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To alt whom tt may: concern: 
Be it known that 1, Frank M. Snoven, a 

citizen of the United: States, and residing at 
Rochester, in the county of Monroe and 

5 State of New York, have invented certain 
new and useful Improvements in’ Telephone 
Switching Systems,-of which the following 
is.a full, clear, concise, and. exact: deserip- 
tion. ; 

10 This invention relates to telephone switeh-. 
ing systems, and: more particularly to a form 
of telephone. switching: system particularly 
applicable to. subscriber or so-called. auto- 
matic telephone systems, in. which the cen- 

15 tral. office line interconnecting. apparatus: is 
controlled by current. impulses delivered 
over the two sides of the line in series, and 
acting. through the medium of the so-called. 
fast and slow relays to control the selector 

20 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 

25 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 interrup- 
tion of the line circuit. At the same time 

30 impulses are sent to a slow relay which ener- 
gizes at the first impulse and retains ‘its 
armature in its operated position during a 
series of impulses. At the end of the series 
of impulses, the slow relay retracts.its arma- 

35 ture thereby completing a circuit, whereby 
the switch wipers are stepped ordinarily by 
a secondary operating magnet to automati- 
cally select an idle line of a group first se- 
lected by the primary switch operating 

40 magnet. 
The above refers more particularly to 

what are known as selector switches, and in 
the operation of connector -switches a simi- 
lar organism is. used to control.a so-called 

45 side switch, the side switch being advanced 
after a series of impulses to local connector 
switch circuits to suitably control the sec- 
ondary movement of the connector switch 
in preparation for the next series of im- 

50 pulses-to move the secondary switch wipers 
to_a. line connecting position. 

Tn the system of my invention I propose 
to acconiplish the switching function; where- 
by. the seléctor switch is controlled. in its 

primary or secondary movements, or where- 
by connector switches are controlled in their 
primary and secondary movements by the 
use of a single relay of unitary structure 
having two armatures, the one of which is 
responsive to the short impulses of current 
passing through the winding of the relay, 
and the other of which can only operate on 
a current impulse continuing for a prede- 
termined length of time. Such a relay as is 
described and claimed in my application, 
Serial No. .135,636, filed December 7, 1916, 
is: capable of such a use. Other relays which 
may be made to perform in a way suitable 
to the requirements of the present invention 
are the Ghegan type of relays which’ are 
very commonly used in the art. of teleg- 
raphy, according to the well-known Ghegan 
two-way repeater system. , 
Tt is an object of my invention to simplify 

the wiring and operation of selector and 
connector switches of automatic exchanges 
by the use of such a relay to control their 
operation to simplify the wiring, the space 
occupied, and to make the operation more 
positive. , 

Other objects of my invention and the in- 
vention itself will be appatent as the de- 
scription thereof. progresses. 
Referring to the drawing accompanying 

this specification, at A, I show a calling sub- 
station instrument having a subscriber’s 
switch a, the usual talking apparatus illus- 
trated in the conventional way, and a con- 
ventional representation of a subseriber’s 
line circuit interrupter, or commutator of 
the usual type, the circuit of the line being 
extended to the central office switching ap- 
paratus by line conductors 1 and 2. Certain 
parts of the central office switching appa- 
ratus as are not necessary to a full under- 
standing of my invention are omitted as, for 
instance, the line finder switch mechanism 
containing the switch wipers 3, and. line con- 
tacts 4. It is understood that. these switch 
wipers and contacts will be brought into 
association in any desired manner. 7 is the 
impulse relay by means of which the actuat- 
ing impulses are transmitted to the stepping 
magnets of the first selector switch, with 
which it is associated. 

If the present invention were employed 
in a semi-automatic instead of a full auto- 
matic system, the stepping relay 7 would be 
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operated by the central operator’s sending 
device instead of impulses transmitted from 
the calling subscriber’s station. The side 
switch employed in illustrating the present 
invention is of such a nature that it moves 
its wipers upon the energization of its actu- 
ating magnet. A side switch operating in 
such a manner is disclosed in an application 
of Oscar F. Forsberg, Serial No. 6302, filed 
Feby. 5th, 1915, Patent No. 1,252,490, Janu- 
ary 8, 1918. The side switch herein dis- 
closed is moved from position 1 to position 
2 upon the first, energization of its controll- 
Ing escape magnet, from position 2 to posi- 

5 tion 8 upon the second energization thereof 
and from position 3 to position 4 upon the 
third energization of its 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 in connection with the selector 
circuit herein illustrated has only four posi- 
tions. 

In connection with the selector switch of 
my invention, at PM I show a primary step-. 
ping magnet therefor, adapted to step the 
selector 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. 
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 is shown at RL, adapted when 
operated by a prolonged impulsé of current 
to restore the selector switch mechanism to 
its normal un-operated position. At Ese 
is shown an escape magnet adapted upon its 
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 
a relay having two armatures, each of which 
is adapted to be operated ina 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 S, the two-armature relay being 
shown at 15, the release magnet at RL?, the 
impulse relay at 16, the primary stepping 
magnet at PS, and the secondary stepping 
magnet at SS in the connector switch. The 
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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 
of the side switch wipers 17, 18, 19, 20, 21 
and 22 is shown at Esc?. The called sub- 
scriber’s telephone is shown at B, and is con- 
nected by line conductors 23 and 24 to the 
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 
magnet individual to the calling subscrib- 
er’s line. At 80 is shown a ringing genera- 
tor arid adapted to be connected through the 
circuits of the connector switch, to the 
called subscriber’s line at a suitable point 
in the operation of the circuit. A busy sig- 
nal interrupter is shown at 31. 

The operation of the above-mentioned ap- 
paratus and other apparatus not mentioned, 
will be made clear from a description of the 
operation of the circuits’ involved when a 
connection is established between the calling 
subscriber’s station A and the called. sub- 
seriber’s station B. Upon the subscriber at 
A making a call, we will assume that the 
calling line has been by suitable means, such 
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 
subscriber’s impulse relay 7, and the central 
office source of current 32, which. current 
flowing through the windings of the impulse 
relay and over the telephone line to the sub- 
scriber’s instrument, will cause the impulse 
relay 7. to attract its armature which closes 
contacts 83 and opens contacts 34. The clos- | 
ing of the contacts 33 causes the operation 
of 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- 
ture 14 being, as has been mentioned, a slow 
acting armature. After these armatures are 
operated, a circuit is completed including 

_the central office source of current for the 
escape magnet Esc 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 
is functioned to operate to advance the se- 
lector switch wipers 85, 36 and 87 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- 
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pulse relay 7 a ‘predetermined number 
of times which may be a variable num- 
ber depending upon the will of the sub- 
scriber.. Upon the first breaking of the line 
circuit and the consequent first. de-energiza-: 
tion of the impulse relay 7, the contacts 38 
in the civeuit of the two-armature relay 12 
will be opened, and, the contacts 34 momen- 
tarily closed. The side switch wiper 10. be- 
ing in second position however, the closing 
of the contacts 34 at this time will be func- 
tionless. The opening. of the contacts 33, 
however, for a very brief interval will cause 
the armatures 13 and 14 to be momentarily: 

‘ vestored to their normal position. 
Following the brief de- energization of the 

relay. 7, by the first breaking of the line cir- 
cuit by the subscriber’s circuit interrupter 

“J, there will be a momentary closure of 
auf) 
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the line circuit by: the. continued. operation 
of the subscriber’s interrupter J,* during 
which momentary closure the fast armature 
18 of the relay 12. will-be operated, but 
the time of cloware will, not’ be long enough 
‘to permit the closure of the armature 14, 
so that momentarily there will be a cirenit, 
completed including the normally -opened 
contacts 40 of the armature 13 and the nor- 
mally closed contacts 39 of the armature 14, 
the’ irenit also including the second. . posi- 
tion contacts of the side switch wiper 10 
and the second position contacts of the side 
switch wiper 9, together with the primary 
stepping magnet PM and the central office 
source of current. Current from. the said 
source momentarily -flowing over this cir- 
cuit, will cause a momentary actuation of 
the primary stepping magnet PM to ad- 
vance the wipers 35, 36.and ‘BT of the selector 
‘switch 8, one step. 

Following the first actuation of the pri- 
mary stepping magnet PM) the off-normal 
contacts 41 and 42 of the selector switch ’S 
will be closed to condition the selector switch 

“release magnet RL, and to condition the 
escape magnet’ Ese ‘respectively for opera- 
tion. The subscriber may make’ only the 
single interruption of the line circuit to 
select the first level of selector switch con- 
tacts, or, the circuit interruptions may con- 
tinue until more than one circuit interrup- 
tion has been made... In this description we 
will assume that a plurality of circuit inter- 
ruptions are made in rapid succession, so: 
that between the circuit interruptions there 
will be short energizations.of the two-arma- 
ture relay 12 under the control of the im- 
pulse relay 7, and that at each energization 
by the cirenit which has been traced the 
primary stepping magnet PM will be actu- 
ated ‘to advance the selector switch wipers 
a step. None of the energizations except 
the last. one, however, will continue long 
enough to cause the operation of the second 
armature 14 of ‘the relay 12. Upon the 

last energization which is prolonged, how- 
ever, the ‘armature 14 will be operated, caus- 
ing the escape magnet to be again actuated. 
The cireuit for the escape magnet at this 
time includes the central office source of 
current, the winding of the escape magnet, 
the second position contacts of the side 
switch wiper 11, the off-normal contacts 41 
of the selector switch and the normally 
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 switch wipers of 
the first selector switch to be advanced into 
their third position. At this time it will 
be noted that the release magnet RL is 
caused to be very slow acting, so > that it will 
only operate on a prolonged flow of cur- 
rent. and on such short closures of this cir- 
cult. as may be caused by the short inter- 
ruptions of the line circuit under the con- 
trol of the subscriber as previously —de- 
scribed, will not cause it ‘to operate even 
though’ at such times its circuit: may be com- 
pleted through the momentary closure of 
the contacts 44 of the relay 12, . 
When the side switch wipers 9 and 10 

attain their third position as described, a 
circuit is closed for the secondary stepping 
magnet SM including its own, normal con- 
tacts 45, the central office source of current 
and the third position contacts of the switch 
wipers 9 and 10, so that the switch wipers 
reaching the third position as has been de- 
scribed, “the secondary stepping magnet will 
operate, and breaking its own circuit. will 
automatically release which will close its 
cireuit, and the actuation continuing it will 
intermittently be actuated and released a 
number of times until the selector switch 
wipers 85, 36 and 38% have made contact 
with a non-busy connector switch circuit. 
This is determined when the selector switch 
wiper 87 encounters a contact which is con- 
nected to the ground pole of the central 
office source of current inder the control of 
apparatus in the idle connector circuit, the 
presence or absence of such a ground indi- 
cating the idle or busy condition of the 
associated connector circuit. 
We will assume that the connector circuit 

C is such an idle connector circuit. The 
contact 46 is connected to ground to indi- 
cate such an idle condition thr ough normal 
contacts 47 of the release magnet RL?, 
and through the first position contacts of 
the connector side switch wiper 19 and 
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 Ese to 
the negative pole of the central office source 
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_-of current. Current from this source flow- 
> ing through the escape magnet will actuate 

- the same to attract its armatures, closing 

contacts 52 and opening the contacts 58, 
and in addition will allow the side switch 
wipers 5, 6, 8, 9, 10 and 11 to be advanced 
into their fourth or last operative positions. 
When so advanced, connection is made be- 

. tween the talking conductors 1 and 2 of 
10 the calling line and the selector switch 

wipers 35 and 36, the connection extending 
through the fourth position contacts of se- 
lector side switch 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- 
20 storing its armatures to normal position. 

The stepping. magnet for the selector 
switch is also left out of operative. circuit 
due to the fact that this circuit includes 

-only third position contacts of the side 
25 switch wiper 10 which is now advanced to 

its fourth position. 
Means are provided consisting in part-of 

the contacts 52 of the escape magnet to pro- 
--vide for the continued closure of its circuit 

30 

35 

during the last-named operation for a brief 
interval, or until the associated apparatus 
involved has attained its full operated posi- 
tion. Thus, the escape magnet Ese may 

shave its cireuit continued through the 
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 release magnet. RL*, first position 
‘40 
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contacts of the connector side switch wiper 

19, and normal contacts 51 of the connector 

switch two-armature relay 15. As soon as 

the line circuit, 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 switch. 

Current from the central office source will 
flow through the windings of the impulse 

relay 16 and over the line circuit of the 
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. The two-arma- 

ture relay 15 is constructed and operates in 

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

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- 
eration of the two-armature relay 15 at this - 
time is sufficiently, long continued after the 
first series of impulses have been sent by the 
subscriber and before the second series of 
impulses have been sent by the subscriber, 
to permit the operation of both armatures 
of the relay 15, which will thereupon close 
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 
the connector switch and the escape magnet 
Esc? to the. negative. pole of battery, thus 
causing the operation of the last-named 
escape magnet. The connector escape mag- 
net Esc? being operated, will cause the side 
switch wipers 17, 18, 19, 20, 21 and 22 to 
advance from their first or normal position 
of rest to their second position which is 
their first: operative position. In this sec- 
ond position the circuit extending back to 
the contact 46 of the selector switch is 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 

known number to vibrate the fast armature 
59 of the two-armature relay 15, the slow 
armature 60 thereof during the sending of 
these impulses remaining in its normal posi- 
tion. Upon the first. interruption of the line 
circuit by the subscriber, the slow operating 
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 
second position contacts of the side switch, 
wiper 20 for the primary stepping magnet 
PS of the connector switch, the cireuit: in- 

cluding the winding of the primary stepping 
magnet, the central office source of current, 
the second position contacts of side switch 
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 connector 
switch’ wipers 27, 28 and 62 from one level . 
to another level of connector switch contact 
banks. 

It may be seen that at the time through 
normal contacts 51 of the vibrating arma- 
ture 59, that the circuit of the release mag- 
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net RL? is closed’ for very brief: intervals, 
but this release magnet is made so: that it 
is slow operating, that is, sluggish of move- 
ment, and it will not respond to impulses of 

‘At the end_of the first series of impulses, 
the conhéctor switch wipers will lave been” 
advariced a certain number ‘of steps depend- 
Ing upon the variable or. prédétermined ‘op- 
eration of the ‘subscriber’s instrtiment ‘inter- 
tupter, and the operation by the subscriber 
ending, the last impulse ‘will be continued by 
a prolonged impulse lasting until the next 
operation of the ‘subscriber’s ‘circuit inter- 
rupter I. Upon this prolonged impulse, the 
slow acting armiature will -be also ‘attracted, 
and a circuit will be coripleted incliding the 
second position contacts of the side switch - 
wiper 21 for ‘the escape’ magnet Esc? of the 
connector switch, said ciréiit. including nor- 
nally opened contacts 57 and 58 of the relay 
15, off-normal ‘contacts 63, the ‘said second 
position contacts of the side switch wiper 21, 
the winding of the escape magnet Esc”, and 
the central office source of current, which 
source will cause the operation of the said 
escape magnet to catise the side switch wipers 
17, 18, 19, 20, 21 and 22 to’ be advanced ‘into 
their third position.’ When the side switch 
wiper 20 is‘advanced into third position, the 
‘secondary stepping’ magnet SS ‘is substituted 
into the circuit for the primary stepping 

‘The subscriber again operating his circuit 
interrupter, will cause the immediate retrac- 
‘tion of the armature 60 where it will remain 
throughout the following series of impulses, 
andthe armature-59 will be vibrated with ~ 
the impulses as before described, to cause ‘at 
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 secoidary steppins nido- ey a t 

net SS being intermittently actuated, will 
step the connector ‘switch wipers 27, 28 and. 
62 from one set’ of. line ‘contacts’ to ‘another 
set of line contacts in the level. previously 
selected. When the subscriber *predeter- 
mined number of impulses in this series has 
been sent, the connector switch wipers will 
be resting upon the line contacts 25, 26 and 
65. of the called-for line. The last. sub- 
scriber sent impulse -will be a prolonged or 
‘continued. impulse, so that both armatures 
‘of the relay 15 willbe again operated, the 
slow acting armature 60 responding ‘only 
after a short period of time. 

' If the called-for line‘is not busy, this fact 
will be indicated. by the presence or absence 
of a direct connection to the ‘ground. pole’ of 
‘battery leading to the contact 65 of. the 
‘called ‘for Tine. Otherwise there would only 
“be connected to this contact 65, the negative 

S 

pole of the source of current leading to its 
contact 65, through the winding of the local 
‘line magnet 29 for the calling line. For the 

il ‘thoment we will consider ‘that’ the called-for 
such short duration as would be caused by ~ 
the rapid intermittent closures-of the con- 
‘tacts 5l’at this time. re 

line is busy and that in'a'mannér which will 
be later. desctibed in detail, the ground pole 
‘of the 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 
therétipon 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. 
This relay 67 will be thereby prevented from 
establishing a short circuit about the wind- 
ing 68, by the operation of the contact 69 
of the relay 67 and ‘the ‘contact 69 therefore 
reindining open, the relay 68 will remain’ un- 
shunted by the'said contacts. 

A circuit is completed for the relay 68 
upon the full operation of the slow acting 
armature 60 of the relay 15,'the circuit being 
traced from the ground pole of battery 
through the normally openéd. contacts 57 
and 58 of the relay 15, through the now 
closéd 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 magnet 
Hise? to the negative pole of ‘the source of 
current... The winding of the velay'68 is of 
a very high resistance containing a large 
number of tuins of very fine’ wire, so that 
the cutrent flowing over this circuit will be 
limited. in value to prevent’ the operation 
of the escape magiiet’ Esc, which requires a 
relatively. large amount of current to Op- 
erate. ‘The high resistance relay 68; how- 
ever, by virtue of its adjustment aid ‘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 
source of current through the ‘said inter- 
rupter and a winding of the induction ‘coil 
‘1. The current. flowing through ‘the said 
winding will ‘indice a ciirrent in’ the’ sec- 1 . . . a b ee. 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 72 
of the relay 67, the condenser 73, now closed 
contacts 74 of the relay 68, citcuit conductor 
75 which is connected to the line conductor 
2 of the calling line, through the: selector 
switch contacts 35—54 and fourth position 
contacts of the selector side switch ‘wiper 5 
and the associated line finder contacts 8-—4, 
the circuit being completed through’ the sub- 
scriber’s telephone and ‘returning: through 
the line conductor’ 1, which is extended 
through the line finder contacts 4~-3, fourth 
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wiper 6, selector switch contacts 86—55, re- 
turning to ground through the windings 16 
and 7 $ of the relay 16 and the battery “feed 
coil 78. This cunient flowing over thy eall- 
ing subseriber’s line. and through his instru- 
‘ment, will. produce a characteristic tone in 
the calling subscriber’s receiver, 

. the busy- tone. ‘The calling subseriber heari ing 
this tone will know that the called-for. line 

known ‘as 

is 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. connections in- 

5 volved being later described in this nar- 
rative. 
Assuming now that the called-for line is 

not busy, there will be no ground connected 
to the contact 65 of the called-for line and 
-eurrent from the central office source of cur- 
rent will flow through the local magnet 29 
ofthe called line, through the connector 
switch contacts 62—65 and thr ough the third 
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 to disso- 
ciate the calling, or line finder apparatus, 
trom the circuit of the line in any suitable 
manner, such dissociation. being well under- 
stood. The operation of the relay 67 will 
produce a short circuit about the relay 68 by 
virtue of the shunting contact 69, now closed, 
and the operation of the relay 68 will -be 

35 prevented. The escape magnet Esc’, will 
now be operated over a circuit including the | 
central office. source: of current, the third 
position contacts of the side switch wiper 21, 
the contact 69 of the relay 67, the off- normal 
contacts 70 of the connector switch, and the 
now closed contacts 58 and 57 of ‘the two- 

Current from the said 
source will operate the escape magnet Bsc’, 
to cause it to advance the connector side 

switch wipe rs 17 to 22 inclusive, into their 
fourth position. The side switch wiper 22 

_connects the ground pole of the source of 
current to the contacts 65 of the called-line 
through the connector switch wiper 62, thus 

0 to produce the busy condition of the con- 
tacts 65 which are understood to be multi- 
pled to like contacts 65. of other connector 
switches, this being well understood in the 
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art. The presence of this ground will pre- 
vent the intrusion of other calling lines into: 
the connection: 

The side switch wiper 20 advancing mto 
its fourth position, will dissociate the sec- 
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 circuit for 
the ringing generator 30, the said cireuit m- 
eluding the signal bell 79 of the called-for 
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line subscriber. This circuit is traced as 
follows. From the ground pole of battery 
through the fourth position contacts of. the 
side switch wiper.18, through the now closed 
connector switch contacts 28—26, the line - 
conductor 24 of the called. line, signal bell 
79, condenser 80, the line conductor 23, con- 
nector switeh contacts 2(—25, fourth. posi- 
tion contacts of the side switch wiper 17, the 
winding of the ringing trip relay 81, the 
resistance lamp 82, the circuit being alter- 
nately completed by the rotation of the in- 
terrupter Y to the negative pole of the 
source of. current, through the resistance coil 
83, or depending upon “the position of the 
rotating interrupter Y, through the ringing 
gener rator 30, to the negative pole ‘of the 
source of current. The. ringing generator 
30 will project. ringing current. over the line 
intermittently until the called-for subscriber 
responds... Upon the response of the called- 
for subscriber, current from the central office 
source of direct current will flow over the 
circuit through the responding. subscriber’s 
transmitter and through the trip relay 81, to 9 
cause the operation of the said trip relay. 
This trip relay thereupon closes-its contacts 
85, which will complete a circuit for. the 
escape magnet Esc’, this circuit being traced 
from the negative pole of the source of cur- 
rent thr ough the winding of the escape mag- 
net, the fourth position contacts of the con- 
nector side switch wiper 21, the now closed 
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. Current from this source 
will operate the escape magnet Esc?, to cause 
the connector side switch wipers: 17—22, in- 
clusive, to advance. from their fourth to 
fifth, or ultimate operative position. In 
this “ultimate operative position, the side 
switch wipers 17 and 18 will complete a. 
talking circuit extending between the talk-: 
ing conductors 1 and 2 “of the calling line 
to: the talking conductors 23—24. of the 
called line, so that the subscribers may now 
converse, talking battery being supplied for 
the calling line through the windings :of 
the relay 16, and for the called line through 
the windings of the battery feed coil 78, the 
talking circuit extending through condensers 
86 and 87. 

By the opening of the fourth position 
contacts of the side ‘switch wipers "Yr and 
18, the ringing circuit is interrupted. The. 
side. switch - wiper 22 passing from. fourth to 
fifth position continues the: connection to 
eround to the test contact. 65 of the called 
line. The circuit. of the escape magnet is 
interrupted by the passing of the side 
switch wiper 21 from position 4 to. position 
5... The subscribers. now being in conver- 
sational circuit will converse, and upon. -re- 
tiring, the calling subscriber will open the 
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circuit of his line by opening the contact a 
at his instrument, thereby releasing the 
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serially connected relay 16 which will open 
its contacts 56 in the circuit of the two- 
armature relay 15. This causes the: dis- 
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 
to 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. RL? being 
established fora sufficiently long and pre- 
determined period, the sluggish release 
magnet RL? will have time to operate its 
armatures to cause the release of the selector 
switch, together with its associated side 
switch wipers and line connecting wipers, 
the means for doing this being well known 
and understood in the art to which this in- 
vention appertains. 

The operation of the release magnet RL? 
‘is continued until all of the apparatus is 
fully restored to hormal by virtue of the 
locking circuit, consisting of contacts 90 of 
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 posi- ' 
tion, so that the release magnet RL?, until 
this occurs, causes the release mechanism to 
remain fully actuated.. At the same time 
the release magnet RL for ‘the selector 
switch is operated, the circuit for operating 
the release magnet RL of the selector switch 
being traced from the ground pole of 
battery through the second winding 95,. now 
closed contacts 92 of the connector switch’ 
release magnet RL?, selector switch. contacts 
37-46, normally. closed contacts 53 of the 
escape magnet Ese of the selector switch, 
fourth position contacts of selector . side 
switch wipers 9 and 10, and the winding of 
the selector release magnet RLi 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 magnet. in-’ 
cluding contacts 96 of the magnet RL, off- 
normal contacts 42 of the selector switch, 
the circuit leading therefrom directly 
through the selector switch contacts 37—46, 
and now made contacts 92 of the connector 
switch, release magnet, through the winding 
95 thereof, 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 
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the serially included winding 95 of the eqn- 
nector switch release magnet is to provide 
for the continued operation of this magnet. 
insuring continued closure of the contacts 
92 in the circuit of selector switch release 
magnet switch, until the selector switch 
mechanism as well as the connector switch 
mechanism has been restored to normal. 
Thus, a positive restoral of all of the ap- 
paratus of the connector and selector 
switches is provided. When the side switch 
wipers 9 and 10 of the selector switch have 
been restored to normal position, a, circuit 
is 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 
switch release magnet. not shown but well 
understood in the art. 
What I claim is:— | 
1. In a telephone system, a line, an auto- 

matic switch accessible to said line, and 
taeans for controlling the said switch by 
impulses clelivered over the two sides of the 
said 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 us 
relay responsive only to the final impulse 
of the series, and steering means for the 
said switch controlled jointly by the said 
first and second armatures. 

2. In a telephone system, a line, an auto- 
matic switch accessible to said: line, switch 
wipers for the said switch, controlling 
means for the said switch wipers, means for 
controling the movements of the said 
switch by impulses delivered over the two 
sides of the said line in series, said means 
including 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, 
said controlling means being under the 
joint control of the said armatures. 

3. In a telephone system, an automatic 
switch having primary and secondary oper- 
iting magnets and a release magnet, a relay 
having an armature for divectively control- 
ling 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 circuit 
for the said release magnet. 

4. Ina telephone system, a subscriber’s 
line, an automatic switch having primary 
and secondary operating movements, and 
releise means, means for extending said 
line. to. said switch, a relay for the said 
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of the said armatures controlling the oper- 
ating movements of the said switch, a sec- 
ond armature controlling the “change 
over” from one operating. movement to the 
other, the first armature being responsive 
to-short and prolonged impulses of current, 
and the second armature being responsive 
to only prolonged impulses of current, and 
means at the substation for producing short 
impulses and prolonged impulses of current, 
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 | 
and secondary operating movements, and re- 
lease means, means for extending said line 
to said switch, a relay for the said switch . 
having a plurality of armatures, one of the 
said armatures controlling the operating 
movements of the said switch, a second ar- 
mature controlling the “ change over ” from 
one operating movement to the other, the 
first armature being responsive to short and 
prolonged impuises of current, and the set- 
ond armature being responsive to only pro- 
longed impulses of current, means at the 
substation for producing short impulses and 
prolonged impulses of current, whereby the 
connection to another line may be estab- 
lished .by the said switch, and_ releasing 
means ‘for the said switch under the control 
of one of the said armatures, the said re- 
leasing means being operative only on a 
prolonged current flow and irresponsive to 
short impulses of current, whereby connec- 

tion to the other line may be disestablished. 
6. In a machine switching telephone, sys- 

tem, the combination with a selector, a step- 
ping relay associated therewith, a sender for 
operating the same, a release circuit for the 
said selector, a primary stepping circuit con- 
trolled by an armature of the said relay, a 
secondary stepping circuit, a slow acting 
armature for the said relay adapted to shiit 
the control of the said first named armature 
from the primary stepping circuit to the 
secondary stepping circuit whereby the said 
first-named. armature will on a first series 
of impulses control the stepping of the said 
selector in a primary direction, and at the 
end of the said series of impulses will be 
adapted to control the stepping of said se- 
lector in a secondary direction. 

7. In a switch system for interconnecting 
lines, a current source, a switch for per- 
forming operations of different characters, 
a controlling 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 
perform another operation, a change over 
circuit for transferring the action of the 
said controlling relay from the primary cir- 
cuit to the secondary circuit, a change-over 
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electromagnet in the change-over circuit, a 
plurality of armatures for the said control- 
ling relay, a front contact of one armature 
and a back contact of another armature 
adapted to be included in said primary and 
secondary circuits to operate the said 
switch, and front. contacts of both arma- 

.tures adapted to be included in the said 
change-over circuit to operate the said 
change-over electromagnet. 

8. In-an automatic telephone system, the 
combination with a selector switch and a 
connector switch, means to cause the se- 
lector switch to assume a-connector select- 
ing position, a release magnet for the said 
selector switch to cause it to be restored to 
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. switch release magnet including its 
winding and normally opened contact. there- 

_of, an off-normal contact-of the said selector 
switch, a selector switch wiper, an asso- 

-eiated connector switch contact and a nor- 
mally opened contact of the. said: connector 
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switch release magnet, a winding thereof, © 
and a source of current whereby the. said 
connector switch release magnet and’ the 
aid selector switch release magnet will both 
remain energized until the said selector 
switch has been released. 

9. Ina telephone system, a telephone line, 
an automatic switch accessible.to said line, 
means for controlling: said switch by im- 
pulses delivered over the two sides of said 
line in series, said. means including a single 
electromagnetic 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 impulses, and a circuit controlling 
device for said switch controlled jointly by 
said armatures. 

10. In a telephone system, lines 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 group, means includ- 
ing arelay for controllmg the operation of 
said switch a.single energizing winding for 
said relay, means responsive to impulses 
over the two. sides of a line circuit in series 
for energizing said winding, means for rap- 
idly interrupting said line circuit to gener- 
ate impulses, means whereby one of said 
armatures responds to said interruptions, 
and means for 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 motion switch for 
interconnecting said incoming line with any 
of said outgoing lines, a relay responsive to 
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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 
said 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 
interconnecting 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 
said’ switch, and a circuit for said magnet 
extending serially through contacts ‘con- 
trolled: by said “armatures. 

13. In a telephone system, an incoming 
line, a plurality of outgoing lines, a switch 
for extending said incoming line to any of 
said 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 
impulse transmitter, and means for estab- 
lishing said connection by impulses from 
said 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 
operating armatures, a. circuit controlling 
device for connecting said generator cir- 
ewit into the connected line circuit, and an 
operating circuit for said circuit controlling 
device controlled jointly at the armatures of 
said relay. 

15. In a telephone system, 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- 
ing only for the said relay to energize the 
said multiple magnetic circuits, a circuit 
comprising a source of current and a circuit 

interrupter for the said winding, means re- 
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sponsive to the operation of the said circuit 
interrupter to transmit a series of current 
impulses through the. winding of the said 
relay, and circuit connections under the 
control of the said two armatures adapted 
to operate the connector switch in a pri- 
mary manner upon a first. operation of the 

=) 

said circuit interrupter and in a secondary 
manner upon a second operation of the-said 
elrewit mterrupter. 

16. Ina telephone system, in combina- 
tion with a connector switch, a double arnia- 
ture relay for 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 of current and a cireuit inter- 
rupter, means 'responsive to the operation of 
the said circuit ‘interrupter to transmit a 
series of current impulses through the wind- 
ing of the'said relay, one of the said arma- 
tures being responsive 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. oS a 

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, a 
single energizing winding for the said re- 
lay, a circuit for the said winding compris- 
ing 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- 
sponsive only 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. 

18. In a telephone system, an automatic 
switch having a primary movement to select 
groups and a secondary movement to find a 
line in a selected group, means including 
a relay for controlling the operation of the 
said switch, said relay having a pair of 
armatures, the cperation 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 
said switch, said relay having a pair of 
armatures, a calling line adapted to be as- 
sociated with the said relay to control the 
said connector switch, a commutator for 
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the™ said’ calling line adapted to produce 
successive series of calling line interrup- 
tions, one of the said armatures being re- 
sponsive to each following circuit closure 
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 
associating the said calling 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 being adapted to operate the con- 
nector switch in a primary and a secondary 

_ manner respectively, each under the suc- 
cessive control of the said first armature, 
and circuit connections whereby the control 
of the said first armature over the primary 

20 magnet is secured by a first operation of 
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the said distributor switch, and whereby 
the control of the said first armature -is 
shifted. from the said primary. magnet to 
the secondary 
tion of the said distributor switch. 

20. In a telephone exchange system, an in- 
coming line, a switch for extending said 
line, primary and secondary stepping mag- 
nets for operating said switch, an escape 
magnet for. controlling the operation of said 
secondary stepping magnet, and.a relay con- 
nected to. said incoming ‘line, ‘said relay 
having contacts in the circuits of said pri- 

magnet upon a second opera- 
> 25 

30 - 

mary “and escape magnets, the contact in - 
the circuit of said escape magnet being 
closed upon energization of said relay. 

In’ witness whereof, I hereunto — sub- 
scribe my name this 19th day of April, A. 
D. 1918. 

FRANK M. SLOUGH. 
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