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PATENT OQOFFICE.

ALFRED H, DYSON, OF MONTCLAIR, NEW JERSEY, ASSIGNOR TO KELLOGG SWITCH-

BOARD AND SUPPLY COMPANY, OF CHICAGO, TLLINOIS

NOIS.

. A CORPORATION OF ILLI-

AUTOMATIC TELEPHONE SYSTEM.

Original application filed August 19, 1807, Serial Wo. 389,180, Patent No. 1,257,283, dated February

19, 1918,

To all whoin it may concern;

Be it known that ¥, Avrrep H. Dysox,
2 citizen of the United States, residing at
Montclair, in the county of Essex and State
of New Jersey, have invented new and use-
Tul Tmpwvemcnus in Automatic Telephone
Systems, of which the following is a speci-
fication.

The present invention relates to automatic
telephone systems peno"'l'ly and has to do
more partlcularly with that ty pe in Wm(b
the well known “selector” and “connector”

switches of the two dimension type of the’

art are employed in conmnctmn with sim-
s u]y constructed “line selectors” controlled
by “master switches”. In such systems the
movable contacts, or wipers, of the two di-
mension switch are associated with a large
number of fixed, or passive, contacts ar-
ranged in a bank and the wipers ave first
given a movement in one direction followed
bv a movement at an angle thereto, the
iounel or primary, movement blln‘)ln" the
wipers to a desived group of bank “conta cts
and the latter, or secondary, movement ca

ng the wipers to engage desired bank con-
tacts in the selected gr oup. The connections
among the different switches will he best
undetstood by discussing a particular case.
Thus if one hundred pomt switches be em-
ployed in a ten thousand line exchange sys-
tem arranged on a basis of ten per cent
trunking, there would be one hundred
master-switches, one thousand line selectors,
g thousand fivst selectors, one thousand
second selectors, and one thousand connec-
tors; each- subscriber’s line would be multi-
pled to ten line selectors and ten connec-
tors: the lines selectors and first selectors
would be united in pcurs without -multi-
pling; the wipers of the second selectors
would be multipled to the bank contacts
ol one hundred first selectors and the wipers
of each .connector would be mulmpled to
the bank contacts of one hundred second
selectors. Cbviously with different agsump-
tions, values differing from the above would
e used, but this specific example will suf-
fice to indicate the character of the system
to which my inventien bLelongs. The' pres-
ent apphcamw is a divisional dpphﬁahon
of my application for Letters Patent, Serial

Divided and this application filed March 2, 1917,

Serial No. 152,045,

No. 389,180, filed August 19, 1907
\To 1, 5(280, Feh. 19, 71918,

Another object of my invention is to de-
vise a novel arrangement by which Lhe dif-
ferent parties on a party lme may be sclec-
tively 51gnalled by means of code ringing
apparatus. 1 have devised a novel civeuit
arr anoement operating in conjunction with
a ringing machine having different impulse
Wheels arranoed to make and break the ring-
ing gener‘mtor current ‘wcordlnw to the code
selected.

A further object of my invention is to
provide means for insuring that the sig-
nalled substation will receive the full select-
ed code, that is; that the signal for the
called substation will always begin at the
beginning of the code ring.

Another object of the invention is to ex-

, Patent

tend this simplification of structures to all

commeicial adaptations of the straight
automatic system so as to include trunking
between exchange, “nickel-in-the-slot” serv-
ice, measured service, party line service of
different kinds, as well as unlimited service.

Still another object of the invention is ta
devise a mnovel arrangement of electrical
connections between the switches whereby
the chances of the calling line finding an
idle trunk through which to extend its cir-
cuits are 01'eat1y incieased.

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
taken in connection with the accompanying
drawing, and the scope of the Invention will
be particularly pointed out in the appended
claims.

Before leferrmg to the drawings, it may
be noted .that in  developing the invention
along the lines indicated, many features
have been devised which ave capable of use
in other relations than those herein indi-

cated and in various telephone systems in-

cluding manual systems and semi-automatic
sy stems as well as straight automatic. sys-
tems.

Referring to the drawmos, Fig. 1, which
is the principal figure and includes parts 1,
2. and - 3, illustrates diagrammatically an
automatic telephone system embodying cer-
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tain features of the present invention; Fig.
2 illustrates a trunking circwit provided
with a repeater and designed to connect ex-
changes located at some distance from each
other; Figs. 8 and 4 illustrate modified con-
nector circuits, the latter being arranged to
automatically select one of a number of
trunks running to a given private exchange,
or to a group of telephones having a single
calling number; Figs. 5, 6 and 7 illustrate
connector circuits designed for use with
party lines, the latter illustrating in addi-
tion a four-party subscribers’ line; Ifig. 8
illustrates a modified “slot” service substa-
tion and line circuit; Fig. 9 illustrates a
novel method of interconnecting and trunk-
ing between switches by which the chances
of a calling party obtaining a desired con-
nection are increased; Figs. 10; 11 and 12
are elevations of a line selector viewed from
different sides, the switch being also typical
of the other. selectors and the connectors
employed in the system; Fig: 13 is a plan
view of said switch; Fig. 14 is a sectional
plan of a portion of the same taken on a
plane indicated by the line 14—14 of Fig.
113 Fig. 15 is a detail view of certain con-
nector off-normal contacts; Figs. 16 and 17
are front and side elevations of a master-
switch employed in the control of the line
selectors; Figs. 18 and 19 arve front and sec-
tional elevations, respectively, of a ringing

machine employed in connection with cer--

tain of the party line circuits; Figs. 20 and
21 are front and rear elevations, respec-
tively, of meter mechanism employed for
measured service; and Figs. 22 and 23 are
front and side elevations respectively, of a
ringing switch employed for party line use.
Throughout these views like chiaracters re-
fer to-like parts.

Marx SYSTEM.
Apparatus.

Referring to the drawing, and more par-
ticularly for the present to Fig. 1, which
may be considered the main diagram, M
at the left of the diagram designates a sub-
scriber’s station provided with “slot” equip-
ment and united to the miain exchange by
the line limbs P and S which terminate in
multiple contacts of line connectors and line
selectors. At the opposite end of the dia-
grai, N designates a subscriber’s equip-
ment which i1s not designed for “slot”
service and which. is similarly united by
line limbs P—8* to the exchange and the
line limbs are similarly connected to the
multiple contacts of connectors and line
selectors. Connection is obtained between
the line at the left and the line at the right
through the agency of & master-switch O,
a line selector @, a first selector U, a sec-
ond selector V' anda connector W.

A

1,568,347

suming that the selectors and connectors
employed in establishing this connection ave
provided with one hundred bank contacts,
and assuming that there are ten thousand

lines in the exchange arranged on a basis of 7

ten per cent trunking, then, the number of
switches and their multiple arrangement
heretofore outlined will exist. . In such
case there would be one hundred master-
switches Q, one thousand line selectors Q,
one thousand first selectors U, one thousand
second selectors V and one thousand con-
nectors W. The subscribers’ lines would be
divided into groups of one hundred, and
ten line selecting switches would be as-
signed to each group, thus enabling each
line to be multipled to the corresponding
bank contacts on ten different line selectors.
Each group of line selectors would be
under the control of one master-switch,
having a pair of bank contacts assigned to
each line selector. Kach subscriber’s line
would also be multipled to the correspond-
ing bank contacts of ten connectors. In
the disgram, only two of the ten sets of
multiple contacts of the line selectors and
connectors are illustrated, while but five
pairs of bank contacts of the master-switch
are shown. The movable contacts, or
wipers, of each line selecting switch Q are
tied to the corresponding wipers of a first
selector U, thus providing one thousand
direct connections between the one thousand
line selectors and the one thousand first
selectors. The wipers of the second selec-
tors are multiply connected to the bank con-
tacts of the first selectors, and since therc
are a thousand of each of these switches,
the wipers of each second selector are con-
nected to the corresponding contacts of one
hundred first selectors.  Similarly, the
wipers of eacli of the thousand connectors
are connected to the corresponding contacts
of one hundred second selectors. As pre-
viously indicated, this apportionment of
values may be varied at will to suit the
exigencies of any particular case.

In the operation of the parts in establish-
g connection between substations DM and
N, the calling party at substation M re-
moves his receiver from its hook and there-
by, through the agency of the master-
switch G sets an idle line selector (3 in op-
eration to automatically seelk out and es-
tablish  connection with his line, thus ox-
tending the calling line civcuit to the first
selector' U paired with the actuated line se-
lector . The calling party then, by means
of his calling mechanism, transmits a nun-
ber of impulses corresponding to the digits
of the number of the subscriber wanted.
The first series of these impulses operates
the connected: first seiector U so asto cause
it to pickrout an idle second selector V asso-
group to which

cigted with the thousand
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the called line belongs. Thus, if the num-
ber of the calling party were two thousand
some odd, the first set: of two impulses would
move the wipers of the first selector to the

cond group of its bank contacts and would
thep automatic ally move the wipers over the
contacts in thig bank until an idle contact
Wis encount teved, thereby extending the cir-
cuit of the calling party to an idle second se-
lector in the second thousand group. The
second series of impulses would similarly
operate the second selector V to pick out
and establish connection with a connector
associated with the hundreds group to
whiel the called line belongs. Thus if three

impulses were transmitted over the circuit,
Hxn second selector V would move its w me"f‘
to the third group of its bank contacts and
the wipers would then ‘n’,‘(')i‘vmtimlh move
over the contacts in this bank until an idle

18 J

AL

one was selected, therehy extending the cir-
m;{ 0'1" fhe mlhno litie to a Ponpeuuor hav-
mn aceess to the oaﬂcd line. The third se-

ries of nnpmses would cause the conﬂecto
to move its wipers to that Qroup cf ten con-
tacts in which the contacts of the called line
were included, and the f{inal series of im-
pulses swould cause the wiper to move over
the contacts in this group until the contacts
corresponding to the called line were en-
céuntered, thus completing the connection
hetween mn calling and the called lines.

Fach | ig provided at the exchange
with a line reluy LR which is msu’umen(‘\]
in clos me‘ o cirewit through the maste
switch O upon the initintion of a call, ‘md
cut-off 1'el‘w CO which iz 1\,%(1 to destroy
the normal substation contrel of the line re-
lay and to otherwise rary the line connec-

U‘

tions. .
The master-switeh O comprises a pair of
wipers 20—21 co-operating with bank con-

fuets 29—923 and f"*usd to step over said
contacts by a motor magnet MM, the com-
plote operation heing controlled by the re-
ln\'s" 9

95, as  hereinafter more fully
pointed out,

“tly

The line selector includes the wipers 26,
27, 48 and 28 u) operutmo with bank con-
pets 30, 31, ug, 33 and, wheres the meter
neehanism K is vsed, with an additional
wiper 34 co-operating with bank contacts
25 as will appear from Figs. 9 o 18 inciu-
tve, deseribed  more ’f‘ﬂ'*y hereinatter.
‘\”Vip!‘ 5 98, 28 and 34 partake of the two
ements of the wwiteh, that is, the pri-
and secondary 1»10\'@41(\11{9, while wip-
partakes only of the primary move-
The primary movement of the wip-
bro ought about by primary _magnet
PRI controlled by o primavy rvelay PR, and
its secondary movemns 1t is similarly brought
about bV a secondary magnet SM con*rroﬂed
couﬁim*y relay S , while the release
he switeh, mndl permits it to return to

97,

8

its normal ’)OSlL]OI!, is brought about by a
release magnet RM controlled by a release
relay RR. “The switeh is also provided with
primary and secondary off-normal contacts
PO and SO which are operated respectively
upon ‘the first primary and the first second-
ary movements of fhe switch. Al though
each subseriber’s line is multiply connected
to ten line selectors and ten con‘lor*torf', two
gnch multiple connections only ure shown
in the drawing wherein bank contacts 307,
311, 32 snd 8‘” "-*1d co-operating wipers "61
271, 28%, and 29* belong o a seuond line ce.
Teefor and contacts 36, 361 , 87, 872,88 and 38*
are banls contacts of two conpectors.

The fivst selector U includes the wipers
39, 40, 41 which co- opeute with bank con-

*‘mtb fE_J, 43, 41 in response LO the operation
ot the primary n-.mangt PM?, controlled by

the primary relay PR md the secondary
Dmonct )QML., commﬂed by the secondary
relays SR and € SIRL - The wipers in tms
ase ad partake of the primary and sec-
‘10\/omemu and the switch is re-

thvon ah the opomtwn of the release

RM! ‘v‘nd the releage relay RR™.
yrimary off-normal COth“LCtS PO and
nd‘u‘y off-normal contacts o(‘l here, as
e are operated upon ihe first primary
w"om‘!‘zr;r movements of the wipers re-
c‘uwely "Lhe circuit associated with this
ector also includes a reversing relay RV
reversing the direction of current sup-
| to the calling line and an associated
45, all of which will he more fully
rstood from the subsequent deseription.
second selector 'V comprises wipers
JS which co-operate with bank con-
tacts 4 ,-80, 51 in the same manner as the
first seleotor . In this case, the covre-
sponding relay, magnets and off-normal
contacts are demgn‘m ted | by corresponding
veference characters having the (‘,Z'W"QP“J
2 instead of 1.
The conne.’:f v Wi s ovided with wipers
53, 53 ‘;; with bank contacts
55, 56, 87 ¢ in instance as befove,
they pal:( alie o 30”1 pi tmary and secondary
movements in enponse to the operations
of the primary magnet PR and the second-
ary magnet SAP, res )3@:1\'“}\7 and yeturn
to normal upon the operat don of release
relay BRE* and release magnet RMP. In
this instance, the pnma’*‘/ off -norinal switch
contacts ave designated P0? and the second-
ary  off- nv"nm switeh contacts 850 In
addition to these parts, the civeuib is pro-
vided with a busy relay BR, a ringing re-
ay B3, a control relay R, a tip relay I‘L,
& “Hip- *’10})” relay FF, and » ch,sxnn relay
(R, all of which co-operate in the manner
et Ulmﬁie wore Jiv set forth.

As in the case of the line P—, th
Pi—8* ig provided with a cut-off re
and a line relay LR,
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In
mech

this figuve 1 have also Hustrated
wanism for ucordm.g the completed con-
nection over each calling line. Omne of
these mechanisms is associated with each
line selector O and compriges a printing
magnet 58, a type wheel 59, actuated by a
motor m wnt 1 M controiled by relays
60, 61 and wi iper 62 rotated with the type
wheel 59 and co-operating with bank con-
tacts 03 of which theve is a number equal
to the number of contacts 35 on the line
selectors,

The e
the usua

i

M inecludes

i switch hook 64, receiver 65, call-
bell 66, transmitter 67, cau.hng mechanism
68, and “slot” mechanism 69 including a
pomr zed rela v 70. The equipment at sub-
station N differs fro o that at substation
M by omitting tne “slot” mechanism 69.

Obuoml), the various subscribers’ lines
entering the ex chcmne will be distributed
thlou(Jh the agency of 2 distributing board
which I have indicated at the pomis des-
ignated D—B. Many different methods
ol distributing may be employed, but I
prei’erably distribute the line limbs and the
connections with the three sets of connector
conbacts, as clearly illustrated in the draw-
ing.

quipment at substation

[ShY

Operation.

Having now given a general description
of the character of the quara.tus diagram-
matically illustrated in ¥ig. 1, it is believed
that the invention will be best understood
by entering at once into a description of the
operation of the system thercin deplcted

Assuming that a party at substation B
desires to converse with a party at substa-
tion I and assuming that the number of the
httO"% telephone is 3456, then the calling
pavty fivst removes his receiver 65 from its
hook 64 and ’hclmy establishes a circuib
which may be traced frowm the live, or neg-
ative, pole of the battery B' through re-
sistance 71, closed contact 76 of cut-off ve-
lay CO, line limb S, closed contact 73, the
wmdum of lock controlling magnet 74,

witeh-hook 64, transmittor 6., closed con-

t:*-,ci- 73, Iine limb P, normal contact 72
of cut-off relay CO, normal contact 77 of

line velay LR, and the winding of said re-
lay to the nmm,dod or return side of the
battery. The resnliing movement of the
contact 77 to its alternate position closes a
new energlzing cireuit for the line velay
L1 whielt may be L‘;aoed from the live, or
negative, pole of the batfery B! hao'l“'l
the wniding of relay 24 of the maste;

switch O, closed Contac 78 of cut-off relay
(\’O and alternate contact 77 of line velay
LR throngh the wmdms of said velay to
ground. The closing of this circult con-
tinues the energization of the line relay
and actuates relay 24 go as to close its con-

n»

e

taet 79 to complete a starting cireuit for one
of the line selectors Q, as will be herein-
after explained. The movement of contact
80 of line relay LR, removes the normal
ground connection from the contacts 30—30"
comespondlno to the calling line, this
ground  connection  not mally  existing
through normal contact 81 of cut~oﬁ" velay
('O and normal contact 80 of line relay LE.
In addition to the removal of this ground
which establishes that cendition which will
cause the line selector wqfets to stop in en-
egagement with the contacts of the line after
Lhey have been moved to the desired group,
the actuat od contact 80 of the line relay,
0‘1‘ounds the winding of velay 82, which,
upon being energ L/Ld opens its contact 83
to remove the normal ground from those
contacts 35—331, ete., which corres spond to
the group of contacts in which those of
the calling line ave located, thereby estab-
lishing that condition which will chuse the
line selector to stop its primary movement
at the proper group of bank contacts. The
contact 84 of the line relay upon being at-
tracted, destroys the normal battery con-
nection thr ough the winding of the cut-oft
relay CO to ‘the contacts 6—30, ete., of
the connectors to which the line P—35 is
connected, and substitutes a ground con-
nection therefor. As will be hereinafler
explained, the normal bw%tery connection to
these contacts permits connection to De
made to the line P—S as a called line, while
the ground connection renders the said line
busy to incoming calls.

The hnstnr—switch wipers 20—21 are
brought, after each operation of a line selec-
tor Q, into nowremcnf with contacts
22—.40 assigned to an idle line selector as
will be heremafter explained. Thus, as soon
as velay 24 is energized, a starting cireuit
for such line selector is completed by the
closing of battery B! through the winding
of primary relay PR, primary off-nor mal
contact 85, contacts 22——20 closed cor ntact
79, and normal contact 86 to ground, thus
energizing primary relay PR to actuate it
contacts and thereby complete a civeuit from
the live pole of the alternating cuirent
generator 87 through the \\Lnd.nn of pri-
mary magnet PM and "Holna{o confart 88
of primary relay PR to ground, ilms caus-
ing the wipers 26, 27, 28, _/v) and 34 to move
in & primary divection. The ,-(ud areup
relay 82 has its winding connected to
plurality of alternate (ontdcls 80, as indi-

cated by the s ymbol |~ (which sign serves

throughout the drawing to indicate a com-
men connecting pointy, on as many different
line relays TR. Thus, in the example
chosen, there would be one hundred line
relays and ten group relays for a group of
one hundred calling lines, Hach group
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relay would then be connected to ten dif-
ferent line relays. Hach of the ten bank

- contacts 83 therefore corresponds to a dif-

ferent sub-group of ten calling lines. Since
the primary oif-normal contacts PO ave
actuated upon the first primary movement
of the switch wipers, the initial energizing
circuit of the primary rvelay PR is inter-
rupted, but in the meantime the closing of
contact 89 of said relay has completed a
new path threugh wiper 29 which is
maintained so long as sald wiper engages
grounded contacts 83. The end of the wiper
29 1is preferably made broad enough  to
bridge adjacent contacts so that it will not
pass out of engagement with one contact
before engaging with the next, thus insuring
a circuit at all times except when an un-
grounded contact 33 is engaged. It should
also be noted that although the wiper 29
is normally out of engagement with contact
38, it engages said contact at the time the
primary off-normal contact 85 breaks, thus
insuring a suitable cireuit for the velay PR
antil the wipers have been moved to that
group of bank contacts which included the
contacts assigned to the calling line. Just
as soom as this group of contacts is reached,
the primary movement of the switeh wipers
will be discontinued and the contacts 88—-89
of relay PR will return to normal. The
return of contact 88 will immediately ener-
gize the secondary relay SR over a circuit
extending from the live pole of battery B!
through the winding of said relay, a secon-
dary oif-normal contact 90, primary off-
normal contact 91, which is closed at this
time, and closed contact 88 to ground. The
movement of contact 92 of relay SR to
its alternate position, will at once close an
energizing circuit for the secondary magnet
S extending from the live pole of the
alternating cwrrent generator 93 through
the winding of the secondary magnet, alter-

nate contact 92, and normal contact 94 of

+

release velay RE to ground. The resulting
vepented energizations and de-encrgizations
of the secondary magnet will cause the
switch wipers 26, 27, 28 and 34 to move in
a secondary dirvection over the contacts 80,
31, 32 and 35, vespectively, of that group
of bank contacts including the contacts of
the calling line. Since upon the fivst see-
ondary movement the contacts of the sec-
ondary off-normal switch SO are actuated,
the initial energizing circuit of the relay
R will be interrupted but in the meantime
the closing of ity contact 95 will provide
& new path through normal contact 96 of
release magnet RM to wiper 26, and thence
to ground so long as sald wiper engages a
erounded contact 30. It will be noted in
this case as in the case of wiper 29 that
the end of the wiper is preferably made
broad enough to bridge the space between

S

adjacent contacts and that although nor--

mally out of engagement with the nearest
bank contact, it will engage said contact
by the time the secondary off-normal con-
tacts are moved from normal. Thus, the sec-
ondary movement of the switch wipers wiil

continue until wiper 26 engages an un-

grounded contact. Since the contact 30
corresponding to the calling line has been
ungrounded as previously pointed out, the
wipers will be stopped in engagement with
the contacts corresponding to said line.
Since other subscribers’ lines are multiply
connected to contacts over which the wipers
27—28 pass during this secondary move-
ment, and since conversation may be going
on over a connection including said con-
tacts, the relay SR is arranged to electri-
cally disconnect the wipers 27—28 from other
parts during this secondary movement.
This is brought about by contacts 96'—97,
which in their normal positions, join the
adjacent portions of the strands or conduc-
tors L—I, but when actuated, separate
them, thus disconnecting the said wipers
from other parts. Thus, as soon as the
wiper 26 engages an ungrounded contact
30, the relay SR is de-energized and the con-
tacts 92, 95, 96", 97 return to their normal
positions thereby discontinuing the further
secondary movements of the wipers and
restoring the normal connections of the
wipers 27—28.  The contacts 96—97 of
relay SR when in their alternate positions
connect the right-hand portions of the
strands L—I' by a bridge which includes
alternate contact 96, closed contact 98 of
release relay RE and alternate contact 97.
The same portions of the strands I—L!
are united by a bridge including normal
contacts 99—100 of reverse relay RV,
windings of primary and secondary relays
PE* and SR' and batteries. 5—5'. These
batteries being arranged in series, supply
current over a circult including both of
these bridges and thereby energize relays PR
and SR' to actuate their contacts. This
prevents the possible closing of the velease
circuit (when the secondary off-normal con-
tacts: SO are actuated) from battery B’
through the winding of release relay RR,
closed contact 101, contacts 102—103 of re-
lays PR* and SR* and the winding of release
relay RR* of the first selector U to ground.

The restoration of the contact 92 to nor-
mal, since the contact 104 of the secondary
off-normal switch SO is now closed, im-
mediately completes a circuit which is in-
strumental in causing the movement of the
master-switch O to engage contacts of an
idle line selector. This circuit extends from
ground at contact 94 of release relay RR
through said normal contact 92, closed con-
tact 104, contacts 23--21 of the master-
switch, and winding of relay 25 to the live
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pole of battery B, thus energizing said
relay to move its contact 86 to its alternate
position and thereby close an energizing cir-

“cuit for the motor magnet MM which in-

cludes the alternating current generator 105.
Due to the mechanical relation of the parts,
the energization and de-energization of this
magnet will step the wipers 20—21 into én-
gagement with ‘the next pair of bank con-
tacte. TIf the line selector corresponding to
this pair is in use, there exists a ground at
one point or another, as will be explained,
on the corresponding contact 23 which will
maintain the relay 25 energized and thereby
maintain the circuit for the motor magnet.
As soon, however, as an ungrounded contact
93 is encountered, this energizing circuit
for relay 25 will be interrupted. ~Contact
23 corresponding to a busy line selector will
always be grounded, while that correspond-
ing to an idle line selector will be un-
grounded, thus insuring the stopping of the
master-switch with its wipers in engagement
vith contacts corresponding to an idle line
selector. The ground connection with the
contact 28 may exist over the path just
traced including contacts 104, 92, 94, or by
way of alternate contact 90, alternate con-
tact 95, closed contact 90, closed contact 91
and alternate contact 88 to ground. O the
said ground may be maintained through the
off-normal contact 1262 of the primary off-
normal switch PO?* of the first selector U,
or at other times through closed contact
178 of the reversing relay RV and closed
contact 174 of relay 45.°

As soon as the secondary relay SR of the
line selector has been de-energized, and the
adjacent portions of the conducting strands
L—1L* united, there are at once established
circuits for the primary and secondary re-
lays PR* and SR in lieu of that previously
traced through the alternate contacts 96'—97
of relay SR. Thus a circuit extends from
the live, or negative, pole of battery B!
through the winding of the cut-off relay CO,
contact 106—107 of said relay, bank contacts
31, wiper 27, strand I, normal contact 99
of reversing relay RV, winding of primary
relay PR to the live, or positive, pole of
orounded battery b. At the same time, a
cireuit is completed from the live, or nega-
tive, pole of battery #* through the wind-
ing of secondary relay SR?, normal contact
100 of reversing relay RV, strand L' in-
cluding contact 97, wiper 28, contact 32,
line Bmb 8, via normal contact 76 and coil
71 to the negative pole of battery B* prior
to the operation of cut-off relay CO and
immediately subsequent thereto, over line
limb S, contact 75, lock magnet 74, switch-
hook 64, transmitter 67, contact 73, line limb
P, including alternate” contact 72 of cut-
off relay CO, contact 31, wiper 27, link
strand I, including contact 96*, normal con-
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tact 99 of reversing relay RV, the winding
of primary relay PR* to the positive pole of
battery b. The closing of these circuits
maintains the relays PR* and SR* encrgized,
and in addition energizes the cut-off relay
CO and the lock-controlling magnet T4 as-
sociated with the calling line. The move-
ment of contact 72 of the cut-off relay to
its alternate position continues line limp P
to contacts 81—31% and interrupts the initial
energizing circuit of the line relay LR and
thus destroys the normal substation control
of said relay. The opening of its comtact
78 likewise interrupts the circuit established
through relay 24 of the master-switch and
the line relay. The opening of contact 76
interrupts the normal connection of battery
B to the line limb 8. The subscriber’s cir-
cuit is thus completed over the heavily
marked lines to the sections of the strands
LI lying beyond the condensers 108—109.
The movement of contact 81 interrupts the
path for current over the strand I through
the cut-off relay CO, but before said cireuit
is interrupted, a new civeuit is provided for
the cut-off relay CO, which extends from
battery B! through the winding of cut-off
relay, contacts 107, 81, engaged contact 30,
wiper 26, normal contacts 96 and 95, and
winding of relay 61 of the meter mechanism
X, to ground. Thus, the cut-off relay CO
is maintained energized. The guarding cir-
cuit to ground for the line selector contacts
30, 30, ete., and for the connector contacts
36, 36, etc., is now furnished through said
relay 61 as follows:—from contacts 36 via
normal contact 84, alternate contact 81 and
said contacts 80, 30, etc., and thence to
ground through said relay 61 over the cir-
cuit previously traced for holding the cut-
off relay CO energized. Upon closing this
circnit the meter mechanism X is set in
operation to move its wiper 62 and the
rigidly connected type wheel 59 to that posi-
tion corresponding to the calling line P—=S.
This is brought about by the energization of
relay 61, which completes a cirenit for the
motor magnet MM* extending from the live
pole of the alternating current generator 109
through the winding of said motor magnet,
closed contact 110 of relay 61 and closed
contact 111 of relay 60 to ground. The
wiper 62 is thus moved over the bank con-
tacts 63 which are equal in number to the
line selector bank contact 85. These con-
tacts are preferably arranged in a circle so
that the wiper 62 need have but a simple
rotary motion. Corresponding contacts 35
and 63 are electrically connected and since
wipers 84 and 26 are connected, there exists
at this time a potential at the contact 63
corresponding to the calling line, which will
be above that of ground and, consequently,
as soon as wiper 62 in its movement engages
this contact 63, a cirenit will be completed

70

80

90

100

110

120




10

15

20

25

35

490

45

50

55

60

65

1,563,347

Trom contact 63, through wiper 62, winding
of relay 60 and closed contact 61t of velay 1
61 to ground, whereby relay 60 will be ener-
gized and its contact 111 opened to thereby
interrupt the cireuit of the motor magnet
MM* and thus discontinue further move-
ment of the wiper. By means of contact 611,
the ground connection with wiper 62, and
thence to contacts 63, 85 and 30 of the partic-
ular switch in use, is removed upon the re-
leage of the switch and subsequent improper
operation, due to the presence of such a
ground, is thereby prevented. From this it
will 1@ scen that the wiper 62 and the type
wheel 59 are moved to a definite position
corresponding to that of the calling line and
left in that position. As will appear more
fully hereinafter, as soon as the desired
connection with the line P*—8! is complete,
the printing magnet 58 wdl be energized
and there will be pmced on a recording sheet
a type impression corresponding to the c(ﬂl-
ing line, as for example, the number of the
c%lhng line. The disconnection, and con-
sequent de-energization, of line relay LR
causes the release of the group relay 82
unless there be another line relay, belong-
ing to the same sub-group of ten, energized
al this time for the purpose of also mitiab-
ing a call. Assuming no such condition to
exist, the releage of relay 82 will restore the
ground via contact 83 to bank contact 33 and
fo the other multiple contacts on the nine
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 re-
lay 24 of the master-switch O unless there
be at that time another line relay belonging
to the same group of one hundred sub-
seribers then initiating a call. Assuming
there be no such other call existing, the re-
release of such relay 24 will prevent the
starting of another line selector when the

-master-switch steps its wipers 20—21 around

to engage the bank contacts corvesponding
to the next idle line selector.

With the parts in this poﬁtion then 1t
remains for the calling party to operate his
calling mechanism 68 to send the necessary
impulses to extend his circuit to that of the
called line. The calling mechanism is dia-
grammatically 1epresented by a disk having
a number of teeth adapted to engage a
spring 73 to cause it to break contact upon
the return of the disk due to its return
spring 112, and a single tooth similarly co-
operating with contact spring 75 to cause
it to open, its contact after the contact 73
has completed its interruptions. The disk
is also provided with a pin which engages
o spring contact 113 to hold it cut of en-
gagement with a similar spring contact 11!

b4

und a grounded contact 115. The disk is
rormaliy locked by wmeans of a hook 116
(uxanned to engage a notch in the disk and
normally beld in engaging position by a
spring and moved ot at of engaging posit
by the energizations of the magunet 7.
operation, the disk is moved
sion of the return spring until a definite
numper of teeth have passed below the
spring 73, and is then allowed to return to
normal with the resulting bresking of con-
tacts 73 and 75. Were substation AL
equipped in the same manner as substation
N, that is without the slot mechanism 69,
the calling party would now be fiee to oper-
ate nvs dial to send the necessa vy impulses.
In the present instance, however, a oy break
which might be made by contact 73 would
be bridg ed by normal contact 116" of the
“slot” mechanism so thaé there would be no
resulting interruption of the line limb P as
would be necessary to cause the operation of
the connected first selector; con qequend‘;
it is necc%saly for the C“ﬂln’) party to de-
posit a “nickel” or other token in the slot
of the slot mechanism 69. YWhen this is
done, the contact 116" is foreed by the token
to its alternate position. This is accom-
plished in the p'eﬂwnt instance by | 10\'1311
a suitable projection from the contact 116
extend mto Hw slof.  As indicated upon the
lower portion of the substation diagram,
the pivoted end of the switch-hook 18 pro-
vided with an upward projection 117 which
engages the lower end of a pivoted wim 118
which is adapted to be moved in the slot
in order to determine the disposal of the
token. When! the receiver 65 is first re-
moved from its hook, the projection 117 al-
lows the arm 118 to move to an intermediate
posmon under the pressure of a spring
carried hy the arm 118 and beari
the zu'nmtm'e 120 of the polari
which In normal position lLeavs a
fixed stop. In case the connectio:
pleted, the pOLLll/(’(] relay iy encrgl

23 [y

s \.A‘

In
ageinst the ten-

1z

[
x reversal of current, aused by dw operi-
tion of the reversing relay RV, to ¢ ’n()\» the

upper end of the arm 118 to the left to wl

lect the token by allowing it to pass down-
ward through the right- hand outlet of Lhu
slot, into a Suitable 1ecqja,<u10 In case the
desu(,d connection is not completed, the
token is returned upon the restoration of
the receiver to its hook which forces the
arm 118 to the right to the position indicat-
ed in the dmomm thereby uLO\V”’l” the
token to pass out of the Jefi-hand outles of
the slot into a suitable holder from which
it may be taken by the calling party.
Assuming now that the \.ﬁ’].‘vlo party has
deposited his token and there by uneu‘nntﬂ
& bridge about the contact 73, he will e a
liberty to operate his ca,lhng ‘mechanism in
accordance with the number of the {fele-
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phone with which connection is desired

which has been assumed to be Ko, 8456.
The calling party will therefore now votate

his dial far enough L(‘ bring d‘*' o teeth be-
low the contact 7 d will 1
same to allow it to retuin to its n

tion and he will follow ﬂm operati
similar 0*)@1‘&&0}1‘; in which he wi
the dial sufficiently to bring, next
{ecth, then five teeth, and then six teeth, be-
low the qpm:w contact 78. Considering onlv
the effect of the first ovcr%ion, it will be

') an

noted that as soon as the dial 1s removed
from normal, contact spring 73 will be

grounded through contacts 118—114—1 15;
and while this ground remains, the primat;

relay PR* will be energized from the b‘et—
tery & over the strand I, line limb P,
through contact 73 to this ground at the
substation, while secondary relay SR will

be energized from battery ' over t}h
g 3
strand 14, line limb S, and contact 75 to this

same ground. Co%oquenﬂy the three re-
suiting breaks uld makes of the contact 73

»,H cause three de-energizations of the pri-
:11'y relay PRY, and the single following
brm and make of the contact 75 will cause
a single de-energization of the secondary re
lay SE. An 1nspﬂchon of the contacts 101,
42, 123, 124 of the primary and secondary
relays PR and SR* will show that the three
de-energizations of the primary rvelay PR
will cause the section of the strand L to the
right of the condenser 108 to be grounded
three times, while the single de-energization
of the secondary relay SR will cause the
section of the strand L' to the vight of con-
denser 109 to be grounded once. Whilerelays
PR and SR* are energized, these sections
of the strands are not grounded by reason
of the open contact 122 in one case, and the
open contact 124 in the other. Trom this,
1t will be seen that the pas:;zwo of each tooth
past the contact 73 has the effect of produe-
meg a momentary ground upon the sor{,mn
of the strand T, to the right of condenser
108, and each movement of the single tooth
past contact 75 has the effect of pl:'oducim\ a
single momentary ground upon the section
of the strand Lt to the right of (‘ovﬂensu*
109. Thus the pgrounding “of the strand
three times has the effect of producing three
distinet energizations of the 1“'11;101%7 mag-
net PAL of the first selector, the ciréuit be
ing from the live pole of the buattery B
through th\/ winding of said magnet, clowl
contact 125 of the s\»/ﬁondar_* off-normal

-
L)

switch 8 dnd strand I, to ground. These
three energizations will causce the ‘mem

39, 40, 41, to move to the third group of
bank contacts 42, 43, 44 Upon “the fn'sm
movement in this direction, the prmxary oif-
normal contacts PO will be closed. Conse-
quently, upon the subsequent grounding of
strand I, secondary relay S'R* will be ener-
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gized over a circuit extending from the live
pole of the battery B? thro Wh the winding
of said I'd“y closed pl“l‘ﬂdl“)’ ‘offnormal (011-
tact 126, closed secondary off-normal contac
127 a.nd strand L7 to gronad. The energiza-
tion of relay & R vill open its contacts
128—129 to disconnect the wipers 40-—11 to
prevent interference with possible cenver-
sation over multiply connected bank con-
tacts in the manner heretofore pointed out
in describing the line selector. The closing
of contact 130 of relay 'R will energize
sec on\hr“ mag}net SA by closing a circuit
extending from Jhg live pole of alternating

current Oomrltm 131 through the v"ml'“"
of said ma ,.anL sormal contact 152 OL re-
lease relay RR’ and closed contact 130 of

relay S'R? to ground. Due to the 1md rani-
al velation of the parts, the mpﬂue
gizations and de- ene'"}mtxons of the sec-
onluly magnet will cause the wipers to
move ‘in their secondary cirection.  Upon
their first step in this direction, secondary
off-normal contacts SO will be opened, thus
interrupting pl'evior cireuits for the pri-
mary mazsnet PR and the secondary relay
SRL I the meantime, the movement of
contact 183 to its alternate position provides
a substitute cnergizing <i1’cuit for relny
S5'RY which extends vie said contact, nor-
mal contact 134 of release relay RE' and
closed contact 135 of velease magnet 1A
to wiper 39 and thence to ground so long
as said wiper engages grounded contacts 2.
In this case, as in the cas se of wipers 26 and
29, the end of the wiper is made sufficic ntly
broad to engage a new contact 42 befere
disengaging a previous contact 42. In case
the encountered contact 42 is that of a bnsy

ener-

“second selector V, its ground connection will

swtend  over a wiper 39 of another fivst se-
lector, through its closed contact 135 and
normal contacts 134—183. This secondary
movement of the sele '{'or will continue ont:
an ungrounded contact 42 is encountereld,
whereuapon the selector will stop. As coon
as this happens, velay b’RL will be de-ener-
gized with a resulting connection of the
wipers 40—41 to the strands L—12, a re-
suiting interruption of the secondary mag-

an« ;,he restoration of <u(m‘\'1

net cireuit,

to the wiper 39 and to multiply connected
bank contacts 42, thus; rendering the selectedl
second selector busy to other %d::pm first
selectors. Thus, by this ope"%mn ot the
calling mechanism, the cirenit of the calling
line is extended to a second selector of the
third thousand gro 0.

The next step in the opu‘mon consisty in
operating the calling device to first yround
the strand L four 1 times, fo 10\'\’1-1’_1 this b v ou
single grounding of the strand It through
the agency of the primary and secondary
1'61‘1‘75 PR* and SRY as heretofore. The
eration of the second selector in response
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to these impulses is substantially the same as
that of the first selector just described. The
grounding of the strand L four times causes
four distinct cnergizations of the primary
magnet PM* to cause the wipers 46, 47, 48
to advance to the fourth group of bank con-
tacts 49,.50, 51, and the single grounding of
the strand L, through the agency of the
secondary relay SR? and secondary magnet
SM2, starts the wipers over the contacts in
this group of bank contacts, and this see-
ondary movement of the wipers is continued
until an idle contact is encountered. The
circuit for the primary magnet cxtends
from the live pole of battery B2 through the
winding of said magnet, gecondary off-nor-
mal contact 136, contacts 43—40, 128, and
strand L to ground via contacts 122-—1923,
The initial energizing circuit for the sec-
ondary relay SR? extends from the live pole
of the battery B2 through the winding of
said relay, closed primary off-normal con-
tact 1837 (closed upon the first primary
movement of the switch), and closed sec-
ondary off-normal contact 138, contacts
44—41, 129, and strand L' to ground via
contact 124—121. A maintaining circuit is
then established for the relay SR* by way
of its closed contact 139, closed contact 140
of release magnet RM? to wiper 46 and con-
tact 49 to ground as long as grounded con-
tacts are encountered. The ground connec-
tion, as in the case of the first selector, is
obtained by way of a multiple contact 49,
a wiper 46 of some other second selector
V engaging said contact, closed contact
140 and normal contacts 141—142 of said
other second selector. The circuit of the
secondary magnet similarly runs from the
live pole of an alternating current generator
143, through the winding of said magnet,
normal contact 144 of release relay RR? and
alternate contact 142 to ground. The wipers
47—48 are also disconnected during the sec-
ondary movement by contacts 145—146 of
the secondary relay SR2. Thus, as a result
of the transmission of the four impulses,
the circunit of the calling line is extending to
a connector having access to the fourth hun-
dred group of the third thousand subscrib-
ers’ lines.

The next step in the operation consists in
grounding the strand L five times, followed
by a single grounding of the strand I
through the agency of the primary and sec-
ondary relays PR and SR’ as before. The
grounding of the strand L five times causes
dve distinct energizations of the primary
magnet PM?® which, due to the mechanical
construction of the parts, causes the con-
neeted wipevs 52, 58, 54, to be moved to the
itth group of bank contacts 55, 56, 37. The

izing civenit for the primary magnet

energi )
extends from the live pole of the battery B2

ihrough the winding of said magoet, con-

=)

tact 147 of the secondary off-normal switch
50?, contacts 50—47, closed contact 145, con-
tacts 4340, closed contact 128 and strand
L to ground. On the first primary move-
ment, as usual, the primary off-normal con-
tacts ¥O® are closed and consequently upon
the single grounding of the strand L, a cir-
cuit 1s completed through the winding of
secondary magnet SM?, which may be traced
irom the live pole of battery B?, through the
winding of said magnet, contact 148 of the
primary off-normal switch PO3, contact 149
of the secondary off-normal switch SO2, con-
tacts 51—48, closed contact 146, contacts
44—41, closed contact 129 and strand I to
ground. In the construction of the con-
nector, the wipers are located two steps dis-
tant from the first set of bank contacts, and
the resulting single momentary energization
of secondary magnet SM? is instrumental in
stepping these wipers one step mnearer the
said bank contacts; and, due to the spacing
of the contacts of the secondary off-normal
switch SO?, this first secondary step of the
wipers causes contact 147 of off-normal
switch SO? to move to its alternate position
and causes contact 149 of said switch to
move out of engagement with its normal
contact, but not into engagement with its
alternate contact, the latter movement being
performed by the next secondary step of the
Wipers.

The next step in the operation consists in
grounding the strand L six times, followed
by a single grounding of the strand I\, Due
to the position of the contact 147, the
grounding of the strand L six times causes
six distinct energizations of the secondary
magnet SM?® over a circuit extending from
the live pole of battery B through the
winding of said magnet, closed contact 150
of relay R, alternate contact 147, contacts
50—47, and so on over the heavily marked
path to ground at strand L. 'The first
energization of the magnet SM? steps the
wipers into engagement with the first set of
bank contacts in the desired group and
moves contact 149 to its alternate position.
The six distinet energizations therefore
move the wipers into engagement with the
sixth set of bank contacts 1n the particular
selected group and these are the bank con-
tacts of the line S'P*. Thus a complete con-
nection is established from the substation M
over the heavily marked circuit to the sub-
station N, except that the strands L*—L? are
interrupted at the relay CR which I may
" relay.

term a “closing
Called line idle.

It will be noted that the above connection
1s completed without the application of the
final ground to the strand 1), When this is
applied, a circuit is completed through the
lower winding of the relay BR, which, for
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convenience, I may term a “busy” relay be-

cause part of its function is to apply the

“busy” signal to the calling line. The ener-

gizing circuit for this relay extends from
b the live pole of the battery B® through the

‘lower winding of said relay, closed contact

151 of velay R, alternate comfact 112, con-

tacts 51—48 and thence -over the lower heav-

ily- marked path to strand L' and ground.
¢ This energization of the relay BR 1is mo-
mentary only. If it be assumed that the
called line S P! is idle, then thers wiil be a
potential at the contacts 55 equal to that of
battery B due to the connection of the cut-
off relay and normal contact 34 of the line
relay, and consequently the movement of
contact 152 of relay BR to its alternate po-
sition will not be instrumental in maintain-
ing said relay energized, since battery op-
poses battery over the resulting ciceuit.
‘However, a circuit will be completed from
the live pole of battery B* through the
winding of relay R, inomentarily closed con-
tact 153 of relay BR and normal contact 154
of released relay RR? to ground. The en-
ergization of relay R-will open contacts 150
and 151 to disconnect the secondary magnet
‘SM® and the lower winding of relay BR

.

Yt
(s}

from strands L2—L? rvespectively. At the
30 game time, it will close contacts 154--153,

by the latter completing a locking cireuit
through the same grounded contact 154 of
the release relay,.and, by the former, com-
pleting a circuit for relay RG, which I may
term-a “ringing” relay because of ils con-
trol over the application of ringing current
to the-called “line. “"This ecircuit may be
traced from the live pole of the battery 13°
through the winding of cut-off relay CO,
normal contact 84 of line relay LLR, contacts
55—52, normal contact 152 of relay BR,
closed contact 154* of relay R, and the-wind-
ing of ringing relay RG to ground. At this
point, it may be noted that where the “slot”
mechanism-1s omitted at the substation, as
ig the case at substation M, there is no need
of a battery corresponding to battery B' of
the calling line, and the line instead may be
normally connected to the battery B° cor-
responding to the battery B* of the ealling
line. The encrgization of this relay -will
close a circuit extending from ground
through closed contact 157, closed contact
158 of relay CR, winding of “fiip-flop”
relay FT to the live pole of the battery I3°.
By the closing of contact 159 of “ringing”
relay RG, a connection is completed from
wiper 54 through contact 160 of flip-flop re-
lay FF, closed contact 139 and winding of
tip relay TR to ground. The closing of con-
tact 161 of relay RG completes.a connection
between the live pole of battery B* an:
~wiper 53, which includes an impedance coil
162. Due to the presence of thei )

55 156 -in the cirenit of the flipfop relay I,
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Dbattery B* through the relay winding and
closed contact 168 to ground. In ovder tha!
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said relay is rvepeatedly energized and de-
energized ; and due to the connection of its
contacts, alternately connects the tip relay
TR and the ringing generator 163 to the
wiper 54. Thus mtermittently, ringing cur-
rent is supplied over a circuit ecxtending
from the live pole of the genevator 163
through alternate contact 169, wiper 5, con-
tact 57, line limb 8', closed contact 75, con-

denser 164, switch-hook 64, call-bell 65,

closed contact 73, line Hmb P, contact 356,
wiper 53, closed contact 161, impedance coil
162 to the live pole of battery BB Thus
ringing current ls intermittently applied to
actuate the eall-bell 66. As soon as the
called party responds by removing his ve-
ceiver from its hook, he completes a puin
for battery current through his substation
and thereby a current flows from the live
pole of the battery B throngh impedance
coil 162, closed contact 161, wiper 53, con-
tact 56, line limb P, through the substation,
line limb S', contact 56, wiper 54 and when-
ever contact 160 comes into its normal po-
sition through said contact, closed contact
159 and winding of tip relay TR to ground.
v g : :

The relay TR is thus energized upon the
response of the called party. The resultant
opening of its contact 165 prevents a possi-
ble cireuit through protective resistance 156,
contact 167 of relay CR and the winding

of release relay RR? as zoon as velay (I iy

energized in the subsequent operation. "this
S £ 1ol O is-bro ) IR A
energization of relay CR is-brought about

YTy

100 g
PR

through - the other contact 168 of 1
which closes an.energizing ciremt ic
relay extending from the live pole of

the relay CR may remain energ
pendently of subsequent manipulations of
the called-for party’s switeh-hook, it is pro-
vided with a locking circuit which extends
through -its contact 169 and norinal contas

154 of release relay RR®. By means of con-

tact 170 of relay CR, a ground counection
is provided for the bank contact 49 of. the
associated second selector. WWhile the velay
CR remains de-energized, thiz path cxte
from contact 49, through contact 171 of pri-
mary off-normal switch PO?, nommal con-
tact 170 and winding of release relay I
to ground. While relay CR remai

gized, this ground conncction extends di-
rectly to ground through its contact 170. Ly

means of .the contacts 172 and 173 of relay

CR, the wipers 53—i4. ave disconnec ;
ing their selecting movements; and tpon i
energization of said relay, the
strands are finally completed at this poi
The response of the called party is also
instrumental in operating the printing
magnet 58 associated with the line selector
and algo -in eollecting the token deposited
in the slot mechanism 69 of the calling
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party. From the circuit previously traced
through impedance coil 162 of the called
line and the line limbs, and tip relay TR,
it will be seen that as soon as the called
party removes his receiver and the relay
CR has operated to close its contact 178,
there will be a flow of current through the
relay 45 associated with reverse relay RV,
which may be traced from the live pole of
the battery B?, through the winding of relay
45, alternate contact 124 of relay SR*
strand I, over the lower heavily marked
path to strand I, thence through wiper
53, contact 56, line limb P, through the
substation, line limb S, contact 57, wiper
54, normal contact 160 of relay FF, closed
contact 159 of relay R(, and winding of tip
relay TR to ground. Relay 45 will thus
be energized and, by closing its contact 174,
will cause the energization of reverse relay
RV, the circuit for said relay extending
from the live pole of the battery B2, through
the winding of said relay and closed con-
tact 174 to ground. The opening of con-
tact 175 of relay 45 will prevent a possible
release cirenit through release relay RR*
when the reversing relay RV is energized.
As is clear from the cross-connections 176—
177, the energization of relay RV discon-
nects relay PR* from strand L and connects
it to strand I and similarly disconnects
relay SR* from strand L' and connects it
to strand L. Thus.the supply of current
from the batteries 0—0* to the substation
M is veversed and the polavized relay at
the substation is thereby operated in’ the
manner previously described to collect the
coin deposited in the glot. As pointed out
heretofore, the ground connection with the
contact 23 of the master-switch O is ob-
tained through a contact 178 of the re-
versing relay RV. This relay is also pref-
erably provided with a contact 179 which
is adapted to ground one terminal of the
printing magnet 58 which is included in
circuit with a battery %, thereby operating

the printing mechanism in the manner here-

tofore described. Thus it will be seen
that the token deposited by the calling
party in case slot service is employed, or
the record of the call in case measured
service is intended, are not completed until
the called party has responded to the call.

At this point it may be noted that in case
the meter mechanism X is not to be em-
ployed, preferably the contact 179 of the
reverse relay would be omitted, alternate
contact 95 of secondary relay SR of the
line selector would be directly to ground
instead of to ground through the relay 61,
and the wiper 84 would be disconnected
from the wiper 26 or wholly omitted, to-
gether with the bank contacts 85, from the
switch structure. . It will also be under-
stood that in practice it is not usually eon-

1L

sidered necessary to record a completed
connection against a line whose subscribers
are equipped with nickel-in-the-slot service.
moreover, although the only subscriber’s line
shown in full in Fig. 1 is equipped with
slot service mechanism, there may be other
lines belonging to the same calling group
not thus equipped. Thus, some or all of
the lines of any calling group may be in-
dividual, o1 one party, lines having limited
or njeasured service. In such cases, the
record given by the meter mechanism X
15 highly desirable. Again there may be
certain groups of lines in which all “sub-

scribers ave provided with slot service; in’

such case the meter mechanism X may be
omitted.

Vith the parties thus connected, trans-
mussion current will be supplied from the
batteries 5—b* to the calling party’s trans-
mitter; and to the called party’s transmitter
feom the battery B3 the latter connection
being, as before indicated, from the live
pole of the battery through inpedance coil
162 to one side of the cireuit, and from the
grounded pole of the battery through. tip
relay TR to the other side of the circuit.

Oalled line busy.

Now, if it be assumed that the called line is
busy by reason of some other connection hay-
ing been established therewith, then as pre-
viously noted, the test contacts 55 would be
connected directly to ground. Insuchevent,
the final secondary impulse transmitted to
the connector would, as before, result in
momentarily energizing the relay BR; but
said relay would not be allowed to return
to normal, but would be held up by reason
of the completion of the cireuit through
the live pole of the battery B? through its
upper winding, closed contact 152, wiper
52 and contact 55 to ground. In such event,
the relay R would be energized as before
by reason of the closure of contact 1533,
but it would not in turn cause the energiza~
tion of relay RG, since the energizing cir-
cuit for this magnet must include normal
contact 152.  On the other hand, by reason
of the closure of contact 180 of relay BR, a
busy signal is transmitted to the calling
party through the agency of a primary cir-
cuit including interrupter 181, one winding
of the induction coil 182, and the battery BS,
in association with a secondary cireuit in-
cluding the other winding of said indue-
tion coil, a condenser 183, closed contact
180, the upper heavily marked path includ-
ing line limb P, the receiver and condenser
at the substation, line limb S, and the
lower heavily marked path to such ground
connections as may be found thereon. Due
to the characteristic signal produced by
the induction in the secondary circuit, the
calling party will understand that the de-
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sived line is not available to him and will
hang up his recelver.

Release.

This leads naturally to the consideration
of the release of the varicus switvhes em-
ployed in establishing a connection. As-
suming that the connection

1
Led

been com-
pleted between the substations M and N and
conversation has been caveied on between
these stations, it the calling party at station
AL -fivst hanes up his receiver, all the
switehes will be relensed and restored to
normal except the connector W if then the
called purty at-station N hungs up his ve-
ceiver, this connector will Le released. It,
on the other hand, the called party first
hangs up his receiver then the first selector
U, second selector V and connector W owill
be released ; then as soon as the calling party
restores his receiver, the line selector € will
be veleased. Again, if it be assumed that
the line civenit of a calling line has been ex-
tended through to the desired called line
and the latter is found to be busy, then if
the calling party restores his veceiver to its
hook all the switches will be released and
restored to normal. Likewise if at

Ay

1%

L any time
in the process of extending the calling sub-
seriber’s cirenit, he decides not to complete
the call, he may restore his receiver to its
hook and thereby release all the switches
which have thus far been operated end they
will be restored to normal.

‘Considering these releasing operations

more in detail, it will be remembered that
during conversation the relays PR* and SR*
‘are maintained continuously energized over

the calling line circuit. The restoration of
the calling party’s receiver to its hook inter-
rupts this eunergizing circuit and these
relays become de-energized, theveby allow-
ing their contacts 102—103 to close, thus
completing a velease cireuit which may be
traced from the live pole of battery B*
through the lower winding of release relay
RRB, closed contact 101 of secondary off-
normal switch SO, said closed contacts
102—103, and the winding of release relay
BR? of the first selector U to ground. The
closing of this civcuit ensrgizes both release
relays RR and RR'. The former by closing
its contact 184 completes a locking cirvent
extending through its upper winding, closed
contact 91 of the primary off-normal switeh
PO and normal contact 88 to ground. This
connection to ground from the contact 184

-also -eauses the energization of velease mag-
net RM which, due to the mechanical con-

struction of the parts, releases the switch
wipers and other parts and allows them to
return to normal under the action of its
returning springs. In order that the wipers
97 and 28 mayv be disconnected from other
parts while returning over bank contacts 31

{0 ground.
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and 82 multiply conne:ted to other switches,
the relay SR is energized during this return
movement. This energizing circuit extends
from the live pole of kattery B* through
the winding of said relay, alternate contact
90 and alternate contact 94 of release relay
RR to ground. The locking civcuit of the
relense relay RE is maintained until the pri-
mary off-normal contact 91 is opened.upon
the vetmrn of the switch to normal. The
enevgizing circuit of relay SR is also main-
tained until the wipers have completed
their return movement in a secondary di-
roction. At this time the cirenit is inter-
rupted at contact 90 of the secondary off-
normal switch SO,  Alternate centact 96
of the velease magnet RM is instrumental
in placing a ground upon the associated
master-switch bank contact 23 to-cause the
operation of the master-switch in case the
releage relay RR and release magnet RM
ave energized upon the line- selector select-
ing the calling line, which would occur if the
catling party hung up his veceiver before
the line seleecor had completed the selection.

The energization of release relay RR* of
selector U, by closing its contact
185, completes a circuit from the live pole
of battery B? through the winding of relay

4. 3ot
the fivst

SR, closed contact 126 of the primary off- ¥

normal switeh PO, closed contact 185, and
winding of release rvelay RR* to ground,
thereby maintaining the release relay RR!
energized, and energizing the secondary re-
lay S'RYL The energizing of these relays
c¢loses a circuit for the -release magnet RM!
which extends from the live pole of bat-
tery B? through the winding of said magnet,
alternate contact 182 and closed. contact 130
t The structure of the parts is
such that the encrgization of this magnet
releases the switch aund allows its parts to
return to normal. The energization of re-
lays S'R? also disconnects the wipers 40—41
during their return movement. The circuit
for the relays RR® and S'R* is interrupted

Dby primary off-normal contact 126 when

the switch has reached its normal position.
The release of the first selector U is relayed
to the seeond selector V Ly the closing of
alternate contact 134 over a circuit which
extends from the live pole of battery B?
through protective resistance 186, alternate
contact 134, elosed contact 135, wiper 39,
hank contact 42. closed contact 187 of pri-
mary off-normal switch PO* of the sccond
selector V and winding of release relay RR?
of said eelector to.ground. This circuit is

anomentary only being interrupted by con-
tact 135 upon- the energization of velease

magnet R
23]

The energization of release relay RR? com-

pletes-a cirenit which may be traced from the
dive pole of battery B2 through the winding

of secondary relay SR? closed primary. off-
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normal contact 137, closed contact 188 of
relay RR* through the winding of said
relay to ground, thereby maintaining the
release relay energized and energizing relay
BR2 The joint energization of these relays,
as in the case of the first selector 1], com-
pletes an energizing circuit for the release
magnet RM* which may be traced from
the live pole of battery B2 through - the
winding of said magnet and alternate con-
tacts 144 and 142 fo ground. The ener-
gization of release magnet, as before, canses
the restoration of the switch parts to nor-
mal and during this retwrn movement, the
energization of the secondary relay SR?
maintains the wipers disconnected. Upon

~the return of the switch parts to normal,

20

30

40

G0

the contacts of the primary off-normal
switch PO? are opened and the previously
traced circuit of the relays SR* and RR?
interrupted. As before, the release of the
second selector V closes a circuit which may
be traced from the live pole of battery B2
through protective resistance 189, alternate
contact 141 of relay RR?, closed contact 140
of release magnet RM2, wiper 46, bank cor-
tact 49, closed contact 171 of primary off-
normal switch PO®, alternate contact 170
to ground. Under the assumption that the
calling party has first hung up his receiver,
the completion of this civeuit does not cause
the release of connector W. This release
will not occur until the called party at
substation N restores his receiver to its
heok.  Thus it will be seen that if the
calling party restores his receiver before
the called party, the switches Q, U and V
will be restored to normal. Now when the
alled party hangs up his receiver he will
interrupt the circuit over the line limbs by
which the tip relay TR was maintained

cnergized, and at once a release circuit will

be closed from the live pole of battery B®
through protective resistance 166, closed
contact 165 of relay TR, closed contact
167, through the winding of release relay
RR* to ground, thereby energizing said
relay to cause it to close alternate contact
154 and thereby energize release magnet
RM?, which, due to the mechanical con-
struction of the parts, releases the switch
parts and allows them to return to normal.
Since during the conversation, relays R
and CR were locked up over a circuit in-
cluding normal contact 154, it will be seen
that these relays will be de-energized upon
the energization of release relay RR? and
furthermore, since the cut-off relay CO
of the called line and the relay RG are
held up over a circuit including contact
154 of relay R, this circuit will be inter-
rupted and the cut-off relay and said magnet
de-energized and the associated contacts
allowed to return to normal. Likewise the
return of the wipers to normal will cause

i8

a restoration of the primary and secondary
off-normal contacts PO® and SO® to their
normal positions. It may also be noted that
the de-energization of relay CR is instru-
mental in interrupting the energizing cir-
cuit of the release relay RR%. Thus all the
connector parts are restored to normal.
Now, if it be assumed that the called for
line S'P* be busy, then the restoration of
the calling party’s receiver to its hook will
cause a release of the switches Q, U, and V
by the closing of the circuits in the manner
just described. From the previous descrip-
tion it will be remembered that when the
desired called line is busy, the relays BR
and R are locked up, the former over a
circuit including the wiper 52 and the latter
over a circuit including normal contact 154
of release relay RR®.  Under these condi-
ticns then the relaying action of the second
selector V will not be impotent, as in the
case just considered, but a circuit will be
completed by the energization of its relay
RR* which, as before, will extend from the

live pole of battery B2 through protective

resistance 189, alternate contact. 141, closed
contact 140, wiper 46, bank contact 49, closed
contact 171 of primary off-normal switch
PO?, and thence, instead of direct to ground,
through normal contact 170 and the winding
of release relay RR® to ground. Thus the
release: relay 1s energized with the conse-
quent energization of release magnet RM3
and restoration of the switch parts, as here-
tofore described. To give time for this
restoration, the release relay RR?® is locked
up over a circuit extending from the live
pole of battery B through protective resist-
ance 190, closed contact 191 of primary off-
normal switch PO? closed contact 192 of
release relay RR? and the winding of said
relay to ground.

Now consider the case in which the
called, instead of the calling, party first re-
stores his receiver to its hook. In such
event, as heretofore, the circuit of the
called line is broken with the consequent
de-energization of the tip relay TR, and the
connector W is released by the closing of its
circuits in the manner heretofore fully de-
scribed. At this point it will be remem-
bered that the reversing relay RV, by which
the polarized relay 70 of the slot mechanism
ab the calling station M was actuated, is

maintained energized during conversation.

by the continued. energization of relay 45
whose energizing circuit extends over one
side of the heavily marked circuit, out over
one limb of the called line and back over the
other, and thence to ground through tip re-
lay TR. Consequently when the called
party restores his receiver to its hook, the
relay 45 is de-energized. Thus a circuit for
the release relay RR! is completed. This
circuit extends from the live pole of battery
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B2 through protective resistance 193, closed
contact 175 of relay 45, closed contact 194
of relay RV, and winding of release relay
RR* to ground. The energization of this
relay is instrumental in causing the release
of the first selector U with the subsequent
release of the second selector V in the
manner heretofore fully described. ¥rom
this it will be seen that if the called party
first restores his receiver to its hool, all the
switches employed in the connection are
restored to normal except the line selector.
This, however, 1s restored to normal as soon
as the calling party interrupts his line cir-
cuit by restoring his receiver to its hook.
This, as before described, causes the closing
of contacts 102 and 103 by relays PR* and
SR with the consequerit energization of re-
lease relay RR of the line selector. This as
before described, is instrumental in return-
ing the parts of the line selector to normal,

Tt remains now 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-connection. Thus for exainple,
if he immediately restores his receiver after
having removed it, the eflect will be to
cause an idle line selector to select the
calling party’s line and then immediately
release and restore all parts to normal.
Trom the previous deseription it will be
seen that the closing of the calling line cir-
cuit by the removal of the receiver initially
energizes the line relay LR and that this
line relay is then locked up over a loca
circuit independent of the manipulation of
the switch hook at the substation. Conse-
quently the conditions. swhich determine the
operation of an idle line selector are main-
tained until such selection is accomplished.
As soon as this takes place, however, the
primary and secondary relay PR? and
SR will not be energized, as before de-
seribed, over the calling line circuit since
the immediate restoration of the receiver to
its hook has interrupted:the. energizing cir-
cuit for these relays. It therefore follows

that as soon as the actuated line selector has
established connection with the calling

party, it is immediately released in the
manner heretofore deseribed by the closing
of the release circuit extending from - the
live pole of battery B*:through the lower
winding of rvelease relay RR, closed con-
tact 101 of secondary off-normal switch 5O,
closed contacts 102 and 103 of relays PR'
and SR' and the winding:of release velay
RBY o ground. before Indicated,
at this time the necessary ground connec-
tion to the contact 23 of the master-switch
G for causing the operation of the master-
switch extends through alternate contact
96 and either to ground through normal
contact 95 and relay 61, or to ground
through alternate contacts 95, 90 and 94

i,

As
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Thus the master-switch is operated in the
manner heretofore described to bring its
wipers into engagement with bank contacts
corresponding to an idle line selector.

From this it will be seen that the removal

of the calling party’s receiver always ex-
tends the calling line circuit through to a
first selector U, and the restoration of the
receiver either before this connection has
been completed, or after it has been com-

pleted and before operating the calling ap-
saratus, is instrumental in releasing the
) o

parts and placing them in condition for
subsequent operation.
Obviously from the preceding, if the

calling line circuit has been extended
throuzh to a first selector U and the calling

party’s receiver is then restored, the same
release of the line seleetor will be obtained,
and this release will be relayed to the first
solector U in the manner heretofore de-
seribed. Likewise if the conmnecticn has
been extended to the second selector V, the
same releasing operations will occur and
the release of the first selector will be re-
layed to the second selector V with a re-
sulting restoration of its parts to normal
in the manner heretofore described.

TRUNETNG DEIWEEN IWXCHANGES.

Hor

.
H

the purpose of trunking between ex-
1 preferably employ the cirenit
illustrated in Fiz. 2 swhich
to be considered in connecticn with the
diagramn of Fig. 1. Trunking civcuits of
this character may be employed bebwee

¢
R

o

i

tPrangemens
N

the second selectors V and conneciors
W, or between the first selectors
U and the second selectors V. In
the former case, in order to complete
the diagram, Fig. 2 should be placed be-
tween the parts 2 and 3-of g, 1; while In

the latter case, Fig. 2 should be considered
as interposed, in part 2 of Fig. 1, between
the wipers 39, 40 and 41 and the associated
bank contacts 42, 4

12, 43 and 44 of the first se-
lector U, thus bringing wiper 39, 40 and
41 into co-operation with the bank contacts
195, 196 and 197, and the wipers 158, 199
and 200 of the selector U into co-operation
with the banl contacts 42, 43 and 44, With
this latter arrangement, the selector 17 be-
comes practically a trunk selector and will
be referred to as such in the description of
these trunking circuits, while the switch U
becomes the first selector, leaving V a sec-
ond selector as befove, co-operating with
the connector W. With this lat

rangement, it is possible to Interconnect,
on the agsumptions of hundred point
P
5

switches and tem pew cent king here-
fore assuned, ten exchanges of ten thou-
; o

sand lines cach., In such cvenb as bhetore,

the lines of each exchange would be di-
vided into one hundred groups of one
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hundred lines each and ten line selectors
would be assigned to each group, thus pro-
viding one thousand line selectors. There
would also be one thousand trunk selectors,
one thousand first selectors, one thousand
second selectors and omne thousand connee-
tors. The trunks from the trunk selectors
at each exchange would extend to first so-
lectors at its own and every other exchange.
Thus, preferably the first row or group of
bank contacts of cach trunk selector would

.be assigned to trunks running to the first
‘exchange, the second row or group to

trunks running to the second exchange, the
third row or group to trunks runniny to
the third exchange, and so on throughout
the ten exchanges. Obviousty a similar ar-
rangement could be provided for intercon-
necting the selectors in case the trunking
circuits were arranged between the switches
Vand W. With the arrangement outlined,
1t will also be apparent that connection may
be made with exchanges having less than
ten thousand lines. In such event, if any
exchange has less than one thousand lines,
one set of selectors could be omitted com-
pletely from such exchange. By thus omit-
ting, say, the second selectors, the wipers
of the connectors would be multiply con-
nected directly to the bank contacts of the
first selectors.

Referring more particularly to the dia-
gram of Fig. 2, the apparatus to the left
of the dot and dash line E—I will ordi-
narily be located at one exchange, while
that to the right of said line will be locatedl
at another exchange, usually located at
some distance from the first, and conversa-
tion and the necessary signaling operations
will be carried on by the use of the two
trunks T*—I° only. The switch mecha-
nism U* at the right of the diagram includes
in addition to the wipers 198, 199 and 200,
heretofore referred to, the usual primary
magnet PM, the secondary magnet SM®
primary off-normal switch PO?, secondary
off-normal switch SO0, secondary relay
SR, release relay RR® and release magnes
RA all of which co-operate in the manner
heretofore presented in describing the se-
lectors U and V. The remaining appa-
ratus includes merely simple mechanism
which is diagrammatically illustrated and
its functions will be understood from the
description of the operation of the circuits.

Operation.

Considering the complete diagram of
Fig. 1 with the trunking circuit of Fig. 2
interposed between the switches U and V
as heretofore described, the operation of
the trunking cireuits will now be considered.
Assuming that the calling party removed

“his veceiver from its hook and thereby ex-

tended his line civeuit to include the trunk

1s

selector U, it will be necessary for him
to operate his dial mechanism five times
instead of four, as heretofore described, in
order to complete his connection with the
desired called line. The first set of im-
pulses will be instrumental in causing the
trunk selector U to move its wipers to that
group or row of bank contacts having

131

cess, over connected trunks, to the exchange.

in which the desired called line terminates.
wubsequent impulses will successively oper-
ate the first selector U second selector V
and the connector W of the selected ex-
change, in the same manner as the four sets
oif impulse operated the first selector,
second selector and connector as heretofore
described. Considering this operation more
in detail and assuming that the calling
party has removed his receiver and trans-
mitted his first set of impulses and is about
to transimit the second set of impulses, then,
under this assumption, the wipers 39, 40
and 41 of the trunlk selector U will be in
engagement with the bank contacts 195,
196 and 197 associated with the trunks
IA—I# which extend to be desired ex-
change. Now assuming that the calling
party is calling the same number in the
selected exchange as before, then the sec-
ond set of impulses will successively ground
the trunk L of the trunk selector U three
times followed by a single grounding of
the strand L. These impulses will be re-
peated over the trunks I* and L° to the
selected exchange, there to cause the first
selector U to step its wipers 198, 199 and
200 to the third group of bank contacts 42,
43 and 44. Tach ground placed upon the
trunk I. will complete a circuit extending
from the live pole of battery B* through
the winding of primary relay PR* normal
contact 201, bank contact 196, wiper 40 to
the trunk L, and thence to ground. Thus
each grounding of the trunk I, will cause
a momentary energization of the relay PR*
which in turn by its contact 202 will mo-
mentarily ground the trunk L* thereby com-
pleting a circuit which may be traced from
said trunk through normal contact 203 of
the relay 204, closed contact 205 of relay
206 and winding of primary relay PR? to
the live pole of battery B This will in
turn momentarily energize primary rvelay
PR, which, through its contact 207, will
complete o circuit for the primary magnet
PM? which may be traced from the live
pole of battery B® through the winding of
said magnet, closed contact 208 of off-nor-
mal switch SO, closed contact 209 of re-
lease relay RR® and closed contact 207 to
ground. Thus it will be seen that each
ground placed upon the trunk I causes a
momentary energization of the primary
magnet PM® which causes a corresponding
advance of the wipers of the switch UL
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Before considering the efféct of the ground
placed on the trunk L!, it should be noted
that the energization of relay PR* closes
its contact 210 to thereby enérgize relay
211, which in turn closes its contact 212
to thereby establish a locking circuit ex-
tending through bank contact 195, wiper
89, closed contact 135, normal contacts 134
and 133, to grouild. The energization of
relay 211 by closing its contact 213 com-
pletes an energizing circuit for relay 214
which in twrn is locked up over a ecireuit
including its closed contdct 217 and closed
contact 218 of relay 219. Relay 219 has a
double winding which is grounded at its
center and connected between the tiunks
TA—15 by way of contacts 220 and 221 on
the one hand, and contacts 222 and 223 on
the other. The single grounding of the
trunk I following the groundings of the
trank I, completes an energizing cireuit
for the secondary relay SR*' which may be
traced from the live pole of battery B!
through the winding of said relay, normal
contact 224, contact 197, wiper 41, and
strand L%, to ground. 'FThe resulting sing!
energization of the secondary relay &

nmoves its contact 225 to its alternate posi-
tion thereby connecting trunk I.° to ground.
This grounding of the trunk I° completes
an energizing circuit for the secondary re-
lay SR® which may be traced from the live
pole of battery B® through the winding of
said relay, normal contact 226, trunk I.°, to
ground. The energization of the relay SR®
similarly grounds that portion of the trunk
1.7 to the right of contact 225 through the
agency of its contact 227, and an energizing
circuit for the secondary relay $°R° is
thereby completed over a path which may
be traced from the live pole ot hattery B°
through the winding of said relay, closed
contact 228 of off-normal switch 307, ¢losed
contact 229 of off-normal switch PO® to
trunk 1° and ground. Thus it will be seen
that the single grounding of the trunk L.
causes an initial energization of secondary
relay S°R° which is instrumental in clos-
ing a civcuit for the secondary magnet SM®
which includes the alternating current
generator 230, normal contact 231 of release
relay RR® and closed contact 232 of velay
SR, The resulting repeated energizations
and de-energizations of secondary magnet
SR cause the wipers of the switch U* to
move in a secondary direction over the con-
tacts of that group to which the wipers
have been moved by the primary magnet
PR, Upon the first secondary movement,

B U
the secondary off-normal contacts SO° are
opened and the initial energizing circuit
of the relay S°R° is replaced by a cireuit
including alternate contact 233 of said re-
lay, normal contact 234 of the release re-
lay, closed contact 235 of release magnet
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RM? and wiper 198 to ground, so long as
said wiper engages a grounded contact
which it will continue to do until an idle
selector V is found. When such a selector
is encountered, the circuit of the relay 5°R°
wili be opened and in turn will open the
circuit of the secondary magnet SK® and
thereby discontinue the further secondary
movement of the wipers 198, 199, 200 in
the same manrer heretofore explained in
describing the operation of the switches U
and V. Duaring the secondary movement
of the wipers they are disconnected by
means of the contacts 236 and 237 of relay
S9R3. Thus far the circuit of the calling
line has been extended through the trunk
selector and the trunks FAL° to the first
selector U™

The next step in the operation consists in
transmitting four impulses over the primary
side of the circuit followed by a single
secondary impulse. As before, the primary
impuises are vepeated by means of the re-
lavs PR* and PR, but 1 this instance the
energizations of relay PR® do not complete
a circuit through the primary magnet PM°
of the fitst selector U* as before, but in-
stead  completed a  circuit through the
primary magnet PM? of the second selector
V which may be tiaced from the live pole
of battery 13* through the winding of said
magnet, closed contact 136 of the off-normal
switch SO% bank contact 43, wiper 199,
closed contact 236 and closed contact 207
of relay PR® to ground. The subsequent
secondary impulse is similarly repeated by
means ot the secondary relays SR* and SR°
but in this instance, the movement of con-
tact 227 of relay SRS to its grounded posi-
tion does not complete a circuit through
relay S°R® of the frst selector U but in-
stead completes a cireuit through the corre-
sponding relay SR? of the second sclector
V which may be traced from the live pole
of battery B? through the winding of said
relay, closed contact 137 of oif-normal
switch P02 closed contact 138 of of-nor-
mal switeh 302, bank contact 44, wiper 200,
closed contact 237, trunk Lo and alternate
contact 227 of relay SR’ to ground. Thus
the repeated primary and secondary im-
pulses are instrumental in operating the
second selector V in the manner heretofore
described. ILikewise the primary and sec-
ondary impulses which operate the con-
nector W are repeated by means of the re-
lays PR* and PR in the case of the primary
impilses, and relays SE* and SR in the
case of the secondary impulses.

Wow if it Le assumed that the line with
which the connector W establishes connes
tion is busy, then the apparatus of the
trunking circuit will not be further actint-
ed until the calling party hangs up his
receiver and the parts ave released, as will

S

047
iy

129

pER




20

4]
<t

a4

40

60

1,568,347

be hereinafter more fully explained. A

path for the current which produces the

busy signal, however, will be provided back
el ? i 1

drom the connector over the trunk L' in-

cluding condensers 238 and 239, normal con-
tact 202 of primary relay PR* and con-
denzer 240 and thence to the calling line
as before, returning to the grounds on the
other side of the cireuit, which grounds
metude that from the contact 197 through
normal contact 224 of relay P* of relay SRt
and battery Bt

Now if the called line is found idle, then
upon the called party removing his receiver
from its hook, it will be remembered that he
completes a circuit from the wiper 53 out
over the line limb P* and back over line liml
o', through wiper 54, normal contact 160,
closed contact 159 and winding of the tip
relay TR to ground, thus effectually con-
necting the wiper 53 to ground. As before,
current is supplied to this wiper from the
live pole of battery B® through impedance
coil 162 and closed contact 161 of relay R@,
but in addition, current is supplied to the
same wiper from the live pole of battery
B through the winding of relay 204, nor-
mal contact 227, trunk L7 including closed
contact 237, wiper 200, bank contact 44,
closed contact 146, wiper 48, bank con-
tact 51, alternate contact 149 and closed
contact 178. The 1elay 204 is there-
by energized by the consequent connecting
of the sections of the trunk IS. As soon
as these trunking sections are united, a cir-
cuit is completed through the polarized re-
lay 241 which may be traced from the live
pole of battery B® through the winding of
relay 204, normal contact 227 of relay SRS
to trunk L° as before, part of the current
flowing to ground through the called sub-
station as before, and a part over the trunk
Lo, through normal contact 925 of relay
SR the windings of polarized relay 241,
closed contact 242 of relay P4, normal con-
tact 202 of relay PRY, trunk 1.4, alternate
contact 203 of relay 204, winding of relay
243 to ground. The closing of this civenit
canses a movement of contact 244 of polar-
ized relay 241 to its closed position ‘and, in
addition, the closing of contact 945 of relay
243. The closing of the latter contact
causes the energization of relay 206 with the
consequent closing’ of its contact 246 form-
ing part of the release circuit, and the clos-
g of a locking civcuit extending through
its contact 247 and closed contact 248 of
ofi-normal switch PO? “thus locking the
relay 206 up through a primary off-normal
switch contact. The opening of contact
205 disconnects the primary relay PR® from
the trunk 1., while the opening of contact
226 of relay 204 similarly disconnects the
winding of secondary relay SR® from the
trunk LS The closing of contact 249 of

L7

relay 206 unites the sections of the trunk
Lt On the other hand, the closing of the
contact 244 of the polarized relay 241 com-
pletes an energizing circuit for relay P+
which is immediately replaced by a locking
circuit including closed contact 250, bank
contact 195, wiper 89 and thence to ground.
The resulting opening of contact 249 there.-
upon interrupts the circuit of the polarized
relay 241, The completion of the trunxg 1.6
by joining its mormally disconnected sec-
tions provides a path for current for the
relay 45 which controls the reversing relay
RV and as before, this relay is operated to
supply reversed current to the calling sta-
tion for the purpose heretofore mentioned.

Release.

If at the end of conversation it be as-
sumed that the calling party first hangs up
his receiver, then the release of the line se-
lector Q and trunk selector U will be
brought about in the manner heretofore de-
scribed, and the connection of the wiper 39
to ground will be momentarily interrupted,
thereby interrupting the locking circmit of
relays P4 and 211, the de-energization of
the former restoring its contacts to norinal,
and the de-encrgization of the latter con-

necting the relay 219 in bridge of the trunks !

L*L5, thus grounding each trunk through
a winding of said relay 219. As a result
of this, current flows from the live pole of
battery B® through the winding of relay
204, normal contact 227, trunk L5, closed
contacts 223 and 222 and the right hand
winding of relay 219 to ground. This
causes relay 219 to open its contact 218 and
thereby interrupt the locking circuit of re-
lay 214 which is provided with a copper
shell for the purpose of causing its slow
de-energization and consequently its slow
release. By this means the grounds ap-
plied to the trunks L4LS are maintained a
sufficient length of time to enable a proper
operation of the mechanism at the distant
cxchange. At this point its may be ob-
served that the relay 243, after being ini-
tially energized over the circuit including the
polarized relay 241, is maintained energized
over a circuit extending from the live pole
of bdttery B2, through the winding of re-
lay 45, alternate contact 124 of relay SR,
trunk 1!, wiper 41, contact 197, alternate
contact 224 of relay P4, trunk L#, alternate
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contact 203 of relay 204 and winding of -

relay 243 to ground. So long as this re-
lay remains - energized, the release circuit
for the selector U is maintained opened
at the contact 251 of said relay. In view
of ‘the maintaining circuit for the relay
243 extending through the wipers of the
trunk selector U, it will be apparent-that
as soon as said selector is released, this
maintaining circuit will be interrupted and
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the release circuit for the first selector U*

will be closed at the contact 251. This cir-
cuit may be traced from the live pole of
battery B® through protective resistance
252, closed contacts 251—246, normal con-
act 253 of release relay RR® and through the
winding of said relay to ground. The re-
sulting energization of the release relay
closes an energizing circuit for the release
magnet RM?® which includes alternate con-
tact 231 of said relay and closed contact
932 of the secondary relay S°RS. The en-
ergization of the release relay closes alter-
nate contact 253 which thereupon estab-
lishes an energizing circuit which extends
from the live pole of battery B® through
the winding of relay S°R, closed contact
254 of ofl-normmal switch PO?, alternate con-
tact 258 and winding of release relay RR®
to ground, thereby disconnecting the wipers
199 and 200 and maintaining the release re-
lay energized until the switch parts arve
restored to normal in the manner heretofore
described in connection with the description
of the operation of the other selectors. As
in other cases, the wiper 198 is momentarily
connected to the live pole of battery B® by
way of closed contact 285, alternate contact
234 and protective resistance 255. This
civeuit is interrupted upon the energization
of release magnet RM®, but its duration is
of sufficient length to cause the energiza-
tion of the release relay RR? of the secord
selector V, thus causing a restoration of the
sarts of this circuit to normal but without
causing the release of the connector W.
Thus, as before, the hanging up of the call-
ing party’s receiver restores all the appa-
ratus to normal except the connector asso-
ciated with the called line. This connector
is subsequently restored upon the restora-
tion of the called party’s receiver- to its
hook in the manner heretofore described.
Now if it be assumed that at the end of
conversation the called, instead of the call-

ing, party first hangs up his receiver, then,

as previously deseribed, the ground connec-
tion from the wiper 58 over the called line
and through the winding of tip relay TR
will be interrupted and at once release cir-
cuits for the trunk selector U, the first se-
lector V and the connector W will be closed.
The latter as previously traced extends
from the live pole of battery B® through
proteetive rvesistance 166, closed contacts
165 and 167 and winding of release relay
RR? to ground. The releasing operation
which follows the closing of this circuit
has been described heretofore. The release
circuit of the trunk selector U is completed
as the result of the de-energization of relay
45 which is held up during conversation
over the called line. This circuit includes
protective resistance 193, closed contacts 175
and 194 and the winding of release relay
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RR* and, together with the consequent re-
leasing operation of the trunk selector U,
has been deseribed heretofor~. The release
circuit of the first selector U is closed by
reason of the de-energization of relay 204
which, as previously noted, is also held up
during conversation over the called line.
The de-energization of this relay interrupts
the previously traced maintaining circuit
of relay 243 at contact 203. The resulting
closing of contact 251 of relay 243 com-
pletes the release circuit for the release
relay RR? of the selector U* and causes the
restoration of its parts in the manner here-
tofore described. The release of the first
selector U* is instrumental in causing the
subsequent release of the second selector V,
as heretofore described. Thus the restora-
tion of the called party’s receiver to its hook
restores all the mechanism to normal ex-
cept the line selector connected to the call-
ing line. This is subsequently veleased
upon the restoration of the calling party’s
receiver to its hook, in the manner hereto-
fore described.

Now if it be assumed that the calling
party has extended his line civeuit through
to the trunks IA—T1/ and then restores his
receiver to its hook, then, as before, the ve-
lease of the trunk selector 7 will interrupt
the locking cireuit of relay 211 at bank con-
tact 195 and the trunks ILA—I7 will De
grounded through the windings of relay 219
respectively.  Since at this time the relay
204 lhias not yet been operated (it being
remembered that it is operated only upon
the response of the called party) a circuit
will be completed from the live pole of bat-
tery B® through the winding of secondary
relay SR®, trunk L2, closed contacts 223
and 222 and winding of relay 219 to ground.
Likewise a path will be completed from the
live pole of the same battery through wind-
ing of primary relay PR® closed contact
205, normal contact 203, trunk L#, closed
contacts 221 and 220 and & winding of velay
219 to ground. The vesult of the closing
of these circuits will be to energize relay
219 to open its contact 218 and thereby de-
energize relay 214, thus interrupting the
connections hetween trunks and the wind-
ings of the relay 219. Since under the as-
sumption no switches to the vight of the line
E—L have been operated, the wvesulting
energization of the primary relay PR and
secondary relay SR® will performm no use-
ful function, but, without their cnergiza-
tion, the switch parts are vestored to their
normal positions. If now it be assumed
that the calling party has extended his cir-
cuit  far enough to cause the operation of
the selector 1J* and then releases by restor-
ing his vecelver to its hook, then the simul-
tancous energization of the primary rvelay
PR? and sccondary relay SRS, just de-
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scribed, will provide a new release cireuit

for the velease relay RR® of the selector 1T

The formes release cirenit cannot be closed
at this time because relay 204, which con-
trols the energization of relay 206, is not
energized until the called party responds by
removing his receiver from ifs hook. The
new release cireuit extends from the live
pole of battery B® through protective re-
sistance 252, closed contact 256 of relay S,
closed contact 257 of relay PR?, normal con-
tact 253 of relay RR® and the winding of
said relay to ground. The vesult of the ener-
gization of release rvelay RRY is the restora-
tion of the switch parts to normal in the
manner heretofore described. If the con-
nection has been extended far enough o
cause the operation of the second selector
V, its release will follow the release of the
first selector U* in the manner heretofore sot
forth.
Connector Wt

In Fig. 3 of the accompanying drawings, I
have illustrated a modified connector cireuit
which differs from that of the connector W
of Fig. 1 in having (1) its strands T2—I.8
connected to Wipers 53—054 respective-
ly instead of (o wipers 54—53 respectively ;
(2) a condenser 258 interposed in the strand
175 (3) a connection 259 from contact 159 to
the portion of the strand I lying between
condenser 258 and contact 178 of relay CR;
(4) a connection extending from that portion
of the strand 12 to the left of condenser 258,
through normally open contact 260 and
winding of impedance coil 261 to ground;
and (5) a connection between the live pole
of the battery B® and contact 161 of ringing
relay R which ineludes the winding 1622
wound upon the same core as the winding
261 and corresponding to the impedance coil
162 of the connector W. The operation of
these cireuits is substantially the same as
that of the circuits of connector W except
in certain particulars which will now be
described.  As before, relays R and RG
are held up upon the establishment of con-
nection with an idle called line and the
flip-flop relay FF is Intermittently ener-
gized to apply ringing current to the called
line, and, during the non-ringing intervals,
to conneet the wiper 54 through normal con-
tact 160, closed contact 159 and winding of
tip relay TR to ground. Upon the response
of the called party, tip relay TR is there-
fore energized and in turn enevgizes the
closing relay CR, as before. In addition,
the closing of contact 260 of tip relay TR
connects the portion of strand 12 to the
left of condenser 258 to ground through im-
pedance winding 261. Thereupon, relay 45,
associated with the reversing relay RV, is
energized and maintained energized so long
as the tip relay is held up. Thus the relay

19

45, as before, is held up during conversa-
tien, but in this instance over a cirenit ox-
tending directly from strand 174 to ground
through a conlact of the tip relay wd

st

@l
of to ground over the called lLine an: through
the winding of the tip relay. Buring <on-
versation, talking current is supplied to tie
called party from the battery B3 throngh
impedance winding 162* and closed contact
161 te one side cf the circunit, and from the
greunded pole of the battery ¢ through the
winding of the tip velay TR and conductor
259 to the other side of the circuit. Thus.
by means of the conductor 259, carrent ig
supplied to one side.of the circuit without
passing through relay contacts 159 and 16U,
thereby decreasing the number of relay con-
tacts in the transmission cireuit. The parts
of the connector W<, which are the saine as
those of the connector W, are designated by
like characters. Consequently the descrip-
tion of the circuits of the connector W hero-
tofore given may be read equally well upon
the circuits of the connector Wt except as
hevetofore pointed out,

Connector We,

In TFig. 4 cof the accompanying drawings,
I have illustrated a modified connector cir-
cuit which is designed for use in cases where
a number of lines extend to a private hranch
exchange or to telephones having the same
telephone number and wusually located at
one place, such ag'i suit of offices. The
cireaits are so arranged that the connector
will operate to pick out the first idle line
running to the subscriber, and if none of the
lines are idle, a “busy” signal will be re-
turned to the calling party. This cireuit
differs from that of connector W princi-
pally in having a relay 262 which is held
up whenever the connector connects with a
busy line and thereby completes = vibratory
circuit for the secondary magnet SLE¢ to
cause a further advance of the switch wipers
in a secondary direction. This relay is also
instrumental in applying the so-called busy-
back signal to the calling line. By referring
more particularly to Iig. 4, it will be seen
that this circuit differs from that of the’
connector W in having a connection through
this relay 262 extending from Latfery to
the upper winding of the busy relay BR, in
having a busy back circuit including an ad-
ditional contact 263 on the ringing relay
RG, and in providing the secondary relay
SMC with vibratery contacts 264 and a con.
nection to ground extending through. con-
tact 265 of relay 262. In this instance also
the initial energizing cireuit for the relay
R extends to ground immediately after pass-
ing through contact 153 of relay BR in-
stead of extending through contact 154 of
the release relay RR® to ground. In the
operation of the connector, if the first line
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encountered is busy, the operation of the
various relays and associated parts is the
same as hevetofore described. If, on the
other hand, the first set of bank contacts
550, 56, 572, is found to Le that of an en-
gaged line, then, as previously pointed out,
there will be a ground connection to the con-
tact 55°, and as soon as wiper 52 engages
said contact, the final secondary impulse
coming over the strand I° will be instru-
mental in momentarily energizing relay BXR,
and when energized, it will be held up
through its contact 152, wiper 52 aud
grounded contact 55° This ground connec-
tion will also complete a circuit for the ve-
lay 262 which may be traced from the live
pole of battery B? through the winding of
said relay, alternate contact 152, wiper 52
and grounded contact 53*.  The resulting
energization of relay 262 will interyupt the
secondary circuit over which the busy hack
signal is transmitted at its contact 180%
Turthermore, the energization of this relay
will complete the vibratory circuit for the

- secondary magnet SMC and cause the same

to advance the wipers into engagement with
the next set of bank contacts 55", 56", 57"
Tf now it be assumed that the line corre-
sponding to this set of contacts is idle, then,
as previously explained, there will be a con-
nection from centact 55" to battery. Con-
sequently as soon as wiper 52 engages con-
tact 552, relays BR and 262 will be de-ener-
gized.  The de-energization of the latter
will interrupt the vibratory circuit of the
secondary magnet and close the busy back
circuit at contact 180%, but in the meantime,
the return of contact 152 of relay BR will
complete a circuit for ringing relay RG,
which upon being energized, will interrupt
the busy back circuit at contact 263. Con-
sequently no busy back signal will be trans-
mitted, but on the other hand, a circuit for
flip-flop relay FE will be closed and a
signal transmitted to the called stafion as
heretofore, with a like operation of the ap-
paratus upon the response of the called
party. Now if it be assumed that the second
set of contacts 55", 56, 57" are those of 2
busy line, then the relays BR and 262 will
not” be de-energized and consequently, the
vibratory circuit of the secondary magnet
SMS will be maintained and the wipers con-
sequently moved into engagement with_the
next set of bank contacts 55°, 56°, 57°. If it
e assumed that in the present instance there
are but two lines running to the one oifice
and having the same number, then the set
of contacts 55¢, 56, 57¢, will be dead, that
ig, neither connected to ground or battery.
Consequently, upon the engagement of
wiper 52 with contact 55°, the relays DR
and 262 will be de-energized with the result-
ing return of their contacts to normal. This
as before, will stop the further secondary
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movement of the wipers, will close busy
back circuit at contact 180%, but swill not be
instrumental in energizing the ringing relay
R, since to do this it is necessary that the
engaged bank contact be connected to
battery. Therefore, the busy back civeuit
through contact 263 of relay RG will be
maintained.  This civenit may be traced
from ground to battery B?, secondary wind-
ing of repeating coil 182, condenser 183,
closed contacts 180* and 263 to the strand
1.2, thence over the primary side of the cir-
cutt through the substation and back over
the secondary side of the cirveuit to the
various grounds existing thereon, as traced
before in connection with the description
of the circuits of the connector W. The ve-
leasing operation is the same as that ot con-
nector W and need not be repeated.

Party line connector W&

In Fig. 5 of the accompanying drawings,
1 have illustrated a connector circuit which
is designed for use with subscribers’ lines
having a plurality of substations located
thereon. The general operation of this con-
nector is the same as that of the others, pre-
viously described. but in addition, 1t s
associated with a so-calledd pavty line ving-
ing switch which is actuated in response to
impulses transmitted from the calling sta-
tion to connect a source of vinging current
suitable to actuate the cail-bell of the desirved
substation on the line. In the present in-
stance I have illustrated four generators
163, 163%, 163°, 163¢ which are designed to
supply alternating current of different fre-
quencies to the called line and the line in
twrn is provided with four call-bells or
other signal devices which will vespond to
the current transmitted from the generators
respectively, that is one cali-hell will
respond to current from the generator
163 only, and another will respond to cur-
rent from the generator 168" oniy, and wo
on. Any preferred system of selective ring-
ing may be employed and the onre I
have illustrated is wmerely typical and cor-
responds to that disclosed in Puatent Wo.
779,588, geranted January 10, 1905, to
William W. Dean.  For the purpose of ac-
tuating the party line switch to connect the
proper generator and civenit, the calling
party transmits other hmpulses in addition
to the nsnal impulses by which the cxiling
line circuit is extended to the called Iine.

Referring in detail to the operation of the
cireuits of this connector, the primary and
secondary movements are accomplished
in the manner hevetofore described by ve-
peated energizations and de-cnergizations
of the primary and secondary magnets PAP
and SME  In this instance, however, the
sccondary impulse which, 1n other cases
eauces the energization of relay BR, causes
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& aomentary energization of reluy 266
over a circuit extending from strand. L?
through closed contact 151, normal contact
267 of relay 266 and the winding of said
relay to the live pole of the battery B
The resulting: energization of relay 266, by
means of a malke-before-hreak contact, in-
terrupts this initial energizing civeuit and
replaces it by a circuit extending from the
live pole of battery B? through the winding
ot said relay, alternate contact 267, and nox-
al contact 154 of relay RR® to ground.
The “party-selecting” impulses which st
now follow, include a certain number of
primavy impulses followed by a single sec-
ondary impulse.. If it be assumed that the
party whose call-beil responds to current
from the generator 168 is wanted, then, ac-
cording to the present diagram, the party
selecting impulse would include a single
primary impulse followed by asingle second-
ary impulse. The single primary impulse is
transmitted over a circuit extending from
ground to strand 1.2, thence via closed contact
150 of relay R, alternating contact 268 of re-
lay 266 and winding of motor magnet MM’
of the partyline switch to the live pole of the
battery B®. “ Due to the mechanical construc-
tion. of the parts hereinafter described,
the single energization and de-energization
of the motor magnet MM™ will cause the
wiper 269 to step into engagement with
bank contact 270 corresponding to generator
163% The party line switch is provided
with an off-normal switch OF which is
closed upon the first movement of the
wiper 269 from normal. The following
recondary - impulse, constituting a part
of the barty-selecting impulses, will ex-
tend from ground to the strand I° and
thence by a closed contact 151 of relay R,
losed off-normal switch O and the lower
winding of relay BR to the live pole of
battery B2 This secondary impulse is thus
mstrumental ino energizing the relay BR
which will be locked up in case a busy-line
Is encountered, or immediately released in
visie the encountered line is idle. The op-
erations following this energizition of the
relay BR including release ure the saiie ns
heretofore described and. therefore need not
be repeated;. except to state that tlie energi-
zation of release relay RR?, in addition to
closing an energizing circnit for the reledse
magnet KM® of the connector, closes a like
cireuit for the release magnet RM' of. thie
party line ringing switch and thereby causes
the restoration of that switch: to normai; as

more fully explained. hereinafter. Tt will

be noted however, that the contact 160 of re-
lay FX now intermittently applies ringing

current from the selected generator in-

stead: of always from the "same. generator
as in the previously described circuits.
In the diagram of this connector, 1t will

QL
also be observed that a condenser 258 is
interposed in the strand I and thut the
relay 45 associated with the reversing relay
RV is held up during conversation through
a tap extending from said strand through
closed contact 260 of tip relay TR and im-
pedance coil 261%, the-same as'in the circuits
of the connector W' previously described.

Party line connector W,

In Fig. 6 of the accompanying d AWINGS,
I have illustrated. a second party line con-
nector circuit designed for use in a system
in which the different parties on the line are
to be- selectively signalled by means of a
code including any desired sequence of long
or short rings or & combination of both.
‘The general arrangement of this connector
circuit has the same characteristic as those
hervetofore described and differs essentially-
from the- circuit of connector W? illustrated
in Fig. 5; by having a party line ringing
switch provided with a plurality of wipers
and sets of bank contacts arranged to cut
in ringing machines having different im-
pulse wheels each arranged to make and
break a ringing generator according to the
code signal that is to be transmitted. The
mechanism of the party line ringing switch,
whicl is diagrammatically shown in Fig.
6, is fully illustrated:in Figs.. 18 and 19 and
will be. more fully hereinafter described.
Due to. the arrangement of this party line
switch, the flip-flop. relay BF of the pre-
vious diagram. is omitted and the relays TR
and: RG arve provided with additional con-
tacts: '

Referring to the operation, the same meth-
od of transmitting. additional impulses for
the: purpose of selecting the desired party
are to be employed as-in the case of connec-
tor We. " As in:that case the secondary im-
pulse which ordinarily ‘would operate the
relay BR, is transmitted through normal
contact 267 of relay 266 and the winding of
said relay to the live pole of battery B
The resulting energization of relay 266 in-
terrupts the connection of the secondary
magnet SM? with the strand L2, replaces it
by a connection. through motor magnet
M M# of the- party line switch and pro-
vides a locking circuit for said relay. The
subsequent: primadry sélecting impulses are
thereupon- transmitted; as. before; through
the:motor niagnét M M? to cause a step-by-
step rovement: of the wipers 271, 272
278, over. their assoeiadted bank contacts
274, 275, 276.  Upon the first movement
of these wipers from: normal = contacts
277 and 278 of off-normal. switch O% are
closed. = Consequently the secondary im-
pulse is transmitted .over a circuit including
strand L7, closed: contact 151 of relay R,
closed contact 278 of switch O, the lower
winding of relay BR and battery, Thus the
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relay BR is energized, as before, to cause
the subsequent operation of other parts. If
the line selected 1s busy, as before, the relay
BR will be locked up over wiper 52 and the
busy back signal will be transmitted to the
calling party. Upon the subsequent release
of the connector, due to the calling party
hanging up his receiver, contact 279 of re-
lease magnet RM3 will be grounded -and
thereby a release circuit completed for
the release magnet RM® for the -party
line switch, which will thereupon be re-
stored to” normal. In case the selected
line is found to be idle, the energization
of relay BR, which will be momentary,
will cause the operation of relays R and
RG as before explained. -The energiza-
tion of relay RG will connect wiper 54
of the connector directly with wiper 271 of
the party line switch. Similarly, the clos-
ing of contact 159 of relay RG will connect
the same wiper of the connector through the
winding of tip relay TR to the wiper 272
of the party line switch. The closing of
contact 280 of relay RG will ground wiper
273 of the party line switch. Now assuming
that the wipers 271, 272, 273 have been
moved to the first set of contacts 274, 275,
976, then, as soon as wiper 273 is grounded,
a vibratory circuit is completed for the con-
nected motor magnet MM?® which is de-
signed to cause the rotation of its impulse
wheel 281. This impulse wheel controls
contacts 282 and 283 which make and break
contact between the contact 274 and the
gencrator 163 on the one hand and contact
275 and ground on the other. These con-
tacts are so positioned that at the instant
ground 1s removed from contact 275, the
generator is connected to contact 274 The
mmpulse wheel 281 may be provided with
teeth arranged in any desired order for
the purpose of actuating the contacts 282
and 283 according to & predetermined code.
In this instance, the 1mpulse wheel 281
which is associated with the first set of bank
contacts is provided with evenly spaced
teeth and consequently will transmit a sin-
gle impulse at regular intervals whereas im-
pulse wheel 281" associated with another
set of contacts 274, 275, 276 is arranged to
transmit two impulses at regular intervals.
This results, in the former case, in a repeti-
tion of single “rings” at the substations on
the connected line, and in the latter case, in
the repetition of double “rings”. Obvious-
ly, other arrangements of teeth may be em-
ployed, and it should be understood that the
illustration is merely typical. The impulse
wheel 281 is so positioned that whenever the
motor magnet MM? is actuated to rotate the
caid impulse wheel, the code signal trans-
mitted from the ringing generator 163 to
the called substation is always started at
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the beginning of a code. This insures that
the proper code shall be transmitted to the
called substation, thus insuring against the
splitting up of the different distinctive code
signals, preventing false code rings. This
method of obtaining this positive action of
the impulse wheel to insure the code ring
being started at the beginning of a code will
be more fully hereinafter described in con-
nection with the description of Figs. 18
and 19. From the cireuits traced, it will be
seen that whenever ringing current is ap-
plied to the wiper 54, and thence over the
called line, a possible circuit through tip
relay TR is interrupted, while whenever the
latter cireuit is closed, ringing generator
163 is disconnected. In this case, it will be
observed that this is obtained without the
employment of the flip-flop relay FF of the
prior diagram, but as before, upon the re-
sponse of the called party the circuit
through tip relay TR will be completed and
the energization of said relay will interrupt
the vibratory cirecuits of motor magnet MMM
at contact 284 and bv the same contact, said
relay TR will be locked up. By the closing
of contact 168 of relay TR, a release circuit
for the party line switch will also be com-
pleted from the live pole of battery I’
through the winding of release magnet
RM3, closed contact 277 of switch O%, nor-
mal contact 279 of release magnet RM® and
closed contact 168 of relay TR to ground.
Thus, as soon-as the called party responds,
the party line switch is released.

Party line connector W

In Fig. 7 of the accompanying drawing,
I have illustrated a third party line connec-
tor cirenit which embodies certain of the
features of the other two party line connec-
tor circuits, and which is arranged so that
a calling party may establish a connecetion
with his own line and signal another party
on said line. The general arrangement of
this connector circuit is the same as those
heretofore deseribed, including the usual
primary magnet PM?® secondary magnet
SMY release relay RR?, release magnet RM*,
and relays R, BR, CR, RG and TR. This
cireuit also ineludes the party line ringing
switch of the connector W2, shown in Fig.
5, and the ringing machine of connector
W*, shown in Fig. 6.

In this figure, I have also illustrated =
modified line ecircult arrangement which
differs from those line circuits previously
deseribed, in having three additional re-
lays which co-operate to remove the busy
connection from the bank contact 55 of the
calling party’s line whereby a party may
select hig own line and signal ancther sub-
seriber, located therson.
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‘the wiper 53.
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ondary impulse which precedes the party
selecting impulses, as before explained, will
be'transmitted through relay 266 which will
be at-once locked up, and ‘thus establish a
connection between strand 12 and the live
pole of the battery B* through the winding
of motor magnet MM of the party line
switch. Obvicusly ‘the Dbattery B may
be replaced Dby battery B2 Following
impulses,
as before, are ‘transmitted ‘through the

Jmotor magnet MM and it is actunted

‘thereby to close off:normal switch OF
and  advance wiper 269 into enygage-

desired bank contact 270
gener-
ator in ciredit.  The final secondary im-

‘pulse now-actuates velay BR over-a cireuib
‘including off-normal swith O7 -and closed

contact 151 of relay R. Assuming that
conhection 1s desired with a party line other

‘than that of ‘the ecalling party, then, as be-
Tore, it the line is busy, there will be a con-
naction ‘bebtween bank
Tesponding to

contact 55, cor-
said ‘line, and ground, which
will be instrumental in locking up relay BR
and -dpplying the busy back signal to the

line to signal the cdlling party that the de-

sired called line s in use,all as heretofore
explained. TIf thie line wanted is found to
be -idle, ‘then there will exist a connection
between bank contact 55 and battery which
will be instrumental ‘in “energizing relay
RG in the manner heretofore deseribed.
The closing of contact 157 of relay RGO
will complete a circuit which may be traced
from the included ringing generator
through wiper 269 of the party line switch,
closed contact 158 of relay CR, closed con-
tact 157 of relay R, normal contact 285 to
The closing of contact 286
of relay RG completes a vibratory cirvenit

for the motor magnet M'M® which msy be,

raced from the Iive pole of battery B3,
which may be one and the same as battery
B, through the winding of said motor mag-
net, its vibratory contacts 287, closed con-
tact 286, normal contact 169 of relay CR
and normal contact 154 of rvelease relay
RR? to ground. The closing of this cir-
cuit sets the impulse wheel 281 in operation
to intermittently interrupt the connection
from the ringing generator heretofore
traced, and to alternately complete u con-

nection through tip relay TR. The Tinging

circuit which includes the connection be-

tween wiper 53 and the ringing generator,
-extends out over ‘the line limb P! of the

calling line, through the call-bells 66 at the
substations, back over the line lLimb St

‘through wiver 54 and thence to ‘ground by

way-of closed centact 288, resistance 289 and

‘normal contact 168 of ralay TR. The hell

of the desired party +will thereupon be rung.

-As soon asithe called party responds, a path
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‘battery B¢,

“contact 169,

the primary

28

for battery current is completed through the
hook switch 64 between the line limbs S¥P*

-and, consequently-as soon as contact 985 is

moved to its alternating position by the
impulse wheel 281, a c¢ircuit may be traced
“drom the live, or negative, pole of the bat-
tery BS, through the winding of tip relay
TR, alternating contact 285, wiper 53, out
over the line, through the substation, back
through wiper 54, closed contact 290 of re-
lay BG and winding 9291 of an impedance
coil to the live, cr positive, pole of the

battery BT whose negative pole is grounded

and connected to the positive pole of the
The closing of this cireuit en-
ergizes the tip ‘relay TR to cause the subse-
quent energization of closing relay CR, in
the manner heretofore explained. " The en-
ergization of the latter relay interrupts ‘the
vinging  circuit at ‘contact 158, and :the
vibratory cireuit of ‘motor magnet MM ot
The resulting closing of con-
tact 173 of the velay ‘CR “also completes u
connection from one terminal of the tip re-
lay winding to wiper 58 which takes the
place of the initial path betwesn these
points through alternating contact -985.
Thus the tip relay is held up-so long as the

called ‘party keeps his receiver:off ‘his hook,
and  tronsmission  cuvrent s supplied

from the battery B—B7 to the called line.

At the end of conversation, the conneéctor is

released the same-as heretofore described.
Now if it be assumed that a calling party

“desired to converse with another party lo-
“cated on his own line, then le completes a

sunnection through the connector as before,
to his own line by transmitting the proper
impulees and follows this with the neces ary
party-selecting impulses. Tt will he nated
‘that in so doing, he has energized relays 292
and 298 which ave included in cireuib with
and secondary relays PR! and
SR whieh, it will be remembered, ave in-
cluded in 'a closed civeuit exceDt at such
times as the calling party opens . the line
cirenit by the manipulations of his calling
apparatus.  Helays 292 and 293 control a
eircuit through the winding of a third ve-
lay 294 which may be traced from the live
pole of the battery B2 through the winding
of relay 294, contact 295 of relay 293 and
contact 296 of velay 292. The relay 294
has a contact 297 included between the hank
conbact 55 and contact 84 of the line relay LR,
Bince the relays 202 and 293 are inclnded in
circuits with primary relay PR* and second-

ary relay SR respectively, it follows that

each time the latter relays are de-enévgized,
the former will also ‘be de-energized. The
de-energization of relsy 292 ‘however, will
not be instrumental in causing an energiza-
tion of relay 294. On ‘the other hand, each

de-energization of relay 293, while relay 292
‘remains energized, will cause ‘a correspond-
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ing cnergization of relay 294 with a result-
ant opening of the normal connection ex-
tending from bank contact 55. From this
it will be seen when the connector wipers
59, 53, 54 have engaged the bank contacts
55, 56, 57 covesponding to the calling line
(now aleo the called line), and the final
secondary impulse has been transmitted
from the calling line, the ground connection
to bank contact 53, which serves to guard
it against selection, is removed at the same
time that velay BR is energized. This fol-
lows since the saine secondary iumpulse en-
ergizes both relays BR and 294. Conse-
quently, the movement of contact 152 of
rvelay BR to its alternate position will not
Jock up relay BR and thereby cause a busy
signal to be transmitted to the calling line,
but on the other hand, said relay will be
immediately de-energized, and at the same
time, the energizing circuit of relay 294
will he interrupted. Since, as will be ap-
pavent from the previous description, the
cut-off relay CO has been energized by this
time and is held up over a circuit including
its contacts 107 and 81 extending to ground,
then, as soon as relays BR and 294 are de-
energized, a new path for current will be
provided through cut-off relay CO to
ground via normal contact 84 of line relay
LR, closed contact 297 of relay 294, banlk
contact 55, wiper 52, normal contact 152
of relay BR, closed contact 154 of relay R
and winding of relay RG. This will at
once be recognized as the circuit which en-
ergizes relay RG which controls the appli-

“cation of vinging current to the line. Now

since the calling party has selected the ring-
ing generator which will actuate the call-
bell of the desived called party on his line,
it will be apparent that, because the calling
party has his veceiver off its hook, there

will be established an energizing circuit for,
the tip relay TR as soon as contact 285 hae

heen moved to its alternate position. This
cirenit has been previously traced. Since
the closing of relay BG completes a vibra-
tory cirenit for motor magnet M'MS, and
since this cireuit is neb interrupted until
relay CR has been cnevgized as the result
of the energization of relay TR, it will be
apparvent that said motor magnet will be
completely energized at least once. Asg will
appear more fully hereinatter, the mechani-
cal construction of the parts associated with
this motor magunet is such that this single
energization will store np sufficient energy
in the actuating spring of the mechanism
to cause it to apply ringing current to the
line a sufficient length of time to properly
signal the desired pavty. In this case, the
restoration of the various switches to nor-
mal follows only when Dboth parties have
vestored their receivers to their switch
hooks. When this is done, the veleasing
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operation is the same as that herctofore de-
seribed and thervefore, need not be repeated.
In this conmection, it may also be noted
that the party line switch is also released
upon the release of the connector.

Modified slot service equipment.

In Fig. 8 of the accompanying drawing,
T have illustrated a substation and line cir-
cuit similar to that shown in part 1 of Fig.
1, but differing in certain respects which will
be pointed out. The substation equipment
at M:, as before, includes the switch-hook
64, receiver G5, call-bell 66, transmitter 67,
calling device 68 and slot mechanism_ 69%,
including polarized relay 70. The calling
device 68, as before, includes an impulse-
wheel associated with spring contacts 73—
75, off-normal contacts 113, 114, 115, a lock

16 for holding the impulse-wheel against
rotation, and a magnet 74 for controlling
said lock. The substation equipment in-
cludes an additional magnet 400 for con-
trolling the arm 118" of the slot mechanism
691, The substation equipment is designed
for use on either individual or party lines,
and in the drawing the branch conductors
§%—P2 are used to indicate connections to a
second equipment on the line S—P.

The line circuit differs from that il-
lustrated in part 1 of Fig. 1 in being pro-
vided with an interrupter 401 associated
with an induction coil 402 and a condenser
403, and arranged so as to transmit a char-
acteristic signal to the calling party when-
ever the line is idle, as an indication to him
that it is free for his call. The master-
switch O and the line selecting contacts,
shown in this figure, are the same as those
shown in part 1 of Fig. 1. The parts heve-
tofore mentioned are connected up different-
ly from the corresponding parts in Fig. 1,
as will be best apparent from the following
description of the operation of this portion
of the system which, for this purpose, may
be considered as replacing the equipment of
substation M and the calling line circuit in
Tig. 1.

Assuming that a party at substation 3
desives to malke a call, he will proceed in
very much the same manner as heretofore
stated in describing the operation of the
civeuits of Fig. 1. His first act is to remove
the receiver from its hook and place the re-
ceiver to his ear to see if the line is in con-
dition for making a call. If the line is in
such condition, a characteristic signal will
be transmitted from the interrupter 401.
The primary circuit of this interrupter Jeads
from the battery B, through the interrupter
and the primary winding of the induction
coil 402 to the grounded side of the battery.
The inductively related secondary circuit
extends from ground through the secondary
vinding of induction coil 402, condenser 403,
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normal contact 405 of relay LR!, normal
contact 76 of cut-off relay CO, line limb S,

closed contact 75, condenser 164, receiver 65,

switch-hook 64, contact 404, transmitter 67,
closed contact 73, line limb P, normal con-
tact 72 of cut-off relay CO, upper winding
of line relay LR, and battery B to ground.
It the line is in use, the secondary circuit,
just traced, will be interrupted either at
contact 76 of the cut-off relay, or contact
405 of the line relay LR, and the calling
party will get no signal, indicating a busy
condition of the line. If, however, he re-
ceives such indication, he must deposit his
token in the slot of the mechanism 69! be-
fore it will be possible for him to start a
line selector to establish connection with his
line. This is true for the reason that until
such deposit is made, there will be no cir-
cuit for the line relay LR Obviously, if
the line is not a party line this idle indi-
cating means need not be employed and the
calling party need not listen before deposit-
ing his coin or token. As soon as the token
is deposited, contacts 406 and 407 are dis-
engaged and contacts 407 and 408 engaged,
thereby completing a circuit for the line re-
lay LR* which may be traced from the
live, or positive, pole of the battery B,

} through the upper winding of said relay

LR* normal contact 72 of the cut-off re-
lay, line limb P, closed contact 73, trans-
mutter 67, contacts 404—409, winding of
control magnet 74, contacts 407—408, and

% the winding of polarized relay 70 to ground.

The direction of current flow through the
polarized relay windings at this time is such
that its armature 410 is moved to the right.
This movement, because of the pin and slot
connection between the link 411 and the arm
118, does not actuate said arm, but allows
it to remain in its Intermediate position
where it is yieldingly held by the leaf-spring
412. At this point, it may be noted that a
similar leaf-spring 418 normally holds the
armature 410 of the polarized relay in its
intermediate position.” The energization of
the line relay LR' operates the master-
switch O and establishes those conditions
necessary to cause the line selector to stop
in engagement with the contacts of the call-
ing line in the manner heretofore described.
In the present instance, however, the locking
circuit through the relay 24 of ‘the master-
switch and the line relay extends from the
live, or negative, pole of the battery B,
through the winding of relay 24, closed con-
tact 78 of the cut-off velay CO, closed con-
tact 414 of the line relay LR*, the lower
winding of said relay to the live, or posi-
tive, pole of the battery B. The closing of
the line relay circuit also energizes the lock
controlling magnet 74 at the substation suf-
ficiently to cause it to move the lock 116 out
of engaging position with the impulse-

235

wheel of the calling device and thereby
leaves it free for subsequent operation. Al-
though the calling device is thus released
for operation at the same time that the line
selector is started, yet there will ordinarily
be sufficient time elapse from the time o?
depositing the token to the time of operat-
ing the calling device to -enable the line
selector to complete its selecting” operation
before the calling device can be operated.
However, if desired, the arrangement of
Fig. 1 may be employed so as to prevent the
operation of the lock controlling magnet
74 until after the calling line has been se-
lected. The operation of selecting the call-
ing line and extending its circuit to a first
selector U is the same as that heretofore
described and therefore need not be repeat-
ed. From the previous description, it will
be remembered that the primary and sec-
ondary relays PR* and SR' are normally
held up over a circuit extending over the
calling line and through the calling sub-
station. "Tn the present instance, a main-
taining circuit for the primary relay PR:
only 1s maintained, except when the impulse-
wheel of the calling device 68 is off-normal,
at which time a circuit for the secondary
relay SR* is also established. The circuit
for the primary relay may be traced from
the live pole of the battery & through the
winding of relay PR, normal contact 99 of
the reversing relay RV, the upper heavily
marked path, line limb P, closed contact 73,
transmitter 67, contacts 404—409, winding
of lock controlling magnet 74, contacts 407—
408 and the winding of polarized relay 70
to ground. As soon as the impulse-wheel of
the calling device is moved from normal,
contacts 113, 114, 115 are closed and the two
sides of the line are thereby connected to
ground through closed contact 415 of the
slot mechanism 69*. Thus as soon as the
calling device. is operated, secondary relay
SR* is drawn up. The making and break-
ing of the circuit of the secondary relay at
this time causes no ill effects in the opera-
tion of the system, since the secondary im-
pulses transmitted by the relay SR! are
not effective except when following im-
pulses transmitted by the primary relay
PR* in the regular operation. "As be-
fore, the impulses are transmitted from the
primary and secondary relays PR* and SR?
by interrupting the energizing circuits for
these relays estending through the contacts
73 and 75 of the calling device at the caliing
station. The operation of extending the
calling line circuit to a called line by the
successive operations of the calling device
is the same as heretofore described. If the
called line is found to be busy, the busy back
signal is transmitted as before and passes
through the receiver at the substation by
way of transmitter 67, contact 404, receiver
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65 and condenser 164. In case the called
line is idle, the reversing relay RV is oper-
ated as before described, and the direction
of current supply to the calling line is re-
versed. This reversal of current flow causes
the polarized relay 70 to throw its armature
410 to the left and thereby rock the upper
end of the arm 118! to the left to allow the
token to escape through the right-hand poz-
tion of the slot into a suitable receptacle.
At this point, it may be observed that in
case the called line is busy, the restoration
of the receiver to its hcok completes a cir-
cuit for magnet 400 which moves the upper
end of the arm 118" to the right and thereby
allows the token to escape through the lefi
branch of the slot inio a holder from which
it may be removed by the calling party. The
circuit for the magnet 400 may be traced
from the live pole of the battery b, through
the secondary relay SR, normal contact 100
of relay RV, the lower heavily marked path,
line limb S, winding of magnet 400, closed
contact 416 and closed contact 415 to ground.
Thus the token may be collected or returned,
according to the idle or busy condition of
the called party and, in the former case
only, upon the response of the said called
party.

In case the party at substation M' is a
called party, ringing current will be trans-
mitted over his line and through this sub-
station by way of closed contact 73, call-
bell 66, switch-hook 64, condenser 164 and
closed contact 75. Upon his response to the
call, the line limbs of the called line will be
conductively united by a path extending
from line limb P, through closed contact 73,
transmitter 67, contacts 404—409, winding
of magnet 74, contacts 406—407 to line limb
S. The completion of this conductive bridge
at the called station operates the tip relay
TR of the connector and other parts in the
manner heretofore described. In case sub-
station M is on a party line, selective ring-
ing of the character heretofore referred to,
or of other suitable type will of couvse be
employed. ‘

Connections between switches.

Tn order to explain fully and clearly the
arrangements of  connections  between
switches, heretofore referred to, by which
it is possible for any subscriber to obtain
connection with any second selector in the
exchange, and in order to male clear the
general arrangement of connections of a
complete automatic telephone exchange sys-
tem without extending the diagram of such
a system beyond the reasonable bounds of a
patent drawing, I have employed a dia-
gram, shown in Fig. 9, of a complete tele-
phorne system having a limited number of
lines instead of employing a diagram of a
small portion of an antomatic telephone ex-
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chance system having a large number of
lines. It has been fairly easy to accomplish
this by reason of the fact that the system of
the type to which the invention relates is in-
herently a decimal system; that is, a system
based on the number 10 as a unit. Conse-
quently, by employing some smaller num-
ber as a unit it is possible to greatly reduce
the size of the diagram, while still retain-
ing the same principles of interconnection
and interrelation. In preparing the dia-
gram of Fig. 9, I have used the number 3
instead of the number 10 and in this way
a system having elghty-one subscribers’
lines, twenty-seven line selectors, twenty-
seven first selectors, twenty-seven second se-
lectors, and twenty-seven connectors has
been developed as representative of the sys-
tem employing ten thousand lines, omne
thousand line selectors, one thousand first
selectors, one thousand second selectors, and
one thousand connectors. In the diagram
also, switches having three rows of three
contacts each are employed instead of
switches having ten rows of ten contacts
each. Thus, the numbers 3, 9, 27, and 81
of the diagram correspond to the numbers
10, 100, 1000 and 10,000 of a so-called ten
thousand line exchange. In the latter sys-
tem, the numbers of the subscribers’ lines
are made up by combining, in combinations
of four, ali the ten characters of the arith-
metical notation, giving numbers from 0001
to 9999 and in the system of the diagram,
the numbers of the subscribers’ lines are
similarly made up by combining, likewise
in combinations of four, three digits, name-
ly 1, 2 and 3, thus giving the eighty-one
numbers set out at the right of the diagram.

With this preliminary explanation of the
relation of the diagram to a ten thousand
line exchange, the diagram itsclf may be
considered 1n detail.  The line selectors,
first selectors, second selectors and connec-
tors are shown in rows and are respectively

“designated Q, U, V and W in accordance

with the designations of the corresponding
switches to Fig. 1. The eighty-one (corre-
sponding to ten thousand) subscribers’ lines
are divided into nine (corresponding to one
hundred) groups of nine (corresponding to
one hundred) lines each, as indicated at the
left of the diagram where they are connect-
ed to the line selectors  and at the right of
the diagram where they are connected to
the comnectors W.  The grouping of the
lines for the latter conncction should Le
such as to include the lines whose numbers
are those oiven adjacent to each group.
The grouping for the former connections
need not be in accordance with the definite
numbering of the lines. This is true for
the reason that the connections with called

lines are brought about by the operation of
commectors in exact accordance with di-
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rective impulses transmitted from the call-
ing station, while the connections with call-

ing lines are dependent upon the changed

condition of the line selector contacts corre-

- sponding to such lines and not upon definite

directive impulses Obviously then, a given
subscriber’s line may be connected to any
three (corresponding to ten) bank contacts
of any three (corresponding to ten) line se-
lectors Q. TFrom the numbering of the sub-
scribers’ lines at the right of Fig. 9, it will
be seen that three (corresponding to ten)
of the nine (corresponding to one hundved)
line groups, which may be termed “minor”
groups constitute one major group of twen-
ty-seven (corresponding to one thousand)
lines, and that there are three (correspond-
ing to ten) such groups. In a ten thousand
line exchange, these groups may be referred
to.as a given hundred in a given thousand
as the sixth hundred of the first thousand,
the third hundred of the tenth of “0th”
thousand, etc. For convenience, the twen-
ty-seven (corresponding to one thousand)
switches of each class may be similarly di-
vided into three (corresponding to ten) ma-
jor groups of mine (corresponding to one
hundred) switches each, and each of these
major groups again divided into three (cor-
responding to ten) minor groups of three
(corresponding to ten) switches each,
Thus a minor switch group corresponds,
and is assigned for connection to, each
minor line group.

Referring now to the connections between
the line selectors @ and the first selectors
U, it will be observed that each line selector
is paired with a first selector. An inspection
will also show that connections extend from
each minor group of line selectors to one
first selector in each major group of first
selectors. Thus, in the specific instance of
the first three line selectors @, which con-
stitute the first minor group of the first
major group of line selectors, a conductor
m unites the wipers of the first line selector
Q in that group to the first first selector U
in the first major group of first selectors; a
conductor n unites the second line selector
in that group to the fivst first selector in the
second major group of first selectors, and
a conductor o unites the third line selector
in the same group to the first first selector
in the third major group of first selectors.
It will also 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 its
switch connected to the switches of first
minor groups of different major groups of
fivet selectors, the second to the second, and
so on. Thus the conductors =1, n o, run
of the first major group of line selectors 'to
first selectors U of the first minor groups

of the first, second and third major groups
of first selectors, respectively.

As to the connections between the first
selectors U and 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
fivst selectors. Thus, each second selector
V has its wiper multiply connected to the
nine (corresponding to one hundred) first
selector bank contacts. Moreover, it will be
chserved that the first minor group of second
selectors has its switches connected to. the
first row of 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
vow is changed in passing from switch to
switch in the same minor group. 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 contact of
the first switch, the second contact of the
second switch, and the third contact of the
third switch of the three switches constitut-
ing each minor group. Thus the order of

rotation of connection for said first second ¢

selector is 1—2—3 for each of the three
minor groups of first selectors ¥J. The
corresponding order for the next second se-
lector is 2—3—1 and for the third second
selector 83—1—2. This will all be apparent
from an inspection of the drawing. The
same order of rotation of 1—2-—8— 931,
and 3—1—2 exists in the connection of the
second selectors of the second minor group
to the second row contacts of the first selec-
tors and of the second selectors of the third
minor group to the third row contacts.
Thus are the first and second selecters of the
first major group connected. The first and
second selectors 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 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, the
first switches of the several minor groups
will attempt connection with the second se-
lectors of the first miner group in the order
1—2—3, while the second first selectors of
said minor groups will attempt connection
in the order 3—1—2 and the third switches
of s21d groups in the order 2--3—1.  This
is true for each of the other minor aroups
of second selectors. From the above it is
believed that this method of rotation may
be readily applied to hundred peint switches
for use in exchanges having a larger number
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of lines than diagrammatically illustrated
in Fig. 4.

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 se-
lectors, the minor group corresponding in
order to the ovder of the connector 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 en. In this
interconnection there is preferably no vota-
tion, but the order of connection is regular,
as illustrated.

From the above it will be apparent that
any calling line may obtain access through
its line selector Q, to any major group cof
first selectors U and thence to any second
selector V and connector W. Thus, a maxi-
mum number of chances for completing the
desired connection is obtained.

Switeh construction.

Obviously in the practice of the telephone
system and its modifications heretofore de-
scribed, many different mechanical construc-
tions may be employed for performing the
switching functions therein indicated. In
Tigs. 10 to 23 inclusive, I have illustrated
certain forms of switching mechanism
which may be employed to perform these
switching functions.

Referring first to Figs. 10 to 14 inclusive,
which illustrate the mechanical arrange-
ments of the parts of the line selector Q, 298
designates a suitable supporting frame for
the switch mechanism which includes a
primary magnet PM, secondary magnet SM
and release against RM in association with
wipers 26, 27, 28 and 84 co-operating with
bank contacts 30, 31, 32 and 35, which are
arranged in the bank 299 with their free
ends adapted for the attachment of suitable
conductors and having their contacting in-
ner ends terminating in a spherical surface.
These bank contacts may be arranged in any
desired number of rows of any desired num-
ber of contacts each. In the present in-
stance, ten rows of ten sets of contacts each
are illustrated. The set of wipers 26, 27, 28
and 34 are pivoted at the center of rotation
of the spherical surface formed by the inner
ends of the contacts. The pivotal support
for the wipers is provided by a pivot 299" lo-
cated near the lower end of rotary shaft 300,
carried by the frame 298. These wipers ave
rotatable with the shaft 800 in a horizontal
or primary direction, and in addition may
be rotated vertically about their pivot 299*
through the agency of an additional longi-
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tudinally movable shaft 301 having a broad
strip 802 at its lower end which engages a
transverse slot in the disk 803 which is rotat-
ably mounted in a bearing formed at the
rear end of the member 304 which carries
the wipers. Thus by rotating the shaft 300,
the wipers may be given their primary move-
ment to the desired group, or row, of bank
contacts, and by subsequently giving the
shaft 801 a longitudinal movement, the
wipers may be moved to the desired bank
contact in the selected group. The strip 302
on the shaft 801 is sufficiently broad to en-
gage the slot in the disk 303, no matter what
the position of the wipers may be. In ad-
dition to the wipers and bank contacts thus
provided, the fixed contacts 33 are arranged
in a row at the lower side of the bank con-
acts 30, 31, 82 and 35 in the arc of a circle
in a position to have their inner ends en-
gaged by the wiper 29, carried by and in-
sulated from, the shaft 300. As will be ap-
parent, the wiper 29 is capable of a herizon-
tal, or primary, movement only, and there-
fore dees not partake of the secondary move-
ment of the wipers 26, 27, 28 and 34. The
mechanism associated with the primary
magnet PM, by which the shaft 300 is given
its primary or rotary movement comprises
an actnating pawl 305, carried by the arma-
ture 306, adapted to engage the teeth of a
ratchet wheel 807, rigidly secured to the
shaft 300 and adapted to step it around
upon successive energizations and de-ener-
gizations of the primary magnet PM. The
forward movement of the pawl 305 is limited
by the bevelled stop 308 secured to a portion
of the frame 298. The return movement of
the pawl is limited by an adjustable stop
309, also carried by the frame 298 and
adapted to engage the pawl 805 so as to
throw its engaging end outward away from
the teeth of the ratchet wheel 307. A spring
310 carried by the armature 306 bears
against a portion of the pawl 303 and tends
to force it into its engaging position. The
armature 306 is normally held in its ve-
tracted position by means of a leaf spring
311 carried by the magnet frame. The shaft
300 is retained in its various positions by the
retaining pawl 312, pivoted upon the frame
298 and normally pressed into engaging po-
sition by a spring 313. The pawl 312 is pro-
vided with a tail 314 which 1s adapted to be
engaged by the armature 315 of the release
magnet RM upon the energization of the
latter. When the release magnet is thus en-
ergized, the retaining pawl is thereforc
moved out of retaining position. The upper
end of the shaft 300 1s surrounded by a
coiled retracting spring 316 which is placed
under tension by the movement of the wipers
from normal and co-acts between the frame
298 and the shaft. The upper end of the
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shaft is also provided with two lateral pro-
jections 317 and 318. The former of these
normally rests against a fixed stop 319, while
the latter carries an upwardly projecting in-
sulating pin 820. Pin 320 co-operates with
contacts of the primary off-normal switch
PO and when in a normal position, holds
these contacts, against their inherent tension,
in the position illustrated, but as soon as
moved from normal, the contacts freely
move under their own spring action to their
alternate positions. The secondary magnet
SM through the agency of its armature 324,
actuating pawl 325 and the ratchet teeth 326
on the shaft 801, steps the latter down-
wardly to carry the contacting ends of the
wipers to their various engaging positions.
The downward movement of the pawl 825
is limited by a bevelled stop 827, carried by
the magnet frame, while a similar square
stop 328 moves the pawl out of engaging po-
sition as soon as the former returns to nor-
mal. The armature is moved into its en-
gaging position by a leaf spring 829, car-
ried by the armature 224, and a similar
spring 330, carried by the magnet frame,
moves the armature to its retracted position.
A suitable retaining pawl 331 engages teeth
332 upon the shaft 301 to hold it in its dif-
ferent operating positions. Phe shaft 301 is
also provided with a suitable spline 333
which, after the first movement of the shaft,
engages the teeth of the ratchet wheel 307 to
lock the shaft 300 against rotation. The re-
taining pawl 331 ig pivotally sccured to a
bracket 834 carried by the upper portion of
the switch frame 298, and is normally pressed
into engaging position by a suitable spring
335 coiled about its pivot. The free end of
the ' retaining pawl 331 is connected by a
link 336 to the free end of the primary re-
taining pawl 312. A pin and slot connection
between the link 386 and pawl 331, enables
the Iatter to move freely as the shaft 301 is
moved downward but causes it to be moved
out of engaging position whenever the re-
lease magnet is energized. The secondary
shaft 801 is restored to normal through the
agency of a coiled tension spring 337 secured
at one end to a portion of the frame 298, and
at the other end to one end of a lever 338
pivoted at an intermediate point to a pro-
jection 389, extending downward from the
upper portion of the frame 298, and having
a pin and slot connection at its opposite end
with the shaft 301. Thus it will be seen that
upon each energization of the release mag-
net RM, the retaining pawls 312 and 331
are moved out of engaging position and the
shafts 300 and 301 are returned to their nor-
mal positions. Since the shaft 300 has its
ratchet wheel 307 engaged with the spline
333, it cannot begin its return movement
nntil shatft 301 has moved the wipers beyond

the first set of bank contacts, the spline 333
being- so positioned with reference to the
ratchet wheel 307 and of such a length as to

ring about this result. The contacts of the
secondary off-normal switch SO are normally
held against their spring tension in the posi-
tion illustrated in Fig. 1, through the agency

29

66

10

of a projection 340, carried at the upper end -

of the shaft 301.
From the above it will be seen that the
switch mechanism is free from the compli-

cated mechanical arrangements referred to

heretofore, and that all the necessary move-
ments of the wipers and off-normal switches
are obtained by means of a primary magnet,
a secondary magnet and a release magnet.

In the case of the first and second selec-
tors U and V, a switch of the same con-

struction as the line selector just described,

may be employed, but in each instance there -

would be no function for the wipers 28—34
and their associated bank contacts 33—35,
and therefore, these 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, the off-
nermal switch arrangement in the case of
each selector corresponding to the diagram-
matic illustration of the same parts in Iig. 1.

In the case of the connector, the same
switch may be also be employed with slight
modifications. In such case, the wipers 29—
34 and their contacts 33—35 should be
omitted as before; the terminal piece 202
should be secured to the shaft 301 a little
higher so as to bring the contacting ends of
the  wipers two steps distant from the
nearest set of bank contacts; the primary off-
normal switch contacts should be replaced by
a proper number of off-normal spring con-
tacts and the secondary off-normal contacts
should be replaced by those illustrated in
Fig. 15 wherein the projection 340 controls
the movement of contacts 147 and 149. As
previously explained when considering Fig.
1, contact 147 moves to its alternate position
upon the first downward step of the shaft
301, while the contact 149 moves from its
normal position upon the first downward
step of sald shaft, but does not move to its
alternate position until the shaft has taken
a second step. This is brought about by
properly spacing the spring contacts co-
operating with contacts 147 and 149 as il-
lustrated in Fig. 15. It will be noted that
the co-operating contacts below contacts 147
and 149 in said figure are located different
distarices away from said contacts. In other
words, the contact below contact 149 is two

steps distant from contact 149, while that.

below 147 is only one step distant from said
contact. Consequently upon the first down-
ward step of the shaft 301, contact 147 will
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move from its normal to its alternate posi-
tion, while contact 149 will break its normal
contact but will not move to its alternate posi-
tion until said shaft has made a second step.

The master-switch by which the various
line selectors U ave controlled, may also
take various forms but is preferably con-
structed along the lines indicated 1n the
Figs. 16 and 17. As therein indicated, the
fixed contacts 22 and 23 are located in a
bank 341, preferably avcuate in form, and
have their inner ends arranged concentri-
cally to the shaft 342 which carries the wip-
ers 20 and 21 whose outer ends are adapted
to engage the inner ends of the bank con-
tacts. The latter are suitably insulated
from each other and their outer ends are
arranged for connection to conductors
adapted to extend to the various line selec-
tors. Although in the diagram but a sin-
gle 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 degrees of the arc
of a circle. This is clearly the quivalent of
one set of wipers associated with bank con-
tacts extending completely around the cir-
cle. The switch structure comprises, in ad-
dition, the motor magnet MM, but does not
necessarily include the control relays 24 and
25. The wipers are suitably insulated from
each other and their supporting shaft 342
which is journaled in the frame 343 which
also supports contact bank 341. The shaft
842 carries a toothed wheel 34d which is
rigidly mounted thereon and adapted to be
rotated in response to the movements of the
pawls 845 and 846, carried by an irregular-
ly shaped armature 347 rotatably supported
upon the shaft 342 and co-operating with
the poles 848 and 349 of the motor magnet
MM. These 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 located between the upward
projections 350 and 351 of the frame 343.
Each of the pawls 345 and 346 is spring
pressed into engaging position while the ar-
mature itself is restored to its retracted posi-
tion by means of a leaf spring 852, which
at one end engages said armature and at
the other end is fixed to the projection 851
of the frame. The movement of the arma-
ture 347 is limited by the pawls 345 and 346
engaging the stops 853 and 354 respectively,
carried upon the contact bank 341. The
pawl 345 is also adapted to ride upon the
pin 855 carried upon a strip 356 secured ad-
jacent to the stop 353. In the operation of

-the switch, upon the energization of motor

magnet MM, its armature is attracted and
thereby the pawl 346 is advanced until it
engages stop 354. During this advance
movement, paywl 345 rides npon pin 355 and
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thereby moves its end out of engagement
with the teeth of the wheel 344. Upon the
return movement of the armature, the pawl
345 drops into the next notch in the toothed
wheel and comes up into engagement with
stop 853. With the parts in the position il-
lustrated or when the armature 347 has been
moved far enough to bring pawl 346 into
engagement with stop 354, one of the scts of
wipers 20—21 will be exactly over the cen-
ter of the corresponding banlk contacts
99--93.  If the energization of the motor
magnet MM Is such that the pawl 346 is not
advanced a complete step, the pawl 345
upon return, due to the proportioning of the
parts, will engage a notch in the wheel 344
and return the wheel and the wipers to their
previously occupied position. Thus, it 1s
impossible to leave the wipers in other than
a position in exact registry with a set of
bank contacts.

A ringing-machine of the type previous-
1y veferred to in the description of Figs. 6
and 7, for use in party line installations is
disclosed in its mechanical form in Figs. 18
and 19, wherein 356 and 357 designate sup-
porting plates spaced by connecting pins
358, As previously indicated, this mecha-
nism includes agmotor magnet MEE® for stor-
ing energy in a spring which will rotate an
impulse wheel 281 to actuate certain con-
tacts controlled thereby, together with con-
tacts for providing a vibratory cirenit for
the motor magnet. The motor magnet is suit-
ably supported upon a plate 357, while the
impulse wheel 281 is journaled between
plates 356 and 857 and has its shaft opera-
tively connected through a train of gearing
with a ratchet wheel 859 which is fixed upon
the shaft 860. A spiral spring 861 is coiled
about the shaft 360 and is secured at onc end
to said shaft, and at its other end to a post
362 extending inward from the plate 357.
A crank 363 is secured to the shatt 360 and
linked to the armature 364 of the motor
magnet MM3. Upon the attraction of this
armature, the crank 863 is moved to rotate
the shaft 360 which places the spring 361
under tension and rotates the ratchet wheel
359 far enough to allow the pawl 365 to en-
gage the next tooth in the ratchet wheel
This pawl is carried by a wheel 366 in the
train between the shaft 500 in the shaft ot
the impulse wheel 281. An escapement
wheel 367 and a pallet 868 arc associated
with this train to permit only a gradual un-
winding of spring 361, thereby producing
a retarded movement of the impulse wheel
981. From this it will be seen that the time
consumed: by the unwinding of the spring
361 greatly exceeds that consumed by its
winding, and, as a vesult, the rotation of the
impulse wheel 281, and the consequent ap-
plieation of ringing currenf, may continyg
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some time after the existence of the circuit
conditions which occasioned the operation.
Owing to the fact that the impulse cam 281
always comes to rest in one of its normal
positions, due to one of the pins 377 which
are carried by the cam 281 engaging the
crank 363, it will be readily apparent that
when the cam 281 is started from one of
its normal positions the ringing of the called
subscriber will start at the beginning of the
selected code and not in the middie or at the
end of the code as would otherwise occur
if some provision were not made to start
the ringing device from one of its normal
positions.

The contacts actuated by the impulse
wheel, shown in Fig. 18, are the contacts
282 and 283 of the circuit arrangement illus-
trated in Iig. 6, but obviously any other set
of spring contacts might be employed. To
get circuit connections equivalent to those of
the contact 285 actuated by impulse wheel
281 in Fig. 7, it is only necessary to electri-
cally connect the contacts 282 and 283 of

5 Fig. 18. The contacts 282 and 283 are per-

manently united by an insulating strip 363t
which is secured to a spring 370 provided
with an anti-friction roller 871 which rests
against the periphery of the impulse wheel
281. Contact 283 is normally closed while
contact 282 is normally open and they re-
main in these positions while the roller 871
engages those portions of the wheel 281 be-
tween its teeth. Upon the voller’s engaging

* a tooth, contact 282 is closed and 283 opened.

The spring 870 is rigidly supported at its
fixed end by any suitable means to the frame
of the mechanism. In the present instance,
a rigid arm 372 extends parallel to the
spring 370 and supports it near its center
through the agency of an insulating member
373 which also engages one of the contacts
287 which are included in the vibratory cir-
cuit of the motor magnet MMS. These con-
tacts are closed in the position of the mech-
anism shown, but are adapted to be actuated
by member 874 pivotally supported at one
end and co-operating with a spring pressed
arm 375 at its other end. The arm 375 is
pivotally secured to the lower end of crank
363 mounted upon the shaft 360. The free
end of the arm 375 is provided with a tri-
angular shaped cam face which bears
against the bevelled end of the arm 374 In
operation, upon the energization of motor
magnet MM?®, armature 864 is attracted and
arm 375 is moved toward the left until the
sharp end of the cam passes over the knife
edge formed by the bevels at the end of the
arm 374, whereupon the said arm is thrown
to the right against the stop 376 and the
spring contacts 287, which are included in
the energizing circuit of motor magnet
MDM?, are opened. Thus the circuit of the
motor magnet is interrupted by the arm 375

being moved to the right.  During this
movement the cam face again co-operates
with the knife edge formed at the end of the
arm 374 and the latter is moved quickly to
the left to again close the energizing cir-
cuit, of the motor magnet at contacts 287.
The co-operating sharp edges formed upon
the members 374 and 375 are so positioned
that the member 874 is thrown to its alter-
nating positions just before the armature
364 reaches the end of its stroke in each di-
rection. By this construction also a quick
positive movement is given to-the spring
contacts. The upper end of the crank 363
co-operates with a series of stops 877 car-
ried upon the impulse wheel 281 and so
positioned as to enable the impulse wheel
to rotate a definite portion of a complete
revolution after once being started. Thus
in operation, a momentary energization of

motor magnet BIB® releases the impulse

wheel 281, and stores energy in the motor
spring 861 which thereupon, through the
train of gearing, actuates the impulse wheel
until the next stop 377 engages the end of
the crank 363. Repeated energizations
maintain & practically continuous rotation
of the impulse wheel.

The apparatus illustrated in Figs. 18 and
19 is shown in normal position, that is, the
upper end of the crank arm 863 engages
one of the step pins 377 of the impulse wheel
281. Now; upon the actuation of motor
magnet MM, the armature 364 is actuated
to cause the link connecting the armature
564 and crank 863 to rotate the said crank
363 to disengage a pin 377, thus allowing the
wheel 281 to rotate. The impulse whee! in
conjunction with the springs interrupts the
ringing current according to a predeter-
mined code. The impulse wheel 281 ig thus
rotated continuously due to the intermittent
operation of magnet MMs3. The crank 363,
aiter each de-energization of magnet BIM?,
engages a stop pin 377, and should the sub-
scriber at the called substation remove his
receiver during the ringing period the wheel
would continue to rotate until the crank
363 engages a pin 377. The circuit of mag-
net MM® is opened upon the response of
the called substation. This always places
the interrupter wheel in a position so
that upon another energization of mag-
net MMS, due to another selective op-
eration of a calling substation, the im-
pulse wheel 281 is released to cause the in-
terruption of ringing current according to
the selected code and always at the begin-
ning of a code.

Meter mechanism, such as is diagrammat-
ically illustrated at X in Fig. 1, is shown
in its mechanical form in Figs. 20 and 21.
This mechanism includes a switch, of the
type iHustrated in Figs, 16 and 17 and here-
tofore described, associnted with a type
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wheel, a recording strip, an impression
hammer and means for actuating said
strip and hammer. The switch mecha-
nism includes a series of bank conbacts
63, equal in number to the bank con-
tacts 35 of the line selector Q, arranged
in a bank 878 mounted upon a suitable base
plate 379 and, in the present instance, ex-
tending completely around the circumfer-
ence of a circle. These contacts ave adapied
to be engaged by a double wiper 62 mounted
upon a shaft 380, suitably jomrnaled in the
base plate 379. The wiper 62 is actuated,
in the present instance, through the agency
of the motor magnet MM in the same
manner as the wipevs 20 and 21 ave actuated
in the case of the master-switeh illustrated
in Figs. 16 and 17 and heretofore described.
Therefore a description of this structure
need not be repeated. The shaft 380 also
cavries the type wheel 59 preferably located
on the opposite side of the base plate 379
from the switch bank 378. 'This wheel is
adapted to carry a number of types on its
periphery and these types are of such slxe
and are so located that upon each movement
of the wiper 62 from one bank contact 63
to the next, a new type will be brought
opposite the type hammer 381, thus, since
each bank contact represents a subscriber’s
line, there will be one type for cach sub-
scriber’s line. An inking roller 382 co-oper-
ates with the types on the type wheel 59 to
apply ink to ‘their surface just before
they reach the hammer 381. The recording
strip 382°, which may be composed of paper
or other suitable material, is guided between
guide rollers 883 and 884 into close prox-
imity to the periphery of the type wheel
359 ab a point directly opposite the hammer
381 into a second roll mounted upon the
holder 386. The printing magnet 58 is cai-
ried upon the base plate 379 at = point
adjacent to the holder 386 and by means of
interconnecting mechanism, rotates said
holder far enough to bring a clean portion
of the recording strip opposite the hammer
381 whenever 1t is completely energized
and de-energized. For this purpose, holder
386 is provided with a ratchet wheel 287
which is adapted to be rvotated one step
upon each refwrn movement of the armature
388, This operation is brought about
through the agency of an actuating pawl
289 and a return spring 390 mounted upon
the printing magnet frame. The hammer
381 1s pivoted to the free end of the arma-
ture 888 and is yieldingly held by a spring
391. By means of the latter spring, upon
each atiraction of the armature 388, the
upper end of the hammer 381 is free to
strike against the recording strip 382* hard
enough to produce a type impression on
the strip and then to fly back out oi’engage-
ment with the strip even though the arma-
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ture be held attracted. Thus, upon each
attraction of the armature, the hammer 881
produces an impression of the recording
strip 882*; and upon the retraction of the
armature, the paw! 889 advances the holder
386 one step, thereby bringing a fresh por-
tion of the recording strip 882* in position
for the subsequent impression.

. party line ringing switch of the type di-
agrammatically illustrated in Figs. 5, 6 and
7, is shown in a preferred mechanical form
in Figs. 22 and 23. The particular form il-
lustratedd is that corresponding to the
ringing switch shown in Fig. 6, therein
three wipers 271, 272 and 273 co-operate
with three sets of bank contacts 274, 275
and 276. These co-operating fixed contacts
we preferably arranged in a bank 392, suit-
bly supported on the base plate 393. The
wipers are suitably mounted upon, and In-
sulated - from, a shaft 394 and journaled
between a bracket 895 and the base plate
308, The motor magnet MM® and the re-

¢
¢
¢

[N
lease magnet RM® arve suitably supported
i

896 and 397 co-operate with the actuating
and rvetaining pawls 398 and 399 vespec-
tively, to control the movement of the shaft
394 ‘through the agency of the ratchet
wheel 400.
(8 are also suitably mounted upon the base
plate 393 and are normally held open by
means of an insulating pin 401 carried by
the ratchet wheel 400. The driving pawl
398 rotates the wipers against the tension
of a return spring 402 coiled about the
shaft 393 and co-acting between it and the
said base plate. The forward end of the
driving pawl 398 is limited in its advanced
movement by means of the edge 403
of the bracket 395 and is carried out
of engagement with the ratchet wheel upon
its return movement by a projection 404
on said bracket. Thus upon each energiza-
tion and de-energization of motor magnet
MM, the wipers are advanced one step and
are retained in their advanced position by
the retaining pawl 399. The switch is free
to return to its nmormal position upon the
energization of release magnet RM® whose
armature engages the tail of the retaining
pawl 399 and moves it out of engaging posi-
tion with the ratchet wheel 400. Cbviously,
this ringing machine may be used in the

civeuits of Iig. 5, but in such case two sets

of wipers and bank contacts and certain
off-normal switch contacts may be omitted.
The diagram of Fig. 5 clearly shows what
parts of the structure should be retained.
In practicing my invention, it will be
apparent that many alterations and modi-
fications may be made not only in the
mechanical construction of the various
switching elements entering into the system,
but also in many of the circuit arrange-

upon the base plate 393, and their armatures Y

The off-normal switch contacts ¥
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ments, without departing from the spirit
and scope of my invention. Thus, obviously,
In many instances, butteries diagrammafi-
cally illustrated as separate and distinet
may be-one and the same. It will also be
apparent that where, in the deseription, T
have referred to alternating current gener-
ators as supplying the current for actnating
the switches, pulsating, or other inter-
mitlent, current may bhe sent from an in-
terrupter, or u suitable generator, to perform
the same function. Tikewise, the “slot?
mechanism, meter mechanism, and other
elements of the system and its modifications
may be readily omitted, as will be apparent
to those skilled in this art. In view of these
many changes which may be made within
the scope of the invention, I have sought to
use such terms in the appended cliims as
will fully cover them. '

What I claim as new and desire to secure
by United States Letters Patent is:

1. In a telephone system, a party-line, a
plurality of substations on said line, means
for automatically predetermining a code
signal, means for signaling said stations
according to said predetermined code and
automatic means to insure that the code is
always applied to the line at the beginning.

2. In a telephone system, a party-line, a
plurality of signals on said line at the sub-
stations, a source of ringing current, auto-
matically-controlled means for connecting
said ringing  current. with the line, means
for then operating said signals according to
a predetermined code. and automatic means
to Insure that the code is always applied
to the line at the beginning.

3. In a telephone system, a party-line, a
plurality of substations on said line, means
including one or more automatic switches
for extending o connection to said line,
means for antomatically signaling said sub-
stations on said line according to a pre-
determined code and automatic means to
insure that the code is always applied to the
line at the beginning.

4. In a telephone system, a party-line, a
plurality of signals on said line at the sub-
stations, means including one or more auto-
matic. switches for extending a connection
to said line, a source of ringing current,
automatically-controlled means for connect-
ing said ringing current with the line so as
to operate said signals according to a pre-
determined code and automatic means to
insure that the code is always applied to
the line at the beginning.

5. In a telephone system, a plurality of

subscribers’ lines, means including one or
more automatic switches for extending a
connection between a calling and a called
subscriber’s line, a calling device for con-
trolling said automatic switches, a source
of ringing current, a step-by-step switch,

a3

means  for controlling said step-by-step
switch said calling device, means con-
trolled by said switch for automatically ap-
plying ringing current to the called line ac-
cording to a predetermined code and auto-
matic means to insure that the code is
always applied to the line at the beginning.

6. In a telephone system, a line, a plural-
ity of signals asscciated with said line, a
plarality of code senders for operating
said signals, electrically controlled means
for selecting any one of said code senders
and- for applying it to the line to send the
codle signal thereover to operate said signals,
and automatic means for controlling the
senders to insure that the code signal begins
at the beginning.

7. In o telephone system, a plurality of
lines, a plurality of signals associated with
each. of said limes, a plurality of code
senders for operating said signals, electri-
cally controlled  means for selecting any
one of 'said lines and for selecting any one
of said senders for applying the sender to
the line to send a code signal therecover to

Y57
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operate the signals on said line, and auto- -

matic means for controlling the senders to
insure that the code begins at the beginning.

8. In a telephone system, a party line, a
plurality of substations on said line,.electri-
cally controlled means for signalling said
stations according to a predetermined code,
and antomatic means for insuring that the
code 1s delivered to the line from the be-
ginning.

9. In a telephone system, a party line, a
plurality of signals on said line at the sub-
staticns, a source of ringing current, auto-
matic controlling means for connecting said
ringing current with said line to operate
said signals according to a predetermined
code, and automatic means for insuring that
the code is delivered to the line from the
beginning.

10. A telephone system including a poly-
station telephone line, a plurality of signals
on said line, automatic switching means for
extending a connection to said line, a source
of ringing current, means including a plu-
rality of interrupters for conmecting said
source to the line so as to operate the said
signals -according to predetermined codes,
and automatic means for insuring that the
codes .are delivered to the line from the
beginning. .

11. A telephone system, including a poly-
station telephone line, an automatic switch
for extending connection to said line, an
auxiliary switch for automatically prede-
termining a code signal, means for operat-
ing the said switches to establish connection
with the said line and for signaling the
desired substation upon said line, and auto-
matic means for insuring that the code is
delivered to the line from the beginning.
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19. A telephone system including multi-
station telephone lines, automatic switching
mechanism having contact makers for in-
terconnecting said lines, a source of signal-
ing current, a plurality of interrupters for
connecting said source of current through
certain of the contact makers to code ring
the desired substations ~upon the multi-
station lines, and automatic means for con-
trolling the interrupters to insure that the
codes start at the beginning.

13. A telephone system including a party
telephone line, automatic trunking means
for establishing a connection with said line,
ode ringing apparatus for signaling the
desired substation upon said line, means for
operating said automatic trunking means
and said code ringing apparatus, and means
for insuring that the code ringing apparatus
applies ringing current to the line at the
start of the code.

14. A telephone system including a poly-
station telephone line, means including au-
tomatic switches for extending connection
to said line, means for automatically sig-
naling the substations on said line accord-
ing to a predetermined code, and automatic
means for insuring that the codes are de-
livered to the line from the beginning.

15. A telephone system including a poly-
station telephone line, a plurality of signals
upon said line at the substations, means in-
cluding sutomatic switches for extending
connections to said line, a source of signal-
ing current, automatically controlled means
for connecting said signaling current with
the line so as to operate said signals accord-
ing to a predetermined code, and automatic
meuans to insure that the code is always
applied to the line at the beginning.

16. In a telephone system, a party line, a

- plurality of substations on said line, means

for automatically predetermining the code
signal, means for signaling said station
aceording to said predetermined code, and
automatic means for controlling the appa-
ratus to insure that the code stavts at the
beginning thereof.

17. In a telephone system, a plurality of
lines, a switch adapted to operate at dif-
ferent levels, means in said switch for se-
lecting a level in accordance with a certain
digit of the called number, means in said
switeh for then causing the operation there-
of in the selected level in accordance with
another digit of said number, means in said
switch for then automatically continuing
the operation until an idle line is found,
automatic means for supplying the selected
line with current, and means controlled over
two. sides of the calling line in series for
freeing said switch from said calling line.

18. In a telephone system, a common bat-
tery switeh, a plurality of line terminals
divided into contact levels, said switch pro-
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vided with a shaft, means in said switch for
operating said shaft to elect a contact level,
o rotary magnet, means for first energizing
said magnet by a plurality of impulses from
the calling substation, means for then auto-
matically energizing said magnet after said
shaft has reached a certain point, and means
controlled over two sides of said calling
line in series for controlling said switch.

19. In a telephone exchange system, the

combination with a line switching device
carrying one group of line terminals and a
second group of line terminals any one of
which will serve the purpose of the calling
line, of a moving contact member for said
switching device, automatic means for mov-
ing said member to any of said line termi-
nals of said first group or the first terminal
of said second group, means actuated in
case the first terminal of said second group
is busy for stepping said member fo a ter-
minal of an idle line in said second group,
and means controlled over two sides of said
calling line in series for controlling said
switch.

20. In a telephone exchange system, the
combination with a telephone line extending
from a substation to a central office, of a
connecting circuit at the central office, a
connection switch for uniting said connect-
ing circuit with the telephone line, a line
switching device carrying terminals for one
et of lines in the exchange, a second set of
lines any one of which will serve the pur-
pose of the calling subscriber leading to
terminals of said device, a contact arm for
said mechanism adapted to move over said
terminals to unite said connecting circuit
with said terminals, automatically operated
mechanism for advancing said arm over
said terminals and over said second set of
terminals until an idle line is reached, a
busy signal, means actuated in case all of
said second set of lines ave busy for apply-
ing said busy signal to said connecting cir-
cuit, and means controlled over the two
sides of said calling line in series for free-
ing said calling line from said connection
switch.

21. In a telephone system, a plurality of
subscribers’ lines divided into groups and
sub-groups, an automatic switch having one
controlled movement to select a prede-
termined group, a second controlled move-
ment to select a predetermined sub-group and
a third automatic selecting movement to
connect with an idle line in a selected sub-
group, a calling line over which said switch
may be controlled, and means controlled
over the two sides of the calling line in
series for disconnecting said calling line
from said switch.

22. In a telephone system, a plurality
of subscribers’ lines divided into groups and
sub-groups, an automatic switch having one
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movement to-select groups, a second move-
ment to select sub-groups, and a third move-
ment to connect with a line in 'a selected
sub-group, - common battery means for
supplying talking current to said lines, a
calling line over which said switch may be
controlled, and means controlled over the
two sides of said calling line in series for
disconnecting ‘said line from said switch.

23. In a telephone system, a plurality of
subscribers’ lines divided into groups and
sub-groups, an auntomatic switch having one
controlled movement to select a prede-
termined group, a second controlled move-
ment to select a predetermined sub-group
and a third automatic selecting movement
to connect with an idle line in a selected sub-
group, common battery means for supplying
talking current to said lines, a calling line
over which said switch may be controlled,
and means controlled over the two sides of
said calling line in series for disconnecting
said line from said switch.

24. In atelephone system, the combina-
tion of a line, a switch associated with said
line, a group of telephone lines and a
terminal for each line in said switch, a test
circuit for each line, means operated over
the lines of said group for establishing a
guarding potential to said test circuits for
making lines in said group busy, automatic
means for operating said switch to find the
group of lines, automatic means for causing
the operaton of said switch to select the
first idle one of ‘said lines, a common bat-
tery, coils associated with said switch to
control the flow of -talking current from
sald battery to the called telephone line, and
means controlled over the two sides of ‘the
calling subscriber’s line in series and over
said called line for freeing said lines from
said switch.

25. In a telephone system, the combina-
tion of a line, a switch associated with. said
line, a group of telephone lines a substation
tor each line and a terminal for each line in
said switch, means controlled from the sub-
stations for making lines in said group busy,
automatic means for- operating said switch
to find the group of lines, automatic means
for causing the operation of said switch to
select the first idle one of said lines, a com-
mon' battery, coils associated with said
switch to control the flow of talking current
from said battery to the called substation,

and means controlled over the two sides of

the calling subscriber’s line in series and
over said called line for freeing said lines
from said switch.

26. In a telephone system, a plurality of
subscribers’ lines, any one of which ‘will
serve the purpose of the calling subscriber,

-means controlled by one of said subscribers

and including an automatic switch for au-
tomatically selecting an idle line for the

83

ling subscriber, means associatéd with
d automatic switch for supplying talk-
mg current to a subscriber’s station, and
means controlled over the two sides of said
calling subscriber’s line in series for frecing
said line from said automatic switch.

27. In a telephone system, a plurality of
subscribers’ lines, any one of which will
serve the purpose of the calling subscriber,
means controlled by a plurality of sub-
scribers and including an antomatic switch
for automatically selecting an idle line for
the calling subscriber; means associated with
said automatic switch for supplying talking
current to a subscriber’s station, and means
controlled over the two sides of said calling
subscriber’s line in series for freeing said
line from said automatic switch.

28. In a telephone system, a line, a switch
for said line, a group of lines terminating in
said switch, a second group of lines terminat-
ing-in said switch, means for operating said
switch over the said first line to establish
connection with any one of tlhe lines in the
first group exclusively as a result of a
nunierical operation’ of the switch, means
for operating said switch over said first line
for establishing connection with some one
of the lines in the second group involving a
non-numerical operation of the switch, the
operation of said means controlled from
lines in said second group, and release means
controlled ‘over the two sides of said first
line in series.

29. In a telephone system, a calling line,
a switch associated with said line, one group
of lines terminating in said switch, a second
group of lines terminating in said switch,
mmeans. responsive to numerical ‘operations
for establishing connection with any one of
the lines in the first group, automatic means
responsive to non-numerical operations to
establish conneetion with lines in the second
group, said ~automatic means controlled
from lines in the second group, and means
controlled "over two sides of said calling
line in series for freeing said line from said
switeh. : _

30. In a telephone system, a group of
lines, a second group of lines, a switch hav-
ing terminals for said lines, numerical
automatic operating means for finding
either group and for finding a line in the
first group after the first group is found
and non-numerical means for finding a line
in the second group after the second group
is found, movable switching means individ-
ual to the lines of the said second group for
making said lines busy, said automatic non-
numerical means controlled from said mov-
able switching means for operating said
switch to select the first idle one of said lines
of the second group, a common battery,
means associated with said switch for con-
trolling the flow of current for talking from
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said hattery to said lines when found, means
controlled over a calling line for acmatmn
said switeh, and means “controlled over the
two sides of said calling line in sevies for
freeing svid calling line from said. switch.
31. In 2a zelephonn systemn a plorali
lines, auftomatic means for selecting the
first idle line including a switch having
means responsive to the last digit in du
number of ‘the called ]me, having one motion

to select groups and another motion to
automatic a]]v soleet the fivet idle line in the
selected group, a common battery. aunto-

matic means for closing connection to sup-
ply talldine current to a " subscriber’s station.
a cMhm subseriber’s hDe over which said

‘switch may be controlled, smd means con-

trollable over the two sides of said calling
subscriber’s line in series for freeing said
line from said switch.

32. In a telephone system, the combina-
tion of a plurality of lines. automatic
means for selecting and extending connec-
tion to idle lines 1ncludm° a switch having
means responsive to the last digit in the
number of the called line, said switch hav-
ing one motion to select groups and another
motion to automatically “select the first idle
line in the selected group, means for signal-
ing a called subscriber, a source of current,
means for connecting the source of curlent
to the automatic selected line, and auto-
matic means for releasing, and means con-
trolled over the two sides of the calling ¢
line in series for freeing said calling line
from said switch.

33. In a telephone system, a plurality of
lines any one of which will serve the pur-
pose of a calling subscriber, means includ-
ing an ‘mtomfﬂm switch lnvmo equipment
Iesponswe to the JTast digit in the number of
the called line for wutomfztmallv selecting
an idle line for the calling subscriber, said
switch having one motion to select groups
and another motion to = auntomatically select
the first idle line in the selected group, means
for automatically supplying talking current
to a subscriber’s station, automatic means
for connecting said calling line to said
switch, and means contlolled over the two
sides of said calling line in series for con-
trolling said automatic means.

34. In a telephone system, a common bat-
tery automatic switch having means respon-
sive to the last digit in the- number of the
called line and h‘wmo provisions for select-
ing the first idle one of a number of lines
common to a single subseriber, means for
feeding talking current to ‘my called line
thus ﬂmomatlcullv selected, a calling line,
automatic means for connﬂctmg said calli ng
line to said automatic switch, and means
controlled over the two sides of said ealling
line in series for controlling said automatic
means. '

plying talking
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35. In a telephone system, an automatic
switeh, automatic means for trm 11’111” a

calling subscriber m’fo connection with s
m,ltomﬂ,tm switch, zald switch having means
responsive to the la ast digit in the n aniber of
the called line and having provisions for
sutomatically selecting the Arst idle one of a
number of lines common to a sin ‘.e suh-
seriber in combination with menns for sup-
, ent to any called Tine thus
automatically selected, and means controlled
over the two sides of the calling line in
series for controliing said antomatic means.

36. In a telephom system, the combina-
tion of a phu ality of lines, automatic means
for selecting and extending connection to
idle lines, said means 1esponsive o the last
digit in the number of a called line, means
for signaling 2 called line, a source of cur-
rent, means qs‘;ommed with the line select-
ing means for connecting the source of cur-
rent to the ugo’nf‘twa?l‘f selected line, auto-

matic means for eleasmg,, and means comn-
e,1olled ever two sides of the calling line in
series for freeing said calling line from said
automatic means.

37. In a telephone system, the combina-
tion. of & plumlity of lines, a tele-
ph()ﬂe veceiver for each lime, a switch,
sutomatic means for causing the oper-
ation of said switch to select any idle
one of said lines, means individual to
each - line for operatively . associating

each receiver with its line, a common

battery, a relay allotted to said switch and
conhol‘ino the flow of talking current
from s .mld “hat tery to the selected lme, means
for effecting said current to effect said re-
ceiver for talling, an automatic switch for
connecting the calling line to said first
3WI tch, and means controlled over two sides
of said calling line in series for controlling
said automatic switch.

38. In a telephone system, a pluvality of

lines, fixed terminals of said lines arranged
in groups and sub-groups, an automatic

switeh provided with a movablc terminal
co-opera wting with said fixed terminals, di-
rectly conu'ﬂ ed mefms for causing suc-
cessive operations of said movable teumn'ﬂ
to select o group and sub-group of fixed
forminals, automsatic means for then oper-
ating the said movable terminal to select an
idle fixed terminal in the selected sub-
group. a calling subscriber’s line over which
said automatic switch is operated, and
means controlled over the two sides of the
calling line in series for freeing said calling
Tine from said switch.

39. In a telephone system, & culling sub-
scriber’s telephone, a line individual thexeto,
the combination of a plurality of telephone
lines running to the same substation, tele-
phones on said lines, an automatic switch
provided with means for ezxtendmo connec-
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tion from said calling line to any one of
sald telephone lines, automatic means for
causing the operation of said switch to se-
lect the first idle one of said lines, a com-
mon battery, relays allotter to said switch
and controlling the flow of taliking current
from said hattery to the called telephone
line, and a circuit over which the said
switching means is controlled comprising
the two sides of said subscriber’s line cir-
enit in series.

10. In a telephone system, a connector, a
relay, trunk lines leading from said connec-
tor, a calling substation, a line cirenit indi-
vidual thereto, means for transmitting cur-
rent over said line circuit to said relay to
operate said connector in accordance with
the last two digits of the called number,
said relay being maintained energized dur-
Ing conversation over a cirenit meluding
the two sides of said line cireuit in series,
a receiver switch hook, a switch at said

telephone directiy controlled by said heol,

said switch included in the cireuit of said
relay, said connector provided with means
for automatically selecting an idle trunk
line, and means for transmitting a busy-sig-
nal over said line circuit if all the trunk
lines are-busy.

41. In a telephone system, a line, a line
circuit individual thereto, an automatic
switch controllable over the two sides of said
line circuit in series, a rotary magnet theve-
for controlled in accordance with the last
digit of the called number, a plurality of
grounded and non-grounded bank contacts
for controlling said operation, and means
for energizing said rotary magnet when con-
nection is mace with a grounded contact of
said bank.

42. In a telephone system, a connector, a
relay, trunk lines leading therefrom, a line
circuit; means for transmitting current over
said line circuit to operate said connector
through the medium of said relay in ac-
cordance with the last two digits of the
called  number, said connector provided
with means for automatically selecting an
idle trunk line, means for {ransmitting a
busy-signal over said metallic circuit if
all the trunk lines are busy, and means at
the central station including said relay for
supplying talking current over said line cir-
cuit, said velay remaining energized during
conversation over a circuit including the
two sides of said line circuit in series.

43. In a telephone system, a line circuit, a
step-by-step mechanism, a plurality  of
lines, means including a relay operable
over said line circnit for controlling said
mechanism to select a certain called line,
means whereby said mechanism is operative
to automatically select an idle one of sail
lines, and means at the central station in-

a7

cluding said relay for supplying talking
current over said line cireult.

44. In’a telephone system, a line circuit,
an automatic switch, a rotary magnet there-
tfor controlled over said line circuit in ac-
cordance with the last digit of the called
number, a plurality of grounded and non-
grounded bank contacts, means for energiz-
ing said rotary magnet when connection is
made with 2 grounded contact of said bank,
means at the central station for supplying
talkking current over said line civeuit, and a
relay held energized during conversation
for controlling said switch.

45. In a telephone system, trunk lines,
a line circuit, means for transmitting call-
ing current over said circuit, means respoi-
sive to said current to select an idle trunk
line, and means for transmitting a busy
signal if all the trunk lines are busy, a
relay for operating said second means, and
means for supplying talking current
through the said relay to said line, said
relay remaining energized during conver-
sation to prevent release.

46. In a teiephone system, telephone lines,
trunk lines, a connector, a line circuait, means
for transmitting calling current over two
sides of said circuit to operate said con-
nector, said connector having mechanism

operative under substation control to find

a called telephone line, a relay allotted to
sald connector for supplying talking cur-
rent to the called telephone line, means
whereby said connector is operative to auto-
matically select an idle trunk line, means
for insuring a busy signal if the called tele-
phone line is busy, means for insuring a
like signal if all the trunk lines arve busy,
and means controlled over the two sides
of said line circuit in series controlling the
release of said connector. :

47. In a telephone systein, a connector,
trunk lines leading therefrom, a line circuit,
means for transmitting cnrrent over two
sides of said circuit to operate said con-
nector in accordance with the last two digits
of the called number, said connector pro-
vided with means for automatically select-
ing an idle trunk line, means for transmit-
ting a busy signal over said circuit if all
the trunk lines are busy, a relay for oper-
ating said connector, and means for sapply-
ing talking current through a winding of
said relay, said relay held energized dur-
ing conversation.

48. In a telephone system, a plurality of
lines, a line circuit, mechanism controllable
over two sides of said line circuit for auto-
matically selecting an idle line, said mech-
anism including a relay held energized dur-
ing conversation, a source of busy signal-
ing current, and means whereby if all the
lines are found busy the said mechanism
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is propelled beyond all of said lines with-
out releasing said mechanism and a busy
signal transmitted to a calling subscriber
to indicate that all the lines are busy.

49. In a telephone system, a line circuit,
a step-by-step mechanism, a plurality of
lines divided into two groups, means in-
cluding & relay whereby said mechanisin is
controllable to select a certain called line
from one group, means whereby said mech-
anism is operative to automatically select
an idle one of the lines in the other group,
and means for supplying talking current
to said line circuit through a winding of
said relay, said relay held energized during
conversation.

50. In a telephone system, a line cireuit,
an antomatic switch controlled over twe
sides of said line circuit in series, one or
more grounded private bank contacts and
a non-grounded private bank centact for
said switch for controlling satd switch,
means under the control of a subscriber for
moving said switeh over certain of said
grounded contacts, means for automatically
moving said switch over other of said
grounded contacts, a relay included in said
fine circuit, and means for supplying talk-
ing current through a winding of said ve-
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51. In a telephone system, a line circuit,
an automatic switch, a relay therefor, a
rotary magnet therefor controlled in ac-
cordance with the last digit of the called
number, a plurality of grounded and non-
grounded bank contacts, means for ener-
gizing said rotary magnet when connection
15 made with a grounded contact of said
bank, and means at the central station for
supplying talking current through a wind-
ing of said velay and over said circuit.

52. In a telephone exchange system, the
combination with subscribers’ telephones, a
line individual to each telephone, a lince
switching device having line terminals and
a group of trunk terminals, of & moving
contact member for said switching device,
automatic means for stepping said membey
to any of said line terminals or the first
trunk terminal of said group, means ac-
tuated in case said first trunk is busy for
stepping said member to a terminal of an
idle trunk line, said switching device con-
trolied over a circuit including both sides
of any one of said lines in series, said cir-
cuit passing through the subscriber’s tele-
phone instrument.

Signed by me at New York in the county
of New York, and State of New York.

ALFRED H. DYSON.
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