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PATENT OFFICE.

WARREN W. CARPENTER, CF BROOKLYN,
RAST ORANCE, NEW JERSEY, ASSIGHNORE T2 WESTERN ELECTRIC COMPANY, IN-
A CORPORATICON OF NEW YORK.

CORPORATED, OF NEW Y¥ORX, N. ¥,

TELEPHONE

Application filed Pecember 22, 1229,

To a,} vhom 4t inay concern:

Be it known that we, Warzen W. Car-
‘P""’f‘mz and ITenny HOvIAND p, citizens of
United q{"ltﬁs, residing ‘at Brooklyn, in the
counw of Kings and State ¢f Mew York,
and Iast Ov-moe, in the county of Essex
and State of New Jersey, Icspectwely have
invented certain new and useful Improve-
ments in Telephone Systems, of which the
following is a full, clear, concise, and exact
{evcruotmn

This invention relates to telephone sys-
tems and particularly to systems involving
the use of machine smtchmo' apparatus for
establishing connections.

The oL]ect of the invention is to provide
means, 1n s system where. selective switches
are operated over an impulse circuit from
a central office register sender to extend a
connection to a subseriber’s line, vhereby
the final one of said switches is eontrolled
in response to a special condition impressed
by the sender upon said impulse circuit to
extend the connection to the subscriber’s
line regardiess of its busy condition.

A feature of the invention relates to the
provision of manually operable means for
effecting a given operation of the impulse
relay which norm mally serves to send cperat-
ing napuls@s from the sender to actuate the
switches to o modify the operation of the
final switch that the subseriber’s line ig se-
lTected vegardless of its busy condition and
the usual busy signal rendered ineffective.

Other features and advantages of the
present invention will become more readily
understood from a consideration of the fol-
lowing description taken in connection with
the Jppencsed claims.

Referring to the drawing which c-:msti—
tutes part of the application. Figures 1 to
5 inclosive, when arra: 1wed in the order 11111”-
teated in Mg 7, dis v]om the datadled cir-
cuits and apparatus of = portion of a tfele-
phone system embodying thu principles of
tion.
cshows, at the left of the broken
; ot of the equipment at a toll con
ing operator’s position and the outgomg
cirenit which leads to a ge-
at a cordless operator’s posi-
tion in the same office. To the right of the

NEW YORK, AND HENRY HOVLAND, OF

SYSTIEM.
Berial No. 432,427.

broken line there is shown the incoming end
of the trunk circuit at the cordless operator’s
position together with certain (,ontxolhng
and supervisory elements.

Hig. 2 at the left shows a selector switch
n Wh1d1 terminates the trunk interconnect-
ing the toli operator’s pesition and the cord-
less operator’s position. To the right of

fig, 2 1g shown o second group selector
switch.

Tig. 3 illustrates 2 final selector or con-
nector switch to which the gwitches shown

in Tig. 2 have ﬂccess and gerves for com-
pleting connections te the subseriber’s lines.

Fig. 4 dise 10“6% a switching unit made up
of two trunlk Ander switehes which act to au-
tomatically M*"o(‘mte an idle register sender
with the particular trunk clvenit at the cord-
less oper aty” position that has been taken
for use in the extension of a toll connection.
This figure further shows an allotter swnd‘
for 1%10nlng an idle 1’091w(\1‘ sender for us

Fig. 5 shows an operamr Leyomrd GIE
sisting of a plurality of rows of numb'n
keys, one of Whlch is provided for eac

f‘“‘] less cperator’s pogition This ﬁon'r

so illustrates one of a plurality of 1°01btu
‘.u.ﬂder units to which the operator’s Ley—
board is common.

Fig. 6 is a schematic illustration of the
ciret llz ncnd by the operators and the man.
ner in which these O]"‘,Ql&t()rv harmmpate n
the establishment of a foll connection be-
tvreen two subscribers’ lines.

e e

General desoription.

The present invention is particularly ap-
plicable to toll ewitching systems and has
to do with the provision of means for on-
abling a toll connection to be set np ovoer
automatic switches to the line of 2 ealling
subseriber, who has previously imtiated the
toll call, rogardless of whether his line h‘v
later been wade busy, as by being called |
ather mb"“ubc' 'in the exchange oF
any other reason.

ge for
To ﬁccomnhsh thig fea-
ture certain devices are pl()\ldcd i connec

tion with the register sender at the coruless
operator’s Dnsnmn Wnl"h controls the se-
lective operation of the automatic switches

in buﬂdmn the connection to the mh;no
subscriber’s line for so 1nﬂuencmo tl e op-
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eration of the final or connector switch
this switch will seize the subscriber’s
even though it tests busy without cansing
the actuation of the usual busy signal. Tev
a clearer conception of the manner in which
a toll call is handled and the part played

by each of the different opevators, attention

is called to the disgrammatic layout in fig.
6. After having studied this schematic
showing the functions of the selective
switches and controlling mechanism shown
in detail in the other figures will be more
readily understood.

At the left of the figure a calling sub-
scriber’s line 330 is shown termmﬂtmo in
the jack 603 before an answering opuator
in the exchange. Tt will also be observed
that the calhro subscriber’s line terminates
in the multmles of a connector switech C in
the same office. The subscriber at line 330,
wishing to make a toll call, removes his re-
ceiver from the switch hook caus sing the
illumination of the usual line signﬂ at the
answering oper%or s position. She answers
the call by inserting the plug 04 of one
of her cord circuits in the jack 603. The
insertion of the plug in the ;nck may cause
the association of the operator’s head set
600 with the cord circuit by means of auto-
matic devices, or, as illustrated for the sake
of simplicity, her telephone set may be
placed in talking relation with the calling
subscriber’s line by means of the ouhnwry
listening-in key 609. The answering oper-
ator, on Lalnmw that the calling bl!bSCllbel
wishes a toll conpeutlon, connects her head
set, as by means of a key 601, to an order
w11'e 602 interconnecting her position with
the position of a toll connecting opevator,
lustrated within the - dotted 1octaugle in
the upper right-hand corner of the figure.
The toll connectmo operator’s head set 603
heing thus placed in talking relation with
the answering operator’s gqmpmw+ she 1e-
ceives from the latter operator, or iﬂly, all
the necessary - information 1‘Lqun‘u] for the
completion of the connection.

The toll connecting operator next ma-
nipulates a key 605 which establishes a talk-
ing connection between her telephone set,
over the order wire 610, and the udephonn
set 607 of a cordless operator. . Over the
order wire the toll connecting operator con-
municates with the cordless operator, gives
her the number of the calling subseribei’s
line and also requests the assignment of an
idle trunk to be used in the establishment
of the toll connection. The cordiess oper-
ator thwcupon assigns a trunl, such as the
trunk 167, 108, b]'lll.(:'o about the. association
of a register sender 608 with the assigned
trunk and records the designation of the
calling line on her keybozud At this time
the toll connecting operator may advise
the answering operator, either by an oral

78,003

cominunication over the order wire 602, or
]'V any cthey @11115‘11)1" signaling ‘means, that
gha vn her connection with the
ng ine by removing the plug 694 from
l‘n i ck 603.

/xwer the. record of the calling sub-
seriber’s line has been set up on tho reg-
isters of the sender 608, the switches &¢
52 and C are directly operatod to extend
the :Wlonel trunk 107, 108 back to the ter-
minals of the calhng subscriber’s line 330.
Should the conmector switch C reach the
terminals of the calling line prior to the
time the answering onomtor removes . the
plug 604 from ]ack COo or should the call-

VJJ"‘D

ey

g line be seized by "another connection’

during the interval that might exist be-
tween the time the angwering operator re-
moved the plug 604 “from the jack 602 and
the time the connector switch C reaches the
terminals of the calling line, a busy condi-
tion would be found thereon. Iowe gver,
by the provision of means to be taken up
in detail hereirafter, the circuits arve so ax-
ranged that the connector switch C will
dis 1@5111& such a busy condition of the call-
ing subseriber’s line.

Tn the meantime the toll connecting op-
erator has inserted the plug 100 of her coid
cireuit in the jack 101 of the trunk assigned
to her by the COVCHGSS operator and with the
calling plug of her cord circuit has pro-
ceeded to establish a connection thr OUWh o
the called hine 611.

When the connection has been completed
in both directions, the called subscriber has
answered and the toll connecting operator,
failing to receive a buqy signal, knows that
the calling subscriber’s line 830 has not been
rendered busy, in the meantime, she brings
shout the application of rjno'lno current to
notify the calling subscriber - who may have
replaced 1115 yoceiver on the switch ook,
that the desived party has been obtained.

Should, for one of the reasons above set
forth, the calling subseriber’s line be ver
dered busy while a toll (ODI]G(“UOH is bﬂmo
established, the toll operator after h‘wlnﬂ
obtained the desired party may listen in on
the connection established in the mesntime
and notify the calling subscriber at station

330 that she has succeeded in obtaining the

1011 connection. Ile may mw dised n‘é’m‘w
the local call and converse with the sub-
seriber a1 'ml.> called: ‘

Compmm M e, 1 to b oinclngive with the

lngrum of 6, 1b will he seen that these
res. liusteabe the detailed civenits and
cqw pmwi iocated at the cor dl%s operator’s

sosition,  The switches 81,92 and €, shown
\.\um‘.q'mc Uy in Hig (>, ave the gwitches dis-
closed in detail in Tigs. 2 and 3. These
vncnm& in the detailed *‘xowinf“ are ar-

1 <] 111 accordance with the du”? con-

venbion -fo build trhe— connection from
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left to right. The trunk circait 107, 108
38 showr in detail in Fig. 1 and intercon-
nects the toll switching opuauors position
\Vlth the position of the cordless o] perator.

he register sender, shown as the recu:ing,l
608 m the diagram, is shown in detail in
Iigs. 4 and 5. “The ‘&xhnﬂ subseriber’s line
530 is shown at the ex eme right of Fig.
3, to conform with the la\ ottt of the gwitches
in Figs. 2 and 8.

Deseription of wpparatus.

The automatic switches shown in Figs. 2
and 3 are of the two motion step-by- stcp
type in which a primary Lepplno 1*1cwnet

operates in response to a series of divective
impulses to advance the brushes to select the
desired aroup and then a secondary step-
ping magnet operates to move the b1 ushes
over the chosen group to select a sat of ter-
minals therein.

The trunk finders consist of single move-
ment rotary step-by-step switches cach made
up of a p’ura’tit'; of arcuate rows of ter-
minals and cocnerahng brushes. A frunk
finder unit consists of two of these rotary
switches, one of which is designated T
and the other is designated T2 The puz-
pose of utilizing two switches per unit is to
increase the number of trunk circuits at the
cordless oper‘ttor’(‘ position that may be as-
sociated with the register sender without
the necessity of employmm large capacity
Half of the trunks, such as the
trunk 107, 108 shown in Fig. 1 at th oper-
ator’s position, are apporti med to the frunk
finder TT and the remaining half 01 gaid
trunks are apportioned to the second trun
finder TH? When the operator assigns a
particular trunk for use by the toll connect-
ing operator, the first trinnk finder switch
commences to rotate and search for this par-
timlm trunk. If ‘He assigned trunk ig re-
Inted to the second frunk finder switeh,
first trunk finder will continue to ope
until it has made a test of all the trunks
which it serves. Thereafter, (he second
trunk finder switch TI™ begmb to operate
and finds the desived trunk.
ing the several sets of terminals 1:1 b] ushes
of cach of the trunk finder switihes of
given unit arve located within the avea en-
closedd by the dotted re ngies,  Within

he lower rectangle are shown the stepping
magnet 408 and the brushes and fermi
Hemnwl‘m to ﬂ;\ trunk finder T¥L The
stepping magnet 409 and the szeve
of *elml ai which comprise
trunk finder switeh THE? are shown within the
avea of the upper broken rectangle

The operator’s kevboard ilustrat
Fig. 5 comprises four rows of ten keys
designated at 500, 505, 510 and 51
the use of these I*nys ’u 2 cpm"mm
cord the number of anv.one of 19,0

the

_‘_r
K

noc
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In addifion to these keys the operator’s posi-
tion is equipped with a key 583 which places
the Smdﬂr in condition to accomplish the
no test operation of the connector s Witch C.
These ke vs are of the locking type and any
(xewlesseu key will remain im its actuated
position until released by the cnergization
of an electr omagnet. Ths release masmets
for the th ouvands, hundreds, tens, units and
10 test key are shown respectively at 528,
529, 530, 531 and 332. In addition to tho
ten number keys a common contact ig pro-
vided for each of the four rows. These con-
tacts, which are identified by the characters
565, 566, 567 and 568, are closed T\*hmever
one of the Lcm in the corresponding rows
is actuated.

The operator’s keyboard briefly described
above is common to a plurality of trunk find-
er and register sender units. One of the
register spnder units at the operator’s posi-
tion is illustrated in detail in Fig. 5. The
registers, of which there are four, one for
each of the four digits of a subscriber’s num-
ber, consists of single motion step-by-step
rotary switches, The thousands register 501
is provided with a stepping magnet 502,
the hundreds register 506 with a steppm,g
magnet 507, the tens register 511 with a
&tep Hing maonct 512 and the units register
516 with a .vtcp ving magnet 517, w ‘hich 1 mag-
nets operate to step the brushes of their
respcc‘ ive registers from position to posi-
tion. The stepping magnets, the brushes
and their coacting termmal banks and the

other elements pertaining to each of the four
registers are shown within the correspond-
- ing broken rectangles at the right-hand side
of Fig. 5.

The sendsr control switch is likewise of
the step-by-step rotary sm«ﬂo motion design.
This switch consists of a stepping maﬂ'net
555 and a vlorality of brushes and termi-
nal rows. The several brushes of the sender
are, for convenience, dis-

control switch
tributed throughout Fig. 5.
Kach of the register sender
furthermore equipped with a time measure
switch, the function of which is to regu-
late the advance of the sender control switch
from one position to another in such manner
that the automatic selective switches S1
and 2 are given a sufficient time to complete
a maximum trunk hunting operation before
the register sender is permitted fo start the
next selection. The time measure switch,
generally designated by the letter T. com-
prises a smaall rotary step-by-step device in-
cluding the stepping magnet 545 and a plu-
rality of brushes and terminal rows. All
the elements of the time measure switch are
confined within the area of the broken rec-
tanglein the lower left-hand corner of Fig.5”.
Iﬁ crder that a trunk finder and rems*m
ender unit may always be allotted for use,

units  is
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when one is idle, and to avoid confusion in
apportioning the same, an allotter switch
AL is prowvided.  The allotter switch like-
wise comsists of a small step-by-step de-
viee in which a stepping magnet 424 1s de-
signed to move the several switch contacts
from one position to dnother.. The several
elements belenging to the allotter switch are
shown within the space of the broken rec-
tangle at the right of Fig. 4.

It is believed that a more thorough un-
derstanding of the invention may be had by
giving a detailed description of the method
of operation of the system.

Operation of system in detail.

Tet it be assumed that the subscriber of

~ line 330, wishing to obtain a toll connection

20

25

30

35

40

45

50

55

with the subscriber of line 611, shown in Fig.
8, and omitted from Fig. 1 for sake of clear-
ness, has initiated the call and that the
necessary inrormation regarding the con-
nection has been communicated to the toll
connecting operator. She thereupon requests
the cordless operator to assign an idle trunk.
The trunl 107,108, being idle at this time,
is assigned by the cordless operator.

At the time the cordless. operator - com-
municates the identity of the assigned trunk
to the connecting operator she also depresses
an assignment key 126 individual to said

trunk. The purpose of this key is to cause

the operation of the allotted trunk finder to
associate an idle register sender to the trunk
to which said key 1s individual. A circuit
ig completed from battery through the wind-
ing of relay 125, contacts of key 126, right-
hand armature and contact of relay 122,
back contact and right-hand armature of re-
lay 194, closed contacts of key 127 to ground.
Relay 125 operates and locks as follows be-
fore the contacts of key 126 open when re-
leased by the operator: battery through the
winding snd front contact and inner right-
hand armature of relay 125, and thence to
eround as traced through the left-hand con-
tacts of key 127, Relay 125 establishes a cir-
cuit from ground through its inner left-hand
armature and contact, conductor 135, lower
right-hand contact 425 (1) of the allotter
switch, brush 550 of the sender control switch,
contact 569, conducter 442, winding of relay
408 to battery and ground. Relay 406 be-
coies energizad and completes a cirenit from
ground through its outer right-hand arma-
twre and front contact, conductor 433, termi-
nal 570, brush 549, contact and armature and

winding of stepping magnet 555 to battery

60

65

and ground. The magnet 555 energizes, in-
terrupts its own civcult and deenergizes to
advance the brushes of the sender control
switch on to their first position terminals.
Tt may be well to note at this time that the
sender eontrol switch, the register switches,
the time measure switch, the trunk finder

_nector terminals

1,478,022
’ *

switches and the allotter switeh are all de-
sigmed to advance the brashes from one ter-
minal to another upon deenergization of the
stepping magnets.

With the sender control switeh in its fivst
position the relay 406 is maintained ener-
gized, the circuit thevefor being now closed
hrough the brush 550 and terminal 571,

The stepping magnet 408 of the first
trunk finder TH* commences to advance the
brushes 410, 411, 412, ete., from position to
position to search for the calling trunk eir-
cuit. The cirenit for operating magnet 408
may be traced frem battery through the
winding of said magnet, armature and con-
tact thercof, conductor 443, through the con-
nector terminals with which the brush 415
cooperates, intermediate left-hand armature
and front contact of relay 406, terminal 444,
brush 415 to. ground. On the first opera-
tion of stepping magnet 408 the several
brushes of the tronk finder TE* advance to
their first position terminals. The operat-
ing civeuit for the stepping magmet 408
therefore leads over the conductor 443 and
thenee divectly to ground through the con-
and brush 415. Since the
calling trunk is not represented in the ter-
minals of the first trunk finder switch, the
stepping magnet 408 will continue to op-
erate until the brush 415 steps oft the last
one of the series of connected terminals and
makes engagement with terminal 445. The
circuit of magnet 408 being opened the

e

gwitch comes to rest and a circuit is estab- ¥

lished as follows for operating the second
trunk finder switch THE?: battery through
the winding and armature and contact of
stepping magnet 409, front contact and in-
nermost left-hand armature of rvelay 406,
terminal 448 upon which the brush 422 of
the second trunk finder switeh 1s now stand-
ing, brush 422, terminal 445, brush 415 to
ground. Magnet 409 energizes, interrupts
its own circult and deenergizes to advance
the brushes 417, 418, 419, ete. to the ter-
minals representing the first trunk in the
group which is served by the trunlk finder
switch TF2 Hereafter the operating cir-
cuit for the stepping magnet 409 leads from
battery thirough the winding and armature
and contact of said wmagnel over the series
ot connected terminals, which brush 422 1s
now engaging terminal 445 and brush 415
to groumd.  In paraliel to the above circuit
a civeuit is established from battery through
the winding of relay 407, innermost left-
hand armature and contact of rclay 406,
brush 492, terminal 445, brush 415 Lo ground.
Relay 407 energizes for a purpose presently
to be considered.

When the brushes of the second trunk
finder veach the terminals identifying the
assigned trunk cireuit at the operator’s posi-
tion, o test circuit is closed from battery
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through the .vmdu g of stepping magnet
409, front contac and left-hand armature
of relay 407, winding of relay 402. contact
and inner left-hond armature of relay 401,
brugh 411, terminal 447, brush 418, terminal
448, conduetor 134, contact and outer left-
hand armature of rvelay 125 to ground.
The stepping magnet 409 energizes per-
manently in this civeuit and the brushes ave
stopped in engagerment with the proper set
of terminals. The relay 402 also becomes
energized and establishes a cirenit as above
traced from uute*y thr OUQ,h the winding of
magnet :Ou, front contact and left-hand
armature of rvelay 407, Lhence through the
winding and contact and left-hand arma-
ture of relay 402, Copdhmm 485, brush B47
of the sender contrel switeh, conductor ’15/
brush 410, brush 417, conductor 138, con-
tact and outer right- hand armature of relay
;]9 winding of 1cLLy 122, right-hand con—
tacts of key 127 to ground. Stepping mag-
net 409, relay 402 and relay 122 are locked
y this circuit.  Relay 402 at its inner right-
armature closes an operating circuit
for the wLW 401. Relay 401 closes a hold-
ing (,num as follows for relay 407: battery
through the w mdmg and inner right-han d
and contact of rvelay 407 to ground
& the outer left-hand armature and con-
t:wt of velay 401,  Relay 401 also completes
a cireult from battery L]ll’OU"h the wind-
ing of the slow to release relay 404, contact
and 1 ight-hand armature of relay JEOU outer
left-hand armature and voamcc of 1elﬁy 401
to ground. The function of the relay 404
will be talken up hereinafter.

The relay 122 which also energizes in the
holding civeult serves to extend the con-
ductors 7, which constitute the

on

nd

;.4

136 and 137
inpulse eireuit, from the sender to the first
group selector switch. Relay 122 at its
right-hand armature and contact opens the
holding cirenit of relay 125, TRelay 125 re-
moves  ground from  the conductor 135
wherehy re my 406 releases its armatures.

Relay 192 furthermore Lomp]mes a cireuit
from gm{u’ through its outerinost Aif*'i‘t~
hand armature and contact, winding of r

lay 120 to b

v and ground. Tehy 12
becomes cne

ized. Lamp 118 is iﬁumi-
nated in 2 eirenit through the inner right-
hand armature and back conhct of relay
117, left-hand armature and front contact
of relay 120, back contact and innermost
left-hand armature of rvelay 124 to ground.

Registration of calling line muember,

It will be assumed that the number of the
calling subseriber’s line 830, which is com-
municated to the c-ordiess opu. ator over the
order wire 810, 1s 9610. Accordingly, as
soon as the condess oper um Tm assigned
the &r um 107, 108, the designa-
ticn of the \a‘ling depressing the

;hf’ re l"}u;

Hne by

proper keys in the thousands, hundreds, tens
and units rows on the keyboard. icJ keys
pertaining to this particular number ave key
’)07 in the thousands row, key 558 in the
hundreds row, key 559 in Lhe tens row 1nd
key 560 in the units row. As soon us a key
in each of the four rows has been actuated
the common rcw contacts are cloged and
circuits are established for the stepping mag-
nets 802, 507, 512 and 517 of the remotm

These circnits lead in parallel from baHU‘y

through the \".'indirwg and armature and
conbacts of eald mlsﬁ conductor 449,

Tower left-hand co*naci 450 of the allotter
switch, conductor 428, common contacts 568,
567, 566 565 to gr round. The stepping mag-
nets ot tha registers interrupt their own cir-
cuits and advance the brushes from terminal
to terminal in search of the depressed keys on
the operator’s keyboard. When the thou-

g‘xnd register 501 finds the operated key 557,

a circuit 18 elesed from battery through the

wmdlng of magnet 502, Wuldulg of 1elm
503, brush 524 (position 1), brush 504, tey

minal 561, key 557 to ground. When the
register 506 finds the u(,lnessed key 558 a
civeuit is completed from battery through
the winding of magnet 507, velay 508, brush
5285 (’0’) sition 1), brush 509, terminal 562,
ey 558 to Oround In a similar manner the
¢l I""HLS are comuleted through the windings
of magnets 512 and 517 and the correspond—
ing 1(Jla,_)n 3 and 518 to ground through

[

J

019)
the operated keys 559 and 5(30, regpectively.
When the registers reach posmons corre-
sponding tothese keys the magnets are there-
by permanently energized and the brushes
brought to rest. After the last register has
found the depressed key a civeuit is closed
from ground through the right-hund arma-
tures and contacts of relays 518 513, 508
and 503 in series, conductor 572, tcunm 11
573, brush 548, contact and armature and
winding of stepping magnet 555 to battery
and ground. Magnet 555 interrupts its own
cirerit and advances the sender control
switeh to its second position.

Release of astuated keys.

In position 2 of the sender control switeh
the depressed keys on the operator’s kev-
Loard are released inasmuch as Lﬂey are no
longer needed. The cirenit for the w]e‘xse
maﬂncts 528, 529, eltc. may be LL(LL from
batterv turon(rh the wmfhﬁos of these mag-
nets in par aHel, terminal 574, brush 551 to

“ground. With the keys released the relays
503, 508, 512 and 518 becom deeneu;uud

and close o serieg circuit from ground over
the left-hand armatures and contacts, ter-
minal 575, brush 548, contact and armature

and winding of magnet 555 to battery and
ground. The Str{ppmor magnet 555 again en-
ergizes and advances Uhe con{w.)l
switch into position 3. - sender
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has thus received the reécord of the calling
subscriber’s line and is now in condition fs
transinit series of impulses in accordance
with said record to opuqte the autematic
switches to extend the toll connections over
the assigned trunk 107, 108 back to the ter-
minals of the calling subscriber’s line 330,

Cperation of first group selector switch.

"The impulse circuit, which is completed
over the left-hand armasures and front con-
tacts of relay 122, may be traced from bat-
tery through the 1'mhL hand winding of ve-
lay 200 at “the first group selector S*, back
contact and inner leit-hand armature "of re-
lay 207, conductor 129, middle left-hand
armature and frr)fﬂ' con tact of relay 122,
conduetor 126, brash 419, brush 412, back
contact and 1eft—ha1_1d almcmue of relay 400,
contact and left-hand armature of relay 40»
brush 413, brush 420, conductor 137, Frong
contact. and umﬂrmost feft-hand armature
of relay 122, conductor 128, outer left-hand
armwture and back contact of relay 207, left-
hand winding of relay 200 to ground. Relay
200 en»‘“ 1zes and ¢ iOS,Lb & cirenit from bat-
tery thrOUOh the winding of slow to release
relay 201, Front contact and armature of relay
200, contact and outer vight-hand armature
of 1c-zy 207, to ground. 1t will also be noted
that the relay 105 is included in a cireuit in
parallel to the circuit leacing thouph the
contact and left-hand armature of relay 403.
Relay 405, however, reinalus inert so long
as its winding is shunted by the contact and
armature of relay 403,

When the sender control switch reaches
position 8 a circuit is established from bat-
tery through the winding of relay 556, brush
544 and normal position termmal 576 of the
tlme measure switch T, brush 536 (position

3), brush 520 to ground Relay 556 becomes
encroued and closes & clreuit from battery
thl'ou.@h the winding of magnet 555, contact
and left-hand armature of zehy 556 to
ground. At the same'time a circuit is closed
from ground through the front contact and
inner rloht hand armature of relzw 556,
brush 5%9 brush 542, terminal 557, wmdmg
of steppmo maonet 545 to b%ttery and
ground. Maonets 555 and 545 are energized
preparatory To adve neing their bmshec to
the next position when the operating cireuits
arve opened. On the next closure of the ("Oﬂ~
stantly rotating interrupter 451 a circuit is
completed from ground through said inter-
rupter, contact and outer 1'1oht hand arma-
ture of relay 401, conductor 486 winding of
relay 552 to battek and nrouud Relay 552
completes a circuit from omund through its
contact and inner left-hand armature, con-
tact and outer right-hand armature of relay
556, left-hand armature fmd back contact of
}elaj 554, winding of relay 553 to bhattery
and grround Relay 553 operates and com-

1,478,022

pletes a circuit from battery through its
winding and contact and armature, Wlndmo
of relay 554, conductor 579, and thence to
ground ab brush 520. Relay 554 does not
energize sitice its winding is shunted by the
direct circuit to ground at the interrupter
451, As soon as interrupter 451 opens relay
554 becomes operated and locks in series
with relay 558. The next closure of the in-
terrupter 451 and the consequent energiza-
tion of relay 552 results in the establishment
of a circuit from ground through the right-
hand armature and contact ot relay )oi
outer left-hand armature and contact of re-
]‘LY 552, brush 537 (position 3), winding of
stepping magnet 502 to battery and ground.
M(;ppet 502 (Lttracib ths armatinres ‘md pre-
pares to advance the brushes 561 and 520 to
their next position terminals when its cir-
cuit is severed. At the same time a circuit
is completed from ground through the con-
tact and inner left-hand armature of relay
552, contact and outer right-hand armature
of relay 556, left-hand armature and front
contact of 1‘elaw 554, conductor 430, winding
of the steppmof reby 400 to bmtozy and
ground.  Stepping relay 400 attracts 1ts ar-
matures and opens the mpulse circnit lead-
ing to the selecwl' St thereby permitting
the release of relay 200.
Relay 200 on retracting -its armatures
closes a ecircuit from nround through the
outer right-hand armature and contact of
relay 20( armature and back contact of re-
lay 200, armature and front contact of re-
lay 201—which remains energized during
the transmission of impulses—winding ot
slow to velease relay 202, winding of the pri-
mary stepping magnet 208 to battery and
ground. Magnet 203 operates to advance
the brushes 208, 209 and 210 ixto operative
relation with the first group of terminals.
Relay 202 likewise energlizes and establishes
a cireuit from battery ﬂ‘lOUOH the winding
£ relay 206, lowsrmost springs of the oli.
normal contact 241 L, armature and front con-
tact of relay 202, conductor 130, middle ar-
mature and contact of ﬁeh; 120, faft-hand
contacts of key 127 to greund. It will be
noted that the off normal (ontm L 211 1s closed
the instant the brush shafy its first
primary step. Relay 206 on . energizing,
locks up in a circuit from bwttﬂry (hrouon
its Wlndmg, lower springs of contact all
armature and contact of magnet 205, contacu
and outer armature of hy 906 to ground
ab the contact and outer right- h(md armna-
ture of relay 207. At Lhe first primary step
of the selector switch S' a civeuit is also
closed from ground through the upper set
of off normal springs 2L_L .conductor 131,
winding of relay 124 to batter v and owund
Relay 124 at its right-hand arm nature and
front contact, promde a substitute ground
connection from the left-hand contacts of
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key 127 to conductor 130 so that this con-
ductor will remain grounded when later the
relay 120 releases its armatures.
Relay 124, ot its innermost left-hand ar-
6 mature and back contact, opens the circuit
for the lamp 118 and this lamp becomes ex-
tinguished, Relay 124, in addition, com-
pletes a circuit from ground through the in-
terrupter 123, middle left-hand armature
end contact of said relay, contact and inner-
most right-hand armature of relay 120, lamp
121 to battery and ground. Lamp 121 is
ﬂasbed in this circuit to indicate to the op-
ator that the establishment of the connec-

10

15 ¢ tion is proceedmm

1 o ning of the interrupter 451
causes the deenergization of velay 552 and
the opening of the circuits of magnet 502

1 rel iagnet 502 advances its

i 6 sxt position and velay 400
cleses the civeuid for relay 200. Relay 200

n turn pens the civeuit through the wind-

as of elay 202 and magunet 203 and re-

Magnet
202, being slow to
retract its ar ‘mature. Hor
and opening of the
relay 552 is operated to close
b’\"'ﬂ traced civeuits for the

civenit for 101‘“,7 201.
‘enerm.aes but relay
dees not

10%0 Lh“
OO 0
elease,

each succeedilw closur

interrunt

29 tepping magnet 502 and the step-
The regigter 801 advances

L0 pos ltlon while relay 400
wtion of Wehy 200 WlncL in

owshc,s of

41
e

ivom one greup of terminals to the next.

&
MY

vanee dle oele ctor switeh

mpulses ] have been sent the brush
register 501 hseng)ages the last

V\Thtn all i
520 of the

grounded tm'mmfﬂ and re lay 556 becomes
4 01‘011'3“01,46(1 Relay 556 opens the circuits
of the stepping reagnets .,35‘ and 545, Mag-

net 555 releases the brusheq of the sender
control switch into pogition 4 and the
magnet 545 releases the brushes the time

-~

40 measuie ;mtch to their next pogition. Re-
! 54 are also veleased as soom as
warnaved e . sTe)] 1 L 4 ,79‘

rainoved from conductor 5

wansure switch is deiven through
vele by means of the inter v’m;)i«:"'
centinues to close and open the

el The ste )j) ing civenit

fing time measure switeh

aced 1 b;’ttetey l:hmdon the

FHEEY 45 over the orme(‘or
5% oper svith 1

brush 542, brvsn
inner right-hand arma
y elay 556, right- nzmd
an £ o'f 1'e'fw 552 to
The burg £ the time measure
as get forth h( 1“"1nbefcve* is to delay
s of the sender control swit ch
ohw\ﬂ" at gréator than that re-

are

oY gwiteh,

tl”, ar: ranes

the automatic selective swﬂc‘
f maximam  trunk  hunting
{5 Henece, while the thine measuse

gwiteh T g smpmnn through a revolution
the fivst group selector ST performing
its hunting oper‘a'mor

The stepping relay 400 remeins perma-
nengly ucmergae following the comple-

txon of the first series of impu dses and «Jlu‘ e
by maintaing the e 101">mmf> clreult of relay
200. After an interval m slow to release
relay 202 retractg its armatures and a eir-

cuit is closed from battery ti
armature and contect of relay 206, wind-
ing of the secondary step pm') magnet 205,
normal contacts of 1 elz‘ﬂ* 9 32 h" grou mnd-
ed conductor 130, Stey /OJ be-

'ongh the mner

comes ensrgir and advas rushes
208, 209 and 210 on to the fi ‘SK, bL,L 01' ter-

minals of the selecLed group.
at its armature and conmcw opf\ns the hold-
ing eircuit of mhy 206 which 1!1"1‘0'*&*)1
deenergizes and opens the operated cireuit

of magnel 205. Magnet 205 again becomes

a.gncé 208,

3

deenergized and closes the 5"”'\"*1113 cir-
cuit pro Vldu’ the first trunk in the grouy

is busy at this time: battery through the
winding of relay 208, lower springs of off
normal contact 211, avwy ;'uve and contact
of magnet 205, back contact and 1nner 11 "Lt
hand armatare of rela ay 007, brush 2

ground cn the test terminal 215 of the by ,Jy
Hunk. In pasallel with this o cir~

cuit also leads through the winding of re-

H'c 14 a

lay 207 'throvf)‘h the grounded co Dd 1eter
180. Relay Lo*‘mve is shunted ous
by the di‘:e@t umneu,lon 10 oromld at the
Lusv *e%L terminal 215 and cannot onerate.
Relay 206 operates to close the “nelz Eng

cirenit for ﬁtepumo magmt 205 whic h ad-
vances the brushes to the next set of ¢ i
nals. This method of operation con tlhue:;
until anidletrun 1{1 rea cLeu., the test tex
nal of which is 1d L1ﬁed by the absence of
ground potentisl. 206 therefore fails

‘n}'}_

ALY

JJ.-J

to energire and tl)o brushes of 'm gwiteh
are 131‘0110]]Jr to rest. Relay 207 is now ener-
gized in gevies with relay f).\)b to theg u,n\]o.fz
conductor 130 but the resistance of relay

is such that the relay 206 cannot operate

m series therewith. The mlw its
front contact ﬁld mmer 1 AL
ture, extends the ¢ i duetor 130
i‘ht'ouﬂh the test terminal
215 to vender ‘;h to

wsv
other switches. fi-hand
armatures, opens t} ;
and extends the talki
19‘) th" ’1(*'1 to t he

u,n *h‘ sec-
from
winding of
er l - hand
216, terminal 214, brush
and inmner left-hand ar-
Zu", conduector 129, thence,
traced, through the (*onm’w and
1\\ %m”mla relay 400 and re-

CJ“ =5
e

e
J')
et
s
(D

ond
muew v thre :n(*h th

b}

right-
relay J’(. back contact
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armnature of vejay
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turning by way of conductor 128, outer left-
hand q*mature and front contact of relay
207, brush 208, terminal 218, cuter lefi-
hand srmatere and back ‘conta et of relay
916, left-hand winding of relay 220 to
ground.  Relay 220 becomes ener gized and
completes g civenit from buttery through the
winding of relay 217, contact and right-
hand armatuve of relay 220, conductor 231
the grounded test terminal 215, Relay
217 operates and locks up in a circuit from
hattery ﬂ*"’)uwu its winding and armature
and contact, and thence to the grounded
conductor Q?)M in" pendently of * the right-
hand armature and contact of relay 220.

Operation of the second group selector

switch.

When the time measure switch reaches
the next to ifs last position brush 542 disen-
gages the lasy of the continnously connected
terminals and steps on to the tO“'mm.ﬂ 578.
circuit is now c-ompl' from battery
through the winding of wway 403, conductor
ugrn"vm 580, brush 544, brush 540 (po-
sition 4) to g . mﬂw 403 opsrates to
remove d)o shunt from a:‘mmﬂ, the winding
of velay 403, The purpose of thisi 18 to pev-
mit the rel LLy 405 to make o test of the im-
pulee circult fo delermine 11 the celcgtm
switch &% hus succeeded in finding an idl
trunk. Since an idle trunk was found bat-
tery current is connected fo the impulse cir-
cuit through the windings of da v 220 at
the next switch &° and rels Y, 405 1mmedi-
ately spez'awc when the shunt is 1'emoved at
the ].m"t hand avmature and contact of relay
Relay 405 cleses a civenit from bat—

P

‘o

iery through the winding of stepping mag-
net, 543, conductor 438, contcact anc rlolﬁt-
hand armature of 1'mw 108, ccmduc o1 dm
erminnl 578, brush 542, brush 839, and

1ce 7<> ground at the right-hand armature
contach of 1‘0]'zy 552. The time meas-
e switeh T advances to its normal posi-
i Reluy 403 ig thereupon released, the

e B e g ol o
[as J
e}

G e
e
]
jas]

reluy 405 becomey de-
e :
the time weasure switeh T

wormal })(;&,Jtmn :m(l smux the
switch is now in pogition 4,
immediately astublis] v‘d from
battery through the Vrldmo of relay 558,
conductor 579, brush b44, ferminal «)7(5
brush 536 (position 4), brugh 521 of the
hund‘;er rogister 506- to ground. Relay
.) m, in the manner above described, closes
he energizing circuits of the stepping mag-
nets 555 of the sender control switch and
545 of ho time measure switch T. Upon
the next closure of the interrupter 451, relay
552 operates and closes the circuib for re lay
553, Relay 553 energizes and prepares &
circuit from battery through its winding,
contact and armature and the winding of re-

o elrend r‘f

Iny 554 fo grounded. conductor 579. Relay
554 Cilergizes irmmediately that the inter-
rupter s and locks in series with relay
533, L the nest closure of the interrupter
451 a civenit 15 completed drom ground
through the right-hand armature and con-
feet of velay , outer left-hand armatare

atd contact of relay 552, brush 537 (posi-
tion 4}, wmding of Dteppmg_; magnet 507 to
batte uiy and ground. At the same time thn
uhove traced cirenit is closed from ground
tm*ou.?,h the contact and inner left-hand ar-
mature of relay 532, contact and cuter right-
kand armoeture of relay 536, left-hand ar-
mature and front contact of Tels ay , con-
ductor 436 and thence through le winding
of the stepping relay 400 to ba ttery and
vmm}ﬂ ulm ping magne ! 507 is energized

v to advance the bru 509 and 521

ushes 5
hc noxt position and relay 400 operates
o m,ov the lnl‘JUL)./ circuit to cause the re-
of J.Ol“v 220 ut the second group se-
!Juh 2,
220, on

pay i
from m'o und

4

deenergizing, completes o

through the outer
and contact of relay
-m,uure and contact of re-
id avmature “‘fld front con-
tae relay 217, winding of sdlow to . re-
lease 1'&1:? 23,9, wmdmﬂ "ot the primary
st i et 291 to babte ery and ground.
pnbt 821 operates and moves
, 226 and 227 into operative
imun uuh the fivst group of terminals.
ne relay 219 also becomes energized and
npletes a circait from hattery through the
ding of WMV 218, lower springs of the
normal contach 294 i—hich operates on
the first primary step of the switch—arma-
ture and front contact of velay 219 to the

«

coT

g rounded conductor 231. T{elay 218 at-
fracts its ‘Wmabu es and closes a holding

(”nu" for itself h‘om batter V through the
winding of 88 Jd_ velay, lower ,)pzmo" of con-
iar’ 904, 111* ¢ and contact of the sec-

293, “onmct and
3 to ronpd (u; L]u

2

Tpon (he next opening ol the interrupter
velay 552 severs the é}xurwumg clretits
<>‘f stepping magnet 50T and the stepping
relay 400. Ma fmei 50T releases the brushes
of thau hundreds vegister to the next posi-
tion and relay 400 closes the impulse cirouit
to cause the reenergization of relay - 220,
_uemdy 220 opens the cireuit of relay 219 and

nagnet 221. The magnet 221 becomes de-
OD(,I‘GMQd but relay 219 heing siow to re-
Jease in cha aracter maintains its armature
attracted during the transmission of im-
pulses. For each succeeding closure of the
constantly rotating interrupter 451 the step-
ping magnet 507 advances the brushes of
the hundreds register one position and the

>
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stepping relay 400 causes the primary step-
ping magnet 921 to move the brushes of the
second group selector succesively from one
group of terminals to the next. When the
last 1mapulse of the series representing the
depr essed key 558 has been transmitted to the
switch the brush 521 disengages the ground-
ed terminals and relay ! 556 becomes deener-
gized. Relay 556 opens the holding circuits
of the stepping m:wnﬂfs 555 and 545. Mag-
net 55 releases the brushes of the sender con-
trol switch to their fifth position terminals.
The stepping magnet 545 advances the
brushes of the time measuve switch and this
switch commences to make a complete ro-
tation.

TFollowing the completion of the ivnpu]se
geries rcl‘rv 400 remains deenergized and
relay 220 remains energized. Affer an in-
terval has elapsed the slow to release relay
219 retracts its armature and completes a
circuit from battery through the inner arma-
ture and contact of relay 218, winding of
the seccndn‘y stepping mzwnet 993, normal
contacts of relay 219 to the grounded con-
ductor 231. Stepping mafrnet 223 opemtec
to move the brushes 225, 296 and 227 on to
the terminals of the first trunk of the se-
lected group. Magnet 223 opens the lock-
ing civenit of relay 218 which becomes de-
enermzcd and in turn opens the energizing
cireuit of said magnet. On the deemroma—
tien of the maonet "998 . civeuit is comp‘etef’i
as follows, assuming the first trunk in the
group to be busy at “this time and a ground
potential to exist on the test terminal 230:
battery through the winding of relay 218,
lower springs ‘of the normal contact 924, ar-
mature and contact of magnet 223, back con-
tact e nc’ inner right- hand armature of relay
klm brush 927 to the grounded test terminal
230. Tt will be noted that relay 216 is in-
du\icd in a circuit in parallel with the one
just traced, but this relay cannot operate &
7t i shunted by the direct path to ground at
the busy test terminal 230. Relay 918 oper-
ates and closes the above traced circuit for
magnet 223 which in turn operates to ad-
vanee the brushes to the next set of terminals
and also to open the circuit of relay 218.
This method of opera ation continues until an
idie trunk 15 found at which time the shunt
is removed from the winding of relay 216
and this relay operates in series with relay
218. The resistance of relay 216, however,
is such as to prevent the operauon of relﬂy
218 and consequently the circuit of the sec-
ondary stepping magnet 223 is maintained
open and the brushes of the switch are
brought to rest on the terminals of the idle
crunk. Relay 216 at its inner right-hand ar-
mature and contact extends the grounded
third cenductor through to'the test temnnal
930 to render the selected trunk busy to
other switches.

Relay 216 at its left-hand’

armatures opens the circuit of relay 220
and extends the talking conductors through
to the connector switch C. The impulse
cireuit for operating the connector switch
C may now be traced from battery through
the right-hand winding of relay 300, contact
and outermost left-hand armature of relay
304, conductor 826, terminal 229, brush 226,
thence over the lower Lah{m(r conductor
through the contact and armature of the
cteppmor 1elay 400 at the sender and return-
ing over the upper talking conductor to
brush 225, terminal 228, conductor : 395, nor-

mal contact at the onter left- hand armature
of relay 305, left-hand winding of relay 300
to ground. Relay 300 becomes energized
'md closes a circuit from battery througn the
winding of relay 301, contact and inner
right-hand armature of relay 300, contact
and innermost right-hand armature of relay
804 to the grounded third conductor 327.
Relay 301 locks in a circuit from battery
through its winding and contact and inner-
most right-hand armature, contact and in-
nermost 1'10ht hend armature of relay 304 to
the conductor 327. Relay 300 also completes
a circuit from battery through the winding
of the slow to release relay 307 front contact
and left-hand armature of relay 300, contact
and outermost right-hand armature of relay
305 te ground at the bacl contact and middle
left-hand armature of relay 304.

Operation of the connector switch.

Upon reaching the next to its last posi-
tion the time measure switch T stops tem-
porarily and a circuit 1s closed from battery
through the winding of relay 403, co*muun
439, terminal 580, brush 541, brush 540 (po-
sition 5) to oround Relay 403 removes the
shunt from around the rvelay 405 and this
latter relay operates in series with the w ind—
ings of relay 800 at the connector switch C.
s Relay 405 completes a circuit from battery
through the winding of stbpn?-m magnet
545, conductor 438, contact and right-hand
armature of relay 400, conductor 43( ter-
minal 578, brush 542, brush 539, dnd mnma
to ground at the 110ht hand armature and
contact, of relay 002 which operates on the
next closure of the 1ntexrupter 451. Step-
pln(r magnet 545 thereupon advances the
time measure switch to its normal pesition
and relay 403 deenergizes to reclose the
shunt around the winding of relay 405,

Immedmtely that the time measure switch
reaches its normal position velay 550 is
again energized in a circuit over conductor
579 brush 544, terminal 576, brush 536
(p051t10n 5), brush 522 of the tens register
51l to ground. Relay 556 ¢} oses the circuits
herembefore traced for energizing the step-
ping magnets 555 and 545, Upon the ﬁer
closure of the interrupter 451 velay 552 ener-
gizeg and closes a circait for relay "553 which
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in turn completes a circuit for relay 554
as above described. As the interrupter
opens the relay 554 energizes in series with
relay 553 to the grounded conductor 579.
The next time the interrupter 451 closes s
circuit is completed ag hereinbefore traced
for the stepping relay 400. A circuit is
also closed from ground through the vight-
hand armature and contact of relay 554,
outer left-hand armature and contact of
relay 552, brush 537 (position 5), winding
of the stepping magnet 512 to battery and
ground. Magnet 512 energizes preparatory
to advancing the brughes of the tens register
to their next position.

Relay 400 operates to open the impulse
circuit thereby causing the energization of
the relay 800 at the connector switch C.
Relay 300, on deenergizing, completes a eir-
cuit from ground through the middle left-
hai:d armature and back contact of relay
304, outermost right-hand armature and con-
tact of relay 305, left-hand armature and
back contact of relay 800, outer left-hand
armature and contact of relay 301, contacts
313 and 315, winding of slow to release re-
lay 302, winding of the stepping maenet 303
to battery and ground. Primary stepping
magnet 303 actuates to advance the brushes
318, 319 and 320 of the connector switch
into operative relation with the fivst group
of terminals. Upon the first primary step
of the switch contacts 313 and 315 disen-
gage one another but before this occurs the
contact 313 makes engagement with contact
814, Consequently, the original energizing
circuit of the primary stepping magnet is
substituted by a circuit which leads as above
traced through the left-hand armatures and
contacts. of relays 300 and 301, thence by
way of contacts 313 and 814, left-hand ar-
mature and front contact and winding of the
slow to release velay, which is now ener-
gized, through the winding of the primary
stepping magnet 303 to battery and ground.
The next time interrupter 451 opens relay
552 deenergizes and opens the circuits of
the stepping magnet 512 and the stepping
relay 400. Magnet 512 advances the brushes
of the tens register to their next position
terminals and velay 400 closes the impulse
circuit to permit the energimation of relay
200. Relay 800 opens the circuit through the
slow to release relay 802 and stepping mag-
net 308. The stepping magnet becomes de-
energized but relay 302 retaing its armature
during the transmission of the impulses.
For each succeeding impulse sent out by
the register sender stepping magnet 512 op-
erates to advance the brushes one step while
relay 300 operates to cause the primary
movement of the selector gswitch C. Follow-
ing the last impulse of the series the brush
522 of: the register 511 disengages the last
grounded terminal and opens the circuit of

1,478,022

relay 556. Relay 556 in turn opens the cic-
cuits of stepping magnets 555 and 545,
whereupon the sender control switch moves
out of position 5 and into position 6 and the
time measure switch commences to make
complete revolution of its brushes. After
the lapse of the necessury interval, during
which relay 300 is holding its armatures
attracted by reason of the fact that stepping
relay 400 at the sender is permanently de-

encrgized, the slow to release relay 302 re-

tracts its armatures. Relay 307 being slow
to release remains energized during the re-
tractions of the left-hand armature of re-
lay 300.

When the time measure switch, which
comimences to rotate upon the deencrglzation
of relay 556, reaches its sixth position,
brush 548 makes engagement with the first
one of the conuscted- terminals 581 and a
circuit is established as follows: ground
through brush 543, terminals 581, terminal
582, brush 548, contact and armature and
winding of stepping magnet 555 to battery
and ground. The muagnet 555 operates in
thig cireuit’ to advance the sender control
switch from position 6 into position 7.
Upen reachivg the next to the last position
the time measure switch completes a civeuit
Trom battery through the winding of mag-
net 545, the seventh position terminal co-
acting with brush 546, hrush 546, terminal
578, brush 542, Lrush 539, and thence o
ground at the right-hand avmature and con-
tact of relay 552. Magnet 545 energizes
and upon the opening of interrupter 451
decnergizes to advance the time measure
switch into its normal nosition. It will be
observed that-the brush 540 does not close
the conductor 439 to ground in the sixth and
seventh positions of the sendsr control
switch and consequently relay 408 remains
deenergized. ‘

When the sender control switeh ig in Do-
gition 7 and the time measure switch 2t nor-
mal, a circuit is closed from battery through
the winding of relay 556, conductor 579,
brush 544, terminal 576, brush 536 (position
T), brush 523 of the units register 516 to
ground. - Relay 556 operates to cloge the
circuits of stepping magnets 555 and 545,
When the interrupter 451 closes relay 552
beeomes energized and establishes a ¢ireuit
for the relay 553 which in furn cloges 2 se-
rvies cireuit for itself and velay 554 to the
grounded conduetor 579, On the next open-
ing of the interrupter relay 554 locks in se-
ries with relay 552. Following this the closurs
of interrupter 451 causes the operation of ve-
lay 552 and the above traced cireuit is estab-
lished for the stepping relay 400. also a cir-
euit is clesed from ground through the
right-hand armature znd contact of relay
564, outer left-hand armature and contasnt
of relay 552, brush 537 (position 7), wind-
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mg of st epmnr“ magnet 517 to battery and and into position 10. The moverment of the
sf"ou‘vl maomfr 517 energizes pre pamto‘r‘y sender cowizo, switch th‘"oua,“ rositions &
-ancing the brushes o{ the units reg- and 9 takes place while the Lrush 542 of
' ‘ st po itton and relay 400 ¢ 1t~ the time measure sw Tlich 1s moved over the
o to open the impulse cir- connected ferminals 581, 4s the sender
sing the deenergization of cenirol switch leaves position 9 its brush
ector switch. 547 opens the circuit traced ]wyombvi.)fe
; 300, upon de"ﬁlierg"-‘llm establishes for magnet CQ,,,. relay 409 and reloy 192,
iveriit from rroun'l through the middle Helay 4:09, st is inner v hand armature
Jend armato d Lack contact of ro- sud contact, opens mc cireult of relay 401,
uter v d armature and con- ay 401 becomes decnergized and discon-
-hand armatare and nects the interrupter 451 wmm conductor
30\;9 outer left-hand 486. Relay 401 'ﬂ%o comnletes a <‘}“'f'uit
i of relay 301, contact from b%ticrv through the winding wnfl
217

. matrure and contect mature and contact of muagned brush
- SQ_M \,V}j’\(j'wg of slow to release re- 548 (pOS} on 10), ’HWUCLOI BL, (onmct
wmmng of tLe secondsa Ty “temmw and inner vight-hand armaturs of relay 401
309 to battery and m‘omm Viamc\ to ground ai the back contact and outer
tes to “advance the brushes 3& right-hand armature of relay 406. Magnet
: ment with the firs 5”", interrupts its own cireuit ,u(‘ advances
erminals in the selected group. the sender control switeh into normal po-
v 524 also energizes in series wit he sition. Relay 401 its outer left-hand
stepping magnet and r’*t;:x g itg armatures armeture, opens the hoichng cirenit of relay
during the fran : the units im- 407 and this latter rela VY Ceconles deener-
mﬂsﬁv In the manner neU understood the 1. The magnet 409 which also deener-
) relay 400 energizes and deener- 5 at this time advances the brushes of
sulses over the impulse cir- the tr mk F“qer T2 to their next termi-
its register !‘Apumﬂ mag- @ k finder TT? ig now restored to
i operated to vestove the unit 1’)0\11;101; by means of a circuit
tor 516 to its normal position. When the fron ery through the winding and ar-
t mwu]ce of the units impulse has }q mature and cant ct of magnet 409, through
i ans that the brushes of the the connect '>d terminals with which brush
h have Leen driven $o the terminal 445, brush 415 to
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terming calling subscriber’s line 830, ot} nd. WThm the trunk finder TT? reaches
’urush ‘he 1'egmtei disengnges the normal brush 422 engages terzainal 446 and
olcuvﬂ als znd opens the circult of 2 cirvcuit ig compl leted from battery through

0

,3 556 in turn opens the civ- the winding of relay 407, terminal 44
PPN 1\“1&{711# 585 and 54 45 and brush 415 to
of the mam’ef 555, relenses the , - opu rates and cloges a
brushes ler control switeh ont of reuit from battery through the winding
posi"‘ion 1d into position 8 and magnet bure zmd “mt et of magnet 468,

LV 55
cmt:t of

548 econ to rotate to drive ﬂ)a 1\?‘/)“ i L ght-hand armature of

measire £y cl throngh o cemplete cvels, velw 7, cor - andl outermost left-hand

Before 3011t1nmprf to describe f;he mannor grmature of relay 406, terminal 452, brush

v wht the r*;[“'pn' subseriber’s line is 410, hrush 423 L itz normal pos ition ter-
d 1

1 preparstion mg,m for the applica- minal to grounc S eppmg maguel 408 op
ging current, the release of the evates in "IS cireuit and nd‘m‘lces the
23 Wi i fivst be taken u D f{rd Hrushe: ot the trunk fnder FTl to their

‘otho effect of its release npon the circnits normal position. The trunk finder switches

i the fivet group selector switch., -+ now bww restored both magnets 409 and
408 wvemain inactive and relay 407 is re-

Lelease of the register sender,

leased.

i the time
noves into posi-
Fing conductors
‘i},np!ﬂse onductors
ds said talking con-

ing at

hen the time surve switch reache
ion 3 its brusl en '0{1*1te1s the §
I terminal 881 and s cireuit
d from ground through the hrush :’i
hrush 548 and its eighth poqlt on term
ocnt‘,ct and armature and winding ¢f *te—; the vight. 1*:1 d wind-
sing magnet 555 to battery and ground. 1 ‘ cotl 109 in the trunk
L s*eppmﬂ magnet 555 operates to ad- circuit. RHelay I at its o1 fe left-hand
rance the sender “control switch into posi- the cireuit of
ion 9. In this position the cirenit just nermost right-
raced is reclosed by brush 548 and magnet hand 2, ope“s the cirenit for -msh?iw“
555 in energizes and deenergizes to move - the Jamp 121 rF’hf\ ter mumtwon of the ﬂcbu,
the sender control switch .out of position 9 i
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direction as to prevent the energization of
the polarized relay 105. Relay 110 com-
pletes a circuit from ground through its
armature and contact and the winding of
T elay 114 to battery and ground. Relay 114
becomes energized and a circuit is estab-
hsned from battery through the winding of
relay 118, armature and contact of relay 116,
{ront contact and left-hand armature of re-
Iay 114 to ground. Pﬁlﬂy 113 operates and
closes a circuit from ground through its
right-hand armature and contact, Wmdm(r
of relay 117 to battery and oround Relay
117 locks in a cireuit from b‘zttery through t
15 winding and front contact and inner left-
hand armature, contact and outermost right-
hand armature of relay 120 to ground at - the
contact and outermost Jeft-hand armature of
relay 124. Relay 117 also openg the operat-
ing circuit of relay 116 and this latter relay
releages its armature. After relay 116,
wwhich is made slow to release, retracts its
armature, relay 112 again deenergizes and
closes the mmk cn"cuﬂ: at itsleft-hand arma-
ture and contact. Relay 117 also opens the
cirenit of lamp 118.

During the energization of ’rﬂlwy 113 the

upy bl t:ﬂxvng conductor is opened for a suf-
fcient interval to permit the release of relay
%05 at the connector switch. Relay 305, on
retrac " ing its armatures, completes a circuit
f T thn ringing source 298, interrupter 329,
left-hand W]ndmg and back contact and in-

ner left-hand armature of relay 305, contact
and outerm ost right-hand armature of re-
_4, 304, cute wht hand armature and con-
c’: of velay 311 brush 319, thence over the
]'\ow of the ca lhng subseriber’s line, brush
318, back contact and inner right-hand arma-
ture of relay 811, middle rmht hand arma-
ture 2nd contact of relay 304 to ground at
the cuter left-hand armature and contact of
relay 305. Relay 805, being marginal, does
not operate in series with the hw'h resistance
of the ringer magnet at the substation 330.
When the calhno subseriber removes his ve-
ceiver from the switch hook, relay 305, be-
ing included in a low resistance circuit, at-
tracts its armatures and locks up in 2 cu‘cu’t
from battery through the 1'1gnt hand wind-
ing and contact and innermost right-hand
armature of said relay. normal contactg of
relay 207, conductor 325, and thence over
the ‘upper side of the talking cireuit to
svound af the upper H“h!-hm*d winding of
repeating coil 109, this circuit having been
completed in the meantime by the release of
relay 118, The ringing current is thus dis-
conn queJ from the calling subseriber’s line.
“ince the calling subscriber’s receiver is off
LL switch heok and the left-hand armatuve
of welay 305 ave attracted. the relay 206 is
new ireluded in a direct circuit from the
ealling subseriber’s substotion throungh to
the right-hand windings of the repeating

18

coil 109 and the battery supply relay 112.
Relay 806 becomes energized and closes a
circuit for relay 307. BelaV 307 at 1ts make
before break contact shifts the holding cir-
cuit for relay 305 from the upper talkmq
conductor to the third conductor 827. This
circuit may be traced from battery through
the right-hand winding and contact and 1n-
ner rlght hand armature of relay 305 front
contact and right-hand armature of relay
307 to conductor 327. The relay 112, which
also energizes in series with the calhng sub-

scriber’s line, closes a circuit from battery
through the Wlndmo of relay 111, contact
and armature of relay 112 to ground at the
contact and armature of 1e1ay 110. Relay
111, at its armatures and contacts, reverses
the connection of the windings of mlzxy 110
to the talking conductors 107, 108. This re-
versal of current causes the pohmzed relay
105 at the toll operator’s position to retract
its armatures. Relay 105 removes the shunt
from around the high resistance winding of
relay 106, Whereupon the flow of current is

reduced throu«rh the winding of relzy 102.
Relay 102 thereupon deenervwes and opens
the illuminating circuit of ]amp 108 which

advises the toll connecting operator that the
calling subscriber has removed his receiver
from the switch hook. The calling and
called subscribers may now converse with
one another cver the toll connection,

Eelease of the esteblished connection.

When the conversation has terminated the
calling subscriber at line 611, by replacing
his receiver to the switch hook, causes the ac-
tuation of the usual supervisory signal at the
toll connecting operator’s position. Liké-
wise, the replacement of the calling sub-
geriber’s receiver to the switch hook canses
the deenergization of relay 112, which in
turn perm: its the benermmuon of relay
111, Relay 111 again reverses the current
over the h"unk 107, 108 and the polarized
relay 105 releases its armature to reclose the
shunt around the right-hand winding of
relay 106. Relay 102 now operates and lamp
108 illuminates fo notify the toll connecting
operator that the connection should be talen
down. She thereupon removes the plug 100
from the jack 101 causing the deenergization
of relays 102 and 106. Relay 106 opens the
circuit of relay 110, which latt er relay re-
leases its armatures and opens the circuit of
relay 114. Relay 114 completes a circuit
from battery through the l%mp J.18, inner
richt-hand armature and front contact of
velay 117, innermost right-hand armature
and contact of. relay 114, interrupter 115 to
ground. The interrupter 115 canses the
7‘11“@ 118 to flash, indicating to the cordless
operator that the switches should be released.

The cordless operator thereupon depresses
her disconnect key 127 which removes ground
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potential from the conductor 130. The re-
moval of this ground potential causes the re-
lease of relays 207, 216,217,304 and 305. Re-
lay 207 completes a circuit from battery
through the winding of release magnet 204,
middle springs of the off normal contact 211,
back contact and armature of relay 201, back
contact and armature of relay 200, contact and
outer right-hand armature of relay 207 to
ground.
to restore the brushes of the selector switch
S to their normal position.
circuit is completed from battery through

the winding of release magnet 222, upper .
' contacts 224, back contact and left-hand ar-

mature of relay 217, contact and left-hand

armature of relay 220 to ground at the.con--

tact and outer. right-hand armature of re-
Jjay 216, Magnet 222 also operates to restore
the brushes of the selector switch 8% The
release of relay 804 at the connector switch
establishes a circuit from battery through

the winding of the release magnet 308, con-.

tacts 317 and 816, back contact and middle
right-hand armature of relay 301, back con-
tact and middle lsft-hand armature of re-
lay 304 tc ground. The release magnet 308
energizes and causes the release of.the brush
shatt of the conmector switch C. All ap-
paratus taken in connection with the -es-
tablishment of the toll connection has now
been completely returned to its normal con-
dition. : '
Calling subscriber’s line busy.

Tt will next be considered that the calling
subscriber’s line 330 has been rendered busy
during the time that the toll connection is
being obtained by the toll operator. Con-
sequently, the test brush 320 of the connsctor
switch C on engaging the test terminal 321
ot the calling subscriber’s line at. the ter-
mination of units selection encounters a
ground potential thereon. A circuit is there-
upon established from battery through the
winding of relay 811, front contact and
right-hand armature of relay 324, test brush
320 to the grounded test terminal 321,  Re-
lay 311 operates and locks up in a cirenit as
follows immediately that the slow to' re-
lease relay 324 retvacts ifs armatures: bat-
tery through the winding of relay 311, make
before break contacts at the right-hand ar-
mature of relay 324. bacle contact and right-
hand armeture cof velay 810, contaet and
outermost Jeff-hand armature of velay 311 to
the grounded conductor 327. Upon the next
closure of ‘the constantly rotating inter-
rupter 323, following the deencrgization of
relay 824, a circuit is closed from ground
through the left-hand winding of coil 322,
interrupter 323, inner left-hand armature
and contact of relay 324, contact and middle
left-hand armature of relay 811, outermost
right-hand armature and front contact of

The release magnet 204 operates,

Similarly, a-

1,478,022

relay 301, left-hand winding of relay 804
to battery and greund. Relay 304 operates
and locks in a circuit through its left-hand
winding to the grounded conductor 827 and
relay 304 opens the holding circuit of relay
301.  Jor each succeeding closure of the
interrupter 323 a circuit is established over
the above traced path to the outermost right-
hand armature and back contact of relay
301, right-hand winding of relay 300 to bat-
tery and ground.

When the toll operator has succeeded in
obtaining the called party she depresses the
key 138, as hereinbefore explained, and the
relay 113 is caused to attract its armature
to open the upper talking conductor. The
cpening af this circult causes the deenergi-
zation of relay 305, as explained. Although
relay 305 retracts its armatures it cannot
apply ringing current to the calling sub-
scriber’s Iime due to the fact that relay 311
is holding the ringing circuit open at 1ts
right-hand armatures. For each opening
and closure of the interrupter 323, a current
is induced in the left-hand winding of relay
300 which flows over the normal contacts
at the outer left-hand armature of relay
306 over the upper talking conductor to the
repeating coil 109,  The repeating coil 109
induces the current which is in turp trans-
mitted over the trunk 107, 108 to the toil
operator’s telephone receiver. The charac-
teristic sound produced in the toll opera-
tor’s receiver notifies her that the calling
subscriber’s line has been rendered busy
as by being called by some other subscriber
in the exchange. The toll operator therc-
upon removes plug 100 from the jack 101
which brings about the operation of the
disconnect lamp 118 at the cordless opera-
tor’s position in the manner hereinbefore

discussed. The cordless operator caues the

release of the switches S, 82 and C.

The toll operator immediately connects
her telephone set to the order wire 610 and
asks the cordless operator to set up the same
connection to the calling subseriber’s line
and this time to provide. for seizing said line
regardless of its busy condition. The cord-
less operator thereupon depresses the keys
on her board in the manner previcusly
explained and also actuates the no test key
The key 583 completes a cirveuit from
ground through its contacts, upper righs-
hand contact 455 (1) of the allotter switch
AL, conductor 585, winding of relay 584
to battery and ground. Relay 584 locks up
on the following circuit as gsoon as the volay
401 has become energized following the com-
pletion of the operation of the trunk finder
switches: battery through the winding and
right-hand armature and contact of relay,
584, conductor 440 to ground at the outer
left-hand armatuve and contact of relay
401. The first and second selector switches
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Stoand 8% are again the
control of the reyister
newly assigned trunk 107, 108 through to
the connector switch C. The connector
switch C is operated in its tens v‘novemcm
at which time it will be recalled the sender
control switeh i standing in Do%ltmn 5.
When the tens register reaches its last poqp
tion, at which tive the lost nnpulse oL the
tens series is being sent, wnd “2lso in
normsal posm on of said rmm er, o cireai
closed as foilows for the continned energiza-
tion of r Di"y 400 : battery through the wina-
ing of rela y 400, conductor éin, brugh E87

ens register, left-hand arimature and

_operated under
sender to extend the

[o)

thoen

&

ed v b
W2

ey ps

conmot o{ velay ’\@4, conductor 588, brush
588, terminal 889 {o nlﬁc’\l the sender con-
trol switeh immedis ely advances, to
ground. The sender control switch re: maing
in position 6 Cu Ting he ‘ﬂ<’>rval required by

switch T to advance its

the time measure
brush &4 ‘2 to the
termiag

irgh one of the connected
hereinbefore exp:,A ned.
Duriz iwme the relay 400 is being held
enblgxzel nd co;mequu* 13/ nlww 500 at the
connector switch is maintained ”C enor gized
to hold the Steoplrw civenit closed through
the windings of relay 80 ﬂwl magnet 803,

ngs _
The relay 307 is there in

wvine

which to Lelease its ‘arm Lurbs before relay
800 can again become e nergized to close th.
cireuit f\)r‘ sal t relay éO(. “The Jcenub 78~

L
tion of relay 307 causes the clesure of a cir-~
cuit from o:&i‘te ry through the winding
relay 310, right- h&ﬂu armature and cont

of relay 302, contact and left-hand aria-
ture of relay &O{ to Lh% grounded conductor

327. Relay 310 operates and locks in a
circuit from batt ery through its Wmam;;
and econtact and left-hand armature to ¢
grounded conductor 327.

As soon as brush 543 reaches the G“St on
of the connected termi mals 581, the
contrel switch is advanced, os deseribe
to positicn T where units selection
place.  When the brushes of the conmector

.

,._A

w‘?vcil are moved fo the fmm-un‘s
1i ne

Iing ‘, )\)

following the las
5 is operated and

v olren m,r chf:m ssed

18
fhron h 1ts W‘ndug
right- hand armature relay
Relay i
leases, however, upon the J""}lb"*)lZs
relay 324 since tne previously traced
for locking relay 311 is now opened at.the
back contact “‘1d hgl- -hand armsature of
relay 310. Rgl'm 04 1s also amctuanted in a
circuit from battery through the winding
of cut-off 1'elqy 312, te 11nmfu 32%, brush

320, right-hand armature and back contuc
“i 324, contact and L“QB“IHOSL left-
hand &rlature of relay 3811, right-hand
winding of relay 304, front contact and mid-

G of
grounded test terminal 321.
OI) of

ireuit

~.ﬂn -

o

5 K |

1

dle rig ht-hand armeture of relay 201 fo
ground at the beck co : niddle left-

armature
i“em, 1
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168

from battery through the winding of the
armature and contact of the allotter stepping
magnet 424, upper right-hand conbact 427
(14-2) to ground through the fourth pesi-
tion terminal and brush 551 of the sender
control switch. The allotter magnet 424 op-
erates to advance the contact of the allotier
switch into position 8. If the next vegister
sender happens to be busy af this time the
allotter switeh continues to move into posi-
tion 5 by means of a circuit s'milar to the
one traced for driving said switch into posi-
tion 3. Should the next register sender in
order be idle, the allotter switch stops in

position 5. The next time an assigament

key 126 's depressed by the cordless operator
the grounded start conductor 185 is extended
by way of the upper right-hand contect 425
(5), and thence throngh the winding of a
relay corresponding te velay 406 individual
to the allotted register sender,

Should all the register senders be enoaged
simultaneously the cireuit is completed from
battery through the winding of relay 534,
conductor 432, contact 453, outer right-ha:
armature and contact of relay 402, thence
1 armatores and
ling

front contacts of the relays corvesnonc
to relay 402 individual {o the other
senders to ground. Relay 534 becornes eney-
gized and closes a circuit {rom battery
through the windings of the key release mog
nets 528, 529, ete. to ground at the front
contact and armature of said relay. The re-
lease magnets are operated to Insure that
none of the keys on the operator’s keyboard
can be locked in their actuated position unvil
one of the register senders becomes avail-
able for use. Since all of the register send-
ers are busy the allotter switch 424 continues
to advance from one allotting position to an-
other by means of circuits similar o the
one described in detail until it veaches posi-
tion 13. In this position a cireuit ig com-
pleted from battery through the winding
and armature and contact of magnet 424 to
ground. on the lower left-hand contact 4927
(13 4 17). The stepping magnet 424 there-
fore continues to operate until the switch

.reaches position 18 where it comes to vest,

When one of the register senders becomes
idle the series circuit through the armatures
and contacts of relay 402 is operated and
relay 534 becomes deenergized. Relay 524,
at its armature and back contact, cloges a
circuit including contact 426 (18) to drive
the allotter switch into ifs first allotting posi-
tion. The idle register sender is immediately
found by the allotter and assigned.

What is claimed is:

1. In a telephone system, a subscriber’s
line, & selective switch for extending con-
nections to the subscriber’s line, a register
sender, an impulse circuit, a relay, means
under the control of the register sender for

1.

1,478,022

operating said relay to send impulses over
said circuit to operate said switch, signaling
means, means operative when the sub-
scriber’s line is found busy for rendering
the signaling means effective, means con-
trolled by the register sender for altering
the operation of said relay, and means re-
sponsive to such operation of said relay for
placing said selective switch in c¢ondition to
extend a connection to the subseriber’s line
regavdless of its busy or idle condition
without rendering effective said signaling
means. ' ‘

2. In o telephone system, a subscriber’s
Iine, a gelective switch for extending connec-
tions to the subscriber’s line, a register
sender, an impulse circuit, a relay, means
under the control of the register sender for
operating said relay to send impulses over
said circuit to operate the seloctive switches,
signaling means, means operative when the
subscriber’s line is found busy for rendering
the signaling means effective, means con-
‘rolled by the register sender for causing =
prelonged operation of said relay, and means
responsive to such operation of said relay
for placing the selective switch in condition
to extend a connection to the subscriber’s
line when busy without rendering effective
said signaling means.

3. In a telephone system, n subscriber’s
line. a selective switch for extending con-
nections to the subscriber’s line, = register
sender, an impulse circuit, a relay, means
under the control of the register sender for
operating said relay to send series of impulses
over said circuit to operate the selective
switch, signaling means, means operative
when the subscriber’s line is found busy for
rendering the signaling means effective,
means controlled by the register sender for
causing a prolonged operation of said relay
between certain of said series of impulses,
and means responsive to such operation of
said relay for placing the selective switch in
condition to extend a connection to the snb-
scriber’s line when busy without rendering
effective said signaling means.

4. In a telephone system, a subscriber’s
line, a selective switch for extending con-
nections to the subscriber’s line, a register
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sender, an impulse circuit, a relay, means

under the control of the register sender for
operating said relay to send series of im-
pulses over said circuit to operate the selec-
tive switch, signaling means, means opera-
tive when the subscriber’s line is found husy
for rendering the signaling means effective.
means controlled by the register sender for
altering the operation of said relay to send
a comparatively long impulse over the im-
pulse circuit, and means at the selective
switch responsive to such long impulse for
placing said switch in condition to extend a
connection to the subscriber’s line when busy
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without rendering effective said signaling
means. :

5. In a telephone system, a subscriber’s
line, a selective switch for extending con-
nections to the subscriber’s line, an oper-
ator’s position, a register sender, an im-
pulse circuit, a relay, means under the con-
trol of the register sender for operating said
relay to send impulses over said circuit to
operate the selective switch, signaling means,
means operative when the subseriber’s line
is found busy for rendering the signaling
means effective, means controlled by the
operator for causing the register sender to
alter the operation of said relay, and means
responsive to such altered operation of said
relay for placing the selective switch in con-
dition to extend a connection to the sub-
scriber’s line when busy without rendering
effective said signaling means.

6. In a telephone system, a subscriber’s
line, a series of step-by-step selector switches
for extending connections to the subscriber’s
line, a register sender, an impulse circuit,
means under the control of the register
sender for sending impulses over said circuit
to operate said switches, signaling means,
means operative when the subscriber’s line
is found busy for rendering the signaling
means effective, and means controlled over

17

the impulse circuit by said register sender
for placing the final one of said switches
in condition to extend a connection to the
subscriber’s line regardless of its busy con-
dition without rendering effective said sig-
naling means.

7. In a telephone system, a subscriber’s
line, a step-by-step selective switch for ex-
tending connections to the subscriber’s line,
a register sender, an impulse circuit, a relay,
means under the control of the register
sender for operating said relay to send im-
pulses over said circuit to operate the switch,
signaling means, means operative when the
subsecriber’s line is found busy by said switch
for rendering the signaling means effective,
means controlled by the register sender for
altering the operation of said relay, and
means responsive to such operation of said
relay for placing the selective switch in con-
dition to extend a connection to the sub-
seriber’s line regardless of its busy condi-
tion without rendering effective the signal-
ing means.

In witness whereof, we hereunto subscribe
our names this 17th day of December A. D.,
1920,

WARREN W. CARPENTER.
HENRY HOVLAND.
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