodiments of my inven-
tion illustrated in Figs. 1, 2 and 3), then,
also, the rotation of connections between the
bank contacts of the first selectors and the
wipers of the second selectors, still has a

alue in securing a more uniform use of the
various second selectors, as above pointed
out. I do not, however, desire to be limited
to the particular rotation of contacts illus-
trated in Fig. 4, because it is apparent that
numerous other rotations of contact connec-
tions may be made and yet secure the advan-
tages of the particular rotation illustrated
in the said Fig. 4; all such rotations being
equivalents with respect to securing, as near-
ly as possible, uniform use of the switches.

Referring now to the connections between
the second selectors V and the connectors
W, it will be observed that the connectors
of each major group are connected to the
bank contacts of second selectors of a minor
group of each major group of second
selectors, the minor groups correspond-
ing in order to the order of the connec-
tor major groups. Thus, connectors of
the first major group are connected to
second selectors of the first minor groups,
connectors of the second major group to
second selectors of the second minor groups,
and so on. In this interconnection there is
preferably no rotation but the order of con-
nection is regular, as illustrated.

From the above it will be apparent that
any calling line may obtain access through
its line selectors Q to any major group of
first celectors U and thence to any second
selector V and connector W. Thus a maxi-
mum number of chances for completing a
desired connection is obtained.
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From a consideration of the relation of
the connectors and the trunks connecting
therewith, made plain by the diagram of
Fig. 4, it will be apparent that the number
of connectors W allotted to a given group
of one hundred called lines may be made
greater or less than ten depending upon the
service requirements. For example, the lines
of a certain group of one hundred lines may
be so frequently called for as to require pro-
visions for establishing fifteen simultaneous
connections thereto. Fifteen connectors W
would therefore be provided. Five of said
connectors (say the first five) would then
be preferably connected to one hundred
second selectors V just as hitherto described,
the second five would be connected to the
remaining five points on each alternate one
of the same second selectors while the last
five would be connected to the remaining five
points of the remaining fifty of said second
selectors, thereby providing access to one-
third of said fifteen connectors W from one
hundred second selectors and providing ac-
cess to the remaining two-thirds from fifty
each of said one hundred second selectors.
It is apparent that if more than ten con-
nectors be required there are innumerable
orders in which they may be connected to
the corresponding second selector bank con-
tacts, but the one example given above is
sufficient to illustrate fully the principle
employed.

In the case of party lines upon which a
plurality of selectively signalled subscribers’
stations may be located as illustrated in
Figs. 1, 2 and 38, the connectors may be ar-
ranged also in a variety of ways. As an ex-
ample, T will assume that the one hundred
lines connected to the first minor groups of
the firzt major group of connectors be re-
served for four party selectively signalled
subscribers’ stations. Then the connectors
forming the second, third and fourth minor
groups of the same major group, I would
reserve for and connect to the same one hun-
dred lines. Thus, referring to Figure 4,
the one hundred (represented by nine) lines
connected to the first minor group of con-
nectors W would be the same lines as those
connected to the second, third and fourth
minor group connectors of the same major
group. This will be clear when it is stated
that the four subscribers upon a given line
would have numbers differing only in the
hundreds place. Thus, subscribers 1111,
1211,1311 and 1411 would be on the same line;
also subscribers 1100, 1200, 1300 and 1400
would all be on a second line, ete. At the
left hand portion of Fig. 1, part 1, the four
minor groups of connectors are indicated re-
spectively at W, W’, W2 and W* and it
will be understood that the generators ¢, g’,
g% g° (Fig. 1, part 4) of different frequen-
cies are respectively connected into circuit

with the said connectors W, W', W* and
W2, so as to signal selectively and respective-
ly the subscribers’ stations M’, M* M? and
M* which may be considered to be numbered
1111, 1211, 1311 and 1411, respectively.
Should now the entive number (ten) of con-
nectors be retained in each of these four
minor groups of connectors, it is apparent
that there would be provided a total of
forty connectors for this particular group of
one hundred liues. Unless a very large
number of calls were to be expected for the
subscribers on this group of one hundred
lines, fewer connectors in each or any of
these four minor groups could be employed,
say, seven. In such event, the last three line
bank contacts on each second selector V,
corresponding to the omitted connectors,
would not be used. 1t is, of course, obvious
that individual lines may, if desired, be in-

cluded in the same minor group or groups.

reserved for party lines but that in so doing
the bell of each such subseriber must be ca-
pable of responding to the particular fre-
quency given by the ringing generator con-
nected to the particular group of counectosrs
apable of connecting with the line. It is
also obvious that as many groups of lines
as desired may be reserved for party line
work,

Referring now to the number of line selec-
tors and first selectors provided for any
group of calling lines, it is apparent that
should a certain group of one hundred call-
ing lines initiate more than the average
number of calls, and more than could be
properly handled by ten line selectors Q
and their associated ten first selectors U,
then certain of the busiest lines would be
transposed by means of the distributing ap-
paratus DB, and other less busy calling
lines substituted, whereby, as previously de-
seribed, the number of calls initiated could
be maintained fairly constant in all groups.
Should, however, more than ten line selec-
tors be required for a group of calling lines,
then additional ones may be added (as well
as the corresponding number of line selec-
tors) without increasing the number of
second selectors V. As an example, I will
assume that a certain minor group of one
hundred calling lines requires fifteen line
selectors @ (and fifteen first selectors U)
to provide for fifteen co-existing calls. The
ten already present fivst selectors U for said
group of one hundred lines are distributed
among the ten major groups of said first
selectors, one in each group. The added five
first selectors may be placed respectively in
each alternate major group and preferably
in the same minor groups containing the
already present first selectors. The bank
contacts of each added first selector would
then preferably be wired to the correspond-
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ingly numbered bank contacts of the already
present first selector in the same minor
group, whereby double access could be had
to the second selectors V in each alternate
major group. 1t is obvious that other dis-
tributions could be as readily employed. In
all cases the added line selectors @ would
have their bank contacts multiply connected
to the calling lines in the same manner as
the already present line selectors Q.

Althongh 1n my general discussion I have
assumed that a suflicient number of second
selectors and a sufficient number of connec-
tors would always be provided to furnish
facilities for the maximum uses of such
switches, yet it is obvious that should all
trunks be found busy at the time when
either a first selector or a second selector
might be searching for an idle trunk, then
the secondary wipers of the seeking switch
would, in the system of Fig. 1, rotate to the
next norinal position, and the said switch,
upon the restoration of the receiver to its
hook switch by the calling subscriber, would
be restored just as hitherto described. Simi-
Iarly, in the case of Fig. 2, preferably
assuming (especially in case a circular
switch be employed) that the last line con-
tact points of a series be left dead, as
hitherto explained, the release would also
be effected should all trunks be found busy.
Similarly, in the case of ¥ig. 3, where two
motion switches are employed, should all
trunks be found busy, then, as hitherto de-
seribed, the restoration would be effected
upon the hanging up of the calling sub-
scriber. In fact, whatever style of switches
be employed, it is obvious that even if all
trunks be found busy, my invention pro-
vides means for restoring all switches to
normal upon the calling subscriber replac-
ing his receiver.

Switeh construction.

Obviously in the practice of the various
forms of the invention heretofore described,
many different switch constructions may be
employed to perform the switching opera-
tions therein indicated. As previously
noted, the circuits of Fig. 1 are devised for
use with switches of the first class which,
it will be remembered, are of the rotary type
having a step-by-step release; likewise, the
cireuits of Fig. 2 are devised for use with
switches of the second class which are recti-
linear, arcuate or circular in form and pro-
vided with a spring, or equivalent, release;
and the civeunits of Fig. 3 are devised for use
with switches of the third class, having pri-
mary and secondary movements and pro-
vided with a spring, or equivalent, release.

Switches of the first class—A preferred
switch construction for this class of switches
is illustrated in its mechanical form in Figs.
5 and 6 and the diagrams of Figs. 8 to 11,

inciusive, disclogse the arrangement of its
hank contacts. This construction is applica-
ble to the several selectors Q, U, V and the
connector W but, for convenience in describ-
ing, the illustration may be deemed to be
that of a line selector Q. The switch con-
sists essentially of primary and secondary
wipers mounted on concentric shafts, inde-
pendent mechanism for operating said wip-
ers, and co-operating primary and second-
ary bank contacts arranged in an annular
bank, concentric with said shafts. The
irame, which supports these parts, com-
prises a circular top plate 487 and a similar
bottom plate 488. The contact bank is com-
posed of sets of individual and strip con-
tacts, of the character illustrated in Figs.
8 to 11, inclusive, arranged with intervening
insulation 489. The various parts forming
the contact bank are preferably held in place
by serews 490 which extend through the top
plate 487 and the insulation 489 into thread-
ed engagement with the bottom plate 488
The primary shaft 115 is journaled at one
end in the center ¢f the base plate 488 and
at its opposite end in a bridee 491 forming
part of the top plate 487 and provided with
oppositely extending stops 492—493 which
project respectively into the planes of the
primary and secondary vratchet wheels
114—114" so as to co-operate with the pri-
mary and  secondary driving pawls
115—113" respectively. These pawls are
spring  pressed against their respective
ratchet wheels and are carried upon simi-
larly shaped armatures 112—112" of the pri-
mary and secondary magnets PM and SM
respectively. The armatures 112—1127 are
normally held in retracted position by springs
494—494" respectively. The return move-
ment of the armature 112 is limited by stop
495 while its advance movement is limited
by the engagement of pawl 113 with the stop
402, A like construetion is provided for ar-
matuve 1127 of the secondary magnet SM.
In each instance, the stroke of either arma-
ture is such as to advance the corresponding
ratchet wheel one tooth wupon each ener-
gization of the magnet. The advance of
the ratchet wheel is limited at the end of
cach stroke by the pawl locking its engaged
tocth by reason of the inclination given to
the stop.  Thus it will be seen that upon the
operation of primary magnet PM, ratchet
wheel 114 and shaft 115 will be actuated,
and upon a like operation of secondary mag-
net SM, ratchet wheel 114" and shaft 1157
will be actunted. The shaft 115 is provided
with a hub 496 which is rigidly secured to
it and which carries a set of wipers whose
outer ends co-act with two rows of bank con-
tacts. These wipers and bank contacts con-
stitute the primary portion of the switch.
As shown in Fig. 8, there are preferably ten
primary wipers, each normally bridging a
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pair of independently insulated bank con-
tacts. T‘om of the wipers designated 26,
27, 28, 28, correspond to the similarly desm-
nated pr nuﬂly wipers of the diagram, and
as there shown, co-operate with bank con-
tacts 30, 81, 82, and 33 respectively. In the
diagram, conductors are shown permanently
connected to these wipers, but the preferred
construction is that shown in Fig. 6 and dia-
grammatically illustrated in Flg. 8, wherein
the umductms are connected to plates such
as 267, 277,267 and 29" instead of to the wip-
ers 26, 27, 28, 29, and the electrical connec-
tions between these plates and the asso-
ciated hank contacts are accomplished by t
the bridging action of the associated wiper.
As indicated in the diagram, the wipers
28 zmd 29 in passing over the bank con-
tacts 32—33 bridge the space between ad-
jacent contacts. In the diagram this is in-
dicated by a wiper having a broadened end,
while in the actual switch construction it is
accomplished by providing bank contacts of
a greater width than those where this bridg-
ing action is not required. Obviously, the
method of the diagram might equally be em-
Ployed in the switch construction. The re-
maining wipers of this primary group are
used together with the associated bank con-
tacts as primary off-normal switches. It
will be seen that this can readily be done
since normally any given wiper bridged a
pair of contacts, and when moved from nor-
mal, breaks said connection at once and
brldoeo a second set of contacts. Thus, as
mchc ated, in Fig. 8, upon the first movement
of the primary \leers wiper 497 moves out
of engagement with its normally engaged
bank centacts and into engagement with con-
tact strip 120 and its mate. This action cor-
responds exactly to the operation of nor-
mally closed contact 108 and normally open
contact 120 described while considering Fig.
1. Similarly, wipers 498 and 113, when
moved from normal, bridge respectively con-
tact 216 and its mate, and contact 113% and
its mate. The remaining wipers shown in
the diagram are not employed in the case of
the line selector @, but it will be apparent
that they may be employed wherever a large
number of primary off-normal contacts are
necessary, as in a connector. In such event,
connections will be made with the different
sets of associated bank contacts, as required
by the operation of the system.

The secondary shait 1157, as previously
noted, carries the secondary ratchet wheel
114’ and said wheel in turn carries the sev-
eral sets (in the present instance, four) of
secondary wipers which co-operate with the
rows of secondary contacts forming part of
the contact bank. The secondary wipers
are insulated from the ratchet wheel 114’ by
switch insulation 499. The secondary bank
contacts include two sets of rows arranged

like the segment illustrated in Fig. 9, one
set of rows arranged like the se"ment of
Fig. 10, and one set of TowWs '1rrfmoed like
the segment of Fig. 11. The uranﬂement
of Tlo 9 is that of the line cont‘lcts the
rerfmoemﬂnt of Fig. 10 that of the pmv\te
or local conta wets; and the arrangement of
Fig. 11 that of off-normal contacts. As in
the case of the primary portion of the
switch, the wipers bridge the contacts of ad-
jacent rows. Thus, as “shown in Fig. 9, the
line wiper, say wiper 34, normally budtres
1ndependently insulated open contacts and
when moved from normal connects line con-
tact, say contact 37, with the conducting
stup 34" to which pemmnent electrical con-
nection is made instead of to the wiper as
Hlustrated in Fig. 1. Similarly, private
wiper 86, nounally resting upon independ-
ently insulated contacts, co-operates with
individual contacts 39 and contact strip 36’
In like manner, also, the wipers of Fig. 11
co-operate w ith the secondwry off-normal
contacts 119, 1408, 131, 217, 218. Upon in-
spection of F1U 11, it will be seen that
upon the first step of the wipers, contact
119 will be broken while contacts 140%, 131,
217, and 218 will be closed as requlred by
the operation of the system of Fig. 1, previ-
ously explained.

As shown, the primary portion of the
switch 1ncludes two line wipers, two private
or local wipers, and six off-normal switch
wipers, each with its assoclated segment of
bank contacts; and the secondary porton in-
cludes ten primary line wipers, ten second-
ary line wipers, ten private or local wipers,
and ten off-normal switch wipers. Thus
there is a secondary wiper 34 corresponding
to each of the primary bank contacts 30, a
like wiper corresponding to each primary
contact 31, a wiper 36 corresponding to each
primary contact 32 and a sufficient number
of off-normal contacts to care for all the re-
quired off-normal contacts, in fact, exceed
in number those required.

In operation, it will be apparent that the
primary wipers are stepped over their as-
sociated bank contacts until those bank con-
tacts corresponding to the secondary wipers
having access to the contacts of the calling
line are encountered. This, as explained
heretofore, is occasioned by the operation of
the primary magnet PM. As soon as the
proper secondary wiper is selected, the op-
eration .of the secondary magnet SM steps
all the secondary wipers over their bank
contacts until the contacts corresponding to
the calling line are encountered whereupon
further movement is prevented. At the
time of release, as previously explained, the
primary and secondary wipers are both in-
dependently advanced by the repeated ener-
gizations and de-energizations of their actu-
atmo magnets PM and SM until the wipers
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reach the position indicated in Figs. 8, 9, 10
and 11. When this position is reached, a
further advance of the wipersis discontinued
and the wipers are left in condition for a
new operation. It will be noted that with
this construction, the wipers are advanced
upon each operation through one-tenth of
a complete rotation. Obviously the num-
ber of wipers and the corresponding seg-
ments might be varied according to the re-
quirements of any given case or at the will
of the construetor.

Obviously, in using the switch just de-
scribed as a first selector, a second selector,
or a connector, there would be no occasion
to connect up the second set of private or
local contacts and the off-normal contacts;
both primary and secondary, would be con-
nected up as indicated in the diagram.

Switches of the second class—In switches
of the second class, the spring release pre-
sents a considerable variation in the ar-
rangement of the bank contacts from the
circular arrangement of the switches of the
first class. However, I have chosen to illus-
trate, largely for the sake of brevity, a
switch of the second class having substan-
tially the same structural arrangement as
the switch shown in Figs. 5 and 6. In this
instance, the primary and secondary magnets
are designated PM* and SM* to correspond
to the designation of the corresponding parts
of line selector Q" of Fig. 2. In this in-
stance, ratchet wheels 114—114" need be pro-
vided only with a sufficient number of teeth
to step the wipers over their associated bank
contacts, which, in the present case, are dis-
tributed over one-tenth of the circumference
of the switch. In this instance too, they
must be provided with additional teeth for
the engagement of the retaining pawls
499'—499% which are pivotally secured to
the bridge 491 of the top plate 487 and are
yieldingtfy held in engaging position by
spiral springs 500—501 acting between the
pawls and a fixed portion of the switch
frame. The armature 5017 of the release
magnet RM* which is yieldingly held in re-
tracted position, projects so as to engage the
tails of the pawls 499—499> when said ar-
mature is attracted, then, as previously de-
scribed, upon the energization of release
magnet RM?, the retaining pawls are with-
drawn from engaging position and the
ratchet wheels 114—114" together with the
attached wipers are instantly returned to
normal through the agency of spiral re-
tractile springs 502—503 actuating between
said ratchet wheels and a fixed point, such
as the bridge 491 of the switch frame. Ob-
viously, the retractile springs might be
otherwise located.

From the previous description of the oper-
ation of the first and second selectors and
connector of Fig. 2, it will be apparent that
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this same switch construction may be em-
ployed for each of the switches in the same
manner that the switch construction of Figs.
5 and 6 may be employed for the correspond-
ing switches of Fig. 1.

Meter mechanism construction—In Figs.
12 and 13, I have illustrated a switch of the
first class such as is shown in Figs. 5 and 6,
provided with an arrangement of type
wheels and co-operating mechanism for car-
rying out the functions of the mechanism
X of Fig. 1. In this instance, the primar
and secondary ratchet wheels 114—114" are
separated somewhat more than in Figs. 5
and 6, and gear wheels 504 and 505 are in-
terposed in the space thus provided; gear
wheel 504 being secured to ratchet wheel
114, and gear-wheel 505 to ratchet wheel
114’. The gear-wheels 504 and 505 mesh
respectively with gear-wheels 506 and 507
carried by concentric shafts 509 and 508 re-
spectively. The latter are suitably jour-
naled in the top plate 487 of the switch
frame and carry at their upper ends type
wheels 511 and 510 respectively. Wheel
510, thus, is moved in accordance with the
movement of secondary ratchet wheel 1147
and wheel 511 is moved in accordance with
the movement of the primary ratchet wheel
114. A strip 512, of paper, or other suit-
able material, for recording impressions ob-
tained from type wheels 510—511, is ar-
ranged to be wound from spool 518, suitably
journaled on the switch frame, over guiding
rollers 514 and 515 to a spool 516 also jour-
naled on the switch frame. The guiding
rollers 514—b515 are journaled upon suitable
projections of the top plate 487 of the
switch, and are located so as to bring the
recording strip 512 into close proximity to
the type wheels 510—511. At the point of
nearest approach of the recording strip to
the type wheels and located on the opposite
side of the strip from said wheels, is a yield-
ingly supporting hammer 144 which is
adapted to be thrown against the adjacent
portion of the strip 512 to press it into en-
gagement with the types on the wheels
510-—511 which, at the time of operation,
are directly opposite the engaging portion
of the hammer. The hammer is actuated
by the printing magnet 145 through the
agency of its armature 517 and by reason
of its spring support, it only makes a mo-
mentary engagement even though the arma-
ture be held attracted. In order to move
the recording strip 512 so as to bring a fresh
portion of the strip opposite the hammer
144 after each operation, the armature 517
is provided with a driving pawl 518 which
1s normally held by gravity, or its equivalent,
in engagement with a ratchet wheel 519 se-
cured to the spool 516. With this arrange-
ment, the retraction of the armature 517
rotates the spool 516 far enough to move the
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strip 512 the required distance. Any suit-
able inking device for applying ink on the
type wheels 510—511 may be employed.
From this description and what has pre-
ceded, it will be apparent that upon each
selecting operation of a line selector, definite
types will be brought opposite the hammer
144 and a definite 1mpression will be made
upon the recording strip. It will be at once
apparent that the impressions thus made
may be, if desired, the numbers of the call-
ing lines, or at least, numbers by which the
calling lines may be 1dentified. in this way,
an exact record is kept on the recording
strip 512 of all completed connections which
have been made, except in cases where such
record is not desired.

Switches of the third class—Figs. 14 to
18, inclusive, illustrate a switch of the third
class, which may be assumed to be a line
selector Q2 of Fig. 8. A suitable frame 520
supports the switch mechanism, which in-
cludes primary magnet PM’, secondary mag-
net SM7 and release magnet RM7, in associa-
tion with wipers 381—382—383, co-oper-
ating with bank contacts 385—386—387,
which are arranged in a bank 521 with their
free ends adapted for the attachment of
suitable conductors and having their con-
tacting inner ends terminating in a spheri-
cal surface. These bank contacts may be
arranged in any desired number of rows
of any desired number of contact sets each.
In the present instance, ten rows of ten sets
of contacts each are illustrated. The set of
wipers 581—382—383, are pivoted at the
center of rotation of the spherical surface
formed by the inner ends of the bank con-
tacts. The pivotal support for the wipers
is provided with a pivot 522 located near
the lower end of votary shaft 523, carried
by the frame 520. These wipers are rotat-
able with the shaft 523 in a horizontal or
primary direction, and, in addition, may be
rotated vertically about their pivot 522
through the agency of an additional Jongi-
tudinally movable shaft 524 having a broad
strip 525 at ite lower end which engages a
transverse slot in disk 526 which, in turn, is
rotatable in a bearing formed at the rear
end of the member 527 which carries the
wipers. Thus, by rotating the shaft 523,
the wipers may be given their primary
movement to the desired group, or row, of
bank contacts, and by subsequently giving
the shaft 524 a longitudinal movement, the
wipers may move to the desired bank con-
tacts in the selected group. The strip 525
on the shaft 524 is sufficiently broad to en-
gage the slot in the disk 526, no matter what
the position of the wipers may be. In addi-
tion to the wipers and bank contacts thus
provided, the fixed contacts 388 are ar-
ranged in a row below the fixed contacts
385—886—387 in the arc of a circle and in

1,576,814

a position to have their inner ends engaged
by the wiper 384 carried by, and insulated
from the shaft 523. As will be apparent,
the wiper 384 is capable of a horizontal, or
primary, movement only and therefore does
not partake of the secondary movement of
the wipers 381—3882—383. The mechanism
associated with the primary magnet PMT by
which the shaft 523 is given its primary or
rotary movement, comprises an actuating
pawl 528, carried by the armature 529,
adapted to engage the teeth of a ratchet
wheel 530 rigidly secured to the shaft 523
and adapted to step it around upon the suc-
cessive energizations and de-energizations of
the primary magnet PM? The forward
movement of the pawl 528 is limited by the
bevelled stop 531, secured to a portion of
the frame 520. Return movement of the
pawl is limited by an adjustable stop 532,
also carried by the frame 520 and ddapted
to engage the pawl 528 so as to throw its
engaging end outward away from the teeth
of the ratchet wheel 530. A spring 533,
carried by the armature 529, bears against
a portion of the pawl 528 and tends to force
it into its engaging position. 'The armature
529 is normally held in its retracted position
by means of a leaf spring 534, carried by
the magnet frame. The shaft 523 is re-
tained in its various positions by a retaining
pawl 535, pivoted upon the frame 520 and
normally pressed into engaging position by
a spring 536. The pawl 535 is provided
with a tail 537 which is adapted to be en-
gaged by the armature 538 of the release
magnet RM7, upon the energization of the
latter. When the release magnet is thus en-
ergized, the retaining pawl is therefore
moved out of retaining position. The upper
end of the shaft 523 1is surrounded by a
coiled retractile spring 539 which is placed
under increased tension by the movement of

the wipers from normal and co-acts between

the frame 520 and the shaft to return said
shaft and wipers to normal when they are
freed. The upper end of the shaft is also
provided with two lateral projections 540
and 541. The former of these normally
rests against the fixed stop 542, while the
latter carries an upwardly projecting pin
543. The pin 543 co-operates with contacts
of the primary off-normal switch PO and
when in a normal position, holds its con-
tacts against their inherent tension, in the
position illustrated, but as soon as moved
from normal, the contacts freely move un-
der their own spring action to their alter-
nate positions.

The secondary magnet SM7 through the
agency of its armature 544, actuating pawl
545 and ratchet teeth 546 on the shaft 524,
steps the latter downwardly to carry the
contact ends of the wipers to their vari-
ous engaging positions. The downward
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movement of the pawl 545 is limited by
a bevelled stop 547, carried by the mag-
net frame, while a similar square stop 548
moves the pawl out of engaging position
as soon as the former returns to normal.
The pawl is moved into its engaging posi-
tion by a leaf spring 549, carried by the
armature 544; and a similar spring 550
carried by the magnet frame, moves the
armature to its retracted position. A suit-
able retaining pawl 551 engages teeth 552
upon the shaft 524 to hold it in its different
operating positions. The shaft 524 is also
provided with a suitable spline 553 which,
after the first movement of the shaft, en-
gages the teeth of the ratchet wheel 530 to
lock the shaft 528 against rotation. The re-
taining pawl 551 is pivotally secured to a
bracket 554, carried by the upper portion
of the switch frame 520, and is normally
pressed into engaging position by a suit-
able spring 555, coiled about its pivot. The
free end of the retaining pawl 551 is con-
nected by a link 556 to the free end of the
primary retaining pawl 551. A pin and slot
connection between the link 556 and pawl
551, enables the latter to move freely as
the shaft 524 is moved downward but causes
it to be moved out of engaging position
whenever the release magnet is energized.
The secondary shaft 524 is restored to nor-
mal through the agency of a coiled tension
spring 557, secured at one end to a por-
tion of the frame 520 and at the other
end to one end of a lever 558 which is piv-
oted at an intermediate point to a projec-
tion 559 extending outward from the up-
per portion of the frame 520. The end
of the lever 558 opposite to that to which
the spring 557 is attached is connected
by a pin and slot connection with the shaft
524, Thus. it will be seen that upon each
energization of the release magnett RM”.
the retaining pawls 535 and 551 are moved
out of engaging position and the shafts 523
and 524 are returned to their normal po-
sitions. Since the shaft 523 has its ratchet
wheel 530 engaged with the spline 553, 1t
cannot begin its return movement until shaft
524 has moved the wipers beyond the first
set of bank contacts, the spline 553 being
so positioned with reference to the ratchet
wheel 530 and being of such a length as
to bring about this result. The contacts
of the secondary off-normal switches SO”
are normally held against their spring ten-
sion in the position illustrated in part 1,
of Fig. 8 through the agency of a projec-
tion 560, carried at the upper end of the
shaft 524.

In the case of the first and second selec-
tors U? and V2 a switch of the same con-
struction as the line selector may be em-
ployed, but in each instance there would
be no functions for the wiper 884 and its
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associated bank contacts 388 and therefore,
this would ordinarily be omitted and in
each instance, the proper arrangement of
primary and secondary off-normal switch

contacts would supplant those provided for ¥

the line selector. In each instance, the off-
normal switch arrangements of the corre-
sponding portion of the diagram of Fig. 8
would be followed. In the case of the con-

nector, the same switch construction may 7

also be employed. In such case, the wiper
384 and its contacts 388 would also be
omitted. The primary and secondary off-
normal switch contacts would also be re-
placed by a number corresponding to the
contacts of the corresponding parts in the
diagram of Fig. 8.

From the above description, it will be
seen that the switches of each class are com-
paratively simple in construction, requiring
only primary, secondary and release magnets
together with simple mechanical parts.

Master-switch construction—The master-
switch O of the several diagrams which con-
trols the operation of the various line se-
lectors, may also be comstructed in various
forms, but I preferably employ a construc-
tion of the character illustrated in Figs. 19
and 20. As therein indicated, the fixed con-
tacts 22-—23 are located in a bank 561, pref-
erably arcuate in form, and have their inner
ends arranged concentrically to the shaft 139
which carries the wipers 20—21 whose outer
ends are adapted to engage the inner ends
of the bank contacts. The latter are suitably
insulated from each other, and their outer
ends are arranged for connection to conduc-
tors adapted to extend to the various line
selectors. Although in the diagram but a
single set of wipers and bank contacts is
shown, I preferably employ three sets of
wipers in association with bank contacts
which embrace one hundred and twenty de-
grees of the arc of a circle. This is clearly
the equivalent of one set of wipers asso-
ciated with bank contacts extending com-
pletely around the circle. The switch struc-
ture comprises, in addition, the motor mag-
net MM, but does not necessarily include the
control relays 24—25. The latter may be
mounted at any desired point. The wipers
are suitably insulated from ecach other and
their supporting shaft 139 which is journaled
in the frame 562 which also supports the
contact bank 561. The shaft 139 carries a
pivoted wheel 138 which is rigidly mounted
thereon and adapted to be rotated in re-
sponse to the movements of the pawls
187—187", carried by the irregularly shaped
armature 136 rotatably supported upon the
shaft 139 and co-operating with the pawls
137—137" of the motor magnet MM. Thege
pole pieces are angular in form and one leg
of each is secured to the end of the magnet
core which, together with the pole pieces, is
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located between the upward projections
568—569 of the frame 562. Tach of the
pawls 187—187’ is spring pressed into en-
gaging position, while the armature itself
1s restored to its retracted position by means
of a leaf spring 570 which, at one end en-
eages said armature, and at the other end is
fixed to the projection 5068 of the frame.
The movement of the armature 136 is limited
by the pawls 137—137 engaging the stops
571 and 572 respectively, carried upon the
contact banlk 561. The pawl 137" is also
adapted to ride upon the pin 573 secured
adjacent to the stop 572. In the operation
of the switeh, upon the energization of mo-
tor magnet MM, its armature is attracted
and thereby the pawl 137 is advanced until
it engages stop 571. During its advance
movement, pawl 137" rides upon pin 573 and
thereby moves its end out of engagement
with the tecth of the wheel 138, Upon the
return movement of the armature, the pawl
187’ drops into the next notch in the toothed
wheel and comes up into engagement with
stop 572. With the parts in the position il-
lustrated, or when the the armature 136 hags
been moved far enough to bring pawl 137
into engagement with stop 571, one of the
sets of wipers 20—21 will be exactly over
the center of the corresponding bank con-
tacts 22—23. 1f the energization of the mo-
tor magnet MM is such that the pawl 137
is not advanced a complete step, the pawl
upon return, due to the proportioning of the
parts, will engage a notch in the wheel 138
and return the wheel and the wipers to their
previously occupied position. Thus, it is im-
possible to leave the wipers in other than a
position in exact registry with the set of
bank contacts,

Slot mechanism.—Obviously, many differ-
ent forms of slot mechanism may be em-
ployed in the system of Fig. 1. In Fig. 21,
I have illustrated one such form. In this
construction, the mechanism is enclosed in
a suitable casing 578 provided with a slot
574 for the deposit of the token. The slot
is provided with two outlets, one of which
permits the return of the token into the
socket 575 located on the outside of one wall
of the casing 573 so as to allow of the re-
moval of the token by the calling party.
The other path, as in the diagram, leads in
the opposite direction .and through it the
token is deposited in the casing 578 when-
ever the mechanism is operated to collect
the token. The polarized magnet 82 is suit-
ably supported within the casing 573 in
proximity to the switch-hook 76 which co-
operates with a set of contacts 574 to change
the substation circuits in the manner pre-
viously described. In the preferred con-
struction, the armature arm 95 of the dia-
gram is replaced by a pivoted stop arm 959,
an armature 95* and a connecting link 95

1,576,814

Upon the removal of the recelver from the
switch-hook 76, it has its outer end raised
by the leaf spring 575 and thereby moves
arm 95* to its intermediate position to re-
tain the deposited token as previously ex-
plained. The movement of armature 95"
which accompanies this movement of arm
95* does not continue far enough to cause
the spring 600 to contact with spring 97.
This contact occuis when magnet 82 is ener-
gized in a direction so as to collect the token.
In such case, alternate contact 97 is made
and immediately thereafter normal contact
97 s broken as will be evident from the con-
tact arrangement.  Similarly, contact 98 is
30 located with reference to the slot 574 that
upon the deposit of a token, it will be moved
from its normal to its alternate position as
will be apparent.

In practicing my invention, it will be at
once apparent from the above disclosure
that many cther alterations and modifica-
tions than those heretofore suggested may
be made not only in the mechanical construc-
tien of the various parts but also in many
of the circuit arrangements, without depart-
ing from the spirit and scope of the inven-
tien. I, therefore, do not wish to be lim-
ited to the specific matter disclosed but aim
to cover by the terins of the appended claims
all such alterations and modifications.

I claim—

1. A telephone exchange system compris-
ing a telephone line; a line selecting switch
including movable contacts some of which
have primary and secondary movements;
primary and secondary relays for control-
ling said primary and secondary movements
respectively; primary and secondary off-
normal switch contacts actuated upon said
primary and secondary movements respec-
tively: an initial energizing cirveuit for said
primary relay including primary off-normal
switch contacts; a maintaining circuit for
said primary relay including one of said
movable contacts; a release magnet; an ini-
tial energizing circuit for said secondary
relay including primary and secondary off-
normal switch-contacts and contacts of said
primary relay; a maintaining circuit for
sald secondary relay including contacts of
said secondary relay, contacts of said re-
lease magnet and another of said movable
contacts, means for establishing a condition
such as to cause the interruption of said
maintaining circuits at  predetermined
peints in the respective movements of said
movable contacts; and means operated upon
the energization of said release magnet to
restore said switch parts to normal.

2. A telephone exchange system compris-
ing a telephone line; a line selecting switch
mcluding movable contacts some of which
have primary and secondary movements;
primary and secondary relays for control-
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ling said primary and secondary movements
respectively ; primary and secondary off-nor-
mal switch contacts actuated upon said pri-
mary and secondary movements respective-
Iy; talking strands mcluding certain of said
movable contacts and contacts of said sec-
ondary relay; an initial energizing circuit
for said primary relay including primary
off-normal switch contacts, a maintaining
circuit for said primary relay including an-
other of said movable contacts; a release
magnet; an initial energizing circuit for
said secondary relay including primary and
secondary off-normal switch contacts and
contacts of said primary relay; a maintain-
ing circuit for said secondary relay includ-
ing contacts of said secondary relay, con-
tacts of sald release magnet and another of
said movable contacts, means for establish-
ing a condition such as to cause the inter-
ruption of said maintaining circuits at pre-
determined points in the respective move-
ments of said movable contacts; and means
operated upon the energization of said re-
lease magnet to restore said switch parts to
normal.

3. A telephone exchange system compris-
ing a telephone line; a line selecting switeh
including movable contacts having primary
and secondary movements; primary and
secondary relays for confrolling said pra-
mary and secondary movements respec-
tively; primary and secondary off-normal
switch contacts actuated upon said primary
and sccondary switch movements respec-
tively; means for energizing said relays so
as to cause said movable contacts to move
to predetermined points; release means for
restoring said switch parts to normal; and a
release circuit for said release means in-
cluding certain of said secondary off-normal
switch contacts.

4. A telephone exchange system compris-
ing a telephone line; a line selecting switch
including movable contacts having primary
and secondary movements; primary and
secondary relays for controlling said pri-
mary and secondary movements respec-
tively; primary and secondary off-normal
switch contacts actuated upon said primary
and secondary switch movements respec-
tively, means for energizing said relays so
as to cause said movable contacts to move
to predetermined points; means for restor-
ing said switch parts to normal when re-
leased ; a magnet for releasing said switch;
a control circuit for said release magnet
mneluding certain of said secondary off-nor-
mal switch contacts; and means cuntrolled
over the connected telephone line for clos-
ing said release circuit.

5. A telephone exchange system compris-
ing a telephone line; a line selecting switch
including movable contacts having primary
and secondary movements; primary and sec-

ondary relays for controlling said primary
and secondary movements respectively; pri-
mary and secondary off-normal switch con-
tacts actuated upon said primary and sec-
ondary switch movements rvespectively;
means for energizing said relays so as to
cause said movable contacts to move to pre-
determined points; means for restoring said
switch parts to normal when released, a
magnet for releasing said switch; a release
relay for controlling the energization of
said release magnet; an energizing circuit
for said release relay including certain of
sald secondary off-normal switch contacts;
and means controlled over the connected
telephone line for closing said energizing
circuit.

6. A telephone exchange system compris-
ing a telephone line; a line selecting switch
including movable contacts having primary
and secondary movements; primary and sec-
ondary relays for controlling said primary
and secondary movements respectively; pri-
mary and. secondary off-normal switch con-
tacts actuated upon said primary and sec-
ondary switch movements respectively; talk-
ing strands including certain of said mov-
able contacts and contacts of said secondary
relay; means for energizing said primary
relay so as to cause said contacts to move a
predetermined distance in a primary direc-
tion; means for energizing said secondary
relay so as to cause said contacts to move
a predetermined  distance in a secondary
direction and maintaining said talking
strands open during such movement; means
for restoring said switch parts to normal; a
release circuit for said release means includ-
ing certain of said secondary off-normal
switch contacts; and means for energizing
said secondary relay during a portion of the
return movement of the switch, to open said
talking strands.

7. A telephone exchange system compris-
ing a telephone line; a line selecting switch
including movable contacts having primary
and secondary movements; primary and sec-
ondary relays for controlling said primary
and secondary movements respectively; pri-
mary and secondary off-normal switch con-
tacts actuated upon said primary and sec-
ondary switch movements respectively ; talk-
ing strands including certain of sald mov-
able contacts and contacts of said secondary
relay; means for energizing said primary
relay so as to cause said contacts to move
a predetermined distance in a primary
direction; means for energizing said sec-
ondary relay so as to cause said contacts te
move a predetermined distance in a sec-
ondary direction and maintaining said talk-
ing strands open during such movement;
means for restoring said switch parts to nor-
mal when released; a magnet for releasing
said switch; a control circuit for said re-
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lease magnet including certain of said sec-
ondary off-normal switch contacts; means
controlled over the connected telephone lire
for closing said release circuit; and means
for energizing said secondary relay during
a portion of the return movement of the
switch, to open said talking strands.

8. A telephone exchange system compris-
ing a telephone line; a line selecting switch
including movable contacts having primary
and secondary movements; primary and sec-
ondary relays for controlling said primary
and secondary movements respectively; pri-
mary and secondary off-normal switch con-
tacts actuated upon said primary and sec-
ondary switch movements respectively ; talk-
ing strands including certain of said mov-
able contacts and contacts of said secondary
relay; means for energizing said primary
relay so as to cause sald contacts to move
a predetermined distance in a primary di-
rection; means for encrgizing said second-
ary relay so as to cause said contacts to move
a predetermined distance in a secondary
direction and maintaining said talking
strands open during such movement; means
for restoring said switch parts to normal
when released; a magnet for releasing said
switch; a release relay for controlling the
energization of said release magnet; an ener-
gizing circuit for said release relay includ-
ing certain of said secondary off-normal
switch contacts; means controlled over the
connected telephone line for closing said
energizing circuit; and means for energizing
said secondary relay during a portion of the
return movement of the switch, to open said
talking strands.

9. A telephone exchange system compris-
ing a telephone line extending from a sub-
scriber to the exchange; a selecting switch
for extending the circuit of said line, in-
cluding movable contacts having primary
and secondary movements; off-normal switch
contacts actuated upon said secondary move-
ment; a primary magnet for causing said
primary movement; an energizing circuit
for said primary magnet including certain
of said secondary off-normal switch con-
tacts; and a relay under the control of the
subscriber to make and break said energizing
circuit, whereby said switch contacts are
given their primary movement.

10. A telephone exchange system compris-
ing a conductor; a selecting switch for estab-
lishing connection with said conductor, in-
cluding movable contacts having primary
and secondary movements; primary and sec-
ondary off-normal switch contacts actuated
upon said primary and secondary move-
ments respectively; a secondary magnet for
causing said secondary movement; an initial
control circuit for said secondary magnet
including primary and secondary off-normal
switch contacts; and a subsequent contrel
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circunit for said secondary magnet including
one of said movable contacts.

11. A telephone exchange system compris-
ing a conductor; a selecting switch for estab-
lishing connection with said conductor, in-
cluding movable contacts having primary
and secondary movements; primary and sec-
ondary off-normal switch contacts actuated
upon said primary and secondary move-
ments respectively; a secondary magnet for
causing said secondary movement; an initial
control circuit for said secondary magnet
including primary and secondary off-normal
switch contacts; a release magnet; and a sub-
sequent control circuit for said secondary
magnet including contacts of said release
magnet and one of said movable contacts.

12. A telephone exchange system compris-
ing a conductor; a selecting switch for estab-
lis%ing connection with said conductor, in-
cluding movable contacts having primary
and secondary movements; a secondary mag-
net for causing said secondary movement;
a secondary relay for controlling said sec-
ondary magnet; talking strands including
certain of said movable contacts and contacts
of said secondary relay; a release magnet, an
energizing circuit for said secondary relay
including contacts of said release magnet
and another of said movable contacts.

13. A telephone exchange system compris-
ing a conductor; a selecting switch for estab-
lishing connection with said conductor in-
cluding movable contacts having primary
and secondary movements; primary and sec-
ondary off-normal switch contacts actuated
upon said primary and secondary move-
ments respectively; a secondary magnet for
causing said secondary movement; a second-
ary relay for controlling said secondary
magnet; talking strands including certain
of said movable contacts and contacts of
said secondary relay; an initial energizing
circuit for said secondary relay including
certain of said primary and secondary off-
normal switch contacts; and a maintaining
circuit for said secondary relay including
another of said movable contacts.

14. A telephone exchange system compzis-
ing a conductor; a selecting switch for es-
tablishing connection with said conductor
including movable contacts having primary
and secondary movements; primary and sec-
ondary off-normal switch contacts actuated
upon said primary and secondary move-
ments respectively; a secondary magnet for
causing said secondary movement; a sec-
ondary relay for controlling said secondary
magnet; talking strands including certain
of said movable contacts and contacts of
said secondary relay; an initial energizing
circuit for said secondary relay including
certain of said primary and secondary ofl-
normal switch contacts; and a maintaining
circuit for said secondary relay including
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another of said movable contacts; a release
magnet; and a maintaining circuit for said
secondary relay including contacts of said
release magnet and another of said movable
contacts.

15. A telephone exchange system compris-
ing a conductor; a selecting switch for es-
tablishing connection with said conductor,
including movable contacts having primary
and secondary movements; a secondary re-
lay; a release relay; and a secondary mag-
net for causing said secondary movement of
said movable contacts, having its winding
in a circuit including normally closed con-
tacts of said release relay and normally open
contacts of said secondary relay.

16. A telephone exchange system compris-
ing a conductor; a selecting switch for es-
tablishing connection with said conductor,
including movable contacts having primary
and secondary movements; vrimary off-nor-
mal switch contacts closec upon the firgt
primary movement of said movable contacts;
secondary off-normal switch contacts opened
upon the first secondary movement of said
movable contacts; a relay, talking strands
including certain of said movable contacts
and normally closed contacts of said relay;
means for moving said movable contacts to
predetermined points; means including a
release magnet for restoring said switch
parts to normal; a release relay for centrol-
ling said release magnet; means for ener-
gizing sald release relay; an energizing
cireuit  for said first mentioned relay
closed in response to such energization of
said release relay through actuated primary
off-normal gwitch contacts and contacts of
said release relay; and means for restoring
said primary off-normal switch contacts to
normal at the end of the veturn movement
of said movable contacts, whereby said en-
ergizing civeuit is interrupted and said talk-
ing strands thus closed.

17. A telephone exchange system compris-
g a telephone line, talking conductors for
extending the circuit of said line, a cut-off
relay for varying the connections of said
line, means for initially energizing said re-
lay over a circuit including a portion of one
of said talking strands, and meang for shift-
ing the circuit of said relay from that in-
cluding said talking strand te a local con-
ductor.

18. A telephone exchange system compris-
ing a telephone line, associated automatic
switches and link-circuits for extending the
cirenit of said line, means for grounding
the limbs of said telephone line to operate
said switches, a normal ground connection
on said line, a relay for removing said
ground connection to render said line free
for the operation of said switch operating
grounding means, means for initially ener-
gizing said relay over a portion of a talking
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strand of one of said link-circuits, and
means for subsequently shifting the circuit
of said relay to a local conductor.

19. A telephone exchange system compris-
ing a telephone line, associated automatic
switches and link-circuits for extending the
circuit of said line, a non-numerical switch
and a relay energizable over the two sides of
said line in series for connecting said line
to said switches, relays bridged across the
line and adapted to be energized at a definite
point in the operation of said switches, a
release circuit for certain of said switches
controlled by said relays, and means for
maintaining said relays energized so as to
prevent the completion of said rvelease
cireuit.

20. A telephone exchange system compris-
ing a subscriber’s telephone line, associated
automatic switches and link-circuits for ex-
tending the circuit of said line, a non-nu-
merical switch and a relay energizable over
the two sides of said line in series for con-
necting said line to said switches, relays
bridged across the line and adapted to be
energized at a definite point in the operation
of said switches, a velease civeuit for certain
of said switches controlled by said relays,
and means under the control of the sib-
scriber for maintaining said relays energized
so as to prevent the completion of said re-
lease circuit.

21. A telephone exchange system compris-
ing a subscriber’s telephone line, substation
equipment including  control mechanism,
and contacts, automatic progressively mova-
ble switch mechanism at the exchange for
connecting lines and operated responsive to
the opening of a subscribers’ line civeuit to
automatically velease said switch mecha-
nism, and means for preventing the opera-
tion of said switch mechanism until said
control mechanism has been operated in a
definite way to bridge said contacts across
the said subscriber’s telephone line.

22. A telephone exchange system com-
prising telephone lines, a central source of
energy, a plurality of associated automatic
switches and link-circuits for uniting said
lines in the establishment of a conversa-
tional circuit, means for connecting said
source of energy to said conversational cir-
cuit for supplying talking current, a release
relay for controlling the release of each of
sald switches, means for including a plural-
ity of said relays in parallel branches of an
energizing circuit to cause the release of the
switches controlled by them, audible means
operable over a subseriber’s line for advising
said subscriber when he may initiate a call.

23. A telephone exchange system compris-
ing a telephone line and associated auto-
matic switch mechanism for service in ex-
tending the circuit of said line, said mecha-
nism including only passive and active main
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contacts, said mechanism being adapted for
primary and secondary adjustment, primary
and secondary off-normal contacts, magnets
and connected mechanism for operating said
active contacts, relays, and suitable electrical
connections.

94. A telephone exchange system compris-
ing a telephone line, a line selecting switch
including a plarality of contact groups, con-
tacts of said line included in one of said
groups, movable contact makers for said
switch, one set for each of said groups, an
auxiliary selecting switch having a contact
maker capable of selecting any set of said
first-mentioned contact makers, a line relay
individuaal to said line and operable by cur-
rent thereover, and electrically controlled
adjusting means for said switches, operative
responsive to said relay, to cause said auxil-
iary switch to select the set of contact mak-
ers for the contact group including the con-
tacts of said line, and for causing said set to
gelect said contacts of said line.

25. A telephone exchange system compris-
ing telephone lines, multiple calling contacts
for said lines arranged in a plurality of
groups at the exchange, a selecting switch
having a movable contact, one for cach of
said groups, an additional movable contact
common to said groups, line relays one for
each of said lines, and electrically controlled
adjusting means for said movable contacls
serving on operation of any line’s relay to
cause the movable contact for the respective
group to select the contacts of the line whose
relay is operated, and also to cause said ad-
ditional contact to select the movable contact
that selects the line.

26. A telephone system comprising tele-
phone lines, multiple contacts therefor at the
exchange arranged in superposed groups, a
selecting switeh at the exchange including
superposed traveling contacts, one for each
group, means for simultancously moving
said traveling contacts along the multiple
contacts of their groups, line relays one for
each of said telephone lines, and circuit con-
nections controlled by the line relay of a
line to render said means effective to adjust
the traveling contact for the group, includ-
ing said line, to connection with said line.

97. A telephone system comprising tele-
phone lines, multiple contacts therefor at the
exchange arranged in superposed groups, a
selecting switch ab the exchange including
superposed traveling contacts, one for each
group, means for simultaneously moving
said traveling coutacts along the multiple
contacts of their groups, line relays one for
cach of said telephone lines, circuit connec-
tions controlled by the line relay of a line to
render said means effective to adjust the
traveling contact for the group, including
said line, to connection with said line, and
means for causing further travel of said
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contacts in the original direction to a normal
point.

- 28. A telephone system including a tele-
phone line, a line relay therefor responsive
to currents controlled at the substation,
multiple contacts for said line normally un-
selectable In character, means controlled by
said relay when operated to render said con-
tacts selectable, a line selector adapted when
started responsive to currents controlled at
the substation to automatically select said
contacets, switch contacts included in said
line selector adapted to form part of the
talking civeuit for said line, an additional
switch contact for said selector, a -cut-off
relay for said line, an initial civenit estab-
lished for said relay on selection of said
line including a talking contact of said line
selector, and a maintaining cireuit thevefor

excluding said talking contact and including 83

said additional contact.

29. The combination with a telephone line,
of a line relay therefor, o cut-off relay fov
said line having switch contacts controlling
the civeuit of said line velay, a multiple con-
tact for said line normally in civeuit with
the winding of said cut-off relay, another
multiple contact for said line normally is-
connected from said winding, a connection
terminal adapted to be applied to said mnulti-
ple contacts, means for initially energizing
said cut-off relay on application of said
terminal over a cireuit including a switch
contact of said connection terminal and said
first multiple contact, and means controlled
by said cut-off relay for establishing a main-
taining civeuit for said relay excluding said
first multiple contact and including said
other multiple contact, substantially as de-
seribed.

30. In a telephone system, the combina-
tion with a telephone line, a normally at
rest automatic switeh, a plurality of direc-
tively operable switches extending connec-
tion from said line to said antomatic switch,
means operable over said telephone line for
advising the subscriber that he may operate
said switches to connect his line to said
automatic switeh, a release conductor sepa-
rate from the talking circuit extending con-
ductively through all said switches, a rve-
lease contrelling magnet for cach of said
switches connected with said conductor, a
source of current, and means for applying
the same to said conductor to energize said
magnets.

31. A telephone system including a tele-
phone line, a selective switch in connection
therewith, a plurality of other selecfive
switches co-operating with said first-men-
tioned switch in extending the talking cir-
cuit of said line through contacts of a plu-
rality of said switches, means for giving
the subscriber an audible signal to advise
him that he may operate said switches to
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connect his line to said selective switch, and
a release conductor separate from the talk-
ing circuit conductively extending to all of
sald switches.

32. A telephone system comprising call-
ing and called subscribers’ lines, a plurality
of link-circuits, a plurality of automatic
switches for linking said hnk-circuits and
lines together to complete a talking circuit,
means for giving the subscriber an audible
signal to advigse him that he may operate
said automatic switches, and a release con-
ductor separate from the talking circuit con-
ductively extending to all of said switches.

33. A telephone system comprising call-
ing and called subscribers’ lines, a plurality
of link-civeuits, a plurality of automatic
switches for linking said link-cireuits and
lines together to complete a talking cir-
cuit, means for giving the subscriber an
audible signal to advise him that said
switches may be operated to complete said

talking circuit, a release conductor separate

from the talking cireuit conductively ex-
tending to all of said switches, release mag-
nets for said switches connected to said con-
ductor, and means for applying current to
said conductor to energize said magnets.

34. A telephone system comprising a tele-
phone line, a trunk, a line selector and a
trunk selector, means for advancing said
selectors to conmnecting positions, release
means for restoring said selectors to normal,
a control relay for disconnecting the wipers
of said trunk selector during their release
movement, and a release magnet for con-
trolling said release means and the actuation
of said control relay.

35. A telephone system comprising a tele-
phone line, a trunk, a line selector and a
trunk selector, means for advancing said
selectors to connecting positions, release
means for restoring said selectors to normal,
control relays for disconnecting the wipers
of said selectors during their release move-
ment, and a release magnet for controlling
said release means and the actuation of said
control relays.

36. A telephone system comprising a tele-
phone line, a trunk, a line selector and a
trunk selector, means for advancing and re-
leasing the wipers of said selectors, a con-
trol relay for disconnecting the wipers of
one of said selectors during its release move-
ment, and a release magnet for controlling
the release of said other selector and the
actuation of said control relay.

37. A telephone system comprising a tele-
phone line, a trunk, a line selector and a
trunk selector, means for advancing and re-
leasing the wipers of said selectors, a con-
trol relay for disconnecting the wipers of
said trunk selector during its release move-
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ment, and a release magnet for controlling
the release of said line selector and the actua-
tion of said control relay.

38. A telephone system comprising tele-
phone lines, link-circuits and two automatic
switches for use in uniting calling and called
lines, means for advancing and releasing the
wipers of said switches, a control relay for
disconnecting the wipers of one of said
switches during its release movement, and
a release magnet for controlling said release
means and the actuation of said control re-
lay.

39. A telephone system comprising tele-
phone lines, link-circuits and two automatic
switches for use in uniting calling and
called lines, means for advancing said
switches to connecting positions, release
means for restoring said switches to normal,
control relays for disconnecting the wipers
of said switches during their release move-
ment, and a release magnet for controlling
said release means and the actuation of said
control relays.

40. A telephone system comprising tele-
phone lines, link-circuits and two automatic
switches for use in uniting calling and called
lines, means for advancing and releasing the
wipers of said switches, a control relay for
disconnecting the wipers of one of said
switches during its release movement, and a
release magnet for controlling the release
of said other switch and the actuation of said
control relay.

41. In an automatic telephone system, a
progressively movable switching mechanism
comprising a normally inoperative motor
magnet, having a circuit provided with two
sets of contacts and separate devices con-
trolling the motor magnet which operate
conjointly to simultaneously open one set of
contacts and close the other, cne of said de-
vices being adapted to close the contacts con-
trolled by it while the other device holds its
contacts closed, a source of current supply
and a telephone instrument circuit and
means for transmitting impulses of current
thereover to operate the devices controlling
the motor magnet, and an audible signal for
advising the subscriber of said telephone in-
strument when said switching mechanism is
in condition to be operated.

42. A subscriber’s line a progressively
movable mechanism comprising a normally
inoperative motor device and electromag-
netic mechanism for controlling its move-
ment in unision with successive current im-
pulses of given frequency, means for first
rendering the motor device operative and
secondly causing it to respond to said con-
trolling mechanism only during the trans-
mission of such impulses and means for
producing the latter, and means transmitted
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over the subscriber’s line to advise the sub-
scriber when said mechanism is in condi-
tion to be operated.

43. The combination with a normally
open operative circuit an impulse transmit-
ter arranged therein and a progressively
movable mechanism comprising a normally

" inoperative motor magnet, means operable

over said circuit to advise the subseriber
when said impulse transmitter may be op-
erated, of a switching relay adapted to ren-
der the motor magnet capable of operation
when the operating circuit is closed, another
switching relay responding to impulses of
current transmitted over the operating cir-
cuit, said relay being adapted to effect the
actuation of the motor magnet in unison
with said impulses.

44, In a telephone system, a subscriber’s
line, a common battery connector having a
release magnet, means for advising the sub-
scriber when he may connect said line to said
connector, and a plurality of relays adapted
to remain energized while the connector is
in use, to prevent the energizing of said
magnet and the release of the connector,
substantially as set forth.

45. A telephone exchange system compris-
ing a telephone line extending from a cen-
tral office to a distant point, a source of
current in circuit with said line, manually
controlled means at said distant point for
interrupting the cirveuit of the line, audible
means for advising said subscriber when
said manually controlled means may be
operated, other telephone lines, an electri-
cally controlled switch at the central oflice
for establishing connection betwen said line
and said other lines, active contacts for said
switch constituting terminals for said line,
passive contacts for said switch constituting
terminals for said other lines, restoring
means for sald switch, means responsive to
short interruptions of the circuit of said line
for causing a primary operation of said
switch, and means-responsive after connec-
tion is established with a desired line where-
by a long interruption of the circuit of said
line will cause a secondary operation of said
switch.

46. In a telephone system employing re-
lay bridges across the conductors of the
talking circuit for controlling. automatic
switches, said bridges including a battery
connected in series therein, the combina-
tion of a suitable calling telephone line,
audible means for advising the subscriber
on said line when said switches may be
operated, a two-wire called telephone line,
means including a repeater and an auto-
matic switch controlled thereby for extend-
ing connection from the calling line to the
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called line, a common battery for supply-
ing talking current to the called line, the
sald calling telephone line being provided
with a calling mechanism at the substation
thereof for controlling the two sides of the
line in series, and means for automatically
reducing the number of bridges across the
conductors of any talking circuit during the
establishment thereof.

47, In a telephone system employing relay
bridges across the conductors of the talking
civcuit for controlling automatic switches,
said bridges including a battery connected in
series therein, the combination of a suituble
calling telephone line, audible means oper-
able over said line for indicating when said
switches may be operated, a two-wire called
telephone line, means including a repeater
and an automatic switch coutrolled there-
by for extending connection from the call-
ing line to the called line, a common battery
for supplying talking current to the calling
line, the said calling telephone line being
provided with a calling mechanism at the
substation thereof for controlling the two
sides of the line In series, and mecans for
automatically reducing the pumber of

bridges across the conductors of any talk- *

ing civeuit during the establishment thereof.

48. In a telephcene system employing ve-
lay bridges across the conductors of the
talking circuit for controlling automatic
switches, said bridges including a battery
connected in series therein, the combination
of a two-wire calling telephone line, andible
means operable over said line for indicating
when sald switches may be operated, a suit-
able called telephone line, means including
a repeater and an automatic switch con-
trolled thereby for extending connection
from the calling line to the called line, a
common battery for supplying talking cur-
rent to the called line,-the said two-wire
telephone line being provided with a calling
mechanism at the substation thereof for con-
trolling the two sides of the line in series,
and means for automatically reducing the
number of bridges across the conductors of
any talking circuit during the establishment
thereof.

49. In a telephone system, means for set-
ting up a talking circuit between a calling
and a called subscriber’s line, a connector
switch for seizing the called line controlled
over two sides of the talking circuit in series.
means controlled by the calling subscriber
for releasing said switch, and mecans for
preventing a celling subscriber from releas-
mg said switch.

In witness whereof, I hereunto subscribe
my name this Tth day of February, 1908.

FRANCIS W. DUNBAR.
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