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UNITED STATES PATENT OFFICE.
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The present inventicn relates to multi-  lish a connection between two subscribers’
office telephone systems, more especially to lines such, for example, as the line of the
such systems as compy jce both manual and manual sub station A, Fig. 1, and the line
uut(;matlc offices, or exchanges; and the ob- of the automatic sub station A’ , Fig. 4. The

5 ject of the invention, Iﬂro‘mly ctwted is the connection, when established, involves a 60
pxowsm_n of new and improved arrange- manual cord circuit such as the cord circuit
ments for handling those calls which orig- O, Fig. 1; an inter-office trunk line, manual
inate at a manual office and which are com- to automatic, and associated trunk equip-
pleted in an automatic office. ' ment, shown in Fig. 2; a first selector switch

10~ Various schemes have been proposed be-. D, Fi ig. 35 a second selector switch such as 65
fore for handling the class of connections the second selector E:‘and a final connector
referred to and a number of them have been switch such as the connector H, Fig. 4. The
used with some degree of satisfaction by. apparatus shown in Figs. 5, 6, and 7 consti-
operating telephone companies. The fact is, - tutes a B operator’s sender which is used

15 however, that so far as applicant is aware to control the setting of the automatic 70
all of the systems heretofore used, or sug-~ switches, and which: may be temporarily
gested, are either excessively complicated or associated with the trunk line for this pur-
else thev do not perform the desired func- pose. Fig. 8 shows a lamp indicating de-
tions with that degree of efficiency or sim- vice associated with the sender shown -in

20 phmtv which is desirable. The present cir- Iigs. 5, 6, and 7.

Cl‘lm have been designed, "thelefore with ~ The eqmpment shown in Tlo 1 compris-

the shortcomings of prior systems in mmd ing the telephone station A and the associ-
and with a view to producing an 1mmowd ated line equipment at the exchange, the
system havmo the maximum ¢ 1mphc;ty and operator’s cord circuit O and the A opera-
capable of d01n0‘ the requlred work at high tor’s head set, is all’ manual equipment of 80
speed and under uniform operating condi- well known type and on this account will
tions. not have to-be described.

An essential feature of the invention is  The inter-office trunk line, comprising con-
the B operator’s sending equipment at the ductors 30 and 31, is one of a large group
i automatic exchange. This apparatus in- of similar trunk lines and extends from the 85
cludes a novel sendmo switch, and a plu- jack J’ in the outgoing trunk multiple at
rality of relay s*oraoe devices of new de- the A board, in the manual exchange, by
sign, together - ‘with “cirenits whereby the way of the B operator’s position, shown in
cholin, corresponding to successively actu- Fig. 2, to the first selector D, which is shown

ated d digit keys, are reglstere on the qtor‘z”e in Fig. 3. At the B operator s position the 90

devicns, whereby the storage devices succes- trunk line is normally open and is provided
sively control the Qendmo “switeh according with a group of relays, whose circuits are
to the registered digits, and whereby the shown in full; and whose operation will also
entire m)narqtus is automa tically disassoci-~ be ‘described in the course of the general
ated from the trunk line in use when the explanation. According to the usual prac- @
connection 1s completed. There are other tice there is a call circuit, or order wire cir-
features not now specifically mentionﬂd all' cuit, which terminates in the B operator’s
of which will be pointed out and }Lnlly ex- head set at the automatic exchange, and
plained hereinafter with reference to the ac- which is multipled in the call circuit keys

companying drawings, at the A board in the manual exchange. 109
For an © ndevsmndmw of the circuits, Flgs The first and second selectors D and E

1, 2, 3, and 4 of the drawings shonld be 1aid are automatic switches of the well known

out in order with corresponding lines at the Strowger vertical and rotary type, such as
ends thereof in alignment, while Figs. 5.6, are in common use in numerous automatic

and 7 should be similarly laid out immedi- telephone exchanges throughout the country. 12

ately below Figs. 2. 3, and 4, res “ecﬁi‘*ﬂiy. The connector H is likewise a Strowger ver-

The drawings when thus a rlanwﬂ show an tical and rotary switch and is similar in

inter-office trunk line connecting a mann“l ~mechanical construction to  the selector
exchange with an automatic e‘ichanoe, and switches D and ®. The circuits are ar-
55 the assorinted pouipment vequired to estah- ranged, howevar, for n directive control in 1
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both the vertical and rotary movements.
All of these switches are operated accord-
ing to the well known two wire system of
control. The connector switch I has access
to 100 subscribers’ lines, one of which is
the line extending to antomatic sub station
A’. The reference character C indicates a
rotary line switch of well known type which
is individual to the line of substation A,
and which is used by the subscriber thereat
for making outgoing calls.

The B opcmtors sender shown herein
comprises a set of digit keys, shown in the
2, a sending
switch indicated by the reference character
S; -and including a plurality of assocnted
relays, all of which are shown in Fig. 5,

a first digit storage device, shown in I‘]O
6, a second digit stomoe device, shown 1in
Fig. 7, and third and fourth digit storage
devmeﬂ;, which are not shown but are in all
respects exactly like the second digit stor-
age device which is shown in Fig. 7. There
is alec a lamp indicating device, shown in

‘Fig: 8 on the same sheet with Fig. 2.

The digit- I\eys, Nos. 1 t0.0, nﬂcluslve, are
ordinary self restor ing k eys, or push buttons,
located 1n 2 single row in {ront of the B op-
emtor, and control the cetting of the storage
devices.  There is ako a release key R and

a ' lamp L# located in'‘the same row th‘

the 6101‘5 keys. The sending switch S, in
Fig: ’5, is a simple rotary “switch h‘wmo
two horizontal rows of bank contacts and the
two wipers 207 and 208 ascociated therewith.
These w ipem are adapted to be driven by

any suitable form of ratchet mechanism in a
forward direction only by means of the step-
ping magnet 206. The cam 298 is mounted
on a consta intly rotating shaft which is driv-
en by a small motor, or other suitable means,
at a speed of about ten revolutions per gec-
ond. This is the impulse sending cam and

-may be common to a nurmber of different
senders.
The first d}mt storage doww shown: in

50

Fig. 6, comprises the dl<*1t relays 271-270,
inc]usn‘e, and the five mh}s 250-254, .inclu-
sive,. The otlier storage devices are very
similar to.the first dlmf storage device, and

~all of them will be descubed in full herein-

o=

S

60

65

after,

A little further descr; ptionr of the appa-
ratus at the 13 operator’s position may now
be advisable before proceeding with the op-
eration of the system. In-addition to the
inter-office trunk line, shown in Fig. 2, thers
may be perhaps fifty or morve other trunk
lines, all extending through the position by
way of théir 1espect1m agsociated relay
equipments to first celector switches.  In 4 m{_
dition to the “operator’s sender which s
shown in the drawirgs,- there- ave two ar
three other senders, makmo perhaps four al-
together, and each sender terminates in a

1,614,678

four conductor trunk line which is multi- -

pled at the relay equipments of all the inter-
office trunk lines. Thus, any sender may. be
connected with any Inter-office trunk line.
The local trunk line -associatedt with the
sender shown in the drawings, comprises
conductors 221-224, inclusive, which con-
ductors are connected in multiple to contacts
of relays, such as the relay 45, associated
with the several inter-office trunk lines.  Al-
though none of the other senders are shown,

the local trunk line associated with the sec-:
ond Senclér is shown in the drawing at the -

right of Fig. 2, and comprises conductors
‘7"1’ to 2247, 1nchmve The local trunk lines
associated with the other two sendbrs are
similar to the one shown and, therefore, it

18 believed that the arra nocments will: be:

readily understcod -without huthel aplanw
tion.

The lamp indicating device, shown in Fig.
8, is individual to the “sender 111ustra,ted and
there is a similar indicating device for each
of the other senders. This indicating: de-
vice' comprises. a plurality of banks of
switch-board lamps, there being a lamp in
each bank for each of the-ten ’digits. The

number of different banks of lamps will,
of course, depend upon the number of digits

in the telephone numbers; for four d101t

70

80

Gt

numbers four banks of lamps will, of course,

be vequired as illustrated in the drawing.
The ‘digits to svhich the lamps correspond
are printed on a semi-transparvent screen-be-
hind which the lamps ave located, and these
numbers are ordinarily scarcely discernible.
When the lamps. immediately behind any
series of digits are lighted, however, these
digits will ‘stand out clearly and may be
read by the operator with great facility.
The manner in- which the lambs are con-

‘nected is exceedingly simple, and on this

account the wiring has not been drawn out
in detail. It may be explained, however,
that one side of all of-the lamps is <'onnncted
to the exchange battery while ‘individual

conductors run fx om the other side of each-

lamp to contact springs on the digit relays:
of the several storage devices. lhus the
individual conductms, such as conducum
284, which come from the ten lamps in the.
first digit bank are connected to springs of
relays ‘)(1—210 inclusive; the  conductors,
such as conductor 335, coming  from the
Lvnus of. the second. dlolt bank are con-
ected Lo coutacts of velays 321-320, in-
clu sive, of the second digit tolaoc de\’fi(c,
while the conductors coming from the lamps
in the third and fourth (11«)1’5 banks are
similarly -connected to the contacts of- the
digit velays in the third and fourth storage

~devices, respectively.

The operamon of the system in esmbhsh—
ing a telephone connection will now be ex-
plained, it being assumed for-thiz purpose
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that the subscriber at sub station A in the
manual exchange desires to obtain connec-
tion with the subscriber at sub station A’
in the automatic exchange. The telephone
number at sub station A will be assumed
as No. 4567, When the receiver is removed
at sub station A, a circuit is completed over
the line conductors 2 and 8 for the line re-
lay 4, which is accordingly energized and
hohts the line lamp L. This notifies the A
op %rafor, at whose position the answering
jack J appears, that a call has been received
and she will respond by inserting the an-
swering plug of an idle cord 01rcu1t the
cord cireuit O for example, in the mck J.
Upon the insertion-of the plug, a cirenit is
Lompleted over the sleeve conductor thereof
which includes the cut off relay 5-of the
ealling line; and the supervisory lamp I.” in
the cord circuit in series. The cut off relay
5 is accordingly energized and disconnects
the line relay 4. - The supervisory lamp I/
would be lighted at the same time were it
not for the fact that the receiver is off at
sub station A, whose transmitter is now sup-
plied with current from the .cord circuit.
As a result, the supervisory relay 8 in the
ring side of the cord circuit is energized
and shunts out the lamp L/ to plevent it
from being lighted.

The A operator will now throw her key
IX to listening position in order to -obtain
from the calhng subscriber the number of
the party with whom he desirves to converse.
Having ascertained that the desired number
is the No.-4567 in the automatic office, the
operator will restore her listening key and
will depress the proper call cireuit button
in order to connect her head set with the
call -circuit extending to the desired office,
or exchange.” The call circuit button at this
particular A operator’s position, which is
associated with the particular automatic ex-
change in question, is the button P, and
When this is depressed the A operator’s "head
set is connected directly with the B oper-
ator’s head set in the automatic office. The
A operator now repeats the No. 4567 to the
B operator, and this number is registered
by the latter operator by means of the digit

keys associated with one of her senders as

soon as it is received, it being understood, of
course, that in the present case the sender
which is shown in the drawing is the one
which will be used. In registering the
number, the I3 opemtm will depress the
digit keys 4. 5, 6, and 7 in rapid succession
and the entire number is completely reg-
istered practically as soon as the A operator
has finished transmitting it. As soon as the
A operator is through talklnw the B oper-
ator will reply with the number of an idle
interoffice trunk line.. The A operator now
inserts the calling plug of the cord circuit
in use in the designated jack in-the outgoing

with the trunk line.

&

trunk multiple. Assuming that the trunk
line comprising conductors 30 and 31 is the
trunk line assigned, the plug will be in-
serted in the ]'Lck J and a circuit is im-
mediately completed over the two sides of
the trunk line in series for the bridged re-
lay 40 at the B operator’s position. Rel‘zy
40 is energized by current flowing from the

cord cucmt at the A board and closes a

circuit for the busy lamp I This notifies
the B operator that the A operator has

taken the trunk and :she will. now depress

the key K’ which is associated with the
trunk line in use and also with the sender
upon which the desired number has been
registered in order:to. connect this sender
The sending switch S,
Fig. 5, is now operated under the control of
the several storage devices in succession and
four series-of impluses are transmitted over
the trank line comprising conc.uctors 60 and
61, connecting Figs. 2 and 3, whereby the
first selector D, a second gelector, such as the
selector B, and a connector, such as the con-
nector H, are operated in order to complete
conriection to the desired subscriber’s line.

The B operator, having actuated the trunk
key K’, has done-all that is required of her
toward the establishment of the connection
and need pay no further attention to it.
The sender, upon which the number has been
registered, controls the automatic switches
without any further attention; and when the
last switch has been operated the sender is
automatically disassociated from the trunk

line and is ready for use in registering an-

other called number.

We will return now to the point where the
B operator begins to register the number
transmitted to her by the A operator in order
to go into the subsequent circuit operations
more in detail. The ten digit relays of the
first digit storage device are normally con-
nected to the ten leads, or conductors, com-
ing from the ten digit keys; and when the
opemtor depresses the No. 4 digit key a

_circuit is completed. over conductor 234 for

the fourth digit relay 274. Upon ener gm
ing, relay 274 prepares a locking circuit for
itself at armature 281; connects the ground-
ed conductor 228 to conductor 284 which ex-
tends to the No. 4 lamp in the first digit
bank of the lamp indicating device, and
causes -the digit 4 to be 1mmedm’(elv dis-
played; and connects the grounded condue-
tor 288 with the conductor 964 which extends
to the lower bank of the impulse sending
switch S and there terminates in bank con-
tact 294. The operator depresses the digit
key only for an instant and when it is re-
leased, relay 274 is held up over the herveinbe-
fore mentloned locking circuit which in-
cludes relay 252 and the grounded conductor
226. Relay 252 is ‘LccordanIV energized in
series with relay 274, having heen prevented
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from energizing before by the short-circuit-
ing ground on conductor 234 and at its arma-
ture 258 closes a circuit for relays 253 and
954 in series, which, upon energizing, dis-
connect all of the digit relays, 271-270, in-
clusive, from the conductors coming from
the digit keys. Relay 274, of course, re-
mains -energized over its locking circuit.

Relay 252 also connects ground to the hold-

ing conductor 223 at armature 260, and at
armature 259 connects ground to conductor
285 extending to the second digit storage de-
vice, Fig. 7, thus completing a circuit for re-

lays 304-and 805 in series. Upon energizing,

these relays connect the. ten digit relays 321
t0.820, inclusive, to the ten conductors com-
ing from the digit keys. 1In this manner the
second digit storage device is prepared for
registering the second digit.

It will ‘be clear now that when the No. 5
digit key is depressed, a circuit will be closed
over conductor 235 for the fifth digit relay
325 of the second digit storage device. Up-

on-energizing, relay 825 prepares a locking
-cireuit for itself at its armature 331, con-

nects the grounded conductor 228 to the lamp
conductor 835 at-armature 333, thereby. dis-
playing the No. b digit in-the second digit
bank of the lamp indicating device, and con-
nects conductor 388 to conductor 265 at
armature 332. The latter conductor extends
to the lower bank of the sending switch
S-and terminates there in bank contact 295.
When the No. 5 digit key is released, ground
is removed from -conductor 235 and relay
325 becomes locked in series with relay 303
over conductor 285. Relay 303 .is accord-
ingly energized in series with relay 325 and
at its armature 812 breaks:-the circuit of re-
lays 804 and 305, whereupon these relays fall
back and disconnect the digit relays 321-320,
inclusive, from the conductors coming from
the digit keys. Relay 308 also grounds the
holding conductor 223 at its armature 811,
and at its armature 310 grounds the -con-
ductor 385 which extends to the third digit
storage device, thereby completing a circuit
for the relays, corresponding:to relays 304
and 305, which connect the ten digit relays
of the third digit. storage device with the
conductors coming from the digit keys.
When - the operator depresses the No.
digit key, a circuit is completed over con-
ductor 236 for the sixth digit relay in the
third -digit storage device and this relay is
energized with a result similar to that de-
scribed in the case of the two previously
energized digit relays, and it follows that the
digit 6 is displayed in the third digit bank
of the lamp indicating device, and a civeuit
is prepared for grounding conductor 266
which extends to the lower bank of the send-
ing switch S and terminates there in ‘bank
contact 296.  When the operator releases the
No. 6 digit key, the sixth digit relay in the

1,614,678

third digit storage device becomes locked in
series with the associated relay, correspond-
ing to relay 303 of the second digit storage
device, and this relay, upon energizing,
breaks -the circuit of the relays through the
medium of which the digit relays were con-
nected ‘to the conductors coming from the
digit keys, whereby these- digit relays are
again disconnected.
upon the holding conductor 223 in the third
digit storage device and at’ the same time
ground is placed upon the conductor; cor-

‘responding to~conductor 385, which extends

to the fourth digit storage device, wherenpon
a clrcult is completed for a pair of relays
in sald device, corrésponding to-the relays

304 and 305 of the second digis storage de-

70

Ground 1s also placed ‘

80

vice, these relays-having the function of con- "

necting up the ten digit relays of the fourth

digit storage device to the conductors com-
ing from the digit keys. - ‘
“When the No. 7 digit key is depressed, the
operations which take place at the fourth
digit storage device are similar to' those de-
scribed in the case of the:other storage de-
vices. The No. 7 digit relay is energized
over conductor 237, and this-relay causes the
digit T to-be displayed-at the fourth digit
bank of the lamp indicating deviee and also
prepares a circuit for. grounding conductor
267, -which conducter - terminates in bank
contact 297 of the sending switch S.- -Adfter
the No. 7 digit key is released, the energized
digit relay becomes locked in series with a
relay, corresponding to relay 303, which. is
energized in order to ground the holding
conductor 223 and also to break the circuit
of -the ‘relays which have previously been
effective to connect theten digit relays of the

fourth digit storage device with the condue- .

tors coming from the digit keys.
From the foregoing it will be understood
that the fourth, fifth, sixth and seventh digit

85 -

100

105

relays+in the first; second,-third; and fourth. -

storage devices, respectively, are now locked
up, with the vresult that ‘the telephone
number. 4567 has been - displayed ~on: the
lamp indicating -device, -and with the. fur-
ther: result-that bank contact-294 of the
sending switch S has been grounded, while
bank contacts 295, 296 and 297 have been
connected with in the last three storage de-
vices, vespectively, wherein circuits have
been prepared for grounding these bank-con-
tacts also at the proper time. It should be
remembered also that the holding conductor

110

115

120

923 has been grounded at each of the four -

storage ‘devices. The pilot lamp L#, which
is located in line with the digit keys of the
sender, upon’ which the number has just
been registered, is also lighted inasmuch as
it is connected with the grounded holding
conductor 223. The function of the lamp
indicating device, upon which the digits are

displayed -as fast as'they are registerved, 1s ~

139
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to indicate completed telephone numbers to
the B operator with a view to affording her
a check on the accuracy of her work. In
order to obtain the best results and the maxi-
mum speed of operation it is intended that
the B operator will register the digits in
the telephone numbers as they are trans-
mitted to her by the A operator, from which
it will be evident that the digit keys are
necessarily operated with great rapidity,
and in quick succession. ~Although an ex-
perienced operator soon becomes accustomed
to this and will make very few mistakes,
there will be times nevertheless when she is
interrupted in her work or for some other
reason is uncertain whether she has regis-
tered the correct number or not, and at such
times the lamp indicating device affords a
convenient method of at once ascertaining
what number has actually been registered.
If it is not desired to use the indicating de-
vice constantly, a key may be inserted in the
battery conductor in order to disconnect the
current supply from the lamps, and the key
may then be operated whenever it is desired
to show up some particular number. In
case an inspection of the indicating device
should show that a telephone number has
been registered inaccurately, the release key
R may be actuated in order to energize relay
203 for the purpose of restoring the digit
relays of the several storage devices to nor-
mal position. The manner in which this is
accomplished by the operation of relay 203
will be clear from the subsequent explana-
tion of the restoration of these relays under
ordinary circumstances, consequently it will
not be necessary to make any detailed ex-
planation of it at this time.

Having completed the registration of the
number, the B operator assigns a trunk to the
A operator, as previously explained, and as
soon as the A operator has taken the trunk, as
indicated by the lighting of the busy lamp
12, the B operator will actuate the trunk
key K’. By this means a circuit is com-
pleted for the upper winding of relay 45 by
Upon en-
ergizing, relay 45 locks itself to the ground-
ed holding conductor 223 at its armature 52,
closes a circuit for the upper winding of
relay 44 at armature 51, and at armatures
50 and 53 connects the trunk conductors- 60
and 61 with the conductors 221 and 222
coming from the sending switch S, Fig. 5.
Conductors 221 and 222 are normally con-
nected together at armature 212 and also at
armature 214 of relays 201 and 202 of the
sending switch 8, and it follows, therefore,
that a citveuit is completed over the trunk
conductors 60 and 61 for the line relay 65
of the first selector D, Fig. 3. ~Upon en-
ergizing, relay 65 closes a circuit for the
slow acting release relay 66. The latter re-
lay, upon energizing, opens a point in the

8

circuit of the release magnet 72 and prepares
a circuit for the vertical magnet 70 in the
customary manner.

Relay 44 is operated when the circuit is
closed through its upper winding and com-
pletes a locking circuit for itself at its arma-
ture 48. In addition relay 44 closes & pair
of contacts in the trunk conductors in order
that when the relay 45 deenergizes, as will

“occur shortly, the said trunk line may ex-

tend continuously through the operator’s
position. When relay 45 is energized, as
just explained, the conductor 224 is ground-
ed, being connected with conductor 223 at
armature 52, and a circuit is completed for
slow acting relay 204, Fig. 5. Upon ener-
gizing, relay 204 closes a circult for slow
acting relay 205 at its armature 217 and at
its armature 218 disconnects ground from
the conductor 228. The latter operation ex-
tinguishes the lights in the lamp indicating
device, and when the slow acting relay 205
pulls up it opens the normal ground con-
nection to conductor 226 at its armature 219
and substitutes therefor a ground coming
from the working contact of armature 218
of relay 204. Since relay 204 is already
energized and since the contacts at armature
219 are of the make before break type, con-
ductor 226 is held grounded continuously
during this operation. In addition to caus-
ing the operation of relays 204 and 205, the
grounding of conductor 224 produces an-
other result; which is the closure of a circuit
for the impulsing relay 202. This circuit
is broken at the rate of about ten times per
second by the constantly rotating cam 298,
and the circuit is accordingly closed the first
time the said cam comes into the proper
position afterthe conductor 224 is grounded.
Relay 202 is now intermittently energized
and deenergized by the operation of cam
298. At the first energization relay 202 does
not open the circuit of the line relay 65 of
the first selector D at armature 214 because
this circuit is closed also at armature 212 of
relay 201. At armature 215, however, a cir-
cuit is completed for the stepping magnet
206 of the sending switch S and this magnet
is energized. Upon the deenergization of
relay 202 the circuit of the stepping magnet
2061s broken and the said magnet retracts
its armature, thereby advancing the wipers
207 and 208 one step. - The wiper 207 now
engages the first grounded contact in its as-
sociated bank and thereby closes 4 circuit for
the slow acting relay 201 which energizes

.and prepares a locking circuit for slow act-

ing relay 200. Relay 201 also opens, at
armature 212, the shunt ecircuit which nor-
mally renders the impulsing relay 202 inef-
fective to interrupt the circuit of the line
relay of the selector D. The impulsing re-
lay 202 continues to be enervgized and de-
energized intermittently by the operation of
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the cam 298, and at each energization this
relay will separate the two conductors 221
and- 222 and.will thereby produce a series
of. interruptions in the circuit of the line
relay. 65 of the selector D. At the same
time relay 202 transmits a series of impulses
to the stepping magnet 206 at armature 215,
and. the sending switch S is thus driven
synchronously with the first seleetor. After
four interruptions have been produced in
this way, the stepping magnet 206 will.have
been energized four more times, and the
wiper 208 will be advanced into engagement
with the now grounded bank contact 294.
A circuit is thus completed for the slow
acting relay 200, which immediately ener-
gizes, establishes a locking circuit for itself
at its armature 210, and-at its armature 211

opens the circuit of the impulsing relay 202,

thus prevénting the transmission of any

 more impulses over the trunk circuit for the

time being. "Relay 200 also closes a new
cireuit for the stepping magnet 206 at arma-
ture 209, and since this circuit includes an
interrupter contact controlled by the step-

. ping magnet itself, the said stepping magnet
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will operate in the manner of a buzzer and
the switch will be advanced automatically
until - wiper 207 arrives at: the first un-
grounded  contact in its bank which, as
shown in the:drawing, is the twelfth bank
contact.  During this time certain opera-
tions: are taking- place-at the first digit
storage device which will now be explained.

At the same time.that a circuit is com-
pleted. for relay 200 by the arrival of wiper
208 at grounded bank. contact 294, a circuit
is completed. by this wiper which extends
over conductor 227 and by way of armature
255 and its resting contact to.relay 251 at the
first digit storage device, thus energizing
this relay. As explained before, the switch
S continues to advance its wipers: and as
soon as wiper 207 reaches its twelfth bank
contact, relays 201 and 200 are deerergized,
as:is. explained more in-detail hereinafter.
Ground is thus removed from conductor 227,

~and relay 251 will become locked.in operated

position. over. a. circuit which includes relay
250 and the grounded:conductor 226. Relay
250 is, therefore, energized with the result
that conductor: 227 is disconnected from re-
lay 251 and is transferred by way of conduc-
tor 287 to the corresponding relay 302 of the
second digit storage device. Hurther re-
sults of the-energization of relay 250 are the

opening of the ground connection at arma-

" ture 257 to the holding conductor 223 in the
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first- digit storage device (it will be recol-

lected' that this holding conductor is. still
-grounded in each of the other three storage

devices) ; the-removal of ground: from con-
ductor 288, at. armature 256, whereby ground
is-disconnected: from bank contact 294 in the
bank of the sending switch S; and the
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grounding of conductor 286 at the same
armature 256, whereby ground is extended
by way of thie energized digit relay 325 of
the second digit storage device, and con-
ductor 265 to bank contact 295 of the send:
ing switch S. The operations so far de-
scribed have resulted in the transmission of
a series of four impulses to the selector D,
or moré specifically speaking, the ecireuit of
the line relay 65 of the said selector has been
interrupted four times and in response to
these interruptions the selector is operated

to raise its wiper to the fourth level, and at

the end. of the series of impulses it operates
automatically to select an idle trunk leading
to a second selector, such as ‘the second se-
lector L. :

Returning again to the operation' of the
sending switch, when the wiper 207 arrives
at the twelfth contact in-its associated bank,
which is ungrounded, the circuit of the slow
acting relay 201 is broken and after an in-
stant this relay will fall back, thus opening
the locking circuit of slow acting relay: 200
and -at the same time. closing the normal
shunt circuit around the impulsing contact

at armature 214 of the impulsing relay 202.

Its circuit having been broken, the slow act-
ing relay 200 also deenergizes after a. brief
instant and at its armature 211 again closes
the circuit of the impulsing relay 202. . This
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relay now begins operating as before.and on

its first energization transmits an: impulse
of current to the stepping magnet 206 with-
out, however, interrupting the switch control
circuit over the trunk line, which now- ex-
tends through to the second selector E. "On
the first step of the sending switeh S; wiper
207 arrives at. the thirteenth bank. contact
and since this contact is grounded’ a. circuit
is completed for the slow acting relay 201
which operates to open the shunt circuit at
its armature 212 as before. Subsequent en-
ergizations of the impulsing relay 202 now
cause the control circuit extending to the
selector I& to be interrupted a plurality of
times, while at the same time the stepping
magnet 206 is intermittently energized: to
drive the wipers of the sending switch.
When wiper 208 arrives at the eighteenth
contact in its associated bank, which contact
is connected in multiple with the bank con-
tact 295, a circuit will be completed for re-
lay 200, and this relay is energized. as. be-

“fore to open the circuit of the impulsing re-

lay 202 and thus stop the further. transmis-
sion of impulses. Relay 200 also closes the
usual circuit: for continuing the operation of
the stepping magnet 206 and the sending
switch . is, therefore, continued in motion
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until the wiper 207 arrives at the next.un- =
grounded bank contact, which is the twenty- .

fifth. - At the same time that relay 200 is
energized, a circuit is completed.by way of
conductors 227 and 287 for relay 302 in the
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second digit storage device and the said re-
laey 802 is energized. As the sending switch
continues its advance, this circuit is broken
and relay 302 becomes locked in series with
relay 801 to the grounded conductor 285.
Relay 301 is accordingly energized and at its
armature 3806 disconnects conductor =287
from the winding of relay 302 and transfers
it by way of conductor 387 to a similar relay
in the third digit storage device. In addi-
tion, relay 801 disconnects the grounded con-
ductor 286 from conductor 388, thereby re-
moving ground from the bank contact 295
in the bank of the sending switch S, and
transfers it into connection with conductor
286, whereby ground is extended by way of
the now energized sixth digit relay in the
third digit storage device, to bank contact
296 in the bank of the sending switch, and
at armature 308 of relay 301 the ground con-
nection to the holding conductor 223 in the
second digit storage device is broken.

The second series of operations at the op-
erator’s sending equipment resulted in the
transmission of five impulses to the selector
E, or rather in the production of five inter-
ruptions in the circuit of its line relay 90,
whereby the switch shaft and wipers are
raised opposite the fifth level of bank con-
tacts. Upon the cessation of the series of
impulses, the second selector I automatical-
ly operates to select an idle trunk leading to
a connector switch, such as the connector I,
Fig. 4. '

When the wiper 207 of the sending switch
arrives at the twenty-fifth bank contact it
finds this contact ungrounded, the advance
of the switch is stopped temporarily, and
relay 201 is deenergized, thus again shunt-
ing the impulsing contact at armature 214.
After a brief further interval, the slow act-
ing relay 200 will fall back and again close
the circuit of impulsing relay 202, which
now begins operating as before, and pro-
duces a series of interruptions in the control
cireuit of the connector H to operate this
switch vertically, while at the same time
the impulses are transmitted to the stepping
magnet 206, in order to drive the sending
switch 8. Tt is understood, of course, that
the first energization of relay 202 is inef-
fective to interrupt the control circuit. It
will be unnecessary to minutely consider all
the operations which take place during the
transmission of the third and fourth series
of impulses. The third series is terminated
by the arrival of wiper 208 at' grounded
bank contact 296. which causes relay 200
to be energized, in order to advance the
sending switch automaticaily to the twelfth

contact in its bank, and which closes a cir--

cuit over conductors 227, 287 and 387 to
the relay in the third digit storage device
which corresponds.to relay 302 of the second
digit storage device. Upon the removal of
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ground from conductor 227 by the further
advance of the sending switch S, a relay in
the third digit storage device, corresponding
to relay 301 of the second digit storage de-
vice, is energized and various transfer oper-
ations take place which result in the removal
of ground from bank contact 296 and in the
grounding of bank contact 297.

The connector H responds -to the third
series oftimpulses,: and 1ts shaft and wipers
are raised five steps until they stand oppo-
site the fifth level of bank contacts. No
automatic movement takes place at the con-
nector, however, upon the: cessation of the
series of impulses and further movement of
the connector is deferred until-the arrival
of the next series of impulses.

When the wipers of the sending switch
arrive at the twelfth set of bank contacts,
wiper 207 will find no ground and relays
201 and 200 are accordingly deenergized to
again start the operation of the switch. The
impulsing relay 202 now begins to step the
switch 5 around as before, and after the
first step begins to transmit the final series
of impulses over the control circuit to the
connector . This last series of impulses
is terminated; by the arrival of wiper 208
at the twentieth contact in its bank which
is connected in multiple with bank. centact
297 and which is, therefore, grounded.
When this occurs, relay 200 is energized as
usual to stop the transmission of impulses
and to clove the automatic stepping circuit
for the stepping magnet 206 of the sending
gwitch. At the same time conductor 227 1s
grounded, and a circuit is completed over
said conductor and conductors 287 and 387
and thence by way of a similar conductor,
in the third digit storage device, to a relay
in the fourth digit storage device, which cor-
responds to relay 302 of the second digit
storage device. As the sending switch con-
tinues its advance ground is removed from
conductor 227, wherveupon -a. transfer relay
in the fourth digit storage device, which
corresponids to transfer relay 301 of the
second digit storage device, is energized.
Since the fourth digit storage device 13 the
last one, it will be apparent that those con-
ductors, corresponding to -conductors 383,
386, and 387, will be omitted, and the prin-
ciple result of the operation of the transfer
relay is the removal of ground from the
holding conduetor 223.  Ground has already
been removed from this holding conductor
at each of the other three storage devices,
and it follows that conductor 223 will now
be entirely clear of ground. At the same
time that conductor 223 is cleared, conductor
924 is cleared of ground also for this con-
ductor “has ‘been maintained ‘grounded
through its connection with conductor 223
at armature 52 of relay 45. The removal
of ground from conductor 224 permanently
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opens the circuiti of. the impulsing relay
202 and thus prevents any further operation
of the sending switch S at this time. The
removal of ground: from conductor 224 also
causes the deenergization of the slow act-
ing-relay 204, which opens the circuit of the
slow. acting relay 205 at armature 217 and
at the same time disconiiects ground from
conductor 226 at armature 218. As a result
of the latter operation, and before relay 205
deenergizes, relays 250, 251, 252, and 274 of
the first digit storage device are deenergized.
Relay 252, upon deenergizing, opens the cir-
cuit- of relays 258 and: 254 which are thus
deenergized also, and. also removes ground
from conductor 285 at. armature 259. By
the latter operation relays 301, 302, 803, and
325 of the second digit storage device are
deenergized. Relay 808, upon deenergizing,
removes ground from conductor 385 extend-
ing to the third digit storage device, and
as a result the corresponding relays in this
storage device are deenergized also. In a
similar way, the relays in the fourth digit
storage device, which-have been.locked up,
are Qeenerowed an instant later. The op-
erator’s Sﬂndmo equipment, including the
four digit storage devices and the sendmcr
switch b is thus entlrely restored to normal
position. and is ready for-use again in regis-
tering another telephone number.

At the trunk line, Fig. 2, when ground is
removed from the holdlnw conductor 223 the
locking circuit of relay 45 is broken and thus
the relay is accordingly deenergized. As a
result the circuit of relay 44 is broken, but
this relay remains locked up to the Grounded
conductor 56 at its armature 48. By the de-
energization of relay 45, the incoming con-
ductors 30 and 81 of the-inter-office trunlk
line, are connected through the two conden-
sers by way of armatures 47 and 49 of relay.
44, and throvgh the normally closed sets of
contact springs controlled by relays 45 and
46 to the outgoing trunk conductors 60 and
61, which have been extended; by the oper-

“ation of selectors D and E and the connector
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- lications.
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H;, to the desired called line.. 1t will be ob-
served that there is a bridge across the trunk
conductors 60 and 61 at the B operator’s
position which includes the impedence coil
43 and upper winding of the electropolar-
ized relay 42. Thus, “the conti inuity of the
switch control circuit extending through to
the ~connector- H is pleserved and_ the
switches are prevented from releasing. The
two windings of relay 42 are in opposmon
at this time and consequently this relay 18
not operated. '

The operation of the automatic switches
will now be explained a.little more in detail,
in order that the entire system may be fully
understood  without reference to other pub-
As previously explained, the con-
trol circuit of the first selector D includes
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the conductors 221 and 222 coming fromi:the
sending switch 8, and the trunk conductors
60 and 61, and when the first series of i inter-
ruptions 1s produced in- this circuit by the
intermittent impulsing relay 202 of the said
sending switch, the line 1e]ay 65 of the first
selector is c(xused to retract ifs armature a
corresponding plurality. of times. At each
retraction of its armature, relay 65 sends a
current 1mpulse thloucrh the slow acting
series relay 67 and the vertical magnet 70
in series, and the vertical magnet is oper-
ated to raise the switch shaft step by step
until the wipers 80, 81, and 82 stand opposite
the fourth level of bank contacts. Relay
67 is energized in series with- the: vertical
magnet, and being slow acting retains its
armature in operated posi‘tion, throughout
the vertical movement of the switch. At the

first upward step, the off normal springs 78

are closed and since relay 67 is in opemted
position a circuit is completed for the step-
ping relay 68. Upon energizing, relay 68

establishes a. locking circuit. for itself at its -

upper armature, and at its lower armature

prepares a cireuit for the rotary magneét. 71.

At the end of the vertical movement of the

switch, the slow acting relay 67 is deener-.

gized and closes the circuit of the rotary
magnet 71 which accordingly operates to
rotate the switch shaft one step and brings
the switch wipers into engagement with the
first set of bank contacts in the fourth level.
At the same time the rotary. magnet opens
its interrupter contact and thus breaks the
locking circuit of the stepping relay 68,
which "accordingly deenergizes and breaks
the circuit of the rotary magnet which there-

upon deenergizes. also and again closes its

interrupter contact. . The operation now de-
pends upon whether the trunk line termi-
nating in the first set of contacts is busy or
idle. - If this trunk line is busy, there will be
a ground potential on the test contact en-
oaoed by the test wiper 81 and the stepping
Ielay 68 will again be energized, resulting in
another closure of the rotary maO'net cireuit
and the advance of the switch wipers into
engagement with the second set of bank con-
tacts, and this operation will continue as
long as'the test wiper 81 continues to engage
orounded test contacts. - Wheri the ﬁrst 1die
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trunk line is reached, which we will assume -

to be the trunk 1ine~extending to the second
selector- K, the test wiper 81 will find no

ground potential on the test contact 84 and

the stepping relay 68 will not again be oper-
ated. Instead, the switching relay 69, which
hag heretofore been short circuited, is en-

ergized in-series with. the steppmo relay

68, the latter relay remaining inoperative

due to the high resistance of the said switch-

ing relay. Upon energizing, relay. 69

' 010unds the: test wiper 81 ‘at its armatme

in order to make the selected trunk: h}ne

120

130



f

1241

na

24

D

ot

30

1,614,878

busy, and at its armatures 74 and 77 discon-

nects the trunk conductors 60 and 61 from

the winding of the line relay 65 and extends
them by way of wipers 80 and 82, bank con-

tacts 83 and 85, conductors 86 and 88, and

armatures 94 and 96 and their resting con-
tacts to the upper and lower windings of the
line relay 90 of the second selector I.

When the trunk conductors are extended
to the selector K, as above described, the
line relay 90 is energized and closes a cir-
cnit for the slow acting release relay 91.
Upon. energizing, relay 91 prepares the
selector for operation in its vertical move-
ment in the usual manner, and also con-
nects ground to the release trunk conductor
§7, thereby establishing a holding circuit
which extends by way of said conductor 87,
test contact 84, test wiper 81, armature 75
dnd its working contact, winding of the
switching relay 69, interrupter contacts of
the rotary magnet 71, off normal springs 78,
and the winding of the stepping relay 68
to battery. :

The operations just described whereby
irunk conductors 60 and 61 have been ex-
tended through to the second selector I
have occurred in response to the transmis-
sion of the first series of impulses by the
sending switch S. The automatic rotary
movement of the selector D in selecting an

idle trunk line in the particular level, which.

was selected under the directive control of
the sender, takes place during the time in-
terval between the transmission of the first
and the second series of impulses. It will
he recollected that this time interval is in-
troduced by the relays 201 and 200, of the
sending switch, which are slow acting and
which, therefore, require an appreciable
length of time to fall back. It may be
apprehended that an additional time inter-
val is introduced between each two series of
impulses, owing to theé fact that the sending
gwitch S is forced to complete its travel
from one of its normal positions to the next
each time a series of impulses is transmitted.
This is true to a certain extent, but the
time interval thus introduced is so short as
to be inappreciable. The switch S travels
over its bank contacts at a rate of about
sixty per second when it is advancing its
wipers automatically.

When the next series of impulses come in
over the trunk conductors 60 and 61, the line

yelay 90 of the second selector Ei is deener-

gized a plurality of times and controls the
vertical magnet 92 to raise the shaft and
wipers 100-102, inclusive, to the fifth level,
the second digit in the number being the
digit 5, as explained heretofore. The opera-
tion of the second selector I8 is precisely the
same as that of the first selector D, and
consequently it will be unnecessary to con-
sider it in detail. It will be sufficient to

©

say that at the end of the vertical move-
ment of the switch, the rotary movement is
initiated automatically and the wipers are
rotated step by step in search of an idle
trunk line leading to a -connector switch.
Assuming that the first idle trunk line en-

‘countered is the one shown in the drawing

and extending to the connector H, Fig. 4,
when the test wiper 100 arrives at test con-
tact 104 it will find the said test contact un-
guarded, and the selecting movement of the
switch will be arrested. The switching re-
lay 99 is now energized, and the trunk con-
ductors 86 and 88 incoming to the selector
are disconnected from the windings of the
line relay 90 and are extended by way of
armatures 94 and 96 and their working con-
tacts, wipers 100 and 102, bank contacts 103
and 105, conductors 106 .and 108, normally
closed contact springs of the back bridge
relay 110 to the upper and lower windings
of the double wound line relay 111 of the
connector H. :

On the extension of the control circuit to
the connector H in the above manner, the
line relay 111 is energized and completes a
cireuit for the slow acting release relay 112.
Upon energizing, relay 112 prepares the con-
nector for operation in its vertical move-
ment in the usual way and at armature 125
connects ground to the release trunk con-
ductor 107. A holding circuit is thus estab-
lished which extends by way of the said
conductor 107, test contact 104; test wiper
101, and armature 95 and its working con-
tact, to conductor 87 where it joins a pre-
viously described holding circuit extending
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back to the first selector D. The switching

relay 99 at the second selector I is connected
to the holding cireuit the same as was de-
seribed in the case of the switching relay 69
of the first selector.

When the third series of impulses, corres-
ponding to the digit 6, are transmitted over

the control circuit by the operator’s sender,
“the line relay 111 of the connector H is

momentarily. deenergized six-times and: at
each deenergization transmits an impulse of
current to the vertical magnet 118 over a
path which extends from ground by way of
armature 124 and its resting contact, arma-
ture 126 and its working contact, off normal
springs 121 and 123, winding of the slow
acting series relay 113, and the winding of
the vertical magnet 118 to battery. By the
operation of the vertical magnet the wipers
150-152, inclusive, are raised step by step
until they stand opposite the sixth level of
bank contacts. Relay 113 is energized in
series with the vertical magnet 118 and be-
ing slow acting holds up continuously dur-
ing the vertical operation of the switch. By
the operation of this relay. the vertical
magnet circuit is preserved intact, notwith-
standing the shifting of the off normal
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springs, which occurs at the first vertical
step of the switch. At the end of the verti-
cal ‘movement, relay 113 deenergizes and
transfers the operating circuit to the rotary
magnet 119,

The last series of impulses comprises seven
interruptions in the control circuit corres-
ponding to the final digit 7 of the called
telephone number.  Responsive to these in-
terruptions the line relay 111 is deenergized
seven times and now sends impulses to the

rotary magnet 119 over the following eir-

cuit: From ground by way of armature
124 and its resting contact, armature 126 and
its working contact, off normal springs 121
and 122, armature 127 and its resting con-
tact, resting contact of armature 182 and
the said armature, armature 139 and its

resting contact, and the winding of the vo-

tary magnet 119 to the battery. By the oper-
ation of the rotary magnet, the wipers 150-
152, inclusive, are rotated step by step and are
finally brought to rest in engagement with
the particular set of bank contascts in which
the line -of substation A’ is terminated, these
contacts being indicated in the drawings by
reference characters 153, 154 and 155. The
slow atting relay 116 is.energized in paral-
lel with the rotary magnet and remains con-
tinuously energized during the rotary move-

ment. In operated position, relay 116 con-

nects the test wiper 151 to the winding of
the test relay 115 by means of its armature

188 and at armature 135 closes an alteinative

point in the circuit-of the rotary magnet, to
egnard against the possibility 'of having this
cireuit -opened by the operation of the test
relay while the test wiper 151 is passing
over grounded test contacts.

‘The -final series of impulses has now been
received, and the connector wipers have been
placed in connection with the terminals of
the called line. If the line is busy there
will be a ground potentidl on the test con-
tact 154 and the test relay 115 will ‘be ener-
gized. When- this relay operates it prepares
a locking circuit for itself at its armature
131, which is completed when the slow act-
ing relay 116 falls back an instant later,
opens the rotary magnet circuit at armature
132, and at -armature 134 connects a lead
from the busy signalling machine to the low-
er side of the line. By this time the relay
45 at the B operator’s position has been de-
energized, the operator’s sender hids been
disconnected, and the trunk conductors 30
and 31 have been connected throungh by way
of the condensers to the trunk conductors 60
and 61, respectively, all as previously ex-
plained. Tt will be evident then that an
audible busy signal will be transmitted to the
calling subseriber in the distant manual ex-
change. On perceiving ‘the signal, the sub-
seriber will replace his receiver thereby sig-
nalling the operator who will pull down the
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connection and the automatic switches will
be released, as will be explained subsequent-
ly. '
Suppose now that the called line is idle
when connection therewith is attempted.
Under these circumstances there will be no
ground on the test contact 154, and the test re-
lay 115 will not be energized. Then when the
slow acting relay 116 falls back a cireuit is

completed for the switching relay 117 which

may be traced from the grounded conductor
107 by way of armature 131 and its resting
contact, the upper winding of the switching
relay 117, resting contact of armature 138
and the said armature, test wiper 151, test
contact 154, winding of the cut off or switeh-
ing relay 162 of the line switch C, and wind-
ing of the stepping magnet 164 to battery.
Relays 117 and 162 are energized in- series
over this circuit, and the latter relay is effec-
tive to clear the line conductors 160 and 161
of their normal battery and ground connec-
tions in the line switch. It may be explain-
ed that owing to a mechanical inter-locking
device between the armatures of the switch-
ing relay 162 and the line relay 163, the
former relay is operated only about half
way at this time, and the wipers of the line
switch are not connected up. : .
At the connector H, when the switching
relay 117 pulls up, it establishes a locking
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circnit: for itself at armature 138, grounds -

the test wiper 151 at armature 137, opens

the rotary magnet civeuit at armature 139, -

and at armatures 136 and 140 connects up
the two line wipers: 150 and 152. DBy the
Iatter operation a signalling circuit; is estab-
Iished whereby rvinging current from the
generator GIN is intermittently projected
out over the called line to operate the bridged
ringer at substation A’, and notify the call-
ed subscriber that he is wanted. The return

path for the ringing current includes the

upper winding of the ring cut off velay 114,
and when the called subscriber answers this
relay is operated. Upon energizing, relay
114 establishes a locking cirenit for itself
at its armature: 129, breaks the ringing civ-
cuit at armatures 128 and 130, and at the
working contacts of these same armatures
finally completes the talking connection.
Current is now supplied to the transmitter
at substation A’ through the windings of
the double wound back bridge relay 110
which is accordingly energized. This relay
is a reversing relay and has the well known
function of reversing the incoming trunk
conductors 106 and 108 as regards their
connections with the.windings .of the line
relay 111. Tt will be recalled now that
the circuit-of the line relay 111 is completed
by way of -the bridge through :the impedance
coil 43, and the upper winding of the electro-
polarized relay 42 in the trunk equipment
at the B operator’s position, the operator’s
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sender having been disconnected by this time,
and the operation of the reversing relay
110, therefore, will reverse the direction of
current flow-in the trunk line and more par-
ticularly in the bridge thereof which in-
cludes the upper winding of the said elecéro-
polarized relay 42. As a result, the two
windings of this relay now co-operate and
it is able to attract 1ts armature whereby
the upper high resistance winding of relay
40 is shunted by means of the relatively
low resistance impedance coil 41. Relay 40
remains energized, owing to the fact that its
lower winding is still connected in the bridge
across conductors 30 and 31, and the result
of shunting out the upper high resistance
winding of this relay is to augment the flow
of current sufficiently to operate the super-
visory relay T at the operator’s cord circuit
in the manual exchange. 'This serves to
extinguish the supervisory lamp L2 and
notifies the operator that the called sub-
scriber in the automatic exchange has
answered his telephone. The subscribers
may now converse as desired. o

When the subscribers are through talking,
they will replace their receivers. By the
replacement of the receiver at substation A,
the supervisory relay 8 is deenergized, and
the supervisory lamp I/ is lighted. When
the subscriber at substation A’ replaces his
receiver, the back bridge relay 110 in the
connector H is deenergized and the direc-
tion of current flow in the section of the
trunk to the right of the condensers is re-
versed to normal, thereby causing the elec-
tropolarized relay 42 to retract its arma-
ture. By this operation the upper high re-
sistance winding of relay 40 is again in-
cluded in the eircuit of the supervisory relay
7 at-the A operator’s cord circuit, and thisre-
lay is deenergized to light the supervisory
lamp L2 By the disconnect signals thus
given the operator, she is advised that the
conversation is finished and she will accord-
ingly pull down the connection. When the
plug is removed from the jack J”, the circuit
over which relay 40 at the I3 operator’s posi-
tion has been maintained energized,isbroken
and relay 40 will accordingly fall back and
remove ground from conductor 56. ‘This
extinguishes the busy lamp L and also
breaks the locking circuit of relay 44. On
deenerglizing, relay 44 opens the trunk line
at armatures 47 and 49, thereby clearing the
bridge across the trunk conductors 60 and
61. As a rvesult, the line and release relays
111 and 112 of the connector H are per-
mitted to fall back and these relays jointly
close a circuit for the release magnet 120,
whereby the connector H is restored to nor-
mal in the usual manner.’ Relay 112 also
removes ground from the relase trunk con-
ductor 107 and this operation . breaks the

holding circuit for the switching relays 69

i

and 99 of the selectors D and X, respectively.
These reiays are, therefore, deenergized and
circuits are completed for release magnets 72
and 93 which operate to restore their associ-
ated switches to normal position. All the
apparatus is thus returned to normal and
is ready for use in setting up other con-
nections. '

It will be seen from the foregoing that T
have devised a simple and efficient airange-
ment of circuits and apparatus for handling
calls between manual and automatic ex-
changes, introducing a variety of new fea-
tures which not only simplify and reduce the
cost of the equipment, but add to the speed
and facility with which necessary duties are
performed by the operators.

Having described my invention, what T
consider to be new and desire to have pro-
tected by Letters Patent will be pointed out
in the appended claims.

What 1 claim is:

1. In a telephone system, A and B opera-
tor’s positions, trunk lines coming from the
A operator’s position and passing through
the B onperator’s position to automatic
switches, other automatic switches, means for
manually connecting a calling line with one
of said trunk lines at the A operator’s posi-
tion, an operator’s sender at the B position
comprising a progressively movable sending
switch and a plurality of storage devices,
said sending switch including a contact de-
vice, means whereby the B operator can
register the digits in the number of the call-
ed line on said devices, means for conneeting
the sender with the trunk line in use, means
whereby the sending switch is then con-
trolled by said storage devices successively
to-transmit series of impulses over the trunk
conductors by means of said contact device
to operate a series of sald switches to con-
nect with the called line, and means for auto-
matically disconnecting the sender when the
connection is completed.

2. In a telephone system, A and B opera-
tor’s positions, trunk lines coming from the
A operator’s position and passing through the
B operator’s position to automatic switches,
other automatic switches, a call circuit ex-
tending between said positions whereby the
A operator cen transmit a desired called
number to the B operator, an- operator’s
sender at the B position comprising a pro-
gressively movable sending switch and a
plurality of storage devices, said sending
switeh including  an. interrupter, means
whereby the B operator can register the
digits in the called number on said devices,
manual means at the A operator’s position
for connecting a calling line with a particu-
lar one of saad trunk lines assigned by the
B operator over sald call circuit, means
wheveby the I3 operator can connect said
sender with the trunk line assigned, and
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means for then automatically operating said
sending switch under the control of said
Stouwe devices to transmit a plurality of
series of 1mpulse% over the trunk conductors
by means of said interrupter to operate a
series of said switches to complete the con-
necmon to the called line.

. In an operator’s sender for controlling
‘lutonmtlo switches, a set of digit keys, one
for each digit, a plurality of s’rota% devices
each comprlsmo a -set .of dlsg,lt relays,
one relay for each digit, means where-
by the successive actuation of a plurality
ot digit keys causes the  energization
of a partlcul(n digit relay in each “of said
storage devices, an impulse sending mecha-
nism, “and means for placing said mechanism
under control of said ‘storage devices suc-
cessively.

4. In an operator’s sender for control-
ling automatic switches, a set of digit keys,
a plulahty of storage devices each comprlq-
ing a set of digit 1e1a,ys the digit relays of
the first devme being noxmall‘, connected
with sald ‘keys, and tlansfel l't‘ld,VS and cir-
cuits effective to disconnect the digit relays
of one device from said keys and to con-
nect:the digit relays of another device when-
ever & dlolt ey is operated and released.

In a telephone operator’s sender for
oontrolhno antomatic switches, a p]m'ahty
of stoxaoe devices: each compusmﬂ a set of
digit re ]Ay% the number of said storage de-
vices being equal to the number of (hOIts n
the tel(,phone numbers, a common set of

~digit keys, and a transfor relay in each stor-

age device except the last for shifting the
control of said keys from one storage »device
to the next.

. 6. In an operator’s sender for contr ol-
ling automatic switches, a plurality of stor-
age devices;each comprising a set of digit re-
lays, a common set of digit keys, a transfer
relay in each storage device for shifting the
control of said keys from one storage device
to the next, means for energizing a digit re-
lay in one of said devices when a dmu key
is" actuated, and means for energizing the
transfer relay in said device whan the actu-
ated digit key is restored.

7. Tn an operator’s sender for controlling
automatic switches, a plurality of storage de-
vices each compmsmg a set of digit relfws,
a common set of digit keys, a transfer relay
in each storage device for shlftmo the con-
trol of said keys from one storafre device to

" the next, means for energizing a digit re]ay

00

S

in one of said devices when a ch(nt key is
actuated, a self locking circuit for the ener-

-gized dlolt relay ineluding the associated

transfer relay, and cireuit connections such
that current flow through said transfer re-
lay is delayed until the actuated digit kev
is: restored

8. In atelephone system, a trunk line ter-

1,614,678

minating in an automatic switch, - other

swztcheq, an operator’s sender comprising a

plarality of storage devices, means for reg-
istering a digit in a called number on each
of said devmes, a holding conductor, means
for grounding said- conductor at each stor ago
device when a digit is registered, an 1mpu]5e
transmitting meclnmsm, a trunk relay for
connecting said mechanism with said trunk
line, a locking cirenit for said relay includ-
ing said conductor means for operating said
mechanism to transmit impulses to a series
of said switches under the control of said
storage devices successively, and means effec-
tive to disconnect ground from the said con-
ductor at each storage device in turn as soon
as the respective devices complete their con.
trol over said mechanism, whereby the said

conductor is finally entu'ely disconnected -

from ground and the said trunk relay is
deenermzed

9. In an operator’s sender for cont1olhng
automatic switches, a switch control cireuit
a step by step switch, a constantly driven
interrupter, a relay intermittently ener-
gized by said interrupter, contacts on said
relay for interrupting said control cireuit
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and other contacts on said relay for sending

impulses. of current to said switch, and
means for preventing said contacts from in-
terrupting said .control circuit Lefore an
effective 1mpulse is sent to said switch by
said other contacts.

10. In an -eperator’s qendu‘ for contxollmo
auntomatic switches, a switch control cncm’r
a step by step switch, a relay and means for
closing an Jntermlttent energizing circuit
thereiol contactson said relay for interrupt-
ing 5&1(1 control circuit, contacts on said re-
LLy for sending opers Ltmo impulses to said
switch, and cireuit connections for prevent-
ing the said control cireuit from being in-
terrupted until said switch has been moved
a definite distance.

11. In-an operator’s sender for controlhnu
automatic switches, a switch control mrcmt
a step by step sw1tch, a relay and means for
closing an intermittent energizing . circuit
ther efor contacts on said rehy for 1nterr_upt—

ing smid control circuit, contacts on said re- -

lav for sending operatmw impulses to said
switch, the said interrupting contacts being
normaﬂy short circuited, -and means con-
trolled in the movement of said switch for
opening said short .circuit to permit said
relay to interrupt said control circuit.

12. In an operator’s sender for controlling
automatic switches, a switeh control cn‘cult
a step by step switch, a relay and means for
closing: an intermittent energizing circuit
theleto:t, contacts on said relay for inter-
rupting said control circuit, contacts on said
relay for sending oper‘xtma impulses to said
switch, and means controlled in the move-
ment of said switch for opening the ener-
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gizing circuit of gaid relay after a definite
series of 1nte1rupt10ns has been produced.
18. In an operator’s sender for controlling

automatic switches, a switch control cu“cult '

a step by step sw1tch, a relay and means for
closing “an intermittent energizing circuit
therefor contacts on said re]ay for inter-
rupting said control circuit, contacts on
said velay for sending operatmd impulses
to said switch, means controlled in the move-
ment of said "switch for opening the ener-
gizing circuit of said relay after a definite
series of interruptions has been produced,
and a circuit for automatically driving said
switch to a normal position independent of
said relay.

14. In an operator’s sender for controlling
automatic switches, a switch control cu"cmt

a step by step sw1tch, a relay and means ior,

closing an' intermittent energizing -circuit
therefor, contacts on said relay for inter-
rupting said control circuit, contacts on said
relay for sending operatmg impulses to said
switch, means contro]led in the movement
of said switch for opening the energizing
circuit of said relay after a definite series of
interruptions has been produced, a circuit
for automatically driving said switch to a
normal position independent of said relay,
and means effective after a definite time in-
terval for again completing the energizing
circuit of said relay in order to produce
another series of interruptions.

15. In an operator’s sender for controlling
automatic switches, a switch control circuit,
a step by step’switch, a relay and means for
closing an intermittent energizing circuit
therefor, contacts on said relay for inter-
rupting said control circuif, contacts on said
relay for sending operating impulses to said
switch, a set of digit keys, means responsive
to the actuation of a digit key for ground-
ing a corresponding contact in the bank of
said switch, and a second relay energized
over a wiper of said switch when it engages
the grounded contact for opening the elrcmf
of said first relay.

16. In a telephone system, automatic
switches for connecting a calling and called
line, operator contr olled storage -devices for
registering the digits in the numbm of tha
called line, a visual digit indicator for en-
abling the operator to check the accuracy of
the 1'egistration, and an impulse sending de-
vice controlled by said storage devices suc-
cessively to operate a series of said S\utcheq
to connect S’lld lines.

In a ‘telephone system, automatic
smtches for connecting a calling and called
line, operator controlled storage devices for
1ng1ster1nfr the digits in the number of the
called line, a visual digit indicator for en-
abling the operator to checlt the accuracy
of the registration, an impulse sending de—

LS

vice controlled by said storage devices suc-

cessively to operate a series of said switches

to connect said lines, and means for effacing
the number  displayed: by said indicator
while said switches are being operated.

18. In a telephone system, automatic
switches for connecting a calling and called
line, an operator’s sender for controiling
said switches and compnsmfr operator con-
trolled registering devices for registering
the digits in the number of the called hnc,
keys common to said devices for setting
them successively, and a number indicator
for enabling the operator to check the
accuracy of the registration.

19. In a telephone system, automatic
switches for connecting a calling and called
line, an operator’s sender for controlling
said switches and comprising operator con-
trolled registering devices for registering

the digits in the number of the called line,.

keys common to said devices for setting
them successively, a number indicator com-
prising groups of lamps, and means for
lighting the proper lamps to display the reg-
istered number to the operator.

20. In a telephone system, automatic
switches for connecting a calling and called
line, an operator’s sender for controlling
said switches and comprising operator con-
trolled registering devices for registering
the digits in the number of the called line,
a number indicator comprising groups of
lamps, means for lighting the proper lamps
to display the registered number to the op-
erator, and means for extinguishing said
lamps when said sender begins to control
said switches. ,

21. In- a telephone system, automatic
switches for connecting a calling and called
line, an operator’s sender for controlling
said switches, storage devices for controlling
said sender and on which the digits in the
number of the called line are registered suc
cessively and a visual indicator for display-
ing each digit to the operator as soon as it
is registered.

22, In an operator’s sender for controlling
automatic switches, a control circuit over
which impulses are transmitted to the said
switches, a step-by-step sending switch for
determining the number of nnpulses frans-
mwitted, means for advancing said switch at
a slow rate while impulses are being trans-
mitted, means responzive to a precletﬂ mined
movelr 1em of said switch for stopping the

transmission of impulses, and means for con-
tinuing the advance of qmd switch at a high
rate of speed until the same reaches normal
position.

23. In an automatic impulse sender, an
impulse generating device, spacing means
fo causing the mmulses to be generated in

Qroups, means 1nclud1ntr an automatic pro-
gresswely movable sw1tch for determmmg
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the ‘ntimber of impulses in each group by

controlling said spacing means, means for
advancing said switch at a slow rate of
speed while each group of impulses is being

“generated, and means for advancing said

switch at a high rate of speed during the
intervals between successive groups.

24. In an automatic impulse sender, -a
sending relay for generating groups of im-

pulses, a stop relay for determining the
number of impulses in:each group, a pro-
gressively movable switch and means for
operating it during the generation of -each
group of impulses, and a wiper on said
switch for controlling said stop relay each
time a group of impulses is generated.

95. In an automatic impulse sender, an in-

terrupter for generating groups of impulses,

an antomatic progressively movable switch
operated during the generation of each
group of impulses, means for delaying the
generation of impulses each time until afier
the switch has started, and means responsive
each fime to a predetermined extent of
movement of said switch for termninating the
group by stopping the generation of im-
pulses. ' , _

96. In.an automatic impulse sender, an in-
terrupter for generating groups of impulses,
a counting device comprising a. switch,
means for advancing said switch before the
generation of each group of impulses and
a definite distance per impulse during the
generation of each group of impulses, means
being provided for restoring said switch to
normal after each group of impulses is gen-
erated, and means responsive each time to a
predetermined movement of said switch for
terminating the group of impulses which is
being generated.

27. In an automatic impulse sender, an
Interrupter, for generating groups of im-
pulses, a counting device comprising a
switch, means for advancing said switch a
definite distance per impulse during the gen-
eration of each group of impulses. means be-
ing provided for advancing said switeh to
normal after each group of impulses is gen-
erated, means responsive each lime to a pre-
determined movement-of said switch for ter-
minating the group of impulses which is
being. generated, said group terminating
means comprising a relay, -and circuit ar-
rangements controlled. by the switch for en-
ergizing the relay. at predetermined points
in the movement of the switch and for de-

energizing the relay whenever the wwitch

reaches normal position,

28. 'In a telephone system, a trunk line
comprising two normallv. disconnected sec-
tions, means for connecting a calling line
to the first section, a sender, means indi-
vidual to said trunk line for associating said
sender therewith, storage devices in said
sender for registering the digits in' the called

1,614,878

number, an impulse transmitter in - said

sender for transmitting series of impulses
over the two talling conductors of the cec-
ondl section in series, a counting device con-
trolled by said storage devices successively

to determine the values of the several series

of impulses transmitted, and a train of auto-
matic switches responsive to said series. of
impulses to extend the second section of the
trunk line to the called line. .

29. In a telephone system, a trunk line
comprising two normally disconnected sec-
tions, means for connecting a calling line
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to the first section, a sender, means for asso- .

ciating said sender with said trunk. line,
storage devices in said sender for registering
the ~digits in the-called number, each stor-

age device comprising a set of relays, an

impulse transmitter in said sender for trans-
mitting series of impulses over the two talk-
ing condnctors of the second section in series,
a counting device controlled by said stor-
age devices successively to determine the
vahies of the several series of impulses trans-
mitted, a train of automatic switches re-

sponsive to said series of impulses to extend

the second section of the trunk line to the
called line, and means for automatically
uniting said sections and for freeing the

said sender when the setting of said switch

train is completed.

30. In a telephone system, a trunk line-

comprising two normally disconnected sec-
tions, means for connecting a calling line
to the first section, a sender, means for asso-
ciating said sender with said trunk line,
storage devices in said sender for registering

80
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the digits in the called number, an impulse -

transmitter in said sender for transmitting
ceries of impulses over the two talking con-
ductors of the second section in. series, n
counting device controlled by said storage
devices successively to determine:the: values
of the several series of impulses transmitted,
means for accurately synchronizing each
serjes of impulses with the operation of
said counting device, a train of automatic
switches responsive to said series: of im-
pulses to extend the second rection of the
trunk line to the called line, means for unit-
ing said sections nnd for freeing said sender,
and means in:said sender vesponsive to the
completion of the transmission of the last
sevies of impulses for operating said unifing
and freeing means.

31. In an automatic impulse sender, an
impulse generating device. a counting de-
vice, means for operating said devices syn-
chronously to transmit and count predeter-
mined series of impulses, means for insuring
that the first impulse of every series will'he
counted, means for restoving the counting
device after each series is finished, and a
slow-acting device for introducing a time
interval between the successive series. -
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32. In an automatic Impulse sender, a
switeh control conductor, a contact device
for producing semeb of 1mpulses in said con-
due 101', a countmo device Individual to said
contact device for determining the number
of unpnlscs in each of sald series, a plurality
of storage devices for controlling sa 11 count-

ng devwe, a series of contacts in said count-
ing device through which the control is
e}\elcmod‘ and means for placing said con-
tacts in association with said storage devices
successively.

83. In an automatic impulse sender & plu-
rality of storage devices, means for generat-
ing series of 1mpuiseq in accordance with
the setting of said storace devices, saxd
means mdudmrr a counting device initially
controlled by ‘the first stora,f‘n device, a
transfer velay for each of the storage de-
wceg except the last for shifting the control
of said counting device to the Text storage s
device. and a series of digit contacts common
to said storage devices through which the
comm‘ is exercised.

34. In an automatic impuse sender, a plu-
rality of storage devices, keys common to
said devices for setting them successively,
means for generating series of impulses in
accordance with the settmd ol said storage
devices, said means including a -counting
device, a group of digit conductors termin-
ating in said counting - device and ada pted to
be teqtea by said counting device when a

series of nnpvlses is transmitt ted, multiple.

extensions of said conductors termmaimfr in

each storage device, contact means in each
storage device for plac*nﬂ a potential on
any extension termina ting therein, each said
contact means being olectrlcally inactive
while the associated storfme device is being
set, and means for %uccngswely rendermn’
said contact means active.

35. In a telephone system, a trunk line,
automatic switches for extending said trunk
line to a called line, a sender comprising an
impulse tr (ummttel, and a plurality of digit
storage devices, said tr ansmitter o‘pelable
under control of said devices to transmit
series of impulses for operating said
switches, a relay having contacts {or divid-
m;) said hunk Jine into incoming and out-

: Lions and for m)nncctmo the out-
uomo section to said sender, and means in

said sender for maintaining said relay ener-’

gized until the last series of impulses has
been transmitted.

36. In a telepbone system, a trunk line,
automatic switches for extending said trunk
line to a called line, a sender comprising an
impulse tr mmxmﬁ:ex and a plurality of digit
storage device said transmitter operable
l-nder control of said devices to transmit
series of impulses for operating said
switches, a 1'e1a7 having contacts for divid-
ing said trunk line into incoming and out-

R

cfomtr sections and for connecting the out-
going - section to said sender, a circuit for

Inamtammw said relay energized controlied

jointly by all said devices, and means where-
by each device relinquishes control over said
cireuit after it has completed its control of
said transmitter so that the said relay is de-
energized when the transniission of impulses
is completed

37. In an operator’s sendel, a set of digit
keys, two relay storage devices, means for
causing a relay in cne storage device to re-
spond to the actuation of a key in said set,
a transfer relay responsive to the release of
the said key, and means controlled by said
transfer relay for rendering the relays of the
second storage device responsive to the keys
of said set.

88. In an operator’s sender, a digit key, a
digit relay responsive to the actuation of

said key, a second digit relay non-responsive

to the first actuation of said key, and a
transfer relay responsive to the restoration
of said key for rendering said second digit
relay responsive to the second actuation of
gaid key.

39. In an operator’s sender, a digit key,
a digit relay responsive to the actuation of
said key, a second digit relay non-responsive
to the first actunation of said key, a transfer
relay responsive to the restoration of said
key for rendering said second digit relay re-
sponsive to the second actuation of said key.
and locking cirenits for maintaining said
digit relays energized independent of said
key.

40. In an operator’s sender, a digit key
of the self-restoring type, said key remain-
ing in operated position only so long as it is
held manually, a digit relay responsive to
the actuation of said key, a second digit
relay normally non-responsive to said key,
and a transfer relay responsive to the res-
toration of said key to normal for rendering
said second digit relay responsive to said
key the second tlme it 1s actuated.

41. In an operator’s sender, a digit key,
a digit rvelay, a cireuit for said ld‘w com-
pl(‘tud responsive to the actnation of said
key, a transfer relay energized responsive to
the opening of said cncmt, a second digit
relay, and a civeuit for said sommd digit re-
lIay placed under the controf of said key by
said transfer relay.

42, In an operator’s sender, a digit key,
digit storage Telays energized suc cessively
responsive %o successive actuations of said
key, and transfer relays energized succes-
sively responsive to successive restorations
of said key to vender the digit relays re-
qponswe as set forth.

43. In an operator’s sender, a digit key,
a digit relay, a circuit for said 1e1ay con-
trolled by said key, a second digit relay, a
circuit for said second relay, a transfer relay
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for shifting the control of said key from the
cirenit of the first relay to the circuit of the
second relay, and a locking circuit for the

‘said first relay including said transfer relay.

44, Tn an operator’s sender for controlling
automatic switches, a switch control circuit,
a counting device, means for sending oper-
ating impulses to said counting device,
means for transmitting impulses over said
control cireuit, said last means being nor-

“mally ineffective, and means controlled by
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said counting device responsive to a prede-
termined number of operating impulses for

rendering said transmitting means effective. -

45. In an automatic telephone system, the
combination with an automatic switch, of an
impulse sender comprising an impiulse gen-
erating device and a counting device, operat-
ing means for said sender, means for placing
said sender under control of said operating
means at any time while the same is in action
in order to generate a series of counted im-

pulses for directively setting said switch,

and means for preventing said switch and
said counting device from getting out of
step due to said sender being placed under
control of said operating means at a par-
ticular time. 7

46. In a munlti-digit storage device, a

-plurality of storage relay sets, a single set

of actuating conductors, and means for actu-
ating any relay in a storage set over the cor-
responding conductor and for thereupon
transferring said conductors to the next
storage relay set. o

47. In a registering device, a plurality of
sets of storage relays, a single set of actu-
ating: keys, means responsive to any key
being actnated and released for transferring
the control: of said key to the next relay
storage set, and means also responsive to the
actuation of any key for operating the cor-
responding relay in the instant connected
set. ,

48, Tn a multi-digit register, a plurality of
storage velay sets, a plurality of control
conductors, means for connecting said con-
ductors. to said storage. relay sebs consecu-
tively, and means controlled over said con-
ductors for setting any relay storage set to
which they are connected to store a digit.

49. In a storage device as claimed in claim
48, means whereby the means for transfer-
ring said conductors from one relay set to
another is controlled over said conductors.

50. In a relay storage set as claimed in
claim 48, means whereby the cessation of
the control exercised over a given control
conduetor to set the instant connected relay
set brings about the operation of the trans-
fer means to transfer the control conduc-
tors to the next storage device.

51. In a relay storage device including a
plurality of separately operable storage re-
lays, means for operating any desived ones

1,614,678

of said storage relays, a transfer-control re-
lay common to the storage relays, and a
locking circuit for any operated relay in-
cluding said control relay. S

52. In a plural-digit relay storage device
containing a set of relays per digit to be
stored, a set of control conductors connected

7 0

to the first set of velays, means for con--

necting the conductors to the second set of
relays, means for disconnecting said conduc-
tors from said fivst set responsive to the stor-
ing of a digit thereon, means also responsive
to the storing of the digit on the first set
for actuating said connecting means, con-
necting means for connecting the control
conductors with a third relay set, and means
responsive to the storing of a digit on the
second- relay set for de-actuating the first
named connecting means to disconnect the
conductors from the second storage set and

Th
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for actuating the second connecting means

to connect the control conductors with the
third relay set,

53. In a counting relay arrangement in
which relays are operated in successive
stages, a plurality of relays representing

each stage, means for selectively controlling
the relays of the first stage, and means com--
mon to the velays of the first stage for trans- -

ferring the control to the next stage.

54. In a counting relay arrangement in
which the relays are operated in successive
stages, separately-operable relays represent-
ing each of certain stages, and a single
transfer-control circuit at each of said cer-
tain stages. : :

55. In a telephone system, first and second
manual switchboards, automatic switches,
trunk lines extending between said first
switchboard and certain of said -automatic
switches by way of the second switchboard,
a plurality of register senders at said second
switchboard, means for taking any idle
sender for use and for connecting it to any
one of said trunk lines, means for operating
a train of sald automatic switches under the
control of said register sender to set up a
connection to a called line, a trunk-busy
lamp individual to each trunk- line and
means for lighting a given lamp when a
connection is completed to the corresponding
trunk line at the first switchboard regardless
of whether or not a sender is connected with

-the trunk line at the second switchboard, a

sender-busy lamp individual to each sender

‘and means for highting a given lamp when
the corresponding sender is busy whether

the sender is connected with a trunk line or
not, and a lamp per trunk per sender and
means for lighting one of the last named
lamps responsive to the corresponding sender
being connected ~with the corresponding
trunk line. : ,

56. In a telephone system, first and second
manual = switchboards, automatic switches,
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trunk lines extending between said first
switchboard and certain of said automatic
switches by way of the second switchboard,
a plurality of register senders at said second
switchboard, means for
sender for use and for con nectmo it to any
one of said trunk lines, means for operating
a train of said automatic switches under
the control of said register sender to set up
a connection to a called line, a trunk-busy
lamp individual to each trunk line and
means for lighting a given lamp when =
connection is completed fo the corresponding
trunk line at the first switchboard regardless
of whether or not a sender is connected with
the trunk line at the second switchboard,
a sender-busy lamp individual to each sender
and means for lighting a given lamp when
the corresponding sender is busy whether
the sender is connected with a trunk line
or not, and means individual to each trunk
line for indicating to the operator when the
corresponding trunk line is connected with
a sender.

57. In a telephone system, a first oper-
ator’s switchboard, a second operator’s
switchboard, automatic switches, trunk lines
extending from the first switchboard to cex-
tain of said automatic switches by way. of
said second switchboard,  a . plurality of
senders at said second swﬂchboard means
whereby the operator at said second “switch-
board can register a desired number on one
of said senders, means whereby the oper-
ator can subsequently connect the prepared
sender with a trunk line over which the
call is to be completed, and means for pre-
venting the last named operation until the
connection to the trunk lme has been com-
pleted at the first switchboard.

1)8 In a telephone system, a first oper-
ator’s - switchboard, a second operator’s
S\Vitchbov'd automatic switches, trunk
Iines: extendlno from the first switchboard
to certain of said automatic switches by way

of the second switchboard, a plurality of:

impulse senders at the second UW1tchboard
means for operating one of said senders

under the control of the operator at the

second switchboard to transmit series of
impulses to operate a train of said auto-
matic switches over one of said trunk lines
to set up a desired connection, and means
for preventing the transmission of impulses
until the connection to the trunk line. over
which they are to be transmitted has been
completed at the first switchboard.

59, In an impulse transmitting system, an
impulse transmitter including a counting de-
vice operable in successive stages under the
control of an impulse sending device, an
ottgoing impulse circuit normally out from
under the control of said impulse sending
device, means responsive to said counting
device reaching a predetermined stage for

taking any idle. p

N

placing said outgoing impulse circuit under
the control of said impulse device, and

~means responsive to the arrival of said

counting switch in a second predetermined

osition for removing said impulse circuib
From under the control of said impulse send~
ing device.

60. Ina step-by-step impulse-sending-con-
trol device having a normal position, an
outgoing impulse circuit, means for starting
the operating of said step-by-step device,
a slow acting pick-up relay and means for
energizing it to start the transmission of
}mpul%es over said outgoing circuit respon-
sive to s(ud device arriving.in a certain posi-
tion, a slow acting sto_o relay and ‘means
for cnergizing,it responsive to said device
arriving in a predetermined subsequently-
reached position, a locking circuit for said
stop relay including contacts closed Tespoil-
sive to the pick- up relay. being energized,
means controlled by the stop relay for | plac-
ing said switch in a normal position and
for opening the circuit of said pick-up re-
lay, and means confrolled by said stop relay

when it again falls back, responsive to its

cireuit belng opened when the pick-up relay
falls back, for again starting said %tep by-
step device.

61. Inan 1mpulse tmns;mt*mo" system, an
impulse transmitter including a counting
device operable in sucessive staoes under
the control of an impulse sending device,
an outgoing impulse circuit normally out
from under the control of said impulse send-
ing device, a plck -up relay and a circuit
for energizing 1t responsive to said counting
device 1eachlno a predeter ined stage, means

‘ineluding said plc c-up relay when enemlzed

for placing said outgoing 1mpl lse cireuit
under the control of said impulse sending

device, an nnpuloe stop relay and a cireuit

for enermzm it responsive to the arrival
of said countmo switch -in the second pre-
determined posmon, means including said

stop relay when energized for removing said .

impulse circuit from under the control of
of said impulse sending device, a locking
circuit for said impulse stop relay controlled
by the pick-up relay, means responsive to
the energization of said stop relay for re-
turning said counting device to its initial
stage and for opening the circuit of said
pick-up relay and means controlled by the
stop relay, when it falls back responsive to
the deactuation of said pick-up relay, for
again starting the operation of the counting
device under the control of the 1mp1ﬂsmo
device.

62. In an impulse sender for
plurality of series of impulses, a pick-up
relay and means for operating it to start
each series of impulses, a stop relay and
means for operating it to stop each series of
impulses, and a locking circuit for said stop

sending a
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relay closed responsive to both of said re-
lays being- operated. ’

63. In an impulse sender for sending a
plurality of series of impulses, a pick-up
relay-and means for operating it to start
each series of impulses, a stop relay and
means for operating it to stop each series
of impulses, a locking circuit for said stop
relay -closed responsive to both of said re-
lays being operated, and means for restor-
ing sald ‘pick-up relay vesponsive to the
energization of the stop relay.

64. In a telephone system, A and B opera-
tor’s positions, trunk lines coming from the
A operator’s position and passing through
the B operator’s position to automatic
switches, other automatic switches, means
for manually connecting a calling line with
one of said trunk lines at the A operator’s
position, an operator’s sender at the B posi-
tion comprising a sending switch and a
plurality of storage devices, means whereby
the I3 operator can register the digits in
the number of the called line on said devices,
automatic means responsive to the manual
connection of the said calling line with the
selected trunk line and to an operation on
the part of the B operator for connecting
the sender with the said trunk line, means
whereby  the . sending switch is then con-
trolled by said storage devices successively to
transmit series of impulses over the trunk
conductors to operate a  series of said
switches to connect with the called line, and

5 -means for automatically disconnecting the

sender when the connection is completed.
65. In a telephone system, A and B opera-
tor’s positions, trunk lines coming from the
A operator’s position and passing through
the B operator’s position to automatic

circuit extending between said positions
whereby the A operator can transmit a de-
sired’ called number to the B operator, an
operator’s sender at the B position com-
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prising a sending switch and a plurality of
storage devices, means whereby the B opera-
tor can register the digits in the called num-

ber on said devices, manual means at the A

operator’s position for connecting a calling
line with a particular one of said trunk lines
assigned by the B operator over said call
circuit, automatic means responsive to the
seizing of said trunk line and to an opera-
tion of the B operator for connecting said
sender with the trunk line assigned, and

- means for then automatically operating said

sending switch under the control of said
storage devices to transmit a. plurality of
series of impulses over the trunk conduc-
tors to operate a series of said switclies to
complete the connection to the called line.
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66. Ina telephone system, A and B opera- .

tor’s positions, trunk lines extending from
the A operator’s position through the B
operator’s position to automatic switches,
other automatic switches, means for manual-
ly connecting a calling line with one of said
trunk lines at said A operator’s position, an
operator’s sender at the B position compris-
ing a sending switch and a plurality of stor-
age devices, means whereby the B operator
can register the digits in the number of the
called line on said devices, a relay for con-
necting the sender with the trunk in use, a

-second relay, a circuit for said first relay

controlled by said second relay, means for
eriergizing said second relay when said call-
ing line is. connected to said trunk line
whereby the sender is connected to the trunk
also, and means then automatically respon-
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sive whereby the sending switch is controlled

by said storage devices to successively trans-
mit series of impulses over the trunk conduc-
tors to operate a series of said switches to
connect with a called line,

Signed by me at Chicago, Cook County,
Illinois, this 29 day of Jan., 1921. :

MARTIN L. NELSON,

on



