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The present invention relates to automatic 
telephone systems in general, but is con 
cerned more particularly with improved cir 
cuit arrangements for automatic switches 

is and the principal object is the production of 
new A. improved circuit arrangements, 
whereby automatic switches may be operated 
satisfactorily from lines of more widely dif 
ferent switch controlling characteristics than 

10 heretofore, such as, for example, from long 
lines having high resistance and low capacity 
or leakage and from short lines having low 
resistance and high capacity or leakage. 

It is well known that the controlling arma 
15 ture of the line relay of an automatic switch 

having the conventional circuits, closes the 
circuit of the associated holding or release 
relay when the line relay is energized and 
closes a circuit for the operating magnet and 

20 the associated slow relay when the line relay 
deenergizes. In such circuits, the operating 
circuit is not closed until the armature of the 
line relay comes into engagement with its 
resting contact, and the circuit of the release 

25 relay is not closed until the armature of 
the line relay comes intó engagement with 
its working contact. Consequently, the time 
that elapses while the armature is in mid-posi 
tion is wasted, nothing being done to hold 

so up the release relay of the switch or to main 
tain energized the slow relay of the operating 
circuit. Accordingly it is an object of the 
present invention to overcome this difficulty 
by suitably revising the circuits so that the 

ss circuit of the release relay remains closed 
until the armature of the line relay comes 
into engagement with its resting contact, and 
so that a path is provided whereby sufficient 
current flows through the operating circuit, 

40 until the armature of the line relay has come 
into engagement with its working contact, 
to maintain energized the slow relay of the 
operating circuit. By this arrangement both 
the release relay and the slow relay of the 

45 operating circuit are maintained energized 
independent of the armature of the line relay. 
with either of its contacts. 
Other objects which have to do mainly 

with the circuit details will become apparent 
upon a further perusal of the specification. 

Referring now to the drawings which com 
prise Figs. 1 and 2, and which show by 
means of the usual circuit diagrams a suf 

when said armature is not in engagement 

50 

ficient amount of apparatus for a connection 
from the calling substation. A to the called 
substation A, Fig. 1 shows an automatic sub 
station A, individual line switch C, first se 
lector E, and the repeater. R; and Fig. 2 
shows the selectors F and G, denoted by the 
dotted rectangles bearing those reference 
characters, the connector H, the line switch 
C. and the substation A'. 

55 

60 

The substations A and A’ are of the usual 
automatic type and have the usual talking, 65 
signalling, and switch controlling instru 
mentalities. 
The line switches C and C' in which the 

lines of substations A and A', respectively, 
terminate, are of the well known rotary type 70 

in which the wipers have no normal posi 
tion and move in a forward direction only. 
The selectors E, F and G, and the connec 

tor H are automatic switches of the well 
known vertical and rotary type, each having 
100 sets of contacts arranged in 10 horizontal 
rows or levels. 
The repeater R is provided primarily for 

the purpose of obviating the necessity of 
having three conductors in the associated 
inter-office trunk, and consequently, closes a 
holding circuit for the switch which seizes 
it. This repeater also repeats impulses over 
the associated trunk and relays the reverse 
battery supervision as is the common prac-8 
tice. 
The control circuits of the numerical 

switches shown have been revised so as to 
embody the principles of the invention. 
Otherwise the circuits shown are much the 
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same as prior circuits of the same general 
type. . - 

In order to explain the operation of the 
improved circuits, it will be assumed that 
the subscriber at substation A desires to 
converse with the subscriber at substation 
A'. When the receiver is removed at sub 
station A, line relay 14 of the line switch 
C energizes over the line conductors 11 and 
12 and places ground on private normal con 
ductor 10 at armature 20, thereby rendering 
the line of substation Abusy to the con 
nectors having access to it and closing a cir 
cuit for switching relay 13 and stepping 
magnet 15 in series, and at armature 19 con 
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nects test wiper 22 to the junction of switch 
ing relay 13 and stepping magnet 15. In 
case the trunk upon With the wipers of 
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2 
the line switch are standing is idle, the 
latter operation has no effect and switching 
relay 13 energizes immediately. However, 
assuming the trunk to be busy, Switching 
relay 13 is short circuited by the ground P0 
tential which is present on the test contact 
thereof, and the wipers 21-23, inclusive, 
are advanced step by step in search of all 
idle trunk by the buzzer like action of stepping magnet 15, which operates from 
ground through test wiper 22, which en 
gages the grounded test contacts. When an 
idle trunk is reached, switching relay 18, 
being no longer short circuited energizes 
in series with stepping magnet 15, stepping 
magnet 15 not energizing on account of the 
high resistance of switching relay 18. Upon 
energizing, switching relay 13, opens the test 
circuit and prepares the holding circuit at 
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tively low and, consequently, vertical magnet 

armature 17, thereby placing ground on test 
wiper 22 and making the seized trunk busy, 
and at armatures 16 and 18 disconnects con 
ductors 11 and 12 from the winding of line 
relay 14 and from ground, and extends then 
by way of wipers 21 and 23, conductors 24 
and 26, and armatures 52 and 55 and their 
resting contacts, to the windings of line relay 
35 of the selector E. line relay 35, upon 
energizing, closes a circuit at armature 46 
as follows: from ground by way of the rest 
ing contact of armature 54 of Switching 
relay 39 and said armature, release relay 86, 
armature 46 and its working contact, and 
vertical magnet 40 to battery. Release relay 
36 energizes over this circuit but vertical 
magnet 40 does not energize on account of 
the comparatively high resistance of relay 
36. Release relay 36, upon energizing, opens 
a point in the circuit of release magnet 41 
and prepares a circuit for vertical magnet 
40 at armature 48, and places ground on re 
lease trunk conductor 25 at armature 47, 
thereby closing the usual holding circuit for 
the line switch C before slow acting line 
relay 14 has had time to deemergize. 
The calling subscriber now operates his 

calling device in accordance with the first 
digit in the desired number, whereupon the 
circuit of line relay 35 is opened a corre 
sponding number of times at the calling 
substation. Each time line relay 35 de 
energizes in response to one of the interrup 
tions produced in its circuit, it opens the 
initial circuit of release relay 36 and closes 
the following circuit for vertical magnet 40: 
from ground by way of the resting contact 
of armature 54 and said armature, resting 
contact of armature 46 and said armature, 
armature 48 and its working contact, series 
relay 37, and vertical magnet 40 to battery. 
The resistance of series relay 37 is compara 
40 is energized upon each deenergization of 
line relay 35 and steps the wipers up oppo 
site the desired level of bank contacts in the 
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usual manner. It may be seen that relay 86 
is locked up through armature 48 independ 
ent of the working contact of arnature 46. 
Consequently, it does not start to deenergize 
when armature 46 breaks away from its 
working contact. When arnatire 46 comes 
into engagement with its resting contact, 
relay 36 is short circuited, thereby allowing 
the vertical magnet 40 and series relay 37 
to energize as pointed out previously. Relay 
36 is prevented from falling back immedi 
ately by the retarding effect of its short 
circuito winding, this action being well 
known. When the armature 46 is attracted 
again, the shunt is removed from around 
relay 36, thereby bringing about the deener 
gization of vertical magnet 40. With arma 
ture 46 in mid-position between the contacts, 
relays 36 and 37 are again in series and, 
consequently, both are held up during this 
time, although the adjustment of and the 
number of turns on the relay 37 are, in prac 
tice, usually such that it will not hold up 
indefinitely in series with relay 36, but will 
fall back after a short interval, at which 
time the current ?low through it will have 
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fallen very nearly to a value which is deter- . 
mined by the olhnic resistance of the cir 
cuit. In fact, it is not necessary for arma 
ture 46 to touch its working contact at all 
during the time it is vibrating under the 
control of the calling device. When arma 
ture 46 comes into engagement with its 
working contact, relay 37 is short circuited 
but is prevented from falling back imme 
diately by its short circuited winding. 
From the above, it will be seen that re 

lays 36 and 37 are in series with each other 
and with the vertical magnet 40, and that 
relays 36 and 37 are alternately shunted by 
the line relay 35 in order to bring about 
the operation of vertical magnet 40. 
Upon the energization of series relay 37 

in response to the first impulse of current 
sent to the vertical magnet 40 as pointed out 
above, it closes a circuit for stepping relay 
38 at armature 49, which circuit includes 
the off normal contacts 44, which are closed as soon as the switch shaft is raised from its 
normal position. Stepping relay 38, upon 
energizing, closes a locking circuit for itself 
at armature 50 and at armature 51 prepares 
a circuit for rotary magnet 42. 
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At the end of the vertical movement, ar 
mature 46 comes to rest in an energized con 
dition, and series relay 37, being short cir 
cuited, eventually deenergizes, and at arma 
ture 49 opens the initial circuit of stepping 
relay 38 and completes a circuit for rotary 
magnet 42. Rotary magnet 42, upon ener 
gizing, advances the wipers 56-58, inclu 
sive, into engagement with the first set of 
contacts in the level opposite which they are 
raised and at the end of its stroke opens 
the circuit of stepping relay 38 at inter 
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rupter contacts 45. Relay 38, upon deener 
gizing, opens the circuit of rotary magnet 
42 at armature 51, whereupon rotary magnet 
42 deenergizes and again closes its inter 
rupter contacts 45. In case the trunk ter 
minating in the first set of contacts is idle, 
switching relay 39 energizes in series with 
the stepping relay 38. However, assuming 
the first trunk to be busy, switching relay 
39 is short circuited by the ground poten 
tial which is present on the test contact 
thereof, and stepping relay 38, upon ener 
gizing from the same ground, closes the 
circuit of rotary magnet 42 at armature 51, 
whereupon the wipers are advanced into en 
gagement with the next set of bank con 
tacts. This alternate operation of stepping 
relay 38 and rotary magnet 42 continues un 
til an idle trunk is reached, which trunk it 
will be assumed, is the one extending to the 
repeater R, whereupon switching relay 39, 
being no longer short circuited, energizes in 
series with stepping relay 38 over the foll 
lowing circuit: from ground by way of the 
working contact of armature 47 and said ar 
mature, switching relay 39, interrupter con 
tacts 45, off normal contacts 44, and step 
ping relay 38 to battery. Stepping relay 38, 
however, does not energize at this time on 
account of the high resistance of switching 
relay 39. Switching relay 39 is so adjusted 
that armatures 52 and 55 hreak away from 
their resting contacts immediately, thereby 
disconnecting line relay 35. The armature 
of switching relay 39 is so adjusted that it 
then meets heavy spring tension and hesi 
tates a fraction of a second before pulling 
all the way up. When line relay 35 is dis 
connected. armature 46 falls back and short 
circuits relay 36 so as to make it slow acting 
for a reason that, although it is well known, 
will be pointed out hereinafter. Incidental 
ly, the short circuiting of release relay 36, 
closes the usual circuit for vertical magnet 
40 through series relay 37. Switching relay 
39, however, completes its stroke and opens 
the circuit of vertical magnet 40 and series 
relay 37 at armature 54 before either ver 
tical magnet 40 or relay 37 has had time 
to energize. As a further' result of the com 
plete energization of switching relay 39, it 
opens the test circuit, and prepares the hold 
ing circuit at armature 53, and at arma 
tures 52 and 55 extends line conductors 24 
and 26 by way of wipers 56 and 58, con 
ductors 64 and 66 and the normally closed 
contacts controlled by armatures 73 and 74 
of reversing relay 67 to the windings of line 
relay 68 of the repeater R. Line relay 68, 
upon energizing over the calling subscriber's 
loop, closes a circuit for release relay 69 at 
armature 84 in series with resistance 92. 
Upon energizing, relay 69 prepares a cir 
cuit for relay 70 at armature 79; closes a 
circuit for the lower winding of electro 

3 

polarized relay 71 at armature 78; completes 
a bridge across conductors 86 and 87 at ar 
mature 76; and at armature 77 places ground 
on release trunk conductor 65, thereby estab 
lishing the usual holding circuit for the 
switches C and E before release relay 36 
of selector E, which is slow acting at this 
time on account of being short circuited 
by armature 46 and its resting contact, has 
had time to deenergize. 

70 

75 
The bridge across conductors 86 and 87, 

which was completed at armature 76 of re 
lease relay 69 is as follows: from conductor 
87 by way of arnature 85 of line relay: 68 
and its working contact, right hand wind 
ing of impedance 72, normally closed con 
tacts controlled by armature 75, upper wind 
ing of electropolarized relay 71, resting con 
tact of armature 80 and said amature, and 
armature 76 and its working contact to con 
ductor £6. In response to the closure of this 
bridge, the line and release relays (not 
shown) of the selector F on the distant end 
of the trunk energize and prepare the switch 
for operation in the usual manner. It will 
be noted that current is flowing through 
both the upper and the lower windings of 
electropolarized relay 71 of the repeater R. 
This relay is not energized at this time, how 
ever, for the reason that the current flow 
ing in either winding opposes the current 
flowing in the other. It may be stated also 
at this point that relay 71 is so adjusted that 
it cannot be energized by current flowing 
in either winding alone. 
The calling subscriher now operates his 

calling device in accordance with the second 
digit in the desired number, whereupon line 
relay 68 of the repeater R deenergizes a cor 
responding number of times and upon each 
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OS 
deemergization opens at armature 85 the cir 
cuit of the line relay (not shown) of the se 
lector F in the distant office, whereupon the 
wipers thereof are raised opposite the de 
sired level of contacts after which they are 
automatically rotated to pick out an idle 
third selector, the selector G for example. 
As a further result of each deemergization 
of line relay 68, it, removes the shunt from 
the winding of relay 70 when armature 84 
moves out of engagement with its working 
contact, and short circuits relay 69 when 
armature 84 comes into engagement with its 
resting contact. Relay 69 does not deener 
gize during the series of interruptions, how 
ever, owing to the retarding effect of its 
short circuited winding. Also, relay 70 en 
ergizes as soon as the shunt is removed from 
its windling and remains energized through 
out the series of interruptions, its wind 
ing being short circuited and giving the 
usual retarding effect, each time armature 
84 comes into engagement with its work 
ing contact. Relay 70, upon energizing, dis. 
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connects the upper talking condenser from '' 
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conductor 86 and closes the bridge across 
conductors S6 and 87 by way of a path 
which is exclusive of the upper winding of electropolarized relay 71 and the right hand 
inding of impedance 72 at armature 80, 

thereby improving the impulsing circuit in 
the well known manner. The resistance 91 
is ligh enough to give all the results desired 
by the disconnecting of the upper talking 
condenser but allows enough current to pass 
to hold up the distantline relay while arma 
ture 80 is in mid-position. At the end of the 
series of interruptions, relay 70, being short 
circuited, falls back and restores the bridge 
across conductors 86 and 87 to its original. 
path. 
The calling subscriber now operates his 

calling device in accordance with the third 
digit in the desired number, whereupon the 
selector G. Fig. 2, in the distant office is 
operated in the usual manner to raise its 
wipers opposite the desired level of bank 
contacts. At the end of its vertical move 
ment, the selector G rotates its wipers and 
picks out an idle trunk, which trunk it will 
be assumed, is the one extending to the con 
neetor II. When this occurs line relay 105 
energizes over conductors 101 and 103 and 
closes a circuit for release relay 106 at arma 
ture 117 which circuit includes vertical mag 
net 160. Wertical magnet 160 is not ener 
gized at this time on account of the high re 
sistance of release relay 106. Release relay 
106, upon energizing, prepares a locking cir 
cuit for relays 108 and 111 at armature 120; 
opens a point in the circuit of release mag 
net 161 and prepares a circuit for vertical 
magnet 160 at armature 119; and at arma 
ture 118 places ground on release trunk con 
luctor 102, thereby establishing the usual 
holding circuit for the selectors F and G. 
When the calling subscriber operates his 

calling device for the fourth digit in the 
desired number, line relay 105 deenergizes a 
corresponding number of times. Each time 
armature 117 of line relay 105 breaks away 
from its working contact, the initial circuit 
of release relay 106 is opened. Release relay 
106 however, does not deenergize at this time 
but is maintained energized over a circuit 
which, before the of normal springs have 
shifted, is as follows: from ground by way 
of release relay 106, armature 119 and its 
working contact, contact of of normal 
spring 150 and said spring, series relay 107, 
and vertical magnet 160 to battery. Series 
relay 107, however, does not energize in se 
ries with relay 106 on account of the high 

f 
resistance of the latter. Each time arma 
ture 117 comes into engagement with its 
resting contact, it short circuits release relay 
106, whereupon vertical magnet 160 and 
relay 107 energize in series, release relay 
106 being maintained energized during this 
time by its short circuited winding. Each 
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time armature 117 is attracted, the shunt is 
removed from release relay 106 as soon as 
armature 117 breaks away from its resting 
contact and vertical magnet 160 immediately 
deenergizes. Series relay 107, however, be 
ing adjusted with comparatively weak spring 
tension, is able to remain energized momen 
tarily in series with release relay 106, the 
action being as explained in connection with 
series relay 37 of the selector E. Each time 
armature 117 comes into engagement with 
its working contact, series relay 107 is short 
circuited. It is held up for an interval, 
however, by its short circuited winding and, 
consequently, remains energized throughout 
the series of deemergizations of line relay 
105. By the operation of vertical magnet 
160, the switch wipers 141-143, inclusive, 
are raised opposite the desired level of bank 
contacts. Series relay 107, upon energizing, 
serves to maintain its own circuit and that 
of vertical magnet 160 intact at armature 
121 after the of normal springs have shifted 
as they do upon the first vertical step. At 
the end of the vertical movement, line relay 
105 comes to rest in an energized condition 
and series relay 107, being short circuited, 
deenergizes and at armature 121 shifts the 
operating circuit from the vertical to the 
rotary magnet. 

It may be stated that relay 110 energizes 
in series with rotary magnet 162 when the 
first energizing circuit is closed for vertical 
magnet 160 and retains its armature at 
tracted throughout the vertical movement 
owing to the leakage path to ground through 
relay 106 when armature 119 is attracted. 
The energization of relay 110, however, is 
merely incidental at this time. Rotary mag 
net 162 is not energized at this time, owing 
to the relatively high resistance of relay 110. 
The calling subscriber now operates his 

calling device in accordance with the fifth 
and last digit in the desired number where 
upon the line relay 105 deenergizes a corre 
sponding number of times. Each time ar 
mature 117 breaks away from its working 
contact and before it comes into engagement 
with its resting contact, release relay 106 is 
held up over the following circuit: from 
ground by way of release relay 106, arma 
ture 119 and its working contact, normally 
open contacts controlled by of normal spring 
150, armature 121 and its resting contact, 
resting contact of armature 129 and said 
armature, armature 138 and its resting con 
tact, and rotary magnet 162 to battery. Ro 
tary magnet 162, however, is not energized 
at this time on account of the high resistance 
of relay 106. A branch of this circuit ex 
tends by way of relay 110 and vertical mag 
net 160 to battery. Relay 110 may or may 
not energize over this branch circuit at this 
time, depending on its adjustment. When 
armature 117 comes into engagement with 
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its resting contact, relay 106 is short cir 
cuited whereupon rotary magnet 162 ener 

Also, relay 110 energizes in series. glzes. 
with vertical magnet 160. Vertical magnet 
160, however, is not energized at this time 
on account of the high resistance of relay 
110. Each time. arnature 117 breaks away 
from its resting contact rotary magnet 162 
deenergizes immediately. Relay 110, how 
ever remains energized in series with release 
relay 106. When armat are 117 comes into 
engagement with its working contact, relay 
110 is short circuited but retains its arma 
ture attracted momentarily owing to its 
short circuited winding, and, consequently, 
retains its armature attracted throughout 
the rotary movement. By the operation of 
rotary magnet 162, the switch wipers 
141-143, inclusive, are advanced into en 
gagement with the bank contacts of the line 
of substation A, which are the bank con 
tacts 144-146, inclusive. Relay 110, upon 
energizing, disconnects test wiper 142 from 
the upper winding of switching relay 111 at 
armature 132 and connects it. to busy relay 
109 by way of armattire 137 and its resting 
contact, and at armature 133 places a shunt 
around arnature 129 and its resting contact 
So as to maintain its own circuit and that of 
rotary magnet 162 intact independent of 
busy relay 109, which relay is energized in 
case test wiper 142 encounters grounded 
test contacts. - 

Assuming that the line of substation A 
is busy, in which case test contact 145 is 
grounded, busy relay 109 energizes when 
test wiper 142 arrives upon test contact 
145; opens a point in the operating circuit 
at armature 129; and at armature 127 dis 
connects release trunk conductor 102 from 
the upper winding of switching relay 111, 
at the same time preparing a locking circuit 

working contact, allows enough ringing cur for itself. Under these conditions, relay 
110, upon deenergizing, disconnects itself 

5 and rotary magnet 162 at armature 133, and 
at the normally closed contacts controlled 
by armature 132 completes the locking cir 
cuit of busy relay 109 from release trunk 
conductor 102. Busy relay 109 remains 
locked up until the connection is released, 
thereby maintaining the busy lead in en 
gagement with the lower talking conductor 
at armature i30 so as to give the calling 
subscriber the busy tone. The calling sub 
scriber upon hearing the busy tone knows 
that he cannot obtain the desired connec 
tion for the time being and replaces his re 
ceiver, whereupon the connection releases 
in the usual manner. 
Assuming now that the line of substation 

A is idle when called as described herein 
before, busy relay 109 is not energized when 
the wipers of the switch come into engage 
ment with the contacts of the called line, 
and relay 110, upon deemergizing, discon 
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nects test wiper 142 from busy relay 109 
and connects it to the upper winding of 
switching relay 111 at armature 132, there 
by closing the following circuit: from 
ground by way of the working contact of 
armature 118 and said armature, armature 
127 and its resting contact, upper windin 
of Switching relay 111, resting contacto 
almature 132 and said armature, test wiper 
142, test contact 145, switching relay 147 of 
the line switch. C', and stepping magnet 148 
to battery. Switching relays 147 and 111 
energize in series over this circuit and 
Switching relay 147 disconnects the conduc 
tors of the called line from the winding of 
the associated line relay and from ground 
but, owing to the usual mechanical inter 
locking levice (not shown), does not operate 
its armature far enough to connect up the 
wipers of the line switch. 

In the connector H, switching relay 111 
upon energizing, closes a locking circuit for 
itself at its lightly adjusted armature 136; 
places direct ground on test wiper 142 at 
armature 135; places ground on the lead ex 
tending to the motor of the ringing machine 
by way of armature 125 and its resting con 
tact at armature 139 thereby starting the 
ringing machine in operation; disconnects 
busy relay 109 from the contacts of relay 110 
at armature 137; disconnects rotary magnet 
162 at armature 138 so as to prevent a false 
operation of said magnet 162 when the sub 
Scriber replaces his receiver; and at arma 
tures 134 and 140 connects up line wipers 
141 and 143 whereupon ringing current is 
intermittently projected out over the lower 
talking conductor to the substation and re 
turns over the upper talking conductor and 
the upper winding of ring cut off relay 108. 
The small condenser 128 which is bridged 
around amature -122 of relay i08 and its 
rent to leak back to give the calling sub 
scriber an audible indication that the called 
subscriber's bell is being rung. 
When the called subscriber responds to 

the ringing of his bell by removing his re 
ceiver, a direct current bridge is closed 
across the conductors of his line, whereupon 
ring cut off relay 108 energizes and closes a 
locking circuit for itself at its lightly ad 
justed armature 124, places a shunt around 
the upper winding of switching relay 111 at 
armature 123, thereby connecting release 
trunk conductor 102 with test wiper 142; 
disconnects ground from the lead extendin 
to the motor of the ringing machine an 
closes a circuit for the supervisory lamp L. 
through armature 116, and its resting con 
tact at armature 125, and at armatures 122 
and 126 disconnects the wipers 141 and 143 
from its own upper winding and the ring 
ing lead, respectively, and extends them to 
the windings of back bridge relay 104. Back 
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bridge relay 104, upon energizing, over the 
called subscriber's loop, opens the circuit of 
the supervisory lamp L at armature 116, at 
the same time closing a locking circuit for 
relays 108 and 111 independent of armature 
120 of release relay 106; opens a point in 
the circuit of release magnet 161 and pre 
pares a circuit for the supervisory lamp L' 
at armature 115; connects up the upper 
winding of ring cut off relay 108 to the op 
erating circuit at armature 112 for a reason 
which will be explained hereinafter; and at 
armatures 113 and 114 reverses the connec 
tion of line relay 105 to conductors 101 and 
103 so as to reverse the current flow in the 
loop extending back to the repeater R. 
In the repeater R, electropolarized relay 

71 responds to the reversal of current flow 
caused by the energization of back bridge 
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relay 104 of the connector H by energizing. 
Upon energizing, relay 71 places a shunt 
around armature 85 and its working con 
tact at armature 83, places a shunt around 
armature 80 and its resting contact at arma 
ture 81, and at armature 82 closes a circuit 
for reversing relay 67. Reversing relay 67 
upon energizing, reverses the direction of 
current flow in the calling line at armatures 
73 and 74. This, however, does not have 
any particular function, at this time but is 
used in certain cases to operate meters and 
the like. As a further result of the energi 
zation of relay 67 it includes the left hand 
winding of impedance 72 in the bridge 
across conductors 86 and 87 at armature 75. 
This is the well known expedient used to 
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improve the talking circuit. 
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The calling and called subscribers may 
now converse with each other as desired, 
talking battery being supplied to the call 
ing substation by line relay 68 of the re 
peater R, and talking battery being sup 
plied to the called substation by back bridge 
relay 104 of the connector H. 
When the conversation is finished the two 

subscribers replace their receivers. When 
the receiver is replaced at substation A, the 
circuit of back bridge relay 104 is opened. 
Upon deenergizing, relay 104 opens a point 
in the circuit of supervisory lamp L and 
prepares a circuit for release magnet 161 at 
armature 115; closes a circuit for supervi 
sory lamp L at armature 116; disconnects 
the upper winding of relay 108 from the op 
erating circuit at armature 112; and at ar 
matures 113 and 114 reverses the cirrent 
flow in the conductors 101 and 103 to nor 
mal. . When this occurs, polarized relay 71 
in the repeater R deenergizes and opens the 
circuit of reversing relay 67, whereupon the 
current flow in the calling line is reversed to 
normal. 
When the receiver is replaced at substa 

tion A, the circuit of line relay 68 of the 
repeater R is opened. Line relay 68, upon 
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deenergizing, opens the circuit of the line re 
lay 105 of the connector H at armature 85 
and at armature 84 short circuits release re 
lay 69. Incidentally, relay 70 energizes 
upon the deenergization of line relay 68 but 
this does not have any particular function 
at this time. Release relay 69, upon de 
energizing, opens the circuit of the lower 
winding of electropolarized relay 71 at 
arillature 78; opens the circuit of relay 
70 at armature 79, whereupon relay 70 
deemergizes; and at armature 77 removes 
ground from release trunk conductor 65 
whereupon switching relays 13 and 39 of the 
line switch C and the selector E, respective 
ly, (leenergize. Switching relay 39 of the se 
lector E, upon deenergizing, closes a circuit 
for release magnet 41 as follows: from 
ground by way of the resting contact of ar 
nature 54 and said armature, resting con 
tact of armature 46 and said armature, ar 
mature 48 and its resting contact, of normal 
contacts 43, and release magnet 41 to bat 
tery. Release magnet 41, upon energizing, 
restores the selector E to normal in the usual 
Juannel', the circuit of release magnet 41 be 
ing opened at off normal contacts 43 by the 
Switch shaft when the latter reaches normal 
position. 

ln the connector H, line relay 105, upon de 
energizing in response to the opening of its 
circuit by the line relay of the repeater R, 
short circuits release relay 106 at armature 
117, whereupon relay 110 energizes and dis 
connects release trunk conductor 102 from 
test wiper 142 at armatures 131 and 132. 
Release relay 106, upon deemergizing, opens 
the locking circuit of relays 108 and 111 at 
armature 120, whereupon said relays 108 and 
111 deenergize; removes ground from re 
lease trunk conductor 102 at armature, 118, 
whereupon the selectors F and G are restored 
to normal in the usual manner; and at arma 
ture 119 opens the circuit of relay 110 and 
closes the following circuit for release mag 
net 161: from ground by way of the resting 
contact of armature 117 and said armature, 
armature 119 and its resting contact, arma 
ture 115 and its resting contact, off normal 
contacts 149, and release magnet 161 to bat 
tery. Release magnet 161, upon energizing, 
restores the shaft. and wipers of the con 
nector H to normal position in the usual 

e. 

In order to explain the function of cer 
tain circuit arrangements of the connector H 
and the repeater R not brought out fully in 
the foregoing description, it will be assumed 
that the subscriber at substation A' does not 
replace his receiver immediately at the end 
of the conversation as was assumed in the 
foregoing. That being the case, when the 
subscriber at substation A replaces his re 
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ergizes as before and short circuits release 30 
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tacts, a circuit for said changeover relay 
closed at said back contacts, and a third 
circuit controlled by said release relay and 
including said release and changeover re 
lays in series. 

13. In an automatic switch, a line relay 
having front and back contacts, a release 
relay, a changeover control relay, a cir 
cuit for said release relay closed at said 
front contacts, a circuit for said changeover 
relay closed at said back contacts, and an 
operating magnet for said switch included 
in both of said circuits. 

14. In an automatic switch, a line relay 
having front and back contacts, a release re 
lay, a changeover control relay, a circuit 
for said release relay closed at said front 
contacts, a circuit for said changeover relay 
closed at said back contacts, said release 
relay having a relatively high resistance, and 
an operating magnet for said switch in 
cluded in both said circuits but responsive 
only to the closure of the said second circuit. 

15. In an automatic switch, primary and 
secondary operating magnets, each operat 
ing magnet having one of its terminals con 
nected to the exchange battery, a line relay 
for controlling said magnets, and an auxil 
iary controlling relay normally connected to 
the other terminals of both of said magnets. 

16. In an automatic switch, primary and 
secondary operating magnets, a line relay 
for controlling said magnets, a relay adapt 
ed to remain energized during the operation 
of said secondary magnet, and a circuit for 
said relay including said primary magnet. 

17. In an automatic switch, primary and 
secondary operating magnets, a line relay 
for controlling said magnets, a relay adapt 
ed to remain energized during the operation 
of said primary magnet, a third relay adapt 
ed to remain energized during the operation 
of said secondary magnet, and circuits for 
said second and third relays including said 
primary magnet. 

18. In an automatic switch, a line relay, a 
release relay, front contacts on said line re 
lay, for initially energizing said release re 
lay, means for maintaining said release relay 
energized independent of said front contacts, 
and back contacts on said line relay for 
shunting said release relay to deenergize the 
Sae. . . - 

19. In an automatic switch, a line relay, 
a release relay, front contacts on said line 

o relay for energizing said release relay, a 
locking circuit for said release relay, and 
back contacts on said line relay for shunting 
said release relay to render said locking cir 
cuit ineffective. 

20. In an automatic switch, a line relay, a 
release relay, an armature spring on Said line 
relay having front and back contacts, an 
initial energizing circuit for said release re 
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lay closed at said front contact, contacts on 
said release relay for closing a self locking 
circuit, and a shunt circuit for said release 
relay closed at said back contact. 

21. In an automatic switch, a line relay, 
a release relay, an operating magnet, a cir 
cuit including said release relay and said 
magnet, said magnet being non-responsive 
due to the resistance of the release relay, and 
a pair of contacts on said line relay for short 
circuiting said release relay to operate said 
magnet. 

22. In an automatic switch, a line relay, 
a change-over control relay, a circuit includ 
ing said change-over control relay, a release 
relay in said circuit having a sufficiently 
high resistance to prevent the operation of 
said change-over relay, and contacts on said. 
line relay for shunting said release relay 
to permit the operation of said change-over 
control relay. 

23. In an automatic switch, a line relay, primary and secondary operating magnets, a 
second relay controlling the secondary mag 
net, a circuit including said second relay and 
said primary magnet, a release relay also in 
cluded in said circuit and having a sufficient 
ly high resistance to prevent the operation. of the second relay and the primary mag 
net, and contacts controlled by said line re 
lay for shunting said release relay to oper 
ate said second relay and said primary mag 
net. 

24. In an automatic switch, a line relay, a 
release relay, a change-over relay, shunt and 
energizing circuits for said release and 
change-over relays, and contacts on said line 
relay for closing and opening all said cir 
cuits. 

25. In an automatic switch, a line relay, 
a release relay, a change-over relay, shunt 
and energizing circuits for said release and 
change-over relays, front contacts on said 
line relay for closing the shunt circuit of the 
change-over relay and the energizing circuit 
of the release relay, and back contacts on 
said line relay for closing the shunt circuit 
of the release relay and the energizing cir 
cuit o' the change-over relay. 

26. In combination, an operating magnet, 
a high resistance relay and a low resistance 
relay connected in series with said magnet, 
the magnet being operative when connected 
in series with the low resistance relay and 
inoperative when connected in series with 
the high resistance relay, and means for 
alternately shunting said relays. 

27. In an automatic switch, an operating 
stepping magnet, a release relay and a 
change-over relay, means for alternately 
connecting said magnet in series first with 
one and then with the other of said relays, 
said magnet being operative when connected 
in series with one of said relays and inop 
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erative when connected in series with the 
other of said relays. 

28. In an automatic switch, an operating 
stepping magnet, a high resistance relay, 
and a low resistance relay, means for alter 
nately connecting said magnet in series first 
with one and then with the other of said 
relays, and means for maintaining one of 
said relays shunted when the magnet is con 
nected in series with the other relay. 

29. In an automatic switch, an operating 
stepping magnet, a high resistance relay 
connected in series there with, a low resist 
ance relay, and means for periodically short 
circuiting the high resistance relay and si 
multaneously therewith connecting the low 
resistance relay in series with the operating 
magnet. 

30. In combination, a line relay, a release 
relay and a third relay, an operating mag 
net, means controlled by the line relay for 
establishing a series circuit for said two 
relays, means controlled by the line relay for 

said release relay and si 
multaneously therewith establishing an op 
erating circuit for said magnet, the connec 
tions being such that the release relay is 
always in a closed circuit during the opera 
tion of the line relay, and means partly con 
trolled by the third relay for rendering the 
line relay ineffective to operate the magnet. 

31. In an automatic switch, a line relay. 
a release relay, means controlled by the line 
relay for establishing an operating circuit 
for the release relay, means controlled by 
the release relay for establishing a locking 
circuit for itself, and means controlled by 
the line relay for rapidly repeatedly short 
circuiting the release relay, the duration of 
the short circuit being less than the time re 
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quired for the release relay to fall back due 
to the short circuit. 

32. In an automatic switch, a line relay, 
a release relay, an armature spring on said 
line relay having a normal position and an 
operated position, an initial energizing cir 
cuit for said release relay closed by said 
armature spring in one of said positions, 
means for establishing a locking circuit for 
said release relay, and a shunt circuit for 
said release relay established by said arma 
ture spring in its other position. 

33. In an automatic switch, an incoming 
line, a line relay responsive to two groups 
of digit impulses received over the line for 
controlling the operation of the switch a 
primary magnet controlled by the line relay 
responsive to the first group of impulses. a 
secondary magnet controlled by the line re 
lay responsive to the second group of im 
pulses, a change-over relay connected in 
series with the primary magnet for switch 
ing the control circuit from the primary 
magnet to the secondary magnet, and cir 
cuit connections controlled by the line relay 
during the primary operation of the switch 
for short circuiting the change-over relay 
during each impulse of the first group of 
impulses, the duration of the short circuit 
being less than the time required for the 
change-over relay to release, whereby the 
change-over relay is maintained operated to 
prevent the control circuit being switched to 
the secondary magnet during the primary 
operation of the switch. 

In witness whereof. I hereunto subscribe 
my name this 11th day of August, A. D. 
1922. 

RUDOLPH. F. STEHLIK. 
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