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FRANK M. SLOUGH OF RO*CI—IESTER NEW YORK, ASSIGNOR TO THE STROMBERG GARL—--

SON TELEPHONE MANUFACTURU_NG COMPANY OF ROGHESTER NEW YORK A COR-

I’ORATION OF NEW YOBK.

TE-LEPH ONE SWITCHING SYSTEM.

Apphoatlon ﬁled May 6, 1918

To all whom it may. concern:

Be it known that I, Frank M. SLoUoH o
cltizen of the United Stwtes and résiding at
of Monroe 'anl
State of New York, have invented certain
new and useful Improvements in' Telephone

in the county.

Switching Systems, of which the followmﬂ*'
is a full, clear, oonolse,, nnd exaot desorlp—-_
- tion. | |
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of telephone switching system. particularly
appli
matic telephone system

tral office line interconnecting apparatus is
controlled by current 1mpnlses delivered

- over the two sides of the line in series, and
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acting through the medium of the so- oalled.

fast and slow relays to control the selector
and connector switches of the exchange.
- It has been the common practice to have

these fast and slow relays responsive, respec-

tively, to interruptions of the line circuit
and to a series of such interruptions. The
well-known type of subscriber operated

switch for example, has a controlling relay

which sends a current impulse to a primary
switch operating magnet at each interr up-
tion of the line Cll‘ClIlt At the same time
impulses are sent to a slow relay which ener-
gizes at the first impulse and retains its

nrmatnre in its operated position clnrlng 2
At the end of the series

series of impulses.
of impulses, the slow: relay re‘rmots 1ts arma-
ture thereby completing a eircuit, whereby

the switch wipers are- etepped ordmfl,rlly b}r
a secondary opemtmo magnet to automati-

‘cally select an 1dle l1no of a group first se-

lected " by the pl"lmnry sw1toh operatmO*
mnﬂ'net

The above 1"efers nore pflltloulerlv to,
~ what are known as selector switches, and 1n

the operation of connector -switches a simi-

lar organism is used to control a so- called
side swﬁoln the side switch being advanced

aftet a series of nnpnlses to local connector
switch circults to suitably control the sec-

onclfu"y movement of the connector sw1tohs
in preparation for the next series of im-
pulses-to move the seoondary switch wipers

to a line connecting position.

TIn the Svstem of my invention I propose_ |

to accomplish the SWltCl’llnﬂ‘ funection, where-
by the ee'eotor switch is controlled in its

Thls 1nvent1on rel‘mtes to telephone ::m*"{’lt@ll*?
ing systems, and more particularly to a form

1cable to subsorlber or so-called auto-
telephone. systems, in. which the cen-

‘asgoclation in any deen"'ecl manmner.
impulse relay by means of which the actuat-

'Seria,l No. 232 963.

prnnm'} or seoond‘uy lnovements, or where-

by connector switches are controlled in their
primary and secondary movements by the

T
1

use of ‘a single relay of unitary structure

having two qrmwtnres the one of which is
responsive to the short t impulses of current

passing through the WlIlCllllﬂ of the relay,

and the other of which can oan operate on
a current impulse continuing for a prede-

termined length of time. Snoh a relay as is

described and- claimed in ‘my application,
Serial No. 185,686, filed December 7, 1916,

Other 1el"t,ys which

1s: capable of such a use.
may ‘be made to perform in a way suitable

to the requirements of the present invention

are the (hegan type of relays which are
very oommonly used in the art of teleg-
raphy, according to the well- known Ghegan
two-way repe Lter system.

It 1s an object of my invention to simplify

.the wiring and operation of selector and
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connector swrltohes of automatic exchanges

by the use of such a relay to control their

operation to simplify the wiri mg, the space

occupled, and to ‘make the ope1 ation more
pasitive.

Other objeots of nw invention a.ncl the in-

vention itself will be appafent as fhe clea

scription thereof. Pprogresses. -
Referring to the drawing accompanying

this spemﬁoatlon, at A, I show a calling sub-

a  subscriber’s
apparatus 1llns—

station 1nstrument hfwmﬂ'.
switch a, the usual talking

trated in the oonventzloml way, and a con-
“ventional representatlon of a subsecriber’s
line circuit interrupter, or commutator of
‘the usual type, the circuit of the line being

extended to the central office switching ‘Lp-—
paratus by line conductors 1 and 2. Certain
parts of the central office switching appa-

ratus as are not necessary to a fnll under-

standing of my invention are omitted as, tor
1nst%noe the line ﬁn(:lor switeh meolnmsm
oont‘unlng the switch wipers 3, and line con-

't‘thS 4, It 1s under stoocl that these sw1tol1.

wipers and contacts will be brought into
7 18 the

ing impulses are transmitted to the stepping
n’la,frnets of the first seleotor SWltCll with
WlllCl’l it is associated. -

If the present invention were employefl_

in a semi-automatic instead of a full autoe-
matic system, the Stepplno relay 7 would be
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dperated by the central operator’s sending

~ device instead of impulses transmitted from

) |

S0

the calling subscriber’s station. The side

switch employed 1in illustrating the present
invention 1s of such a nature that 1t moves
1ts wipers upon the energization of its actu-
ating magnet. A side switch operating in
such a manner 1s disclosed in an application

of Oscar F. Forsberg, Serial No. 6302, filed
Feby. 5th, 1915, Patent No. 1,252,420, Janu-

ary 8, 1918. The side switch herem dis-

closed 1s moved from position 1 to position

2 upon the first energization of its controll-

~ ing escape magnet, from position 2 to posi-

3 tlon 3 upon the second energization thereof

and from position 3 to position 4 upon the
third energization of is escape magnet. A

fifth position for the side switch wiper is
provided in the case of the side switch used

in the connector circuit, whereas the side
switch used 1n connection with the selector
circult herein illustrated has only four posi-

tions. | o |
- In connection with the selector switch of

my invention, at PM I show a primary step--
ping magnet therefor, adapted to step the

- gelector switch wipers from contact level

“to contact level under the control of the sub-

station interrupter shown at I. At SM is
shown a secondary stepping magnet for the

“selector switch and which magnet is adapt-

ed to step the selector switch wipers from

~one set of contacts to another in a given

level to which they have been previously di-

rected under the control of the subscriber’s

~interrupter I by the primary magnet PM.

40

The secondary magnet SM, automatically
~ produces

. its own circuit interruptions
whereby the stepping action is automatical-

ly continued. A release magnet for the se-

- lector switch 1s shown at RL, adapted when
~operated by a prolonged impulse of current

1ts normal un-operated position.
1s shown an escape ma,%net adapted upon its

to restore the selector switch mechanism to
At Esc

energization to move the side switch wipers

5,6, 8,9,10 and 11, from one position to
- the next succeeding position. At 12 is shown

60

a relay having two armatures, each of which
is adapted to be operated in a distinct man-
ner, the first armature 13 being responsive
to short and long current impulses as used

in systems of the type described, and the

second armature 14 being only responsive

% when the current impulse through the wind-
Ing of the relay has been continued for a

certain predetermined length of time.

The apparatus of the connector C is in

general very much like the apparatus of
the selector 5, the two-armature relay being
shown at 15, the release magnet at RL2, the
impulse relay at 16, the primary stepping

~magnet at PS, and the secondary stepping

magnet at SS in the connector switch. The

1,503,923

the control of the subscriber’s dial or the
circuit interrupter I just as is the case with

‘the primary stepping magnet, and does not

operate automatically as is the case with

the stepping magnet of the selector switch.

The escape magnet controlling the operation

0

of the side switch wipers 17, 18, 19, 20, 21 -

and 22 1s shown at Esc®. The called sub-
scriber’s telephone 1s shown at B, and is con-

connector switch contacts, such as 25 and 26

at the central office. The connector switch
wipers shown in the drawing adapted to co-
operate with these connector switch contacts

are shown at 27 and-28. At 29 is shown a

nected by line conductors 23 and 24 to the 75

80 -

magnet individual to the calling subscrib-

er’s line. At 30 is shown a ringing genera-
tor and adapted to be connected through the

circuits of the  connector switch, to the

nal interrupter 1s shown at 81. _-
The operation of the above-mentioned ap-
paratus and other apparatus not mentioned,

will be made clear from a description of the

called subscriber’s line at a suitable point %9 '
in the operation of the circuit. - A busy sig-

00

operation of the circuits involved when a
connection 1s established between the calling .

subscriber’s station A and the called sub-
scriber’s station B. Upon the subsecriber at

A making a call, we will assume that the

calling line has been by suitable means, such

95

as by Interconnection of the wipers 8 and

the contacts 4, extended to the side switch

wipers 5 and 6 of the selector switch S.
A circuit is thereby completed including the

office source of current 32, which current

100

subseriber’s impulse relay 7, and the central

flowing through the windings of the impulse

relay and over the telephone line to the sub-
scriber’s mnstrument, will cause the impulse

relay 7 to attract its armature which closes

contacts 33 and opens contacts 34. The clos-

ing of the contacts 33 causes the operation
ol the relay 12 by the central office source
of current thereby included in its circuit,
and the relay 12 will thereupon attract its
armatures 13 and 14 one after the other in
the order mentioned, the armature 18 being

a quickly responsive armature and the arma- _—_—
11+ ’

ture 14 being, as has been mentioned, a slow
acting armature. After these armatures are

operated, a circuit is completed including

179

the central office source of current for the

escape magnet Isc which operates to ad-
vance the switch wipers 5, 6, 8, 9, 10 and
11 from position 1 to position 2, in which
position the primary stepping magnet PM

1s functioned to operate to advance the se-

lector switch wipers 85, 36 and 37 in the
primary direction of movement. The sub-
scriber thereupon operating his circuit in-
terrupter I, shown conventionally in the

drawing as a dial interrupter to break

and make the circuit of* the line there-

secondary stepping magnet operates under by de-energizes and energizes the im-

120
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~ tionless.

220

- 18 of the rela

o

relay 7,y the

’ source of current.
~source momentarily flowing over this

1,503,023

pulse relay 7

scriber.. Upon the first breaking of the
circuit and the consequent first de-energ

in the civcuit of the two- armmture relay 19

- will be opened, and the contacts 34 momen-

| -umly closed The side switch wiper 10. ke-
mg.in second p081t1011 however‘ the 01051110-..3
of the contqctsl 34 at thls time w111 be func-

The opening of the contacts 83,

however, for a very b]:‘lef interval will cause

the ‘11‘111&1113:'65 13 and 14 to be mementftrﬂy!:?
| ~their third
~be noted
“caused to be. very slow acting, 80 that 1t will
only operate on a prolmwed

restored to their normal position.

Following the brief de- -energization of the
irst breakmg of the line cir-
 cuit by the subscriber’s circuit interrupter
1, there will be a momentary closure of
the line circuit by the continued overation
.~ of the subscriber’s ‘interrupter I,  during
- which momentary closure the fast armmture
12 will be operated, but
‘the time of cloqure will not be long enough
T to permit the closure of the armature 14
ClI'Glllt:
completed including the normally - opened
contacts 40 of the arma,tuw 13 and the nor-
mally closed contacts 89 of the armature 14,
the’ mrcmt also including the second. - posi-
tion contacts of the Slde switch wiper 10

so that momentarily there will be a

and the second position contacts of the side
switch wiper 9, together with the primary
stepping mawnet P“’VI and the central office

cir-
cuit, will cause a momentary actuation of

the primary stepping magnet PM to ad-
vance the wipers 35, 36 and 87 Of the selee‘[m*.
~switch B, one step. |

I‘ol]owmg the ﬁrst. actuatlon of the

contacts 41 and 42 of the selector switch S

~ will be closed to condition the selector sw1tch

“release magnet RL, and to condition the
escape mwnet Fsc 1"espec’cwelv 10T opera-
The subseriber may make only the

tion.

 single interruption of the line circuit to

- t1on has been made, .

e
M |

qelect the first level of selector switch 0011—

tacts, or, the circuit interruptions may con-
tinue until more than one circuit interrup-

In this descrlpt]on we

will assume that a :)1111‘::1111}1;r of circuit inter-

~ture relay 12 under the comtrol of the im-

N

'.G.J

pulse relay 7, and that at each energization

by the cir cuit which has been traced the
. primary stepping magnet PM will be actu-

ated to advance the selﬂctc}r switch wipers

a step. None of the energizations except
the last one, however, WIH continue long
‘enough to cause the Gpemtmn of the second
armature 14 of the relay 12 Up(m the_“

a predetermmed 11111111)61" -.
of times which may be a variable num-
ber depending upon the will of the sub-
line
viza.
tion of the impulse relay 7, the contacts 83

Current from the Sa,ld.,_

( 1s such an 1dle connector circuit.
contact 46 is connected to ground to indi-
ruptions are made in rapid succession, so.
7 that between the circuit interruptions there

will be short energizations of the two-arma-

contacts 47
~and through the :
the connector side switch wiper

last enerou;atmn which is. pl"olonﬂed how-
ever, the armature 14 will be operated, caus-

‘ing the escape magnet to be again actuated.

*"wnet at this
Tice source of

The cireuit for the escape m
time includes the central o

current, the winding of the escape magnet,

the second p051t10n contacts of the side

switch wiper 11, the off-normal contacts 41

of the selector switch and the normally

f,opened contacts 43 and 40 of the two arma-
tures of the relay 12 which are now closed.
‘The escape magnet being again actuated
will cause all of the side “switeh wipers of
“the first selector switch to be advanced into

position. At this time it will
that the release magnet RIL is

ow of cur-
rent and on such short closures ot this cir-

cult as may be caused by the short inter-.
'ruptmns* of the line circuit under the con-
‘trol of the subscriber as previously

de-

seribed, will not cause it to operate even
| Lhomh at such time

p]efed through the momentary closure of
'_the contacts 44 of the relay 12."

s 1ts cireult may be com-

When the side switeh wipers 9 and 10

attain their third position as described, a
circuit is closed for the secondary steppm '
'"ma-:rnet SM including its own normal con-
t fmfrq 45, the central office source of current
and the third position contacts of the switch
~wipers 9 and 10, so that the switch wipers

position ag has been de-
scribed, “the secondwry stepping magnet will

reaching the thlrd

o:aemto, and breaking its own civeuit will

‘automatically . lelease which will close its

circuit, and the actuation continuine it will
mtermlttenth be actuated and released a

- number of times until the selector switch
pri-”
mary stepping magnet PM, the off-normal

wipers 35, 36 and 37 have made contact

~with a 11011 busy connector switch circuit.
This 1s determmed when the selector switch
“wiper 37 encounters a contact which is con-

nected to the ground pole of the central

office source of current 1111der the contr ol of

apparatus 1n the idle connector circuit, the
presence or absence of such a ground indi-

~cating the idle or busgr condltmn of the
meocmted connector cireuit. |

We will assume that the connector circuit

The

cate such an idle condition through normal
of the release magnet RIZ,

rst pos1t1011 contacts of
19

Y

el 11(:{ |

70

5

80

85

90
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100
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116
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normal contacts 51 of the special two-arma- |

ture relay 15 of the connector switch.

- Ground thus applied to the contacts 46 will
~be extended to the selector switch wiper 37
‘and ‘through the third position contacts of

the side switch wiper 11 of the selector -

switch, through the escape magnet Fge to
J‘ne neg thwe ‘)016 of the central ofﬁce soul’“ce

138



—pf current. Current from this source flow-

!

r5

into their fourth or last operative positions.

ing through the escape magnet will actuate

the same to attract its armatures, closing
~contacts 52 and opening the contacts 93,
and in addition will allow the side switch

wipers 5, 6, 8, 9, 10 and 11 to be advanced

When so advanced, connection 1s made be-

~tween the talking conductors 1 and 2 ot

10

o0

25

30

“involved has attained its full operated posi-
tion. . Thus, the escape magnet Esc may
. have its circult continued through the

the calling line and the selector switch
wipers 35 and 36, the connection extending
through the fourth position contacts of se-
Jector side switeh wipers 5 and 6. At the
- .same time the selector impulse relay 7 is
15

disconnected from the line circuit, since its
connection  therewith is only possible

through the first three positions of the last-
~ ‘named side switch wipers. The relay 12, as
~avell as the relay 7 will be de-energized re-
storing  its armatures to normal position.
The stepping magnet for the selector
switch 1s also left out of operative circulf
due to the fact that this circuit includes
~only third position contacts of the side

switch wiper 10 which is now advanced to
1ts fourth position. o |

Means are provided consisting in part-of

- the contacts 52 of the escape magnet to pro-
~-vide for the continued closure of 1its circuit
during the Jast-named operation for a briet

imterval, or until the associated apparatus

1,503,023

- At this stage of the operation all of the

- magnets of the selector switch are de-ener-
gized, and the selector side switch wipers ¥
~are in fourth or ultimate position. The op-

escape magnet Esc. The escape magnet Hse
~will thereupon be restored to normal.

eration of the two-armature relay 15 at this -
time is sufliciently long continued after toe

first series of impulses have been sent by the
subseriber and before the second series of

- O

impulses have been sent by the subscriber,

to p

their respective contacts 57 for the fast

armature, and 58 for the slow armature..

The closure of these contacts will complete

‘a circuit from the ground pole of battery
“through its contacts, through the first posi-—~ =
tion contacts of the side switch wiper 21 of
85

TEsc? to the negative pole of battery, thus
“causing the operation of the last-named

the connector switch and the escape magnet

permit the operation of both armatures -
‘of the relay 15, which will thereupon close

escape magnet. The connector escape mag- -
net Hsc® being operated, will cause the side .

switch wipers 17, 18, 19, 20, 21 and 22 to
advance from their first or normal position

00 -

of rest to their second position which 15

their first operative position. In this sec-
osition the circuit extending bhack to.

ond p _ circult extes
the contact 46 of the selector switeh 1s still

further broken by the opening of the first
position contacts of the side switch wiper 19.

The subscriber now operating his inter-
rupter I for the second time, will send a

second series of impulses of a predetermined 100
“known number to vibrate the fast armature
59 of the two-armature relay 15, the siow

“armature 60 thereof during the sending of
these impulses remaining in its normal posi-
tion. Upon the first interruption of the line 105
circuit by the subscriber, the slow operating

35 fourth position of the said switch wiper 11,
through its normally opened contacts 52,
and through the selector switch contacts 37
and 46, the normal contacts 47 of the con-
--nector telease magnet RIL? first position
40 contacts of the connector side switch wiper

45

50

19, and normal contacts 51 of the connector

switch two-armature relay 15. As soon as

‘the line circunit, however, is extended to the
selector switch wipers 35 and 36 as has been

described, the circuit will be still further

extended through the said wipers, and

through contacts 54 and 55 to the windings

of the connector switch impulse relay 16,
which corresponds in its functions much to

the impulse relay 7 of the selector switeh.

Current from the central office source will

flow through the windings of the 1mpulse

 relay 16 and over the line circuit of the

55
60

65

calling line to energize the relay 16, attract-
ing its armatures and closing its contacts 56,

which being closed cause the operation of
the two-armature relay 15.

ture relay 15 is constructed and operates 1n
the same manner as-the two-armature relay

12 whose operation has been described, the

relay 15 attracting its armatures will in-

terrupt the connection to ground which has

been described as being established through

the contacts 51 of the relay 15, and which
caused the operation of the selector switch

The two-arma-

armature 60 instantly returns to its normal

position, where it remains throughout the:
sending of the following current impulses.

Then upon each detraction of the fast arma-
ture 59, a circuit is completed through the

110

second position contacts of the side switch

PS of the connector switch, the circuit in-

cluding the winding of the primary stepping

115

magnet, the central office source of current,
the second position contacts of side switeh
wiper 20, normal contacts 61 of the slow -

operating armature 60 of the two-armature
relay, and normally opened contacts 57 of

the rapid operating armature 59 of the relay

15. Hach operation of the armature 59 clos-

ing the contacts 57, causes the primary step-
ping magnet PS to advance the connesctor
switch wipers 27, 28 and 62 from one level 125
level of connector switch contact

to another
banks. -

It may be seen that at ﬁt_he time "tli]:"(mgﬁ B |

normal contacts 51 of the vibrating arma-
130

ture 59, that the circuit of the release mag-
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- eration of the subscriber’s instrument inter-
~ rupter, ‘and the operation by the subscriber
~ending, the last impulse ‘will be continued by
156 a prolonged impulse lasting until the next
-operation of the subscriber’s circuit inter-
‘rupter L. Upon this prolonged impulse, the

1,503,928

tacts 51 at this time.

At the end of the first series of impulses,

‘the connéctor switch wipers” will have been-
ddvanced a certain number of steps depend-
‘Ing ‘upon the variable or prédeétermined op-

“slow acting armatire will be also attracted,

20

30
their third position.” When the side switch
~wiper 20 1s'advanced into third position, the
- sécondary stepping' magnet SSis substituted -
anto the circuit’ for the primary steppine
- The subscriber again operating his circuit
Anterrupter, will cause the immediate retrac-
‘tion of the armature 60 where it will remain
“throughout the following series of imipulses,
and the armature-59 will be vibrated with -
‘the 1mpulses as before described, to cause at

33

the winding

~and a cirenit will be codipleted including the.
second position contacts of the side switch
Wiper 21 for ‘the escape magriet Esc of the

: »
« N

[

~connector switch, said circiit in¢luding nor-

mally opened contacts 57 and 58 of thie relay

- 15, off-nornial ‘contacts 63, the said second arn oV 0T 1 "CULL D
- 25 position contacts of the side switch wiper 21, traced from the ground. pole of battery
B of the escape magnet Esc?, and '
~the -central office source of current, which
source will cause the operation of the said
‘escape magnet to calise the side switch wipers

@ - J_-I

17, 18, 19, 20, 21 and 22 to'be advanced into

~this time the operation of the stepping sec-

~ondary magnet SS in the same manner as
- before described for the primary’ stepping

magnet PS. The secondary stepping miag.
- net SS being intermittently actuated, will
- step the connector switeh wipers 27, 28 and -
62 from omne set of line conticts to ‘another
. set-of line contacts in the level previously
50

selécted. When  the  subscriber predeter-

- mined number of impulses in this series hag
~ been sent, the connector switch wipers will
~be resting upon the line contacts 25, 26' and
.. 65 ot the called-for line. The last sub-
85 scriber sent impulse will be a prolonged or
- “continued impulse, so that both armatures

‘of the relay 15 will'be again operated, the -

‘slow acting armature 60 responding only

.. after a short period of time.
g .
will bé indicated by the presence or absence
‘of a direct connection to the ‘eround pole of
‘battéery leadinig to the contact 65 of the
‘called ‘for Ithe.  Otherwise there would only
‘be connected to this contact 65, the negative

Tt the called-for line is not busyf, "t'his_" fact

_ ? iz closed for very brief intervals,
but this reledse magnet is made so' that it
- 1s slow operating, that is, sluggish of move-
- ment, and 1t will not'respond to impiilses of
~such short duration as ‘would ke caused by -
- the rapid intermittent closures-of the con- -

Esc® to the negative

5

line 1§ busy and that in'a ' mannér which will

Lhis relay 67 will be thereby prevented from

‘establishing a short cireuit about the wind-
1ng 68, by the operation of the contact 69

of the relay 67 and the cortact 69 therefore

‘remaining open, the relay 6.8_'-??'111'rema;in" un-

shunted by the said contacts. =
upon the full operation of the slow acting
armature 60 of the relay 15, the circuit being

thfough “the normally opened. contacts 57

‘and 58 of the relay 15, through the now

closed secondary off-normil contacts 70 of
the connector switch, through the winding

of the relay 68, through the third position
contacts of the side 'switch wiper 21, and

through the winding of the escape mag

et
pole of ‘the sovrce of

current.  The winding of the relay 68 is of
~a very high resistance corntaining a latroe
‘number of turns of very fine wire, so that

the current flowing over this circuit will be

limited in value to prevent ‘the- operation
of the escape magrnet Esc2, which Tequires 'a

relatively. large amount of current to op-

erate. The high resistance relay 68, how-
~ever, by virtue of its adjustment and large
‘number of ‘turns, will be operated to apply
~the busy-tone signal to the calling line con-
ductors. The busy-tone signal is produced
by the interrupter 31 and the central office

pole of the source of current leading to its

contact 65, through the winding of the local
‘line miagnet 29 for the calling line. For the
‘moment we will consider that the called-for
‘be later described in detail, the ground pole

‘of tlie source of current'has beén previously
‘connected to the contact 65 of the called-for
‘line.  The connector switch wiper 62 making
‘contact with this grounded contact 65, will
‘theréupon extend 'its ground connection to
‘the pomt 66 in the circuit indicated in the-
drawing, theréby completing a short circuit
about, the winding of the relay 67, known
~as the test relay, to prevent its operation.

75

80

A cireuit is completed for the relay 68

90

= ]
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source of current through the said inter-

rupter and a winding of the induction coil
1. The current flowing through the said
winding will indiice a ciirrent in' the' sec-

ondary winding of the induction coil 71,

the induced ctirrent flowing from the ground

pole of the source of current, through the
said ‘secondary winding, normal contacts 792

‘of the relay 67, the condenser 13, now closed

contacts 74 of the relay 68, citcuit conductor
75 which is connected to the line conductor

. -

.
e 1

contacts of the selector side switch ‘wiper 5

‘the circuit 'being completed through thé sub-
scriber’s telephone -and returning: through

the Ine  conductor 1, ‘which is extended

.'throuﬁgh the line ﬁndér contacts 4--3, fourth o

-54 and fourth position

1i5

2 of the calling line, through the sele¢tor
switch contacts 35

120
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._*‘_-'“-ﬁ;--_:pos1t10n contacts of the select()l side sw1tch
~ wiper 6, selector switch contacts 86—55, re-
~turning to ground through the Wlndll'lO‘S 76

and 78 of the relay 16 and the battery “feed
5.coil 78. This current flowing over the call-

" ing subscriber’s line and throucrh his instru-

| '_'-_ment will produce 2 ehmractel istic tone in

~‘the-, ca]lmo subscriber’s receiver,
. the-busy- tone. The calling subscriber hear; ing
this tone will know bl*)a,t the called for line
s busy and replaces his receiver upon. the.
~ hook, restoring the interconnecting appa-
- ratus to normal position, the manner of re-
- lease of the switches and connectlons n-
- 5 volved bemcr later degcmbed 1 this nar-
o _-_',ratwe | |
- Agsummo now - that the called- f01 hne is
not busy, there will be no oround connected
to the contact 65 of the called-for line and
current from the central office source of cur-
rent will flow through the local magnet 29
of the called line, throufrh the connector
switch contacts 62—65 and thr ough the third

10

1 '

position contacts of side switch wiper 22.

and through the relay 67 to operate the re-

~ lay 67 and energize the local line magnet 29.
'The operation of the magnet 29 is 66 disso-
~ciate the calling, or line finder apparatus,

IR
- gtood..

from the circuit of the line in any smtable _
~ from the negative pole, of the source of cur-

rent thr ounh the winding of the escape mag-
net, the fourth position contacts of the con-
‘nector. side switch wiper 21, the now closed

manner, such dissociation being well under-
The operation of the Iehy 67 will
produee a short circuit about the relay 68 by

 virtue of the shunting contact 69, now closed,

‘and the operation of the 1@1&}? 68 will . be
5 prevented. The escape magnet Esc?, will
now be operated over a cireuit mcludum the

~central office source of current, the third
- position contacts of the side switch wiper 21,

- armature relay 15.

the contact 69 of the relay 67, the off- normal
contacts 70 of the connector ‘%Wlt(}ll and the
now closed contacts 58 and 57 of the two-
Current from the said -

 source will operate the escape magnet Fsc?,

- fourth position.

to cause it to advance the connector
switch wipers 17 to 22 inclusive, into their

. connects the ground pole of the scurce of

o __:_through the connector switch wiper 62, thus.
59 to produce the busy condition of the con-
- tacts 65 which are understood to be multi-

pled to like contacts 65 of other connector
86 and 87..

current to the contacts 65 of the, called-line

| swuches this being well understood in the

e

art. The presence “of this ground will pre-

“vent the intrusion of other calhno lmes 1nto
' Lhe connection.

The side switch w 1pel 20 adxmncmfr mto
its fourth position, will disscciate the gec-

~ ondary stepping magnet SS from its oper-
‘ative circuit relation with: the stepping- con-

tacts 57 of the two-armature relay 15. The
connector side switch wipers 17 and 18 in

" their fourth position, complete a circuilt fol

. the ringing generator 30, the said circuit in-
S Ga

cludmor the mgnal bell (9 of the called-for

known as

“fifth, or ultimate operatwe position.
this ultlmftte operatwe ‘position, the slde
 switch wipers 17 and 18 will complete a-

Slde |

The side switch wiper 22

lme
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line subscriber.
.LOU.OWS

.....

tion contacts of the side swrtch wiper 17, the

winding of the ringing trip relay 81 the -
'1e31staﬂce lamp 82, the circuit being altel- =

th.e 111’16 |

ThlS cncmt i tla, ed as -+
From the ground pole of battery =~
through the fourth pocltlon contacts of. the '
side. switch wiper. 18, through the now closed
‘connector switch contmcts 28—26. |
conductor 24 of the called line, swnal bell
79, condenser 80, the line conduc,tor 23, con-
“nector switch. contacts 27—95, fourth posi-

nately completed by the rotation of the 1n-

83, or dependmg upon . the position of the

terrupter Y to the negative pole of the
source of current, throuﬁ*h the resistance coil

0

10tatmo' interrupter Y, through the ringing

| genemtor 30, to the neo atlve pole of the_ :
source of current The ringing generator

30 will project ringing current over the line
intermitt entlv until the called-for subscriber-

responds.  Upon the response of the caﬂed—

for subscriber, current from the central offi

85, which will complete a circuit for the

ce o

source of direct current will flow over the
circuit through the responding subscriber’s
transmitter and thr ough the trip relay 81,to0 90
cause the operation of the said trip- relay_ -

This trip relay thereupon closeﬁ its contacts

escape magnet Ese?, this cwcmt being traced

contacts 85 of the trip relay 81 and now

closed contacts 57 and 58 of the two-arma-

ture relay 15, to the ground pole of the
‘source of current..
will operate the escape magnet Ksc?, to cause

Current from this source

100

the connector side switch wipers 1’?’—-"—-—-22 m-

.cluswe to advance from their fourth to 106
TIn

talking circuit. extendmcr between the talk-

105

110

ing conducto:r.s 1 and 2 “of the calling line 11

to- the talking - conductors 23—24 of the
called line, so that the subscribers may now -

converse, La,lklno* battery being supplied for- o

the ca]hng} line. through the windings .of
the relay 16, and for the called line thl ough 1]

the Wmdmﬂ‘s of the battery feed coil 78, the -

talking clrcult e‘itendmg through condensels

By the Opemno of the fourth

31de SWltCh wiper 2

oround to the test contact 65 of the. called

The circuit of the ‘escape magnet is °
_mteuupterl by the passing of ‘the side
j w itch . wiper 21 from position 4 to p081tlon -

pomtmn o
.contfl.c,ts of the side sw:ttch wipers 17 and 20
18, the ringing cncult 1s Interrupted..
2 passing from fo thh to _

fifth position continues the connection to

125

‘The subscribers now being in conver- =
atwnal circuit will converse, and upon-re- -

:tumg, the calling subscrlber W111 open the

115
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circuit of his line by opening the contact «

~at his instrument, thereby releasing the

serially connected relay 16 which will open
1ts contacts 56 1n the circuit of the two-

armature relay 15, ThlS causes the di&— |
‘connection to take place; and the release of
the selector and connector switches, and

circuits and apparatus involved. The two

armatures of the relay 15 will be restored
J- 6o normal, and a circuit will be completed

through contacts 51 of the relay 15 for the
release magnet RL? of the connector switch.

The circuit of the release magnet RL2 being

established for asufficiently long and pre-

o determined period, the sluggish release
magnet RL2 will have time to op erate its
- armatures to cause the release of the selector
switch, together with its associated side
switch wipers and line conmecting wipers,
‘the means for doing -this being well known

and understood in the art to which this in-

~ ventilon appertains.

- the release magnet which are closed upon

its operation and off-normal contacts 91 in

~this locking circuit. * The contacts 91 are

arranged to be opened only when all of the
“apparatus has been restored to normal pos1-

tion, so that the release magnet RL2; until
this occurs, causes the release mechanism to

remain fully actuated. At the same time

the release magret RI: for the selector
switeh 15 operated, the circuit for operating

the release magnet RL of the selector switch

being traced from the ground pole of

£

Lo

‘battery through the second winding 95, now
closed contacts 92 of the connector switch

release magnet RLZ, selector switch. contacts
57—46, normally closed contacts 53 of the

escape magnet Ksc¢ of the selector switch,
fourth position contacts of selector side
switch wipers 9 and 10, and the winding of
‘the selector release magnet RL to the nega-

tive pole of the source of current. This

release magnet is also slow acting, but the
~circuit being continued it will operate and

having operated will close a locking circuit

for the winding of this release maonet in-

~cluding contacts 96 of the magnet RL, off-

L1
b

6O

normal contacts 42 of the selector switch,

the circuit leading therefrom directly

through the selector switch contacts 87—46,

and now made contacts 92 of the connector

switch, release magnet, through the winding
95 thereot, to the ground pole of battery.

The off-normal contacts 42 of the selector

switch are adapted to be opened only when
all of the rest of the apparatus of the

selector switch has been restored to its

normal position, the actuation of the

release magnet RL causing such restoral in
any well known manner. The function of

~switch release magnet
~understood in the art.

The operation of the release magﬁéﬂ RI12
‘15 _continued until all of the apparatus is
fully restored to normal by virtue of the

locking circuit, consisting of contacts 90 of impulses delivered over the two sides of the

‘said controlling means being under
joint control of the said armatures. |

7

the serially included winding 95 of the, con-

nector switch release magnet is to provide
TFor the continued operation of this magnet
Jansuring continued closure of the contacts

92 1n the circuit of selector switch release
magnet switch, until the scelector switch
inechanism as well as the connector switeh

mechanism has been restored to normal.
Thus, a positive restoral of all of the A~
paratus of the connector and selector
switches 1s provided. When the side switch
~wipers 9 and 10 of the selector switch have

been restored to normal position, a circuit
s provided for the disconnect apparatus
of the finder switch not shown extended
from the ground pole of battery through

‘normal contacts 84 of the selector impulse
relay 7, and first position contacts of the

side switch wipers 9 and 10 to the finder
_ not shown but well
- What I claim is:— |

1. In a telephone system, a line, an auto-
matic switch accessible to said line, and
means for controlling the said switch by

sald line in series, said means comprising a

two-armature relay, one of the said arma-
tures being responsive to all of the impulses

of a series, a second armature for the said

relay responsive only to the final impulse

.

~of the series, and steering means for the

said switch controlled jointly by the said

dirst and second armatures.

2. In a telephone system, a line, an auto-
matic switch accessible to said, line, switch
wipers for the said #
means ior the said switch wipers, means for
controlling the movements of the said
switch by impulses delivered over the two
sides of the said line in series, said means

ncluding a relay having a plurality of

armatures, one of the said armatures being
responsive to all of the impulses of a series,
another of the said armatures being respon-
sive only to the final impulse of the series,
the

3. In a telephone system, an automatic

~switch having primary and secondary oper-

ating magnets and a release magnet, a relay
having an armature tor directively control-
Iing said operating magnets, a second ar-

‘mature for the said relay for controlling

the “change over” from one operating
magnet to. the other, and means operative
under the joint control of both of the said

armatures to close and energize the cireunit
“tor the said release magnet. |

4. In a telephone system, a subscriber’s
line, an automatic switch having primary

and secondary operating movements, and

Telease means, means for extending said
lime to said switch, a relay for the said

switch, controlling

76
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switch having a plurality of armatures, one |
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of the ee1d armatures controlling the oper'

ating movements of the said SWlteh a Sec-
chfmﬁ*e '
~over ” from one operating movement to Lhe
other, -the first armature being responsive

armature controlling the

to-short and prolonged unpulses of eurrent,
and the second elmature being responsive

fto only p*olon{)ed impulses of curwnt and

means at the substation for producing short

impulses and pro]elwed 1mpulsee ot cument

whereby the connection to another line may
be established by the said switch. .
5. In a telephone system, a subscriber’s

line, an automatic switch having primary
ing position, a release magnet for the said

and secondary operating moveme n‘Ls and re- |
_seleetm switch to cause it o be restored to

Jease means, means for extending said line
to said sxmtch a relay for the seld switch .
having a plur llltj? of armatures, one of the
said armatures controlling the operating

movements of the said sentch a second ar-

mature contr olling the ** change over " from
one operating mov ement to the other, the

first emmtme being responsive to short and

prolonged impulses of current, and the set-

25 ond armature being responsive to only pro-

“ezated

~ longed impulses of current, means at th

30

35 short 1111pulses of current, whereby connec-

_11011 to the other line may be disestablished.

40 O

e
ot
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leasing

‘substation for producing short impulses emd
prolonged 1mpulses of curr ent, whereby the

¢onnection o another line mey be estab-
releasing

means +or the said switch under the control N

tished by the said switch, and

“of one of the said armatures, the said re-
pi olonoed current flow and rresponsive to
6. In a machine switching telephone sys-

tem, the combination with a “selector, a Stbp—
ping relay associated therewith, a sender for

ope rmmﬂ the same, a release circuit for the

said .Je]eetm} a primary stepping circuit con-

trolled by an armature of the said relay, a
secondary stepping eircuit, a slow acting

armature for the said relay a(:hpted to shift

 the control of the said first named armature

irom the prlmew steppmo circuit to Lh(,
secondary stepping circuit whereby the said
ﬁl st-named armature will on a first series
of impulses control the stepping of the said
selector in o primary dirvection, and at the

end of the said seriles of 1mpulees will be

adapted to control the stepping of said se-
1ee or In a secondary direction.
Tn a switch system for interconnecting

111’1es, a culrent source, a switch for per-
forming operations of i
a eontm]lmﬂ

Fa 't

erent characters,
relay for controlling the
amount of an operation performed by the
said switch, a primary circuit for enabling
the switch to perform one operation, a sec-
ondary circuit for enabling the switch to
puimm another operation, a change over
cirenit for transferring the action “of the
said controlling relay from the primary cir-

“cutt to the secondew circult, a. (,henﬂe -OVer

~of, an of‘

means being operative only on a

1?503:923

electl‘om Ol'leb _lIl the chano‘e OVGI' ClI’Olllt &.

plurehty of armatures for the said control—

ling rvelay, a front contact of one armature
and o back contact of another armature
adapted to be included in said primary and
“secondary cireuits to operate the said
and front contacts of both arma-
tures qdepted to be included in the said

SWltcn

change-over clrcuit to opel*ete the said

(:Z._enoe -over electromagnet.

8. In an automatic telephoﬂe eystem, the

5

combin ation with a selector switch and a

1eet01 switch to assume a conhector select-

connector switch, means to cause the se-

50

its normal position, means to cause the said -

connector switch to assume a line selecting

position, a release magnet to restore the

~ said connector switch to its normal posi- .
tion, and a releasing circuit for the said
selector
winding and normally opened contact there- -
-normal contact of the said selector

switch. release magnet including its

switch, a selector switch wiper, an 2asso-

connector S‘N}tCh GOllL‘th ELIld a Nnor-

o
bl

Gy -

muly opened contact of the. said. connector
switch release magnet, a winding thereof,

and a source of current Wheieby the said
connector switch release magnet and the
said selector switch release magnet will both

remain energized until the se1d eelector N

switch has been 1'eleftsed

9. In a telephone system, . Lelephone hne

an automatic switch accessible -to said lme,

‘means for controlling said switch by im-
| pulses dehveled over the two sides of said

100

line in series, said means including a single

eleetromegnetlc device having armatures,
one of said armatures being responsive to
individual impulses of the series, and the
other being responsive at the close of the se-
ries of 1mpulsee, and a circuit controlling

device for said fSWlteh centrolled jointly by

sald armatures.

10. In a telephone e;ystem TJines divided
into groups, an automatic switch having mo-
tion in one plane to select groups, and mo-

tion in a plane at right angles thereto to

find a line in a selected oroup, means includ-
ing a relay for controlling the operation of
emd switch a single energizing winding for

said relay, means responsive to 1mpulsesf
over the two sides of a line circult in series

for energizing sald winding, means for rap-
1dly 111te1rupt1]:10* sald line clreult to gener-

110

120

ate 1mpulses, means Whereby one of said

‘armatures l‘esponds to said interruptions, -

and means ior maintaining the other of said
armatures in a stationary position during
the transmission of said impulses.

11. In a telephone system, an.incoming

line, outgoing lines, a two motmn switch for
inter connectmn sald incoming line with any
of sald outo*omo lmes, a reley reSponswe to

150
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impulses  transmitted over ‘said incoming
line, said relay having contacts and two ar-
matures operated out of synchronism to con-

trol the same, a magnet for controlling the

movements of said switch, and a circuit for
sald magnet extending serially through con-
tacts controlled by said armatures.

12.In a telephone system, an :incoming
line, outgoing lines, a two motion switch for

Iterconnecting said incoming line with any

~of said outgoing lines, a relay having two

sets of contacts controlled over said incom-
ing. line, one set of contacts being operated
in response to each impulse of a series, and

the other set of contacts being operated in
response to the last impulse of a series, a
magnet for controlling the movements of

- sa1d switch, and a circuit for said magnet

20

extending

- 13. In a telephone system, an incoming
- line, a plurality of outgoing lines, a switch

20

30

35

for extending said incoming line to any of

sald outgoing lines, a relay responsive to

impulses transmitted over said incoming
line, said relay having armatures operating

~out of synchronism, primary and secondary

operating devices for said switch, a circuit
controlling mechanism for causing the oper-

' ation of said devices in proper sequence, re-
leasing mechanism for said switch, and cir-
cuits for said devices, and mechanisms con-
‘trolled at the armatures of said relay.

- 14. In an automatic telephone system, two

subscribers’ stations, an automatic mecha-
nism for establishing connection between
the same involving a calling station and an

~1mpulse transmitter, and means for estab-

4()

~ lishing said connection by 1mpulses from

sald transmitter, a generator circuit nor-

mally disconnected from connected stations,
a relay responsive to interruptions in the

 line circuit, said relay having fast and slow

49

- cuit into the connected line circwit, and an
operating circuit for said circuit controlling
device controlled

50

operating armatures, a- circuit controlling
device for connecting said generator cir-

jointly at the armatures of
sald relay. : '

15. In a telephone Systém, in combina- -

tion with a connector switch, a relay for

controlling the operation of the said switch,

- said relay having a plurality of armatures

in multiple magnetic circuits, a single wind-

> 1ing only for the said relay to energize the

said multiple magnetic circuits, a ecircuit

comprising a source of current and a circuit

60

interrupter for the said winding, means re-
sponsive to the operation of the said ecircuit
1nterrupter to transmit a series of current
- 1mpulses through the winding of the said

~ relay, and circuit connections under the-

 confrol of the said two armatures adapted

65

~ to operate the connector switch in a pri-
" mary manner upon a first operation of the

serially through contacts con-
‘trolled by said "armatures. o

“sponsive oaly

said circuit interrupter and in a secondary

manner upon a second dperation of the said

circult Interrupter. | o
16. In"a telephone system, in combina-
tion with a connector switch, a double arnia-
ture reilay tfor controlling the said switch
in primary and secondary movements, a
single energizing winding for the said re-

lay, a circuit .for the said winding compris-

Ing a source oi current and a circuit inter-
rupter, means responsive to the operation of
the said circuit ‘interrupter to transmit =

‘serles of current impulses through the wind-

ing of the said relay, one of the said arma-
tures being Tesponsive to vibrate substan-
tially in unison with the said current im-
pulses and the other armature being re-
sponsive only to the last current impulse

of the series. o _ o
17. In a telephone system, in combina-

------

tion with a connector switch, a double arma-

ture relay for controlling the said switch

in primary and secondary movements,
single energizing winding for the said re-

lay, a circuit for the said winding compris-
mg a source of current and a circuit in-
terrupter, means responsive to the operation
of the said circuit interrupter to transmit,

a series of current impulses through the
winding of the said relay, one of the said
armatures being responsive to vibrate sub-
stantially in unison with the said current
impulses and the other armature being re-
to the last current impulse
of the series, the said vibrating first arma-
ture controlling the extent of movement of

the said connector switch and the other

armature controlling the character of switch
movement. - | | |

i8. In a telephone system, an automatic
switch having a primary movement to select
groups and a secondary movement to find a
Iine in a selected group, means including
a relay for controlling the operation of the
sald switch, said relay having a pair of
armatures, the operation of one of the said
armatures being sluggish as compared with
the operation of the other armature, the
first armature controlling the extent of pri-
mary and the extent of secondary move-
ment and the other armature operating

between the said primary and the said sec-

ondary switch movements to shift the con-
trol of the first armature over the said
switch so as to cause it upon a subsequent
operation to move in a secondary manner.

19. In an automatic telephone system, the
combination with a connector switch for
making connection with a desired called

telephone line, a primary magnet, a sec-

ondary magnet, a controlling relay for the

sald switch, said relay having a pair of

armatures, a calling Iine adapted to be as-
sociated with the said relay to control the
sald conmnector switch, a commutator for

76
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cessive control of the said

_-the sald eallmg line edepted to produce

successive series of calling line interrup-

‘tions, one of the said armatures being re-

sponsive to each following circuit closme

after each circuit interruption, the other

of the said armatures being responsive only

to the final prolonged closure after each

series of interruptions, and to the act of

assoclating the said callmg line with the

said relay, a distributor switch adapted to

‘operate under the control of the said re-

lay at each operation of the said other
armature, said primary and said secondary

‘magnets bemg adapted to operate the con-

nector switch in a primary and a secondary
manner respectively, each under the suec-
irst armature,
and circuit connections whereby the control
of the said first armature over the primary

- 20 mwnet is seeured by a first operation of

10 o 1,503,928

the said dlstrlbutor sw1teh “and whereby

the control of the sald ﬁrst armature 15

shifted from the said primary magnet to
the secondary
tlon of the said distributor switch.

magnet upon a second 0pe1'*a-__

20. In a telephone exchange eystem an in-

coming line, a switch for extending said
line, primary and secondary stepping mag-
an escape

nets for operating said switch,
magnet for centrolhng the opemtlon of said

30

seeondery stepping magnet, and a relay con-

nected to sald 1ncoming hne, ‘said relev
having contacts in the elrculte of said pri-

mary “and escape magnets, the contact ir -

the circuit of said escape ‘magnet: bemrf_

closed upon energization - of said relay.

In witness Whereof I hereunto ' sub-
seribe my name thls 12th day ef Apml A

D, 1918

FRANK M SLOUGH
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