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Lo all whom it may concern:

Be it known that I, Winrren T. Powrvy,
a citizen of the United States, residing in
Rochester, in the county of Monroe and

5 State of Néw York, have invented certain

new and useful Improvements in Telephone-
Exchange Systems, of which the following
is a specification.

My invention relates to automatic tele-

10 phone systems, in which a central source
of current is employed for operating the
switches and for purposes of conversation,
and in which the selective switch mechan-
isms, employed in establishing connections

15 between the calling and called lines, are pro-

‘vided in numbers proportioned to the larg-

est number of expected co-existing conver-
sations, there being no numerical selecting
switching mechanism individual to sub-

20 scribers’ lines.

The general object of my invention is to
provide an improved line switch, individual
to-each subscriber’s line, capable of operat-
ing automatically to find an idle connecting

25 circuit.of the system over which connections
from the calling lines may be extended to
any desired called line.

It is a particular object of my invention
to provide a structure in which the trunk

50 hunting operation is accomplished very
rapidly, is positively stopped when the ter-
minals of an idle trunk circuit are encoun-
tered, and in which trunk circuits to whose
test terminals normal connection has been

55 severed, will not stop the trunk hunting
operation but, will allow the switch to pass
on to the terminals of the next trunk circuit.

Other objects of my invention and the
invention itself will be better understood

40 from the description of the same which

follows:

Referring to the drawing accompanying
this specification, at A, I show a substation
of a calling line L, and at B, T show a
called substation of a called line L*. At LS,
I show the central office equipment indi-
vidual to the subscriber’s line comprising
the usual line relay LR, the usual cut-off
relay C O R, thelast-named relay, however,
50 being specially constructed to have three

windings as will be later described, the
central office line apparatus also comprising
a line switch having wipers 2, 3, 4, 5, 6 and

B
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20, each adapted to traverse a bank of con-
tact terminals, each bank comprising normal
contact terminals 7, 8, 9, 10, 11 and 21, and a
plurality of sets of trunk contact terminals
12, 13, 14, 15, 16 and 22.

The line switch also contains a stepping
magnet S M having two windings, each
when energized in the normal operation of

60

the system neutralizes the effect of the other

so that when equal current passes through
both windings simultaneously the stepping
magnet will be in its normal or de-energized
condition. A line meter or message register
is shown at L. M for the calling line L. ~ The
multiple contact terminals 17, 18 and 19 are

also extended from the line circuit of the

calling line to multiple contacts of the dif-
ferent connector circuits having access to the
line L.

The apparatus of the calling substation
consists of the usual transmitter and re-
ceiver with associated induction coil, con-
denser, etc., and an automatic circuit inter-
rupter or dial D. The apparatus of the
called line L2 is like that of the calling line,
and the different elements thereof will not
be specifically named or mentioned, except
as they may operate when the line I is
seized by the connector circuit C, to fanec-
tion as a called line and in a manner to be
later described. The connector circuit C
consists of multipled contact terminals as
12, 13, 14, 15 and 16 leading to the different
line switches having access of the trunk cir-
cuit C. A sufficient number of such trunk
circuits will be employed to take care of the
expected largest number of simultaneous
connections resulting from calls incoming
from the groups of lines containing the line
Lt served by the group of trunk cireunits
containing the connector trunk circuit C.

The connector switch associated with the ¢

trunk circuit C terminates at its out-going
end in switch wipers 23, 24 and 25 adapted
to be moved under the control of subscriber’s
dial D to engage multipled terminal con-
tacts 126, 127 and 128 of the desired sub-
scriber’s line, as will later appear.
Associated with the connector switch and
connector switch trunk circuit are the usual
battery feed impedance coils I M- P and Z
for the calling line, and Z* for the called
line. Coil I M P is a part of the impulse
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relay adapted to be controlled by the op-
eration of the subscriber’s dial to operate
the other relays and magncts of the con-
nector switch mechanism to directly control
the motion of the connector switch wipers
23, 24 and 25. -

In the embodiment illustrated, a side
switch is ilustrated having four operating
positions, the side switch having a plurality
of wipers 26, 27, 28, 29, 30 and 31. The
side switch has an escape magnet B S C
adapted to release the side switch wiper
from a given position to the next advanced
position upon the de-energization of the
escape magnet E S C. Primary off-normal
contacts for the connector switch are shown
at P O N and secondary off-normal con-
tacts for the connector switch are shown
at § O N. These contacts are adapted to
be operated when the connector switch mech-
anism is moved in a primary and second-
ary direction respectively. Primary and
secondary stepping magnets for the switch
are shown at P M and C S M adapted to
move the switch in a primary and second-
ary direction respectively. A slow releas-
ing interval relay I R is provided control-
ling the release and other functions of the
switclt. A Dbusy test relay B T and a con-
trolling relay for the busy test relay is
shown at C B T. A slow releasing relay
S R is provided, operating under the con-
trol of the impulse relay I M P and the in-
terval relay I R to control the “change-
over” of the switch. A source of busy tone
current is illustrated at B Z and is adapted
to be projected over the calling line when-
ever the called-for line tests busy.

To facilitate a better understanding of
the invention, the operation of the system
illustrated and containing an embodiment
of my invention, will be now had: Assum-
ing that the subscriber at A initiates a call
by taking his receiver from the hook,
through the contacts of the switch-hook at
the station A, a bridge of the line con-
ductors of the line L' will be had, complet-
ing a circuit including the operating wind-
ing 32 of the line relay I R and the central
office source of current, causing the opera-
tion of the line relay and the closure of
the relany contacts 383. The line switch
wipers 2, 3, 4, 5, 6, and 20 are illustrated
as being in their normal position to which
they arve always advanced upon the dis-
establishing of a compleled connection by
the said switch wipers.. In this position,
the wiper 20 to which ground is connected,
rests upon the contact 21 to place ground
upon the same, and upon the operation of
the line relay contacts 33 a circuit is com-
pleted including the left-hand winding -of
the stepping magnet S M and the central
office source of ‘current, through the pro-
tecting resistance coil R C; the circuit be-
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ing traced from the ground pole of battery,
through wiper 20 and contact 21, now
closed contacts 33 of the relay L R, left-
hand winding of the stepping magnet 8 Bi,
normal contacts 34 of the cut-off velay C O
R, normal contacts 85 of the stepping
magnet S M and through the protecting
resistance coil B C to the negative pole
of the source of current. Current from
the said source flowing over the said circuit
will operate the stepping magnet which
will attract its armatures, the stepping
magnet Dbeing arranged to advance the
wipers of the line switch one step upon
each retraction of its armatures, the method
of doing this being well understood in the
art need not be iliustrated in detail. Such
a stepping magnet is shown in the patent
to H. G. Deitl, No. 1,147,928. The stepping

magnet S M after it has fully attracted its

armature will break contacts 35 serially in-
cluded in the before described cireuit for
the left-hand winding of the stepping
magnet, and the stepping magnet will iw-
mediately be again de-energized. Upon
such de-energization, the armdture of the
stepping magnet, not shown, will be rve-
tracted and will propel the line switch
wipers, one step, where they will rest i
engagemnrent with the contacts of the first
trunk circuit, such contacts being shown at
36, 37, 88, 39, 40 and 41. Assuming that
the said trunk civeuit is busy, there will he
no connection leading from ground to the
test contact 40. If a trunk cireuit of the
group 1s busy, by its organization, a normal
connection leading to ground and connected
to its test contact such as the contact 40 for
the first trunk or the contact 16 for the
second trunk will be interrapted. These
contacts are adapted to be successively en-
gaged by the test wiper 6 of the line switch
LS. Therefore, the wipers being in their
second position, and asswning that the
trunk civcuit terminating in the first set of
trunk contacts is busy, no circuit will be
completed by the wiper 6 for the purpose
of stopping the switch as will be later de-
scribed.  The switch will, therefore, cou-
inue to operate, the next operation being
by virtue of a eireuit completedd for ihe
right-hand winding of the stepping mnagnet
S M, including normal contacts 35 of {he
sald stepping magnet, normal contaets )
of the cut-off relay C O R, the said vight-
hand winding of the stepping magnet & i,
circuit conductor 42 leading therefrom and
connected to all of the off-normal contacts
of the switch adapted to be traversed by
the wiper 20 thereof; the civenit in the
second position of the switch therefor being
completed through the contact <41 of the
first trunk circuit, the wiper 20 to the
ground pole of the source of current. Cur-
rent from the said soarce will again ener-
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gize the stepping magnet S M to cause it
to attract its armature, and thereby inter-
rupt its own circuit by breaking the con-
tacts 35 automatically, as before described,
and upon the succeeding deenergization of
the stepping magnet § M, the line switch
wipers will be advanced to their second op-
erative or third position, where they will
connect with contacts of the next succeed-
ing trunk switch cireuit C, which ‘in the
embodiment illustrated as has been before
described, is a connector switch.

It willy of course, be apparent to those
skilled in the art to which this invention
appertains, that instead of connecting con-
nector switeh cirenits directly to line switch
contacts, the first selector and also, if de-
siret, second selector switch cirenits may be
interposed between the said connector cir-
cuits -and the said line switch contacts but,
for the sake of simplicity in describing, such
selector switch circiiits and mechanisms are
herein omitted. ‘

Now, if the connector switch- C were pre-
vionsly seized by another line switeh of the
group, the relay I R would have been oper-
ated and the normal contacts 43 thercof
would have been broken.  In such a case,
the line gwitch of the calling line would con-
tinue to operate the cireuit for the right-
hand winding of the stepping magnet 8 M
being. continuous ~except, for its intermit-
tently automatically operated contact 35 in
ity cirenit controlled by the actuation of the
stepping magnet itself, to advance the wip-
ers-to other trunk circuit contact sets until
an-idle tronk cireuit is therveby located. We
will assume in this deseviption that the
trunk cireuit C is such an idle trunk cir-
cuit, and therefore the contacts 43 of the

[

slow releasing relay I R will be in their
‘nermal-or closed. position, and therefore

eround . will be connected through contacts
PO N oof the switch, through the contacts

43 ot the relay I R to the test contact 16 of
the connector switceh.

When the test wiper 6 of the line switch
Innded upon the test contact 16, therefore
the before traced circenit will be continued
through the very low resistance winding 44
of the line relay I, R and the very low re-
sistance winding 45 of the cut-off relay C O
Roand through the now closed contacts 33 of
the said line velay, through the left hand
winding -of the stepping magnet S MM
through normal contacts 34 of the cut-off
relay and through normal contact 35 of the
stepping magnet 5 M and the vesistance
coil R C to the negative pole of the source
of current.  That portion of this circuit
Iast traced leading from the junction De-
tween: the two windings of the stepping
magnet S M to the negative pole of the
source of current, is common to. both of the
windings of the stepping magnet S M, and

8

for the moment both windings are energized
in parallel over this portion of the circuit,
each of the windings being in separate
branches leading from this portion of the
circuit to the ground pole of the source of
current over their respective circuits as has
been before traced. Current simultaneously
flowing through the two windings will re-
tain the de-energization or non-magnetized
condition of the stepping magnet core, and
the armature of the stepping magnet will
be retained in its normal position. The line
relay L R will remain energized by virtue
of the current flowing through the above
traced circuit for this low resistance wind-
ing 44, which winding may be made as low
as 14 ohm resistance. Thus, the contacts 83
will for the moment remain closed. The
current flowing over the circuit above traced
for the low resistance winding 45 of the cut-
off relay C O R will now operate the cut-
off relay, which will attract its armatures,
switching circuits as will be described. The
low resistance winding 45 may be as low as
two ohms resistance. The cut-off relay hav-
ing operated by virtue of the energization
thereof, by the winding 45 will interrupt a
shunt placed about the winding 46 of the
relay C O R, and the winding 46 which is
of relatively high resistance comparel with
the winding 45, will be included in the com-
mon_part of the circuit of which the two
windings of the stepping magnet are
branches. This shunt about the winding 46
comprises the circuit conductors leading to,
and the contacts 34 of the relay C O R which
contacts are now broken. The relay C O R
will be maintained cnergized through the
connection period by current flowing through
the winding 46. The contacts 47 and 48 in
the circuit of the winding 32 of theline relay
L R are now interiupted, and the line con-
ductors of the line T are extended through
contacts 49 and 50 of the relay C O R to the
Iine switch wipers 8 and 4 of the said line
switch, which contacting with the contacts
13 and 14 of the seized idle trunk circuit C,
extend the circuit of the- calling line from
the substation A to the talking strands 51
and 52 of the connector cireuit C, to which
strands connections to ground and to battery
respectively are connected through im-
pedance windings Z and I M P, vespectively,
the latter being a'relay winding. Current
will flow through these windings and over
the line circuit to the calling substation in-
strument, and this current will causc the
energization of the relay I M P which will
attract its armatures, opening contacts 53
and closing contacts 54, the latter contact
being in the circuit of the slow releasing
relay I R which circuit also includes the
source of current, and this relay T R will
thereupon be operated.

The relay I R being operated, will at-
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tract its armatures opening the contacts 55
and closing contacts 56 for purposes to be
later described. The contacts 43 of the re-
lay I R will now be broken interrupting the
connection to ground before described as
leading through P O N .and through the
contacts 43 to the multipled test contact 16
of the trunk circuit located upon the line
switches. The interruption of this circuit
opens the circuit in hich the windings 44
of the line relay L. R, the winding 45 of the
relay C O R and the left-hand winding of
the stepping magnet S M are included. The
relay 1. R now that the circuits of both of
its windings are open, will be de-energized,
opening contacts 33 which contacts have
been acting as locking contacts for the cir-
cuit including the winding 44, of the line
relay, the winding 45 of the cut-off relay,
and the left-hand winding of the stepping
magnet S M. The relay C O R is now main-
tained energized over a circuit which may
be traced from the negative pole of the
source of current, through the resistance coil
R C, normal contacts 35 of the stepping
magnet, the winding 46 of the cut-off relay,
the right-hand winding of the stepping
magnet S M which is of relatively low re-
sistance compared with the winding 46 of
the relay C O R, the circuit being further
traced over circuit conductor 42, contacts
22 of the line switch, wiper 20 engaging the
said contact 22, and to the ground pole of
battery. The relatively high resistance of
the winding 46 prevents sufficient current
flowing over this circuit to operate the
stepping magnet S M.

The line switch apparatus is now in its
fully operated connection extending condi-
tion. The subscriber at A will now variably
operate the calling dial D, producing a
series comprising a certain number of line
circuit interruptions, the interruptions oc-
curring at a rapid rate and each being very
short, their number being in accordance
with the first digit of the called line num-
ber, this being preferably accomplished in
the usual way. Upon such an actuation of
the dial D by the calling subscriber and
the consequent rapid line circuit interrup-
tion, the impulse relay I M P in cireuit with
the line will be caused to vibrate its arma-
ture, closing the contacts 53 at each cireuit
interruption and closing its contacts 54
after each circuit interruption until the end
of the series of line circiit interruptions,
when the contacts 54 will again be steadily
closed. During the period in which the
armature of the relay I M P is thus vibrat-
ing, the slow releasing relay I R will not
retract its armatures, since it is constructed
in any well known manner to velease its
armatures only slowly, and the circuit in-
terruption being too short to permit such
release. At each re-traction of the arma-

1,565,954

ture of the relay T M P however a cirveuit
will be completed, the said circuit includ-
ing slow releasing relay 8 R and the wind-
ing of the primary stepping magnet P M
for the connector switch. The magnet P M
is adapted to step the connector switch
wipers 23, 24 and 25 in a primary direction
to select a line group, this stepping being
accomplished a step at a time, one step being
made for each closure of the contacts 53 of
the impulse relay I M P.

The circuit for the primary stepping
magnet above referred to when thus closed
through the contacts 53, is traced as fol-
lows: from the ground pole of battery,
through the said contacts 53, through
closed contacts 56 of the relay I R, through
secondary off-normal contacts S O N, now
closed, the low resistance winding of the
slow releasing relay S R, side switch wiper
30, first position contact therefor, the wind-
ing of the magnet P M to the negative pole
of the source of current. Thus the con-
nector switch wipers are moved in ac-
cordance with the variable operation of the
subseriber’s dial D, to select a group of line
contacts, one set of contacts of such group
being connected to terminals leading to the
desired line circuit.

During the period in which the first set
of circuit interruptions are made, the slow
releasing relay S R being serially included
in an energizing circuit which has been above
described, will be energized and attract its
arimatures. The left-hand armature being
operated will not function at this time, since
its contacts 57 ave shunted by the secondary
off-normal contact S O N. The contacts 58,
however being closed, will complete a cir-
cuit for the escape magnet I S C to encrgize
the same, the said circuit leading from the
ground pole of battery, through the said con-
tacts 58, first position contact and wiper 8
of the side switch, the winding of the escape
magnet £ S C, the vesistance coill R 'S
and thence to the negative pole of the source
of current. Current from the said source
flowing over the said circuit will energize
the said escape magnet, which will upon a
subsequent de-enevgization which will now
occur, advance the side switch wipers to their
second position, the de-energization of the
escape magnet occurring when the slow re-
leasing relay S R releases and restores the
contacts 58 to their normally open position,
the said contacts being included in the said
escape magnet circuit. The relay S R
slowly releases its armatures at the end of the
dialing period at which time there is a pro-
longed breaking of the contacts 53 in its
circuit.

After having produced the first series of
circuit interruptions to select the line group
in which the called line is located, the sub-
seriber will now again operate his. dial to
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produce a second series of circnit interrup-
tions, definite in number and corresponding
to the second digit of the called subscriber’s
line number. In the embodiment of my in-
vention illustrated, I am assuming that the
catled subzeriber is located on a line numer-
ically designated by a number of two digits.
It is understood that in practise the called
subseriber’s number may contain any de-
sired number of digits, and as before men-
tioned this may be provided for by interpos-
ing selector switches or their equivalent, be-
tween the connector
switch of the system illustrated. The sub-
seriber now producing the second series of
circuit interruptions, will operate the relay
S Rag befare, but the side switch wiper
30 being in second position the secondary
stepping magnet C S M will now be oper-
ated a certain number of times corresponding
to the number of line circuit interruptions
of the second series, the circuit for the
secondary magnet C S M being the same
civeuit as before described for the primary
magnet P M, except. that the circuit leads
through side switch wiper 30 and second po-
sition contacts thereof instead of first posi-
tion contacts thereof. '

At the end of the second series of circuit
interruptions by the subscriber’s diai D, the
connector switch wipers 23, 24 and 25 will
rest upon the contacts 126, 127 and 128 of
the called line. At the end of the second
series of circuit interruptions likewise, the
slow releasing relay S R slowly releases its
armatures in the manner previously described
for the same relay at the end of the first
series of circuit interruptions and the busy
test function of the connector switch will
now be performed. The relay S R retract-

ing its armatures will break contacts 58 for -

a purpose which will noiv be described. In
the meantime, the escape magnet is ener-
gized due to a civeuit being completed by the
closure of cecond position contacts of side
switch wiper 81, the said circuit being traced
as follows: from the ground pole of battery,
normal contacts 59 of the release magnet R
M, second position contacts and side switch
wiper 81, the winding of the escape magnet
IS € and the resistance coil R I& S to the
negative pole of the source of current, from
which source current flows over the circuit
to maintain the escape magnet energized.
Fach time that the slow releasing relay S
R was energized during each dial operation,
a circuit was completed for the slow releas-
ing relay C B T, the circuit being traced
from the ground pole of battery, through
the contacts 58, through the winding of the
said relay C B T to the negative pole of the
gource of eurrvent. This circuit being com-
pleted, the relay C B T was operated to close
1ts contacts 60 ‘during each dialing period
and for as long a time afterwards as it took

switch and the line

o

the slow releasing relay S R to open the con-
tacts 58, plus the time it takes relay C B T
to release after its circuit is broken.

The operation of the relay C B T the first
time was functionless, since the circuit in
which the contact 60 is included was open,
being connected to second position contact
of side switch wiper 29, the said switch
wiper at that time being in first position,
but at the end of the second dialing opera-
tion the closure of the contact 60 will oper-
ate in connection with the busy test func-
tion as follows: After the opening of con-
tacts 58 of the slow releasing relay following
the second dialing operation, the slow re-
leasing relay C B T will also commence to
restore its armature. In the meantime the
normal contacts 61 of the relay S R will be
restored and a circuit will be completed in-
ciuding the contact 60 of the relay C B T,
the said circuit being traced as follows; it
being assumed that the called-for line is
not engaged, that is, “idle” and therefore
in a selectable condition. In such a condi-
tion, negative battery is connected to the
test contact 128 of the called line, and when
the line i= non-selectable, or busy, the nega-
tive battery potential normally existing on
the contact 128, will be reduced to a degree
that will make it non-effective to operate
the busy test relay B T in the manner which
the said busy test relay is operated when
connection is made with an idle line as will
now be described. -In such a condition the
circuit for the busy test relay B T is traced
from the ground pole of battery, through
normal contact 61 of the relay S R, through
the winding of the busy test relay B T,
now closed contact 60 of the relay C B T,
which has not yet restored its armature,
second position contacts and side switch
wiper 29, connector switch test wiper 25,
line switch test contact 128 engaged by the
said wiper, the winding 62 of the called-line
cut-off relay C R O, the intérmediate wind-
ing of the said relay and the shunting con-
tacts 184 therefor, in wmultiple, normal con-
tacts 63 of the called ‘line stepping magnet
S M C, the resistance coil R C R thereof, and
to the negative pole of the source of current
connected thereto. Current from the said
source flowing over this cirenit will energize
the busy test relay B T which will attract
its armature and close a circuit for the
second winding of the escape magnet, which
winding is thereby placed in multiple with
thie first winding of the escape magnet whose
circuit has been previously described, the
contact 64 of the magnet B T being closed,
merely placing the two windings in parallel.
These windings are so arranged on the core
of the escape magnet that they will be dif-
ferentially operating, that is, the effect of
the energization of one will be to neutralize
the effect of the energizaticn produced by
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the other, and when both aré included in
cireuit as before described, the escape mag-
net will be de-energized. This-will now be
accomplished, the escape magnet will release
its armature, not shown but. understood, to
allow the side switch wipers to escape into
third position.

The third position of the side switch wiper
is the ringing position, and the ringing of
the called subscriber’s telephone bell will
now begin. In the meantime, the side switch
wiper 29 moving from second té third posi-
tion interrupts the circuit of the busy test
magnet B T which retracts: its armature,
opening contact: 64 in the cireuit of the
right-hand winding of the escape magnet
E 8 € and the magnet E.S C will again be
operated by the continued flow of current
from the left-hand winding. Side switch
wiper 29 moved into third pesition, places
ground upon the test brush 25 of the con-
nector switeh completing an operating cir-
cuit for the winding 62 of:the cut-off relay
C R O of the called line, the circuit being
traced as follows: from the ground pole
of battery, third position contact and side
switch wiper 29, brush 25 of the connector
switch, line contact. 128 engaged thereby,
the winding 62 of the relay C R O, contact
63 of the stepping magnet S M C and the
resistance coil R-C R to the negative pole
of the souree of current. Current from the
said source will flow over this-cireuit and
through the said:winding 62 of the relay
C R O, operating the relay C R O to dis-

connect  the  line relay- and the source of

current from the line conductors of the line
L2 The line switch. of the called line being
in home position, the extension 151 and 152

of the called line conductors leading to -

wipers -of ‘the line switch, will not complete
any circuit due to the fact that the home
position contacts upon which these wipers
are resting, have no clectrical connection.
The ground applied by side switch- wiper 29
on connector switch wiper 25 to-the test con-
tact 128 of the called line, also busies other

multiple test contacts of the called line, not-

shown 1in the drawing but understood to be
present in accordance with.the usual custom.

The ringing circuit from the central office
generator including the serially connected
central office source of current is.-now con-
nected through to the bell of the called sub-
geriber ringing the said bell. This cireuit
is traced as follows: from the ground pole
of battery, side switch wiper 26 and the en-
gaged third position contact, connector
switch wiper 23, line contact 126, one side of
the line 1.2 through condenser 66 at the sub-
station B, the bell 65 at the said substation,
the other line conductor line contact 127 of
the connector switch, connector switch wiper
24, side switch wiper 28 and third position
contact thereof, the winding of the slow
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ringing trip relay R T, signal lamp 153, and
then the circuit continues alternately by two
paths due to the operation of the circuit inter-
rupter 68, the one path including the ring-
ing generator 67 and the other path Dbeing
the segment 154 of the said interrupter, the
two paths being joined again and the cir-
cuit- continued through resistance coil 155
to the negative pole of the source of cur-
rent. Current from the ringing generator
67 intermittently applied through the inter-
rupter 68 will intermittently ring the called
subscriber’s bell 65. When the called sub-
scriber answers by removing his receiver
from the hook, he thereby” places a con-
ductive bridge for the flow of direct cur-
rent across the line conductors of the line 1.2
and current from thé central office source of
current will thereupon flow through the trip
relay R T to operate the said relay, which
will close its contacts to shunt the left-hand
winding of the escape magnet I S C, to de-
energize the same.

When the escape magnet is thus de-ener-
gized, it'will allow the side switch wipers to
escape into fourth or conversational circuit
position, whereupon the substribers will be
connected through in conversational cireuit,
one with the other. This conversational
circuit is compléted by the side switch
wipers-27 and 28 being in fourth position,
closing the talking strands 51 and 52 and
extending them to the connector switch
wipers 23 and 24 already in operative en-
gagement with the called line terminals 126
and 127,

At the time 'the side switch wipers reached
the fourth or talking position, a circuit was
closed for the calling line register L M, the
said cireuit being traced as follows: from
the ground pole of battery, through the side
switch 26'and fourth position contact there-
of, passive switch contact 12, line switch
wiper 2, now closed contacts of the cut-off

.relay C O R, the winding of the message

register to the negative pole of the source
of -current. Current from the said source
will flow over this circuit and energize the
line registér L M to cause it to register the
completed connection. The register magnet
L M will remain energized throughout the
conversational period and will be restored
whenever the release of the connector switch
oCCurs.

The subscribers will now converse, and at
the end of the conversational period they
will retire their - telephones, replacing -the
receivers upon the hooks and breaking the
line circuits. When the calling subscriber
at the substation A so breaks the circuit
of the line conductors, the impulse relay
I M P will be de-energized and will vetract
its ‘armature, breaking its contacts 54 and
closing its normal contacts 53. The breaking
of the contacts 54 will cause the slow re-
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leasing relay I R to release, and when this
has fully retracted its armature, the release
cirenit of the connector switch will be estab-
lished, the said circuit being traced as fol-
lows: from the ground pole of battery,
thlouoh normal contacts 53 of the relay 1

M P through normal contacts 55 of the
slow 1eleas1n0f relay I R, through off-normal
contacts P O N of the connector switch
and the left-hand winding of the release
magnet B M to the nenatne pole of the
source of current. Current from the said
source flowing over this circuit will energize
the release magnet, the said release magnet
when operated closing a locking circuit for
itself, the said locking circuit extending
through the apparatus of the calling line
switch. In passing, it may be said that the
right-hand winding of the release magnet
is very low in resistance as compared with
the winding 46 of the line cut-off relay C
O R. The locking circuit is traced from the
ground pole of battery, through normally
open contacts of the release magnet R M,
through the low resistance right- hand wind-
ing themof trunk contact 15 of the calling
line sw1tch, line switch wiper ’3_ normally
open contacts 156 of the cut-off relay C O R,
normally closed contacts 35 of the stepplno

magnet S M, the resistance coil R C to the.

negative pole of the source of current. Cur-
rent from the said source will flow over this
circuit retaining the release magnet of the
connector switch operated until the subse-
quent breaking of this circuit as will be
later described. It will be understood that
preferably the contacts 34 and 156 of the
cut-off relay C O R will be of the make be-
foré break type; or will be given a special
adjustment to cause the contacts 34 to be
closed before the contacts 156 are opened
when the cut-off relay C O R is de-energized.
Such adjustments are common in the art
to which this invention appertains.

The locking circuit just traced being
established, the low resistance right- hand
winding of the release magnet R M of the

* connector switch will be placed in shunt
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with the higher resistance winding 46 of
the cut-off relay C O R, and will divert cur-
rent from the said high resistance winding to
de-energize the relay C O R which will now
retract its armatures. The retraction being
completed and the normal contacts 34 of the
relay C O R being closed, a short circuit in-
cliding the said contacts and connecting
conductors will be placed about the winding
46. Also the contacts 156 being opened will
open the locking circuit for the release mag-
net just described, so that if the contacts
P O N serially included with the left-hand
winding of the release magnet have opened
by the complete vestoral of the connector
switch mechanism to normal position, the

7

release magnet will be de-energized. The
line switch stepping magnet S M is now
energized over a circuit including its normal
contacts 35, the circuit being traced aus fol-
lows: ﬁ'om the ground pole “of battery , line
switch wiper 20 trank point contacts 41,
99 ete. which the said line switch wiper 20
will engage in its travel, cireuit conductor
42 leading from the said multipled contacts,
the right-hand winding of the stepping
magnet S M, normal contacts 34 of the cut-
off relay C O R, normal contacts 35 of the
stepping magnet S M, through the resist-
ance coll R C to the noomtwe pole of the
source of current. The stepping magnet
S M will be intermittently operated to step
the line switch wipers from position to posi-
tion under the control of the contacts 35 of
the said stepping magnet, and this action
will continue until the line switeh wiper 20
reaches a position where it will break ChﬂliL
with the multipled contacts, such as 41, 22
and others not shown, which are connected
to the cireuit conductor 42, and there being
only one contact, namely, the home positi on
contact 21 which has no'such connection, the
stepping action will continue until the line
switch wipers reach the said howme position
set of contacts, whereupon the circuit of the
right-hand winding of the steppmn magnet
S M will be broken and the stepping will be
discontinued. The connector switch mech-
anism having been restored to normnal and
the subscribers retired, the system is in its
original condition of vest, the apparatus of
the trunk connector civeuit ¢ ma vy be seized
by other calling lines through the operation
of their line switches.

Referring back to the busy test function,
if the called line had tested busy when the
busy test was made in the manner previously
described, busy tone current would have
been sent from the busy tone source of cur-
rent B Z to secondmv off-normal contacts
S O N, second position contact and engaged
wiper 97 of the side switch, and thenee over
the talking strand 51 of the connector switch
through the telephone of the calling sub-
scriber, and back through the w mdlnn of
the impulse relay I M P to the neoauve
pole of the source of current. The busy
tone current would thus audibly convey the
information to the calling subscriber that
the called line is busy, in which case he
would replace his receiver upon the hook
and this action would release the connector
switch in the manner just described for such
release, and would restore the line switch to
its home point position, as has been de-
seribed.

I have described the specific embodiment
of my invention for the pmpose of enabling
those skilled in the art to understand thﬂ
same, but I am aware that numerous and
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extensive departures may be made from the
embodiment illustrated without departing
from the spirit of wy invention.

What T claim is my invention is defined
in the following claims:—

1. In a telephone system, the combination
with a telephone line, & line switch for the
said line having active and passive contacts,
a line relay for the said line, a cut-off relay
for the said line, a pair of normally open
contacts of the said cut-off relay serially
connected between a pair of the said active
contacts and the talking strands of the line,
separate holding and operating windings
for the said cut-off relay, the said holding
winding being normally short-cireuited by
normal contacts of the said relay, a stepping
magnet adapted to step the said active con-
tacts over successive sets of passive contacts
to which are connected the terminals of
trunk lines, a circuit for the said stepping
magnet including a source of current and
normally open contacts of the said line re-
Iay, a circuit for the said operating winding
of the said cut-off relay including one of
the said active contacts of the said switch
and a passive contact of an idle trunk line
connected theveto, the said circuit” being
completed when the said active contact en-
gages the said passage contact of the idle
trunk line, and a holding cireult for main-
taining the energization of the said cut-off
relay after the said cut-off relay has been
initially energized by current through the
said operating winding, the said holding
circuit including a source of current and the
holding winding of the said relay.

2. In a telephone system, the combination
with a telephone line, a line relay for the
said line normally associated therewith, a
cut-off relay for dis-connecting the said line
relay from the said line, a step by step
switch operated under the control of the said
line relay to select an idle trunk line, a hold-
ing winding for the said cut-ofl relay nor-
mally short-civenited by : contacts theveof,
and means operative when the said line
switch causes a connection to be made be-
tween the said line and an idle trunk line to
open the said contacts, and a source of
current included in series with the said hold-
ing winding to operate the same when the
said contacts are opened. :

3. In a telephone system, the combination
with a telephone line, adjustable terminals
for the said line adapted to make connec-
tion with one of a plurality of trunk lines, a
line relay for the said line, means under the
control of the said line relay to operate the
said adjustable terminals, a cut-off relay
for the said line relay and adapted when
operated to interrupt the circuit of the said
line relay, a winding for the said cut-off
relay normally short-circuited by contacts
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thereof and a circuit including the said
normally short circaited winding and con-
tacts of the said line relay and a souvee of
current for energizing the said cut-off velay
winding, and means operative when the
sald adjustable terminals malke connection
with an idle trunk line to open the said
short cireuiting contacts, whereby the said
cut-off relay may be maintained n contact
operating position to maintain the line re-
lay cizeuit disconnected {rom the said line
civeuit. .

4. In a telephone system, the combination
with a telephone line, adjustable terminals
for the said line adapted to make connection
with one of a plurality of trunk lines, a line
relay for the said line, means under the con-
trol of the said line relay to operate the said
adjustable terminals, a cut-off relay for the
sald line relay and adapted when operated
to interrupt the circuit of the said line ve-
lay, & winding for the said cut-off relay
normally short circuited by contacts there-
of and a cireuit including the said normally
short civeuited winding and  contaets
of the said line wvelay and o source
of cwrrent for energizing the said cut-
off relay winding, a second winding for

the said cut-off relay, a circult for the said
second winding including a souree of cur-

rent, and means responsive to the connection
of the said adjustable terminals to an idle
trunk line to close the sald cireuit to cner-
gize the sald cut-off relay, whereby the said
cut-off relay may break the said short-cir-
cuiting contacts.

5. In a telephone system, the combina-
tion with a telephone line, adjustable ter-
minals for the said line adapted to malke
connection with one of a plurality of trunk
lines, a line relay for the said line, means
under the control of the said line velay

perate the said adjustable terminals, a cuit-

off relay for the said line relay and adapted
when operated to interrupt the cirenit of
the said line refay, & winding for the il
cut-off relay normally short cireulied by
contacts thereof and a circuit including the
said normally short cireunited winding and
contacts of the sald line relay and a source
of current for energizing the said cut-off
relay winding, a second winding for the said
cut-off relay, o cireuit for the said second
winding including a source of current,
means responsive to the connection of the
said adjustable terminals to an idle trunk
line to close the said cireuit to energize the
said cut-off relay, whereby the said cut-off
relay may break the said short circuiting
contacts, and a winding for the said line ve-
lay serially conncected with the said second
cut-off - relay winding.

6. In a telephone system, the combina-
tion with a telephone line, a line switch

3

g
L0

D
<1

75

80

90

100

105

110



10

15

20

25

1,565,054

for the said line, a set of active contacts for
the said line switch adapted to successively
traverse sets of passive contacts, a group of
trunk line terminals connected to a set of
the said passive contacts which passive con-
tacts are also multiply connected to pas-
sive line switch contacts of other lines, a

stepping magnet for the said line switch-

having a pair of differential windings, a
stepping circuit closed responsive to the con-
nection of a subscriber’s telephone instru-
ment to the telephone line to operate the
said stepping magnet, to cause the active
contacts of the said line switch to traverse
busy trunk line contact sets, and a cirvcuit
for the second winding closed when the said
active contacts rest upon the passive con-
tacts of an idle trunk line to neutralize the
action of the first winding to stop the said
switch. '

7. In a telephone system, the combina-
tion with a telephone line, a line switch for
the said line, a set of active contacts for
the said line switch adapted to successively
traverse sets of passive contacts, a group of

- trunk line terminals connected to a set of
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the said passive contacts which passive con-
tacts are also multiply connected to passive
line switch contacts of other lines, a step-
ping magnet for the said line switch hav-
ing a pair of differential windings, a step-
ping circuit closed responsive to the connec-
tion of a subscriber’s telephone instrument
to the telephone line to operate the said
stepping magnet, to cause the active con-
tacts of the said line switch to traverse
busy trunk line contact sets, a circuit for
the said second winding closed when the
said active contacts rest upon the passive
contacts of an idle trunk line to neutralize
the action of the first winding to stop the
said switch, and means responsive to the
connection between the said active contacts
and the said idle trunk line passive con-
tacts, to interpose a relatively high resist-
ance coil in circuit with the first-named dif-
ferential stepping magnet winding to re-
duce the current flow therethrough, and
means located in the said idle trunk circuit
responsive to the said connection to inter-
rupt the circuit of the second-named wind-
ing.

8. In a telephone system, the combination
with an automatic switch comprising pas-
sive contacts and co-operating active con-
tacts, means outside of said switch for ren-
dering certain of said passive contacts busy,
a- magnet and co-operating means for ad-
vancing said active contacts, a home set of
said passive contacts upon which the said

active contacts normally rest, means for

initially advancing said active contacts by
closing a circuit for a first winding of the
said magnet, means responsive to the initial
advance of the said active contacts to close

o

a circuit through a second winding of the
said magnet and open the circuit of the first
winding and a circuit completed when the
said active contacts engage 1dle passive con-
tacts for the said first winding, a source of
current for energizing the said windings,
the direction of flow through said two wind-
ings being velatively reversed, whereby the
said magnet is de-energized when current
flows simultaneously through both wind-
ings thereof.

9. In an automatic telephone system, the
combination with a connector switch, ad-
justable terminals therefor moved under the
control of a calling substation sending de-
vice to contact with terminals of a called
telephone line, normally open contacts in
the circuit of a pair of the said adjustable
terminals, the said circuit being the talking

circuit for interconnecting the telephone ®

lines, a magnet energized by means of a
first winding to prevent the closure of the
said contacts, a second differential winding
for the said magnet adapted when ener-

gized to neutralize the effect of the first- *

named winding, and means responsive to
the idle condition of the called line termi-
nals to close a circuit for the said second
differential winding to energize the same.
10. In a telephone system, the combina-
tion with a plurality of telephone lines, a
group of trunk lines for the said telephone
lines, line switches for the said lines, fravel-
ing switch wipers for the said line switches,

. . . . 1
one of the said wipers being a test wiper,

trunk line terminals for each of said trunk
lines adapted to be traversed by the said
wipers, a normally connected source of po--
tential to each trunk line contact adapted
to be traversed by the said test wiper, means
resident in each trunk line for removing
the said source of potential to make the
trunk line contacts in the different line
switches busy, a controlling relay, a pair

of talking circuit wipers for each of the !

said line switches, and circuit conductors
leading therefrom through normally open
contacts of said control relay to the asso-
ciated telephone line terminals, a test cir-
cuit for each of the said line switches, and
a holding circuit for the said control relay,
the said holding circuit being local to the
said line switch.

11. In a telephone system, the combina-
tion with a plurality of telephone lines, a
group of trunk lines for the said telephone
lines, line switches for the said lines, travel-
ing switch wipers for the said line switches,
one of the said wipers being a test wiper,
trunk line terminals for each of the said
trunk lines adapted to be traversed by the
said test  wipers, .2 normally connected
source of potential to each trunk line con-
tact adapted to be traversed by the said test
wiper, means resident in each trunk line for
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removing the said source of potential t
malke the trunk line contacts in the differ ont
line switches busy, a release wiper for cach
of the said line switches, trunk line tern 1ni-
nals for each of the said trunk lines adapted v
to be traversed by the said release wiper, a
control relay, a cirenit condunctor leading
from said rvelease wiper through normally
open- contacts of said control relay to a
winding of said control relay, a holding cit-
cuit for the said control relay, said liolt ding
circuit being local to the said line swuch.
and means responsive to the disconnection of
the said trunk line to place a source of
potential on said release wiper to de-ener-
gize the said control relay.

12. In a telephone system, a telephone
line, an automatic switeh individual to said
line, an operating magnet to control the
moevement  of said automatic switeh, two
differentially wound operating windings
for said magnet, and means controlled over
the said line for initiating the operation of
said magnet.

13. In a telephone system, a telephone
line, an automatic switch individual to said
line, circuits terminating in said éwitch,
and an operating m‘wnot for said switch
provided with Two (hﬁu,ontmlly wound
windinﬂ's, said magnet being controlled over

said 10101)110110 line to initiate the o operation
ot said -awiteh In seizing a circuit.

14. In a telephone system, a telephone
line, an automatic switch of the advance-to-
nomnl type individual to said telephone
line, circuits terminating in said switch, an
operating magnet provided with two differ-
entially wound windings for controlling the
movement of said automatic switch, and
means controlled over said telephone line
for initially operating said magnet.

15. In a telephone system, a telephone
line, an automatic switch individual to said
line, circuits (‘erminqtinc in said switch, a
motor magnet for said switch having two
dlﬁerentm‘lv wound operating windings,
means controlled over said line for initiat-
ing the movement of said switch to seize
one of said circuits, and means controlled
over gaid telephone line for causing said
magnet to restore the switch to normal posi-
tion.

16. In a telephone system, a telephone
line, a substation for said telephone line,
an antomatic switch individual to said line,
cireuits terminating in said switch, a relay
for controlling the operation of said switch,
a- motor magnet for advancing said switch
under the control of said relay, a pair of
contacts for said relay, and a cirveuit for
satd motor magnet having only a single pair
of relay contacts therein.

17. In a telephone system, telephone
lines, & plurality of automatic selective
switches co-operating in the extension of
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one telephone line to a second telephone
line, said automatic sclective switches in-
(‘lmhno an automatic switch individual to
each depuone line, motor magnets for ad-

vancing said switches in succession, one of
gaid motor magnets being diﬂ."erentml, )
control circuit extended from one of said
tdephone lines to one of said switches, and
a switching velay operative when said last
menuon”'l ‘wwitch has completed its select-
ing operation to extend said control cir-
euit to a second automatic switch, and means
controlled over a telephone line for releas-
mo said switches.

.In a iolephone gystem, an incoming
hne, a plurality of outgoing lines, a switel
for Interconnecting said lines, an impulse
relay responsive to impulses over said line,
a slow relay controlled by said impulse re-
lay, a second slow relay 10111’(1 controlled
by said fivst slow velay and said impulse re-
lay, a primary magnet and a secondary mag-
net controlled successively by said nnpul':e
velay to cause sald switch to seize an out-
going line, an eclectromagnetic device hav-
ng two windings, either of which when en-
ercized will actnate said device, said de-
vice being inoperative when both of said
wmdmog are energized, said device being
controlled by said secont slow relay to de-
termine the operation of each of said mag-
nets, and a release magnet controlled by
snid first slow relay.

9. In a telephone system,. a telephone
hne, a plurality of outgoing lines, a switch
for Jntmconnectmg said tolenhone line with
uny of said outgoing lines, an impulse relay

responsive to 1mpulge, over sald line, a slow
velay controlled by said impulse relay, a
seceond slow relay controlled by said: first
slow relay and said impulse relay, a pri-
mary magnet and a secondary magnet con-
trolled successively to cause said switch to
seize an outgoing line, a differential change-
over device controlled by said second slow
relay to determine the operation of said pri-
mary and secondary magnets, a circuit for

said” primary magnet and said secondary

magnet arranged to be completed in series
with said second slow relay, and a release
magnet controlled by said first stow relay.
920. In an automatic telephone system, an
incoming cireuit, a plurality of outgoing cir-
enits, a switch for inter connechng said in-
coming circuit with any of said outgoing
Cucmts7 said switch having normally clo%ed
contacts and contacts which are closed when
said switch is away from its normal posi-
tion, a motor magnet for said switch hav-
ing a plurality of windings, a circuit closed
through one of sald windings of said motor
magnet and said normally closed contacts
to advance said switch to an off-normal
position on the initiation of a call, a cir-
cuit for the other winding closed through
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said other contacts for advancing said
switch therefrom to an idle circuit, means
for energizing said first- mentioned wind-
ing when the idle. circuit is reached, and
means for releasing said switch.

21. In a telephone exchange system, an
automatic switch, a differentially wound
stepping magnet for operating said switch,
and means for energizing the windings of
said magnet to prevent further operation
thereof when the switch engages terminals
of an idle line.

22. In a telephone exchange system, an
automatic switch, a stepping magnet for
the switch having a normally inactive dif-
ferential winding, a circuit for operating
said magnet and means for energizing said
differential winding to prevent operation
of said magnet when the switch engages
terminals of an idle line.

1x

23. In an automatic switch of the char-
acter described provided with bank contacts
and contact makers and operable in a single
plane, and a differentially-wound motor
magnet for said switch for moving said con-
tact makers into engagement with said bank
contacts.

24. An automatic switch of the character
described provided with bank contacts and
contact makers, a differentially-wound motor
magnet for said switch for moving said con-
tact makers into engagement with said bank
contacts, and a test relay for said switch
adapted to be included in series circuit with
one of the differential windings of said
motor magnet.

In witness whereof, I hereunto subscribe
my name this 10th day of September, A. D.

1918.
WINFRED T. POWELL.
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