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'UNITED STATES PATENT OFFICE.

FRITZ LUBBERGER, OF CHICAGO, ILLINOIS, ASSIGNOR, BY MESNE ASSIGNMENTS, TO
) * AUTOMATIC ELECTRIC CQ., A CORPORATION OF ILLINOIS.

AUTOMATIC TELEPHONE AND SUPERVISORY SYSTEM.

1,196,876,

Specification of Letters Pateit: . Patented Sept. 5,1916.
o . i

- Application filed November 30, 1907, Serial No. 404,536

To oll whom it may concern: )

~ Be it known that I, Frirz LUBBERGER, 2
subject of the Emperor of Germany, and
resident of Chicago, Cook county, Illinois,
have invented a certain new and useful Im-
provement in - Automatic Telephone and
Supervisory  Systems, of which the follow-
ing is a specification.

My invention relates to automatic tele-
phone systems in- general, but more partic-
ularly to-automatic telephone systems in
which electrically-propelled and step-by-
step automatic switches are employed, such
as selectors and connectors, and especially
to systems of this kind in which the auto-
matic exchange apparatus is distributed be-
tween a main or central station and one or
more sub-central or outlying stations. )

_The principal object of my invention is
the provision of improved means for en-
abling the attendant at the main or central

station to automatically be signaled in case

of trouble at any one of the sub-central or
outlying stations. :

It is also an object to provide an arrange-
ment by which different kinds of trouble at
the sub-central or outlying stations will pro-
duce different kinds of signals at the main or
central station, whereby the attendant may
not only readily locate the station at which

the trouble had developed, but may also

know immediately the character of such

trouble. _

Another object is to provide improved
means by which the attendant at the main
or central station may at will test the appa-
ratus, or certain portions thereof, at the sub-
central or outlying stations. o

To the foregoing and other useful ends,
my invention consists in matters hereinafter
get forth and claimed. ‘

In the accompanying drawings Figure 1
shows in a general way the relative location
of the different switches employed in -the
district system in connection with which I
have elected to explain my invention. - As
shown in this figure, the large circles repre-
sent the district or sub-central stations. As
shown at the top of the figure the 2200 sub-
central comprises line switches C” and con-
nector switches H. - At A’ there are repre-
sented the subscribers’ stations.

Furst and .
second selectors are provided in the central
_exchange for trunking and are divided into
thousand groups. The one-thousand-group-

is indicated at the left of the central portion;
those allotted to the two-thousand-group are
represented in the center; while the selector
switches of the three-thousand-group are
represented at the right. In each group the
first-selector switches are at the left (as the
first-selector D), and the second-selector
switches at the right. »

Fig. 2 represents diagrammatically a sub-
scriber’s substation A and its allotted line

switch C, the master switch E for control-

ling the line switches of the group of which
C is a member; and a battery B, having its
positive terminal preferably grounded at G,
for operating the apparatus. At the left of
the diagram there is shown the sub-central
supervisory equipment and apparatus, which

'is one of the important features of my in-

60
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vention, and with which each sub-central of -

Fig. 1 1s equipped.

In Fig. 3 is shown diagrammatically one
of the first-selector switches D and one.of
the second-selector switches ¥, both of the
general type of selector disclosed in United
States Patent No. 815,321, granted "March
18, 1906, to Keith, Erickson and Erickson,
which, as stated, are located in the main cen-

75

tral office. Also, a battery B is shown which: :
may be located at the main central station.”

Fig. 4 shows diagrammatically one of the
connector switches H of the general type
disclosed in United States Patent No.
815,176, granted March 13, 1906, to Keith,
Erickson and Erickson, but modified some-
what to adapt. it to common battery. work.

At C’ there is shown a line switch allotted

to the line of substation A’, which is the

.same as line switch C.:The battery B. is
‘also shown. - It will be understood that -with

a main central battery, separate leads or
conductors will extend to each sub-central;

but for convenience I have shown a battery .

at each sub-central station, as.well as one

-at the main central station. , .
Figs. 2, 3 and 4 taken together represent

diagrammatically the switching apparatus

86
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involved in establishing a -connection be- -

tween a subscriber of the sub-central #5000,

for example, and a subscriber of the #2200
sub-central. S 4 :
Fig. 5 is a diagrammatic view of the line
switch C and the master switch E.
Fig. 6 is a detail view showing the con-
struction of the master switch- bank O.

Figs. 7, 8, 9, 10, 11, 12 and 13 are detail
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views showing the various positions of the
substation impulse springs.

It will be understood’ that the first-selec-
tors, second-selectors and connectors are em-
ployed upon a percentage basis—that is, in
an automatic exchange of ten-thousand ca-
pacity a somewhat common arrangement is
to divide the subsecribers and their allotted
line switches into grouss of one-hundred

each. Then to each group of line switches -
‘there is allotted a group of first-selectors,

usually ten in number, making one-thousand
first-selectors in a ten-thousand system.

" Furthermore, the second-selector switches
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- ticular line.

-current; and master switch trouble.

are arranged in suitable groups with regard
to the first-selector banks, and the connectors
are also arranged in suitable groups with re-
gard to the second-selector banks.

In a district system it is, «of course, de-
sirable to provide supervisory means where-
by the main exchange attendant may be
kept informed at all times of the condition

.of the sub-central equipment. As has been

shewn by practice, there ate various troubles
“which arise at a sub-central station that ef-
fect its suceessful operation more or less. Tt

.is desirable, of course, that these troubles be

known to the main exchange attendant as
soon as they occur, in order that he may act
accordingly. Seme of the troubles which
arise at a sub-central station are of a very
serious character, since they affect all of the
subscribers allotted to a sub-central, while
others are minor and affect only one par-
Of the former class—that is,
‘those which may be termed the serious—are
‘the following: the blowing of the main
fuse; the blowing of the fuse which pro-
vides the bridge-cut-off rvelays with battery
The
occurrence of any one of the above men-
tioned troubles would seriously impair the
service of a whole group of subscribers.
These serious troubles are indicated to the
main exchange attendant by the glowing of

4 red lamp. The minor troubles—that is,

those which do not affect the whole sub-cen-
tral, but only one line—are as follows: the
blowing of a line fuse; and the blowing of a
trunk-line fuse. The blowing of either of
these fuses affects only one line and is indi-
cated to the main exchange attendant by the
glowing of a white light. Thus, the main
exchange attendant is not only informed of
the trouble at a sub-central, but is also able
to tell whether or not the trouble is serious
and demands immediate attention,

The substations may be of any suitable or
approved. type.  Those in connection with

‘which I have elected to explain my inven-

tion comprise, as shown at substation A, a

receiver 2, a switch-hook 38 for controlling

the substation circuits, which controllig,
operations are accomplished through the
medium of any suitable means, such as the

cam-arms 4, 5 and 6. As the switch-hook is
lowered the cam-arm 5 momentarily presses
the release springs 7, 8 and 9 into erngage-
ment, whereby the substation Iine conductors
may be grounded simultaneously. When the
switch-hook is dowrn the cam-arm 6 main-
tains a contact between the springs 10 and
11, thereby bridging the ringer 12 in series
with the condenser 13 across the line! The
substation is provided with a grounded cir-
cuit which is normally broken between the
so-called ground springs 14 and 15 by the
cam-arm 4; but when said springs are to-
gether, ground is provided to the ground
post_16 and to the release spring 7, as is
usually the ease in telephones of this type.
The said substation comprises the usual
transmitter 17, and the induction-coil 18

‘having the primary winding 19 and sec-

ondary winding 20. Being an automatic
substation it is provided with the usual ver-
tical and rotary impulse springs 21 and 29.
For operating the impulse springs 21 and 22
the substation is provided with an impulse
wheel 33 that is secured to the shaft 30.
Thi, impulse whee! carries on its periphery

the so-called - vertical impulse teeth 24 and

one rotary impulse tooth 29. The vertical
impulse spring is provided with an oblique
projection or lug 23 (Fig. 7) on its under
side, with which the vertical impulse teeth
24 are adapted to engage for intermittently
driving the spring 21 onto the ground post
16. The rotary impulse spring 22 is pro-
vided with a somewhat similar mechanism,
whereby the rotary impulse spring may be
driven onto the ground post once when the

dial is rotated 1n one direction, and once

when rotated in the opposite direction. The
said rotary impulse spring 22 has on its
under side a V-shaped member 25 having
two sides ¢ and d, and there is in addition
an auxiliary spring 26 which works in con-
junction with the V-shaped member.

Asg shown more clearly in Fig. 7, the
auxiliary spring 26 is provided with a lower
curved part 27 having the vear section e
curving outwardly, as shown in Figs. 7,8
and 9. The front section 28 of the said
member 27 is designed to fall just below the
apex of the V-shaped member 25, so tha%l
when the rotary impulse tooth 29 1s move(
in the direction indicated by the arrow in
Fig. 8, it will pass onto the curved member

27, thus pressing the rotary impulse spring i

22 onto the ground post 16 for a compara-
tively long time, as shown in Tig. 9, thereby
sending a comparatively longimpulseto the
line, As the impulse wheel advances, the
vertical impulse teeth 24 approach the lug 23
of the vertical impulse spring 21 (Fig. 9),
and .eventually the first tooth that meets the
lug 23 cleurs the said lug, as shown in Fig.
10, bub net until after the rotary impulse
tooth 29 clears the curved member 27.
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the impulse wheel continues to advance. in

* the direction indicated by the arrow in Fig.

16

15

‘20

10, the succeeding impulse tooth will clear
the projection 23, as shown in Fig. 11. Then
when the impulse wheel is released, first the
vertical impulse spring 21 is carried into en-
gagement with the ground post 16 twice by
the vertical teeth previonsly cleared, as in-

- dicated in Fig. 12; but as the impulse wheel

nears its normal position the rotary impulse
tooth 29 passes under the curved member 27
of ‘the auxiliary spring 26 (Fig. 11), engag-
ing the V-shaped member 25 directly and
for a short time-only, sending the ordinary
impulse to the line through the medium of
the rotary impulse spring 22; after which
the.said member 27 is cleared, as shown in
Fig. 8, as the impulse wheel reaches its nor-

- mal position. .

The operations, as thus described, are re-

““peated each time that the dial is turned, and
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the. number of impulses produced through,
the medium of the vertical impulse spring

are accurately and definitely determined at-

each operation of the dial. “Said substation

‘s, of course, provided with a dial (not

shown) which 1s secured to the shaft 30, to-

‘gether with the locking: dog 81. Further-
ore, there is a locking cam 82:that locks

the dog 81, while the receiver is on the
switch:-hook, to prevent: a rotation of the
dial. The said impulse teeth 24 and 29 are

so arranged that when the dial is drawn

down the rotary impulse spring 92 is pressed
into contact with the ground post 16 while
the impulse spring 21 is not carried into con-
tact with the said ground post; but as the
dial returns, first the vertical teeth 24 en-
gage the vertical impulse spring 21, and
after they have completed their work the ro-

tary impulse tooth 29 operates the rotary

impulse spring 22." In this operation the
subscriber’s rotary line conductor 85 is given
a -so-called preliminary impulse, and the
vertical line conductor 84 is given a number
of ground impulses, and then the rotary line
conductor 85 is given another ground im-
pulse. Tt will be seen that the construction
1s such that as long as the dial is out of
normal position the dog 81 permits the pri-
mary circuit springs 36 and 87 to separate,
thus preventing the impulses that are de-
livered to either line conductor from passing
to the other. The means whereby a sub-

scriber may signal.a called subscriber com--

prises the push-button 88 which, when
pressed, carries the spring 39 out of engage-
ment with the contact point 40 and into
engagement with the contact point 41,
whereby the vertical line conductor 84 is
grounded. The line switch C (Tig. 5) com-
prises a plunger 42, plunger arm 43, trip
magnet 44 and switch-release magnet 45, all

- of which are assembled upon a suitable base

or frame not shown. The said switch-re-

o

lease magnet is provided with an armature

46 that 1s pivoted on a pin 47 which rises
from the base of the switch. The said arma-
ture carries pivotally secured on its end
a second armature 48 that is controlled b
the trip magnet 44. The pin 49 about which
the armature 48 mbves is carried on the end

Yy 10

of the armature 46. The plunger 492 is

pivotally secured by the pin 50 to thé
plunger arm 43, which latter is in turn
pivoted to a pin 51 that rises from the
switch frame (not shown). Lo

The lug 52 may be stamped from the
frame and is provided as a stop for the
armature 46. Upon the armature 48 is se-
cured the catch 53 which is adapted to nor-

43.
provided with a bank of terminals, usually
ten in number but only one of which is
shown at Q (Fig. 5).
is shown twisted from its true position with
respect to the swing of the plunger 42, and
the bushing 62 is correspondingly turned,

all for 'the purpose of making the illustra--

78

80

‘mally engage the end 54 of the plunger arm
Furthermore, the said line switch is

85

The said terminal Q -

90

tion clearer. The terminal Q comprises the
springs 63 and 64, 65 and 66, 67 and 68, and -

69 and 70. These springs are normally dis-
connected from each other, but are driven
into contact in the above-mentioned order
when the plungér 42 engages the terminal

Q. When the plunger 42 disengages from

the bank terminal Q) the said plunger may

-take one of two positions in relation to the

plunger shaft 60—that is, the plunger may
refurn to locking or sliding engagement
with the shaft 60. When the plunger 42
is in locked engagement with the plunger
shaft 60 the notch 61 is in engagement with
the flange or web of the shaft 60, and when

An sliding engagement the hub rests in the -

position shown by the dotted lines in Fig.
5—that is, when the plunger shaft is oper-
ated the plunger 42 is mot carried along
with the locked plungers, but remains in the
dotted position, the plunger shaft sliding
upon the edge 59. 4 C
The general operation of the switch is as
follows: The trip magnet 44 is energized by
the preliminary impulse, and the armature

48 is attracted against the magnet cores.

When the armature 48 is attracted the catch
53 slides out of contact with the end 54 of
the plunger arm 43, and the said plunger
arm 43, owing to the tension ofthe spring

95

100

Y05

116
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120

58, moves about the pin 51 and thrusts the

plunger 42 into the bank terminal Q, as
shown in Fig. 5; and when the trip magnet
again deénergizes, the trip armature 48
falls against the end of the plunger arm 43,
as shown. Furthermore, when the line
switch operates, and the plunger 42 is thrust
into the bank terminal Q, the shaft 60 is

advanced one step, as will be explained, to -

carry the remaining_plungers opposite the
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next idle trunk-line. The switch is restored
when the release magnet 45 becomes ener-
gized, whereby the armature 46 is attracted,
and accordingly the trip armature 48 is
moved upwardly until the catch 53 slides
over the end 54; then when the release mag-
net 45 becomes deénergized the armature
46 returns to normal position and remains
at rest against the stop 52, furthermore,

since the plunger arm 43 is now in engage-

ment with the armature 48, the said plunger
arm is also moved about the pin 51, whereby
the plunger 42 is moved from the terminal
Q. "Also, since the plunger shaft has ad-
vanced one step, the hub 59 of the plunger
49 comes to rest in the position shown by the
dotted line in Fig. 5, in sliding engagement
with the plunger shaft 60; and as the said
plunger shaft advances each time an idle
trunk is seized, the plunger 42 is not ad-
vanced, but remains in this position oppo-
site the trunk terminal from which it last
disengaged, since the slot 61 is not in en-
gagement with the plunger shaft 60. After
all the trunk-lines have been successively
seized, the shaft 60 then passes from its last
position and moves toward the starting
point, picking up the plunger 42 when the
web of the said shaft, over which the slot 61

normally rides, arrives at the position at

which the plunger 42 was originally re-
leased—that is, the plunger passes into
locked engagement with the shaft when the
slot 61 slips over the web of said shaft.
From thence on the plunger 42 is carried in
locked engagement by the shaft 60 until
it is again released when another call is
made. But if, after the plunger is released,
and before the shaft 60 returns to pick up
said plunger, the switch C is again oper-
ated, the plunger 42 again engages the same
terminal Q. The bridge-cut-off relay 55 is
provided for controlling the springs 56, 57,
562 and 57 and, upon energizing, operates
to shift the spring 56 from the spring 56° to
the spring 57. When the spring 56 is thus
operated the springs 56* and 57* also disen-
gage. '

The master switch B, which may be of
any suitable or approved type, is provided
for operating the plunger shaft 60 and for
controlling certain circuits that will be dis-
closed hereinafter. It comprises the fFol-
lowing details: A motor magnet 71 for op-
erating the ratchet wheel 72, which latter is
designed for operating the plunger shaft 60
threagh the medium of the cam 74, and a

differential relay 78 for controlling the ener-

gizing circuit of the motor magnet 71. The
said master switch also bas a bank O com-
prising a plurality of individual contact
segments ¢ and a common metallic segment

75, as shown in Fig. 5. The wiper 76 is

adapted to remain in constant engagement
with the bank O, and to maintain at all

1,106,876

times, except when the wiper is passing from

the extreme left contact 77 to the extreme
right contact 78, some one of the segmenis
@ in electrical connection with the common
segment 75. As shown in Fig. 6, the indi-
vidual segments @ are separated from the
common segment by the insulating strip 79.
The spring 80 is provided in order that when
the wiper 76 passes to the last contact point
77, then on the nexi step the wiper is car-
ried to the contact 78 on the extreme right,
and the upper part of the wiper 76 slides
on the guide spring 80, thus preventing the
wiper from placing any of the individual
segments « in contact with the common seg-
ment 75, as otherwise some interference
might be caused with the master switch.
The wiper 76 is operated in a step-by-step
manner by the ratchet wheel 72, through
the medium of the cam member 74 rigidly
secured to the said wiper 76 and adapted to
successively engage the pins 81, 82, 83 and
84 upon the said ratchet wheel 72. The mo-
tor magnet 71 is provided with an armature
85 upon the end of which there is suitably
secured a pawl 86. Each time that the said
magnet is energized the armature 85 is at-
tracted against the magnet cores, and the
pawl 86 engages the next lower tooth on the
ratchet wheel 72; then when the magnet de-
energizes, the pawl 86 engages the ratchet
wheel 72, advancing the latter one step. It
will be seen, therefore, that as the ratchet
wheel 72 advances in a clockwise direction,
the wiper 76 advances step by step from
right to left; and when the pin 81, for ex-
ample, clears the cam 74 the retracting
spring 87 restores the wiper 76 to its first
position at the right of the bank and in en-
gagement with the first segment 78. The
said motor magnet is provided with a cou-
ple of interrupter springs 88 and 89
that are included in the energizing cir-
cuit of the said motor magnet, which ener-
gizing circuit also comprises the springs 90
and 91 controlled by the differential relay
78. Therefore, whenever the differential
relay is energized the springs 90 and 91 are
pressed into contact, and the motor magnet
71 operates step by step as long as the differ-
ential relay 78 remains energized.: Fur-
thermore, it is assumed that the terminal Q
of the line switch C is the first terminal of
the line switch bank. While in normal lock-
ing engagement with the shaft 60 the plun-
ger 42 is retained in front of said terminal
by the plunger shaft 60 whenever the mas-
ter switch wiper 76 is in engagement with
the bank segment 78; but as the motor mag-
net 71 advances the wiper 76 onto the sec-

ond segment 92, the said plunger and all

idle plungers similarly engaging the shaft
60 are carried opposite the next terminal of
the line switch bank. It should be noted
that in each switch bank all of the springs
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63 are permanently connected and may be
made of one common piece; the springs 64,
however, are individual—that is, there is
one_separate and distinct spring for every
bank set Q, there being ten in the bank.
The springs 65, 67, 68 and 69, like the

* springs 63, are also common, and the springs
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70 and 66, like the springs 64, are individual.
For every bank terminal Q there is a trunk-

- line of three conductors 93, 94 and 95 lead-

ing to a selector, and there is also a normal
trunk-line comprising the conductors 96, 97
-and 98 leading to the connector banks. The
subscriber’s line conductors 34 and 35 ter-
minate in the springs 63 and 65 which, as
has been stated, are common springs. When
the subscriber operates the line switch C

_and the planger 42 engages the terminal Q

the subscriber’s line conductors 84 and -85
are extended to the vertical and rotary
trunk conductors 93 and 94, thence to the.
switch D. L

The mechanical details of the first-selector
are, in general, well known, involving a
vertical magnet 99 and a rotary magnet 100,
a release magnet 101 and a private magnet
102. The said private magnet 102, of course,
controls the side switch wipers 103, 104, 105
and 106, the said private magnet also con-
trolling the circuit of the vertical magnet
99 in the usual manner by means of the

springs 107 and 108; but not the circuit of-
the felease magnet, for the release magnet’

spring is omitted. The movement of the
switch shaft and, therefore, of the wipers
109, 110 and 111 is controlled by the verti-
cal magnet 99, and the rotary movement by
the rotary magnet 100, the rotary magnet
circuit being provided with the usual inter-
rupter springs 112. The operative magnets
of the switch are, of course, controlled by

. the subscriber through the medium of the -

vertical and rotary line relays 113 and 114,
as is well known. Said relays have under
their control the usual springs 115, 116 and
117, and in addition the trunk-release
springs 118 and 119, whereby the said switch
may be released when the side switch wipers
are in first or second position. By means of
the back-release relay 120 the release of the
switch D is brough about after the side
switch has passed to third position. Furth-
ermore, the selector switch D is provided

with a supervisory relay 121 which, upon .

energizing, operates to close a circuit
through the signal lamp 122, whereby the
exchange attendant is notified that the

- trunk-line to which the first-selector is al-

lotted has been seized by a line switch. The
supervisory lamp 123 is common to the
group of first-selectors of which the selec-

“tor D is a member, and is provided for in-

65

dicating to the attendant when a first-selec-
tor switch has fully operated and established
connection with a second-selector switch, .

The selsctor F is also a modified form of
the selecior of ‘the said. selector patent. It
is of the irunk-rélease type, in which the line
relays 124 and 125 are permanently con-

nected with the side switch contact points .

126 and 127. Tt is also provided with the
vertical magnet 128 and the rotary magnet
129, the release magnet 130 and the private

-magnet 131. As shown, the line relays 124

and 125 control the so-called trunk-release
springs 132.and 133, the former being con-
nected with the trunk-release conductor and
the latter with the release magnet 180, The
rotary magnet 129 is provided with the usual
interrupter springs 184. Since the selector

is of the trunk-release type, the back-release

relay 135 affords means-of releasing the said
switch after the side switeh passes to third
position. . - . S

The mechanical details of the selector
and connector (Fig. 4); as is well known, are
very much the same. For instance, the con-
nector switch shaft (not shown), like the se-

lector, carries a set of line wipers 138 and

139 and a private wiper 140. The connector
switch is also controlled by the calling sub-

“scriber through the medium of the vertical

and rotary line relays 141 and 1492. : The

vertical line relay 141 directly controls the

vertical magnet 143 and also therotary mag-
net 144. The purpose of the vertical mag-
net 143 is to give the shaft and shaft wipers
a vertical motion and the rotary magnet 144
imparts to the shaft and shaft wipers a ro-
tary or circular motion. The rotary line re.
lay 142 controls the private magnet 145
which, under certain conditions, controls in
turn the vertical and rotary magnets 143

and 144, thé release magnet 146, and alsothe

side switch wipers 147, 148, 149 and 150.
The side switch of the connector, like the
side switch of the selector, has a- normal or
first position, a second position and a third
position. The release magnet 146 is also
controlled by the vertical and rotary line
relays 141 and 142 conjointly. By the use
of the condensers 151 and 152 the circuit
through -the connector is divided into two
sections. The eonnector is provided with a
differentially-wound relay 153 which is com-
posed of the windings 154.and 155. Through
the windings of this relay the calling sub-
scriber’s substation is provided with talking
battery current when the primary cireuit of
the called substation is bridged across the

- line.  The sub-central stations are equipped -

with the busy-signaling apparatus I of any
suitable design, as, for example, the one
comprising an interrupter 160 in series with
the primary winding 161 of the induction-
coil 162, whereby a -busy-signaling current is

said induction-coil. When the side switch
is in_first position, and when the connec-
tor shaft is raised.one or more steps, the
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.induced in the secondary winding 163 of the

‘138



0.

15
26

28

30,

85

©ag

~.spring 22 being presssd against the
‘post 16. As a result of the impulse the trip
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secondary winding 163 is connccted with the
side switch wiper 148 through the normal
springs 184 and 165.

The operation of the switching apparatus
represented in Figs. 2, 8 and 4 may be more
clearly understood from a detailed descrip-
tion of its operation . when one subscriber
calls ancther, ag follows: To call the num-
ber 2220 (substation A’} the subscriber at
substation & (Fig. 2) femoves his-veceiver

“from the switch-hook and operates the call-

ing device once for each digit, in the well-
known manner—ithat is, when the dial is ro-

" tated for the first digit a preliminary im-

pulse is transmitted over the rotary line con-
ductor. This preliminary irapulss energizes
the trip magnet 44, whereby the line switch
C is operated to seize an idle trunk-line
leading to a first-selector. In rvefurning to
normsal position for the first digit the dial
operates the first-selector switch to establish
connection with an.idle trunk-line leading
to a second-selector switch, It will be un-
derstood, of course, that when the dial is
turned for each digit a preliminary rotary
impulse is transmitted to the rotary line,
which -impulse, if the selector D or a con-
nector H is on the line, is received by the

rotary line relay of the switch while the

side switch is in first pesition. This rotary
line relay energizes, of course; but since the
side switch is 1n first position, this is with-
out effect, and the switch is not operated

until the dial delivers the vertical impulses.

Said preliminary impulse is effective only
in operating the line switches. The im-
pulses delivéred by the dial for the second
digit are veceivéd by the second-selector.
The impulses for the last two digits are di-
rected toward the connector H which op-
erates to place its shaft wipers in connec-
tion with the contacts corresponding to the
desired line. The preliminary impulse
for eperating the line switch C, and which
occurs when the calling subscribse rotates
the dial in a ferward divection for the first
digit, .is caused by the rofary impulse

ke ground

magnet 47 of the line switch C is energized
by.a flow of current from ground G* {c the

‘springs 14 and 15, ground post 16, impulse

spring 22 to the rotary line conductor 35,

‘line fuse 171, conductor 240, cut-off relay

springs 56> and 57* to the trip magrst 44,
thence through said trip magnet to the con-
ductor 241, springs 242 and 90, springs 88
and 89, through the winding of the motor
magnet 71 to the battery lead 199, thence
through battery B to ground G. Although
this circuit inciudes the moter magnei 71,
this magnet docs not operatively energize,
since the magnet 44 is of much higher re-
sistance than.the magnet 71,
the trip magnet 44 energizes, the armature

As scon as.

48 is attracted and the plunger 49 is liber-
ated and thrust into the bank terminal Q by
the spring 58, assuming that the plunger 42
15 opposite the terminal ¢ at the time.
When the plunger 42 engages the bank ter-
minal () an energizing circuit is closed
through the motor magnet relay 73, which

in.turn operates to close an energizing cir-

cuit through the motor magnet 71.  The
motor magnet then operates to advance all
idle plungers that arve in locking engage-
ment with the shaft 60 to a point opposite
the next idle bank terminal similar to the
terminal Q. The circuit through the re-
lay 78 extends from ground G* through the
winding 243 of the relay 73, segment 73,
wiper arm 76, segment 78, conductor 244,
bank terminal springs 70 and 69, velease
magnet 45, to the battery lead 199, thence

-through battery B to ground G. Although

this circuit includes the release magnet 45,
the magnet 45 does not operatively energize,
since the windings of the relay 73 are of a
high resistance while the windings of the
release magnet. is comparaiively low. The
relay 738, upon energizing, operates to place
the gprings 90 and 91 in contact, whereby a
circuib is completed through the motor mag-
net 71 extending from-ground G* through
the springs 91 and 90, motor magnet springs
88 and 89, through the motor magnet 71 to
the battery lead 199, thence through bat-
tery B to ground . The motor magnet 71,
upon energizing, attracts its armatuve 85,

-whereby the pawl 86 is driven down and

engages the next lower tooth ox the ratchet

70

75

80

96

166

wheel 72. - When the motor magnet 71 de-

energizes, the armature 83 returns fo normal
position, rotating the ratchet wheel 72 one
step. ’ ‘
When the armature 85 is attracted against
the magnet cores, the springs 88 and 89 dis-
engage, thereby breaking the energizing cir-
cuit through the motor magnet. The cam

74, being in engagement with the pin 81, is 3

operated to advance the plunger shaft 60,
and consequently all idle plungers that may
be in normal locked position with the shats
60, one step and opposite another trunk fer-
minal similar to the terminal ¢ (assuming
the next succeeding trunk is idle). Conse-
guently, the wiper 76 is carried from the
contact point 78 {which corresponds to the
terminal Q) to the contact point 92, which
latter corresponds to the terminal before
which the advanced idle plunders are now
resting. Suppose that nine subscribers have
called, and that the master switch has thus
been operated nine steps, carrying the wiper
76 to the last contact point 77. Now, when
the motor magnet 71 operates for the nexi
step, and when the tenth subscriber calls, the
wiper 76 passes back and dreps into engage-
ment with the contact point 78, as already
explained. If the fivst trunk is still busy
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~ the wiper 76 finds battery current on thé

16

contact 78, and an energizing circuit is

established through the differential relay 73,
which in turn operates to close an energizing

«circuit through the motor magnet 71. The
current through the said relay 73 flows from .

the said contact 78 through the wiper 76 to
the common segment 75,.through the wind-
ing 243 of the differential relay 73 to ground
G*. When the differential relay 73 attracts

. its armature, the differential relay.springs
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net springs 88 and 89, motor magn

90 and 91 are pressed into contact, thereby
closing an energizing: circuit for the motor

magnet 71 from ground G* through the said.

springs 91 and 90, through the motor mz}.zg-
et 71
thence to the battery lead 199 and throug};

battery B to ground G. The motor magnet

then operates, as previously explained, to

rotate the ratchet wheel 72 one step for ad-
vancing the plunger shaft 60 one step, and

the master switch bank wiper 76 one step-

also and into engagement with the second
segment 92. The plunger shaft 60, when
thus advanced one step, carries all idle plun-
gers that are in engagement with the said
shaft to a point opposite.the next bank ter-
minal, as previously explained. If there
should still be a guarding petential at the
bank segment 92 of the master switch bank
the differential relay 73 will remain ener-
gized, whereby the energizing circuit through
the motor magnet 71 is again completed when
the motor magnet springs 88 and 89 again
engage, and as a result the motor magnet 71
is again operated, whereby the plunger shaft
60 and the master switch wiper 76 are ad-
vanced another step. This process con-
tinues as long as the wiper 76 finds seg-
ments with guarding potentials. -As soon as
an idle segment is found, however, the ener-
gizing circuit through the differential relay
73 is broken, at which time the said relay
in turn breaks the energizing circuit for the
motor magnet 71 until the next subscriber
makes a call. At the instant that the plun-
ger 42 enters the said bank terminal Q the
following springs are pressed into contact:
63 and 64, 65 and 66, 67 and 68, and 69 and
70. The. engagement of the springs 67 and
68 closes a circuit through the cut-off relay
55 extending from ground G® through the
springs 68 and 67, conductor 245, relay 55
to the conductor 180, fuse 168, bus bar 178,
thence through battery B to ground G. The
said relay, upon energizing, breaks the con-

‘tact between the springs 56, 56* and 57¢,

_whereby the vertical and rotary line con-
“" ductors 34 and 35 become disconnected from

60

1

‘the trip magnet 44. . The cut-off relay, upon

energizing, places the springs 56 and 57 in
contact, which connects the subscriber’s ver-

tical line conductor 34 with the normal con-

ductor 96. '
The engageiment of the bank springs 67

.

and 68 establishes a guarding potential by

way of the normal conductor 98 to the con-
nector private bank contacts corresponding
to the Iine that terminates in the line switch
C, to prevent any subscriber from calling

7¢C

the said line after the calling subscriber at .

substation A operates his dial preparatory
to making a call, as explained. The circuit
over which the said guarding potential is
established extends from ground G° through
the bank springs 68 and 67 to-the private

75

normal conductor 98. Also, the closure of -
connection between the springs 69 and 70 -

establishes a guarding potential at the mas-
ter switch bank contact 78, over the follow-
ing circuit: from battery B to the battery
lead 199, thence through the release magnet
45 and springs 69 and 70 over the conductor
244 to the said contact point 78. This guard-
ing potential protects the seized trunk con-
ductors 93,94 and 95 from being seized by
other plungers, as already explained. Fur-
thermore, the engagement of the bank
springs 69 and 70 also closes an energizing
circuit through the supervisory relay 121 of
the first-selector switch (Fig. 3). This cir-
cuit extends from ground G at the selector

‘switch through the side switch wiper 105,

conductor 254, through the winding of the
relay 121, conductor 255, through the relay
256, heat coil 173, conductor 95, bank springs
70 and 69, release magnet 45 to the battery
lead 199, thence through battery B to ground
G. Although this circuit includes the mag-
net 45 and the relay 256, the said magnet

8¢
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and relay do not operatively energize, since -

the winding of the supervisory relay 121 is
of comparatively high resistance. The re-

lay 121, upon energizing, places the springs

257 and 258 in contact, thus closing a circuit
through the signal lamp 122 from ground
G® through the said springs and lamp 122 to
the battery lead 245, thence through battery
B to ground G. The glowing of this lamp
indicates to the exchange attendant that the

It will be
understood that the bank terminal Q, be-
ing the first bank terminal of the line switch
bank, corresponds to the first segment 78 of
the master switch bank O and; therefore, to
the trunk-line the conductors 93, 94 and 95
of which terminate in the first-selector D.
When the selector switch is operated, and
the side switch wiper 105 passes to second
position, the energizing circuit fhrough the
relay 121 becomes broken, the supervisory

relay 121 deénergizing and in turn breaking

the circuit for the lamp 122. The closure of
connection between the springs 63 and 64
extends the calling subscriber’s vertical line
conductor 84 to the vertical trunk conductor
93 and to the side switch wiper 103 of the
first-selector D. The closure of contact be

1056
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first-selector switch D has been seized. by a ’
line switch at the sub-central.

115
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tween the springs 65 and 66 in a simifar



bU]

s

manner extends the subscriber’s rotary line
conductor 33 to the rotary trunk conductor
94 and to the side switch wiper 104 of the
selector D). The subscriber has thus estab-
lished c’onneé\tiog\'vith the selector D, which
is now operated by the impulseés that are
sent in ag the dial returns. :

The first digit being 2, the spring 21 is
pressed onto the ground post 16 twice. - As
a result the vertical line rvelay 118 of the
first-selector D is energized each time by a

- flow of current from the substation ground
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G® through the springs 14 and 15 te the
ground post 16, thence through the spring
21 to the vertical line conductor 34, line
fuse 172, line switch bank springs 63 and
64, vertical trunk conductor 93, side switch
wiper 103 of the selector D, vertical line
relay 113 to the battery lead 245, thence
through battery B to ground G. Tach time
that the vertical line relay 113 energizes,
the line relay spring 115 is pressed onto the
ground spring 116. The vertical maguet
99 is thereby energized, and the wipers 109,
110 and 111 of the selector D are raised to
the second level and brought opposite the
first contact of said level. The energizing
circuit for the said vertical magnet 9¢ ex-
tends from ground G° through the springs
116 and 115, private springs 107 and 108 to
the vertical magnet 99, thence to the baitery
lead 245, and through battery B to ground
G. Following the vertical impulses the ro-
tary impulse spring 22 is then pressed onto
the ground post 16, grounding the rotary
line conductor 85 and, therefore, energizing

‘the rotary line relay 114 of the selector D.

The energizing current passes from greund
G* to the rotary line conductor 35, thence
it flows through the line switch bank

springs 65 and 66, rotary trunk conductor’

94, side switch wiper 104 of the selector D
to the rotary line relay 114. to the battery
lead 245, and through battery B to ground
G. 'The votary line relay, upon energizing,
presses the line relay spring 117 onto the
ground spring 118, thereby establishing a
circuit, through the private magnet 102 from

ground G® through the springs 116 and 117

to the private magnet 102, and through the
said magnet to the battery lead 245, thence
through battery B to ground G. The pri-
vate magnet, upon. energizing and defner-

gizing, permits the selector side switch to

pass from first to second position, permit-
ting the side switch wipers 105 and 106 to
engage the contact points 246 and 247, re-
spectively. The closure of connection be-
tween the side switch wiper 105 and the con-
tact point 246 sets up an energizing circuit
for the rotary magnet 100 from ground G’
through the side switch wiper 105, contact
point 246, interrupter springs 112, rotary
magnet 100 to the battery lead 245, and
then through battery B to ground G. The

sald votary magnet 100 then operates to
rotate the wipers 109, 110 and 111 of the
selector D into engagement with the first
contact of the second level of the selector
D, from which contact it is assumed the
trunk-line conductors 248, 249 and 250 lead
to the sccond-selector F. If the first trunk
is busy, however, and the wipers have to
pass over busy trunk-lines, then as soon as

the private wiper 111 engages the first.

grounded private bank contact point, the
private magnet 102 energizes again, lock-
ing the side switch in second position. The

‘energizing circuit for said private magnet.
extends from the grounded terminal G of go

battery B through an cccupying switch (not
shown) to the private wiper 111, thence
through the back-release relay 120 to the
gide switch wiper 106, contact point 247,

_private-magnet 102, thence through said &
magnet to the battery lead 245, and through.

battery B to ground G. The private mag-
net 102, upon thus becoming energized,
locks the side. switch wiper 105 in engage-
ment with . the contact point 246, whereby
the rotary magnet 100 will be energized

step by step until the wipers ave carried be-

yond the last busy truni-line. At the in-
stant that the private wiper leaves the last
busy contact point the rgizing circuit
through the private magnet 102 is de-
stroyed, and as result the selector sids
switch passes to third position. If, how-
ever, there are no busy trunk-lines, the ro-
tary magunet 100 releases the side switch to

third position as soon as the wipers are

carried into engagement with the first
trunk-line.

As soon as the side switch passes to third

vosition, as stated, the subscriber’s line con-

ductors 34 and 35 are extended U0 the con-
ductors 248 and 249 which, in thig case, it is
agsumed lead to the second-selector switch .
The extension of the line occurs, iof course,

ag soon as the side switch wipers 108 and 104 3

engage the contact points 251 and 252, re-
spectively. WNot only is the subscriber’s line
thus extended, but a gunarding potential is
established at the private wiper. 111, when

the side switch wiper 105 passes onio the 3

ground contact point 253, for protecting the
seized trunk-line from interference by cther
calling subscribers. This guarding poten-
tial is established #rom ground Gf to the
contact point 253, thence through the side
switch wiper 106, and through the back-re-

lease relay 120 to the private wiper 111. It

will be seen that the snergizing circuit for
the rotary magnet 100, te which reference
hag already been made, is destroyed when
the idle trunk-line is seized—that is, when
the grounded side switch wiper 105 leaves
the contact point 246. When the side switch
‘wiper 108 passes to third position and en-
gages the contact point 259, a circuit is
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closed through the lamp 123 which is alot-
ted to the group of- selector switches of
which selector D is a member. The circuit
through the said lamp extends from ground
G7 through the side switch wiper 105, con-
tact point 259, through the lamp 123 to the
battery lead 245, thence through battery B
to ground G. The glowing of this lamp in-
dicates to the attendant that a selector
switch has operated and seized a trunk-line
leading to a second-selector switch. As
shown in Fig. 3, the lamp 123 is also con-
nected to the side switch wiper 105, which
is the side switch wiper of another first-se-

lector and corresponds to the wiper 105 of

the switch D. In a similar manner the lamp
123 is common to each first-selector of the
group of which the selector D is a member,
and when, caused to glow indicates that one
or more of the first-selectors to which it is
allotted has operated and seized a trunk-line
leading to a second-selector switch.

The second digit of the number called
being 2, the calling subscriber again oper-
ates his dial accordingly, as a result ground-
ing the vertical line conductor 34 when the

spring 21 meets the ground post 16. The.

vertical Iine relay 124 of the switch F is,
therefore, energized twice by a flow of cur-
rent from the substation ground G® to the
vertical line conductor 34, thence through
the line switch bank springs 63 and 64 to

the vertical trunk conductor 93, thence to

the side switch wiper 108 of the selector D,
contact point’ 251, vertical line wiper 109,
vertical trunk conductor 248, side switch
wiper 259, vertical line relay 124 to the bat-

‘tery lead 245, thence through battery B to

ground G. When the vertical line conduc-
tor 84 is grounded for the second digit the

vertical line relay 124 operates to close &.

circuit through the vertical magnet 128,

 which magnet operates to carry the shaft
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wipers step by step to a point opposite the
bank terminals of the second level, as ex-
plained in connection with the selector D.
When  the - rotary line conductor 35 is
grounded, after the vertical impulses, the
rotary line relay 125 is energized, whereby
an energizing circuit is established through
the private magnet 131, which in turn oper-
ates to release the side switch, as described
in connection with the selector D. After
the switch I comes to rest the shaft wipers
136 and 137 are in engagement with the
trunk conductors 260 and 261, respectively,
which lead to the connector switch H (Fig.
4). The private wiper 262 establishes a pro-
tecting potential at the contact 263 for
guarding the seized trunk-line. The ground-
ing of the line conductors 34 and 35 for the

-last two digits affects the connector by op-

1]

erating the vertical and rotary line relays
141 and 142. When the said vertical line
conductor 34 is grounded the vertical line

“cireuits.

©

relay 141 is energized by a flow of current
from the substation ground G?, vertical im-

" pulse spring 21 to the vertical line conduc-

tor 34, bank springs 63 and 64, trunk con-

ductor 98, side switch wiper 103, shaft ,

wiper 109, side switch wiper 259, shaft
wiper 136, conductor 260, through the con-
nector vertical line relay 141, winding 154

.of the differential relay 153 to the battery

lead 264, thence through battery B to

.ground G. The winding 154 of the relay

153 being included in this circuit, the said
relay energizes, but its operation at this par-
ticular time is without effect. 5
Each time that the vertical line relay 141
operates for the third digit the vertical mag-

net 143 operatively energizes to carry the

* shaft wipers 138, 139 and 140 in a vertical

direction one step at a time until said wipers
are carried two steps and thus brought op-
posite a level in which -are located the ter-
minals of the line #2220. The circuit
through the vertical magnet 143 extends
from ground G'° through the springs 265
and 266, private magnet springs 267 and
268, side switch wiper 149, vertical magnet
143 to the battery lead 264, and through bat-

tery B to ground G. When the rotary line

conductor 85 is grounded, following the
grounding of the vertical line conductor,

“the connector rotary line relay 142 becomes

energized through a circuit extending from
the substation ground G, through the ro-
tary impulse spring 22, rotary line conduc-
tor 85, bank springs 65 and 66, conductor 94,
side switch wiper 104, shaft wiper 110, con-
ductor 249, side switch wiper 269, shaft
wiper 137, conductor 261, rotary line relay

142, winding 155 of the differential relay

153, through the springs 270 and 271 to the
battery lead 264, thence through battery B
to ground G. The winding 155 of the dif-
ferential relay 153 being included in this
circuit, as is the winding 154 in the vertical
line relay circuit, the said relay 153 ener-
gizes, but with no effect. The rotary line

relay 142, upon energizing, operates to close

an energizing circuit through the private
magnet 145, which latter in turn operates to
release the side switch from first to second po-
sition. The energizing circuit through the
private magnet 145 extends from ground
(*° through the springs 265 and 272, through
the private magnet 145, springs 270 and 271
to the battery lead 264, and through battery
B to ground G. _

~ For the last digit the subseriber operates
the dial as previously described, grounding
the vertical Tine conductor 34 ten times and
the rotary line conductor 35 once. The con-
nector vertical and rotary line relays 141
and 142 are operated over previously tracea
However, when the vertical line
relay operates, a circuit is closed through

the rotary magnet 144 instead of through
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. the vertical magnet 148, since the side switch

wiper 149 is now in second position. . Hach
time that the rotary magnet is energized the

" shaft wipers 138, 139 and 140 are rotated

(471

one step at a time until the said wipers are

- carried into engagement with the normal

io

conductors 273, 274 and 275; the first two of
which conductors lead to the line terminals

‘of the desired substation. The rotary line

relay 142, upon energizing, completes an en-

ergizing circuit through the private magnet

145, which latter now operates with one of
two results, namely the release of the side

" switch from second to third position, or the
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so-called busy-release of the ¢onnector. It
will' be assumed that the former result oc-
curs, and that the side switch passes to third
position, whereby the side switch wipers 147
and 148 are placed in connection with the
shaft wipers 138 and 139, vespectively.
Furthermore, when the side switch passes to
third position a guarding potential is estab-
lished for protecting the called line. This
guarding potential extends from ground G**
through the side’ switch wiper 150, con-
ductor 276 to the private wiper 140 which
engagés the private contact of the called
line.” Furthermore,” when the side switch
wiper ‘150 passes to third position aa ener-
gizing circuit is closed through the bridge-
cut-off relay 277 of the line switch C*. This
circuit extends from ground G** through the
side switch wiper 150, shaft wiper 140, con-
ductor 275, through the winding of the
bridge-cut-off relay 277 to the battery
lead, thence through battery B to ground
G. This relay, upon energizing, oper-
ates to carry the spring 278 out of en-
gagement with the spring 279 and into- en-

gagement swith the spring 280, and the

springs 279 and 281 disengage. When the
springs 278 and 280 engage, the normal con-
ductor 273 is placed in contact with the sub-
seriber’s . line conductor. 282. The disen-
gagement of the springs 279 and 281 discon-
nects the substation rotary line conductor
283 from the trip magnet 284 of the line
switch C*. In order tosignal, the subscriber
at substation A presses the signaling but-
ton 38, whereby the vertical line conductor
34 is grounded, and the conmector vertical
line relay 141 and the differential relay 153
hecome energized. as before.

It will be remembered that the side switch
has passed from second to third position,
and that the side switch wiper 149 is in en-
gagement with the contact point 285, there-
by placing the vertical line relay 141 in con-
trol of the ringer relay 157 in the same man-
per in which the rotary magnet 144 came
under the control of the vertical line relay
when the side switch passed from first to
second position. Therefore, when the ver-

tical line relay presses the springs 266 and

265 into contact the ringer relay 157 is ener-

- 1,198,878

gized by a flow of current from ground G°
through the springs 265 and 266, private
magnet springs 267 and 268, side switch
wiper- 149, contact point 285, ringer relay
157, springs 286 and 287 (bearing in mind
that the differential relay 158 is energized)
to the battery lead 264, thence through bat-
tery B to ground G. The ringer relay, upon
energizing, shifts the spring 288 from the

-spring 289 to the spring 290, and the spring

291 is shifted into engagement with the
spring 292. This results in bridging the
terminals of the ringer generator ¥ .across
the called subscriber’s line.. "A signaling
current Is, therefore, sent from the gen-
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erator K to the ringer relay springs 292 and -

291, side switch wiper 147, shaft wiper 138,
normal conductor 278, bridge-cut-off relay
springs 280 and 278, vertical line conductor
282, condenser 293, ringer 294, springs 295
and 296 to the rotary line conductor 283,
rotary normal conductor 274, shaft wiper
139, side switch wiper 148, ringer relay
springs 288 and 290 back to the generator
K. As soon as the calling subscriber ceases
to press the signaling bution 38 the ringer
relay 157 becomes defnergized, and the
springs 288 and 291 assume their normal
position. In response to the signal the sub-
scriber at substation #2220 removes the re-
ceiver 297 from the switch-hook 298, where-
by the switch-hook rises and permits the
springs 299 and 300 to engage, and the
springs 295 and 296 to disengage, thereby
removing the ringer 294 from across his
line. The engagement of the springs 299
and 300 closes a series energizing circuit
through both windings of the relay 156 at
the connector H, which circuit extends from
ground G** to the side switeh wiper 150,
winding 159 of the relay 156, springs 289
and 288, side switch wiper 148, shaft wiper
139, rotary normal conductor 274, rotary
line conductor 283, primary winding 301,
transmitter 802, through the signaling de-
vice of the called substation, springs 299
and 300, vertical line conductor 282, normal
conductor 273, shaft wiper 138, side switch
wiper 147, through the winding 158 of the
relay 156, springs 803 and 287 to the bat-
tery lead 264, thence through battery B to
ground G. The relay ‘156, upon energiza-
tion, operates to shift the spring 270 from
the spring 271 (which latter is connected to
the battery lead 264) to the spring 304,
which latter is in turn connected with
ground. The reversal of the polarity of
the spring 270 sets up a circuit which pro-
vides the calling substation with  battery
current for talking purposes. This circuif
may be traced from ground G to the side
switch wiper 150, through the springs 304
and 270, winding 155 of the differential re-
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lay 158,rotary line relay 142, conductors261, -

249 and 94, votary line conductor 85, primary

130
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winding 19, transmitter 17, springs 36 and
37, vertical line conductor 34, bank springs
63 and 64, conductors 93, 248 and 260, ver-
tical line relay 141, winding 154 of the dif-
ferential ‘relay 158 to the battery lead 264,
thence through battery B to ground G.
Both windings of the relay 153 now carry
current,  but- the windings are so arranged

- that the said relay does not operatively

- 10

energize. The vertical and rotary line re-

- lays 141 and 142 being included in the above
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circuit. operatively energize and place the
springs 265, 266 and 272 in contact, and the
release springs 305 and 306 are also brought
into contact; but the simultaneous action of
these relays at this particular time is with-
out effect, since there are no energizing cir-
cuits -established thereby. The two substa-

<tions A and A?! being thus provided with
‘battery current for talking purposes, con-

versation may be carried on over the-circuit
shown by the heavy line conductors in Figs.
4,3 and 4. '

The release of the switching apparatus is
brought about when the calling subscriber
restores the receiver 2 to the switch-hook 38,
thereby pressing the release springs 7, 8
and 9 into engagement for a moment. The
contact of the said release springs grounds
the vertical and rotary line conductors 34
and 35 simultaneously from ground G® to
the release spring 7, thence through the
springs 8 and 9 to the vertical and rotary
line conductors. The grounding of the ro-
tary line conductor 85 produces a short-cir-
cuiting of the rotary line relay 142, in series
‘with the winding 155 of the differential re-
lay 153, said circuit extending from ground
G** at the connector to the side switch wiper
150, springs 304 and 270, winding 155 of
the differential relay 153, rotary line relay
142 to the trunk conductors 261, 249 and 94,

.bank springs 66 and 65 to the rotary line
conductor 35, release springs 9, 8 and 7 to™"

the substation ground G®. Therefore, since

“the winding 154 of the differential relay 153

alone carries current, the said relay becomes
energized and attracts its armature, which

‘shifts the spring 287 out of contact with

the spring 303 into contact with the spring
286. The disengagement of the springs 287
and 308 destroys the energizing -circuit

_through the relay 156, and the spring 270

passes out of engagement with the spring

304 and into engagement with the spring

271, which removes the said short-circuit
of the rotary line relay 142 and winding
155, and establishes an energizing circuit in-
stead from the substation ground G*through
the release springs 7, 8 and 9 to the rotary
line conductor 35, then to the rotary line re-

lay 142, as previously traced, winding 155 of .

" the differential relay 153, through the

BT

springs 270 and 271 to the battery lead 264,
thence through battery B to ground G.

- AR

The rotary relay 142 now operates, and the

springs 305 and 306 come into contact where-

by an energizing circuit is established.

through the release magnet 146 of the con-
nector H and the release relay 185 of the se-
lector F. However, the current NOW in pass-
ing, as above stated, through the winding

155. aids the winding 154 in maintaining the -

springs 287 and 286 in contact. The ener-
gizing circuit through the release relay 135
and release magnet 146 extends from ground
G at the selector F to the side switch wiper
307, release relay 135, shaft wiper 262, con-
ductor 308, trunk-release springs 305 and

306, release magnet 146, springs 286 and 287 -

to the battery lead 264, and through battery
- B to ground G. When the connector release

magnet 146 is thus supplied with current it -

energizes, and as a result the switch shaft

~and side switch are restored to normal posi-

tion, thus breaking the connection' between

70.
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the connector switch shaft wipers 138,139

and 140 and the normal conductors 273, 274
and 275. The back-release relay 135 being

In the same circuit with the release magnet -

energizes simultaneously with the latter
and operates to close an energizing circuit
through the selector release magnet 130, in
series with the release relay 120 of the se-

lector D, by pressing the back-release

springs 309 and 810 together. This circuit
extends. from ground G® at the first-selec-
tor D through the side switch wiper 106
and back-release relay 120 to the shaft wiper
111, through the springs 309 and 310, wind-
ing of the release magnet 130 to the battery
lead 245, thence through battery B to
ground G. The release relay 120, upon en-
ergizing, places the springs 311 and 812 in
contact, whereby an energizing circuit is
closed through the release magmet 101,
which in turn places the springs 313 and 314

in contact, which springs close a ecircuit.

through the releasing relay 256 (Fig. 2).
This circuit extends from ground G2
through the springs 813 and 814 to the
trunk-release conductor 255, through the re-
lay 256 (Fig. 2), fuse coil 173, winding of
the release magnet 45 to the battery lead
199, thence through battery B to ground G.
When the ground to the line conductors 84
and 35 is interrupted -all the magnets in-
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volved in the release are deénergized and .

all of the switches are fully restored. If
the called line #2220 is busy at the time
that the calling subscriber #5000 attempts
to establish connection, the connector H is
released by the last impulse to the rotary
line connector 35, as follows: The said im-

_pulse energizes the rotary line relay 142 of
the connector H, which relay in turn ener-

gizes the private magnet 145, pressing the
private springs 318 and 319 into contact af-
ter the private wiper 140 has been carried
onto the grounded private bank contact.

120
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Tt is understood, of course, that when-
ever the line #2226 is busy the connector
private bank contacis connected with the
private normal 275 are all connected io
ground. Therefore, since the connector side
switch ig in second position when the pri-
vate magnet springs 318 and 315 are brought
into contact, an energizing circuit is estab-
lished through the release magnet 146 from
the said grounded private bank contact to
the private wiper 140, thence to the side
switch wiper 150 (which is in second posi-
tion) to the private magnet springs 819 and
318, to the release magnet 148, through the
springs 286 and 287 to the battery toad 264,
thence through battery B to ground G.
The connector switch shaft and side switch
are thus released and connection is not es-
tablished with the called line. Now, when

‘the calling subscriber presses the signaling

button, the vertical line relay 141 bacomes
energized and operates to close circuit
through the vertical magnet 143. The ver-
tical magnet operates to carry the switch
shaft vertically, whereby the off-normal
springs 164 and 165 engage to permit the
busy-signaling current to pass to the calling
subseriber in the usual manner. Of course,
when the subscriber hangs up his receiver
after receiving the busy-signal, he grounds
the line relays 141 and 142 of the connector
H, as already explained, producing the re-
lease of the switching apparatus as formerly.
Tn the preceding 1t has been shown how
the sub-central main office switch operates
in establishing a connection. It will now be
pointed out how the sub-cenéral supervisory
apparatus operates to indicate to the main
exchange attendant the various troubles—
that is, serious troubles, such as, fivat, the
blowing of the main fuse 160 when the
whole sub-central will be deprived of battery
current, thus rendering all of the subscribers’
substations of this sub-ceniral inoperatives.
second, the fuse 168 in the bridge-cut-off
circiiit may blow. It will be understood that
in a sub-central the group of bridge-cut-off

‘velays 55 (Fig. 2), for example, will be sup-

plied with battery cuirent from the same
fuse 168; another group, if it is desired to
sibdivide the line switches in one sub-ex-
change, may be in the same manner supplied
with current from a second fuse 169. ence,
when any bridge-cut-off fuse blows, a group
of bridge-cut-off relays is deprived of
battery current and the lines allotted there-
to are rendered incperative; third, the
master switch E may fail to operate, and all
of the subscribers’ line switches which. are
operated by the master switch & will remain
opposite the same trunk-line, seizing the
same trunle-line to the main exchange. Or,
minor troubles, such as, first, the blowing of
the fuse 171 or the fuse 172 in a subscriber’s
line (Fig. 2); second, the blowing of the

1,196
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fuse 173 in the private trunk conductor of o
trunk-line connecting a sub-central with the
main exchange may blow and open the said
conductor, thereby preventing the release of
any line switch which might seize this par-
ticular line. '

The central office apparatus which oper-
ates in connection with the aforesaid sub-
central supervisory equipment comprises the
two velays 175 and 176 which are connec
ip sevies with the battery, as shown in ¥Fig. 3.
Normally, both of the said relays are main-
tained in an operated position; but when
gither relay deSnergizes smnd permifs Its
springs to engage, a circuit is closed through
its allotted lamp, vinger and generator. It
will be seen that the conductor 177 which
leads to the sub-central is connected between
the relays 175 and 176, and hence, when the
potential (either positive or megative) ap-
pears at the conductor 177, one of the said
relays is short-civcuited and dednergized,

s
+
v
s
%

. +while the other relay remains energized.

For example, when 2 positive or ground po-
tential is presented on the conductor 177,

then the relay 176 is short-circuited and,

therefore, deénergized with the above-noted
result, while the circuit through the relay
175 is maintained by the ground wpon the
conductor 177. . If a negative or main bat-
tery potential appears, the relay 175 becomes
shoré-cireuited, deénergizing and permitting
its springs to engage, thus closing the cirenit
controlled thereby, while a new circuit is es-
tablished through the relay 176 by the hega-
tive potential at the conductor 177.

As shown in Fig. 2, the negative terminal
of the battery B 1s connected with the bus-
bar 178, through the fuse 166, and the posi-
tive terminal is connected with the busbar
179. From these two busbars faps or con-
ductors lead to the various substation ap-
paratus. As shown, the bridge-cut-off relay
55 is connected. with the main battery bus-
bar 178 over the conductor 180 through the
fuse 168. Through the- fuses 181 and 182
battery current may be supplied to any
other apparatus. As shown in Fig. 2, the
relay 183 is normally energized, since it is
bridged directly across the terminals of the
battery B, the circuit extending from bat-
tery B through the fuse 166 to the busbar
178, conductor 184, through the springs 185
and 186, through the relay 183, conductor
187 to the ground busbar 179, thenes to
ground (3. When the main fase 166 blows,
then thiseenergizing circuit through the re-
lay 183 becomes broken, and said relay per-
wits the spring 188 o pass oub of engage-
ment with the spring 189 and into engage-
ment with the spring 190; also, the spring

191 passes into engagement with the spring
192. When the spring 188 engages the
spring 180 » ground potential is established
on the conductor 17, as follows: Hig
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ground G to the busbar 179 over the conduc-
tor 193, through the springs 190 and 188 to
the conductor 177. As previously explained,
the conductor 177 extends from the sub-cen-

‘tral station to the main central station, hence

the relay 176 becomes short-circuited and de-
energizes, permitting the springs 194 and
195 to engage, whereby a local circuit is
closed through the red lamp 170 in multiple
with the ringer 196 and in series with the
ringer generator 167. The main central at-

‘tendant is thereby. given both an audible

and visual signal, indicating that one .of the
serious troubles previously mentioned has

occurred at the sub-central.” Furthermore,

the ground upon the conductor 177 main-
tains the relay 175 in an energized condition,
since a circuit-is maintained through the
said relay by the ground on the conductor
177 at the sub-eentral.
191 and 192 at the sub-central engage, a local
circuit is closed through the battery 197
and the alarm or buzzer 198, thus giving to
the sub-central attendant, if one is there, a
signal indicating that the main, fuse has
blown. When the fuse 166 is restored the
energizing circuit through the relay 183 is
again established, and the relay is main-

tained in this energized position, as shown.

Suppose a case of master switch trouble to be

~ as follows: The master switch relay 73 ener-

85

gizes and places the springs 90 and 91 into
contact, thereby in turn closing an energiz-
ing circuit through the master switch motor
magnet 71. This circuit extends from
ground G’ through the springs 91 and 90,

" motor magnet springs 88 and 89, winding of

the motor magnet 71 to the hattery lead 199,

. thence through the busbar 178, and through

40

45

50

55

. springs engage, a ground potential is placed.

60

65

battery B to ground G. The motor magnet
energizes and attracts. its armature 85,
whereby the pawl 86 engages the next lower
tooth, but for some reason the armature 85
sticks or remains in its operated position.
When the springs 88 and 89 disengage a
circuit is closed through the relay 200, since
the said relay is bridged across the springs
88 and 89. The relay 200 now energizes and
places the springs 201, 202 and 203 in con-
tact, whereby a circuit is closed through the
lamp 204 extending from ground G to the
busbar 179, conductor 205, through the

‘springs 203, 202 and 201, through the lamp

204 to the main battery busbar 178, thence
through battery B to ground G. The glowing
of this lamp indicates to the sub-central at-
tendant that the master switch remains in
an operated position. Also, when the said

upon the conductor 177 extending from
ground G through the conductor 205, springs
203 and 202 to the conductor 177, whereby
the main central signal relay 176 is again

short-circuited and the main central office.

attendant is again given a red signal, as be-

When the springs

1.8

fore. When the master switch is operating
normally an energizing circuit is momen-
tarily closed through the relay 200 when the

"springs 88 and 89 separate for each step of

the motor magnet 71. Hence, the red signal
lamp at the main central office flashes each
time that the motor magnet operates the
ratchet wheel 72 one step. The momentary

flashing of the red signal lamp in this man-.

ner indicates to the main exchange attendant
that the master switch is operating normally.

70

75

Suppose again that the fuse 168 which

‘normally short-circuits the relay 206, and

which feeds battery to the bridge-cut-off re- .

lays, blows; in that event an energizing cir-

80

cuit is established through the signal relay -

206. The relay. 206 then energizes, whereby

the springs 207 and 208 are placed, in con-
tact, thus closing a series circuit including .

the relay 209 and lamp 210. This circuit ex-
tends from ground G through the busbar 179,
conductor 211, through the relay 209, lamp
210, springs 208 and 207 to the main battery
busbar 178, thence to battery B and to
ground G. The glowing of the lamp 210 at

85

90

the sub-central indicates that the fuse 168 -

has blown.  The relay 209, upon energizing,
disengages the springs 185 and 186, thus
breaking the normally closed circuit through
the relay 183. The relay 183 now.deéner-
gizes, permitting the spring 188 to engage
the spring 190, whereby a ground potential is
placed upon the conductor 177, as before, and
again the main central office relay 176 de-
energizes, giving the red signal. When the

fuse 168 is restored the energizing circuit-

through the relay 206 is broken and the relay.

returns to normal position, breaking the en-

ergizing circuit through the relay 209, which
also returns to normal position, permitting
the springs 185 and 186 to engage, whereby
the normal circuit through the relay 183 is
again established and this latter relay is in

95
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105

turn restored to its normal energized condi- .

tion.

the main central attendant is signaled by the
red light 170 when any one of the three se-
rious troubles appears at the sub-central, and
it will now be pointed out how the.minor

In the preceding it has been shown h_o.W.

115

troubles are signaled to the main exchange_ '
171

attendant. Suppose that the line fuse
becomes blown, either by lightning or by

accidental ground upon the line conductor

35, or for any reason. When the fuse 171
blows, the springs 212 and 213 engage and
close ‘an energizing circuit through the lamp

120

914 in series with the relay 215: This circuit -

extends from ground G through the conduc-
tor 216, through the springs 213 and 212,

lamp 214, through the relay 215 to the main

battery busbar 178, thence through. battery
B to. ground G. The-glowing of the lamp
914 indicates to the sub-central attendant
that a heat coil of the group of which 171 is

125
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“heat coil
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a member has blown. The relay 215, upon
energizing, places the springs 217 and 218
in contact, whereby a negative potential is

placed upon the line conductor 177, since the
, resistance of the winding of the relay 215

is very low compared with the resistance of
the signal lamp 214. This negative poten-
tial extends firom the main battery busbar 178
through the winding of the relay 215,
through the springs 218 and 217, springs 189
and 188 to the conductor 177, and to the main
central otfice, thus shert-circuiting the relay
175, which latter is connected to the battery,
and completing s new energizing circuif

‘through the relay 176 which is comnected

with ground. The relay 175, upon being
short-circuited, deénergizes and permits the
springs 219 and 220 to engage, whereby a cir-
cuit is closed through the ringer 221 in

' multiple with the white signal lamp 174 and

in series with the ringer generator 222. The
main central office attendant is thus given
an audible and visual signal indicating that
one of the minor troubles has eccurred at the
sub-central. When the heat coil 171 is re-
stored the circuit through the lamp 214 and
the relay 215 is broken, thus' restoring the
sub-central apparatus and central office re-
lay 175 to normalj condition. When the line

fuse 172 blows, an energizing cireuit is es-
b = & \

tablished through the relay 215 in series
with the lamp 214 by the engagement of the
springs 228 and 224. Also, when the heat
coil 173, which is placed in the trunk-re-

lease circuit, blows, then the springs 225 and .

926 engnge, thius closing an energizing cir-
euit through the relay 227 extending from
ground (¥ through the rvelay 227, springs
995 and 926, through the bank springs 70 and
69, winding of the release magnet 45 to the
main battery busbar 178, thence through bat-
tery B to ground G. It will be séen that the

release magnet 45 is also included in this

circuit ; but since the winding of this magnet
is comparatively low said magnet does not
energiza, but the relay 227 operates to place
the springs 228 and 229 in contact, whereby
‘s series circuit is closed extending from
groand G* through the springs 298 and 229,
lamp 230, conductor 231, relay 215 to the
main battery busbar 178, thence throngh bat-
tery B to ground G. The glowing of the
lamp 2380 indicates to the sub-central attend-
ant that the heat ccil 173 has operated. Fur-
thermore, the relay 227 may be made. com-
mon to a group of heat coils of which the
v 173 is a member, and the glowing
of the lamp 230 would indicate the group.
The relay 215, being included in the above
circuit, energizes and places the springs 217
and 218 in contact, whereby the negative po-
tential is placed upon the conductor 177 in
the manner previcusly explained, and the
main exchange attendant is in turn sig-
naled, ss before. '

‘special line 232—283 is comnected 0

1,196,876

The sub-central (Fig. 2) may be provided
with a line, across the conductors 232 and 233
of which there is bridged the relay 234 in
serigs with the condenser 225. Now, if the
main exchange attendant desirves to test the
snbstation ringer genevator, similar to the
ringer generator K, allotted to the sub-
central of which sub-central substation A’
(¥ig. 4) 15 a member, the main exchange
attendant then calls the number allotéed o
this line, just as he would call any other line
and the same connector switch (connector
switeh If, Fig. 4, for example) is operated
to bridge the tinger generator across the ter-
minals 282 and 233 (Fig. 2); and an ener-
izing cireuit is also established through the
2y 234 in series with the condenser 285,
roviding the ringer generator is operating.
f'he relay 234 energizes and places the
ings 236 and 237 in contact, whereby the
rgizing civeuit is closed through the relay
5 in series with the signal lamp 238. This
ircuit extends from ground G through the
conductor 239, springs 236 and 237, through
e lamp 238, relay 215, main battery busbar
178, thence through battery B to ground G.
The relay 215 unow operates to place the
springs 217 and 218 in contact, with the pre-
viously explained resulte. By operating his
signaling button the €

4

causes the lamp 174 to flash and thus show
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that the ringer generator st the sub-ceniral

-

the ringer generator af the
this
noé

1s operating.
sub-central is not operating, then when
test is made the signal lamp 174 will
fiash. .
Tig. 4 shows the manner in which the
the
bank contacts of the subcentral connector
switches. It ie to be understood, of course,
that the line 282—233 in each subcentral is
connected to the bank contacts of connectors
in its own subcentral only. o
T therefore provide a system of supevvi-

sion and testing by which the main exchange

is automatically kept informed of certain
kinds of trouble as soon as they malte their
appearance; alse, as {6 how promptly a sub-
exchange attendant attends to cases of trou-
ble, if there is an sitendant at the sub-ex-
change, and if not, someone may be sent to
ook up the trouble and remedy same. T also
provide means for testing the conductors of

schange attendant g

et
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the ringer and the master switch at any

mstant,

From the foregoing it will be seen that I
provide a telephone system in whigh pro-
vision is made for aufomatically reporting
trouble to the central station operator or
attendant.
attendant may know immediately whether
the trouble is of one character or anotber.

If the trouble is of a géneral nature, such as

would be likely to put an entire sub-central
stagion oub of service, then the aulcmatic

Furtherinors, the' operstor or j
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signal is of a certain character. If, however;
the trouble is of a less serious nature, such

- as would be likely to interfere only with the
" service of a single line at the sub-central

10

& station, then the signal is of a different char-

acter. In this way, therefore, as explained,
the attendant or operator at the central sta-
tion is not only enabled to readily locate the
section of the exchange in which the trouble
is developed, but is also in a position to
know the character of such trouble. It will

' be seen, therefore, that the trouble man who

15
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starts out to locate the difficulty knows the

-nature of the work ahead of him, and can

‘prepare himself accordingly. As shown, the
cables running to the sub-central or outly-
ing stations include outgoing and incom-
ing trunk-lines for each station, and also a

“supervisory trunk-line for each sub-central

station. With this arrangement there is a
supervisory -or signal-receiving apparatus
for each group of first-selectors, comprising
a red lamp and a. white lamp, as described.
Furthermore, the arrangement is such, as
will be seen from the foregoing, that the at-

~ tendant or operator at the central station

80

35

.40

can at will investigate the condition er op-
erativeness of the apparatus at the sub-cen-
‘tral stations. ‘For example, the attendant or
operator can call a special testing line at any
sub-central station for the purpose of test-
ing.the mearis for applying the ringing cur-

rent at such sub-central station. My inven-

tion is, therefore, of such character as to
@fford much closer and =ccurate supervision

“of systems of this kind than heretofore.

What I claim as my invention is:—

1. In- a telephone system, a main ex-
change, a sub-exchange, a battery at the
‘main exchange having one terminal ground-

-ed; two relays connected in series and

_ bridged between the terminals of said bat-

45

tery, supervisory apparatus allotted to each
of said relays separately, a trunk-line con-
ductor leading from a point between the
said relays to the sub-exchange, circuits at
‘thé sub-excliange, means whereby if one cir-

. cuit is rendered inoperative the said conduc-

60
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tor is grounded and one-of said relays op-
erated . to give a supervisory signal, and
‘means whereby if another circuit is ren-
dered inoperative the said conductor is con-
pected to the non-grounded terminal of the
battery and the other of said relays op-
erated to give a different signal. \
9.. A telephone system comprising a sub-
exchange ard a main exchange, a relay nor-
mally bridged between the positive and
negative terminals of a battery at the sub-
-exchange, g trunk-line running to the main

exchange, and a normally energized relay:

at the main exchange, adapted to be con-’
trolled over said trunk line by said first re-

lay. - . S
3. A telephone system comprising the red

la‘.n'}’p signal relay, a normally closed ener-
gizing circuit for said relay, an auxiliary re-
lay for controlling said energizing circuit, a

A3

normally open energizing circuit for the

auxiliary relay, a plurality of relays and a
circuit associated with each one thereof,
fuses, one in each of said last-mentioned cir-
cuits, whereby if any one of said fuses blows

70

its associated relay 1s energized, and in turn -

“the auxiliary relay is energized -and the

lamp lighted, said auxiliary relay upon en-
ergizing in turn adapted to deénergize the
signal relay for causing the red signal to be
displayed at the main central office, the
aforesaid lamp adapted to light for indicat-
ing at the sub-exchange that the fuse has
blown, as set forth.. ' '

4. In a telephone system, a main central

station, a sub-central station, a main cur-
rent-supplying circuit for the sub-exchange,
a relay adapted to operate whenever said
main circuit is broken, means responsive to
such breaking for causing a signal to ‘be
given at the main central station, a plural-
ity -of subsidiary current-supplying: eircuits
at the sub-central station, and means where-

opened the aforesaid relay is also operated
for the same purpose. = o

5. In a telephone system, a main central
station, a sub-central station, a main cur-
rent-supplying circuit for the sub-exchange,
a relay adapted to operate whenever. said
main eircuit is broken, means responsive to
such breaking .for causing a signal to be
given at the main central station, a plural-
ity of subsidiary current-supplying circuits
at the sub-central station, means whereby
if any one of said subsidiary circuits is
opened the aforesaid relay is also operated

for the same purpose, and means whereby

at the same time a signal is displayed at the
sub-central station whenever one of the cir-

‘cuits is broken. ;

- 6. In a telephone system, a main central
station, a sub-central station, a suitable
signaling apparatus at the main central
station' adapted to be operated automati-

“cally from the sub-central station, current-

supplying circuits of one general character
at the sub-ceniral station, current-supply-
ing circuits of another general character at
the sub-central station, automatic switching

_apparatus recelving current over: said cir-
cuits, and suitable means at the sub-cen-

tral station whereby if any circuit of one
charactei aforesaid is opened the signaling

apparatus at the main central station 1s.

caused to give a signal, and whereby if any
circuit of the other character aforesaid is
opened the central station signaling appara-
tus is caused to give a different signal.

7. In a telephone system, a main central
station, a-sub-central station, a suitable sig-
naling apparatus at the main central sta-
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by if‘any one of said subsidiary circuits is -
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tion adapted to be operated automatically
from the sub-central station, current-supply-
Ing circuits of one general character at the
sub-central station, current-supplying cir-
cuits of another general character at the sub-
central station, and suitable means at the
sub-central station whereby if any civeuit of
one character afovesaid is opened the signal-
ing apparatus at the main central station is
caused to give a signal, and whereby if any
circuit of the other character aforesaid is
opened the central station signaling appa-
ratusis caused to give a different signal, said
sub-central station comprising also means
whereby if a signal is being displayed at the
main central station to indicate an open cir-
cuit of the second general character aforve-
said, then the breaking of a circuit of the

first general character will relieve one sig- -

nal at the main central station and substi-
tute therefor the other signal. '
8. In a telephone system, a main central

_ station and a sub-central station, a main cur-

25

rent-supplying circuit for the sub-central
station comprising the main fuse, a plu-
rality of subsidiary current-supplying cir-

. cuits including fuses for said sub-central

30
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station, a red signal at the main central sta-
tion, a red signal relay at the sub-ceniral sta-
tion associated with all of said current-sup-
plying circuits, other current-supplying cir-
cuits comprising the heat coils and a trunk-
release conductor, a white signal relay also
at the sub-central station, a red signaling re-
Iay at the main central station, a white sig-
naling relay at the main central station, a
red and white signal trunk-line running
from the main central station to the sub-

. central station, and means at the sub-central
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station whereby if any one of the circuits
associated with the white signal velay is
opened at a certain point, then the white
signal relay operates to close a circuit over
the said trunk-line for operating the white
signal at the main central station, and means
whereby if any one of the ¢ircuits associated
with the red signal relay is opened at a cer-
tain point, then said relay operates to cut
off the white relay circuit and substitute
therefor a circuit to the trunk-line that will
operate the red signal at the main central
station. ' :

9. In an automatic telephone system, a
main central station, a sub-central station, a
signal at the main central station, s source of
current-supply at the sub-central station, a
line at the sub-central station, a connector at
the sub-central station, means whereby said
connector may ‘be caused to seize the said
line, means whereby the said connector is op-
erative to connect the said current-supply
source with the said line, and suitable appa-
ratus allotted to said line whereby, when the
sald current source is thus applied, the sig-

nal at the main central stabion is operated.

1,186,378

10. In an automatic telephone system, 2
couple of stations, automatic switches for

connecting said stations, means including a

conductor connecting the two stations ex-
clusively for transmitting supervisory sig-
nals of more than one character, fo give an
attendant at one station supervision over
the apparatus of the other station, and
signaling means responsive to the different
signals, : '

11. An automatic telephone system com-
prising a couple of stations, automatic
switches for connecting said stations, tele-
phone lines for one of sald stations, medns
including a conductor conmecting the two
stations for the purpose of transmitting su-
pervisory signals of more than one charac-
ter, and signaling means at the other station
responsive to the different signals.

12. An auntomatic telephone systern com-
prising an autcmatic main central station,
an automatic sub-central station, telephone
lines for the sub-central station, a condue-
tor cennecting the two stations, supervisory
apparatus associated with said conductor,
and means whereby supervisory signals of
more than one character may be transmitted
over said conduetor to the main station.

13, In a telephone system, a battery, two
relays connected in series between the poles
of said battery, signaling apparatus allotted
to each of said relays, and a line connected
to a point between said relays, the arrange-
ment being such that if the sa1d line is con-
nected to one pole of the battery one of said
relays operates its allotted signal, and if the
said line is connected to the other terminal
of the battery the other of said relays op-
erates the other signal. -

14. A telephomne system comprising means
for applying ringing current to subscribers’
lines, a special testing line, a relay bridged
across the said line, means by which an
operator or attendant may call the said line
to test the condition of the ringing current
by energizing: said relay, -and signaling
means respensive to the energizing of said
relay. ‘

15. A telephone system comprising sub-
scribers’ stations divided into groups, a
group of first-selectors for each group of
subscribers, and a pair of signals for each
group of first-se.ectors, one signal of each
pair being responsive to one kind of trouble
within the group to which it is allotted, and
the other signal of each pair being respon-

.sive to another kind df trouble within the

same group. ,

16. A telephone system comprisinga main
station, sub-central stations, trunk-lines for
talking purposes leading from the main sta-
tion -to the sub-central stations, a special
supervisory trunk-line for each sub-central
station, and a vair of signals for each su-
pervisory trunk-line, said signals located at
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the main central station, one signal of each
pair being automatically responsive to one
kind of trouble at the sub-central station

‘théreof, and the other signal of each pair

being responsive to a different kind of
trouble at the same sub-central station.

"17. In a telephone system, the combina-
tion of subscribers’ lines, main and sub-
central stations, automatic switches at said
stations for extending connection from a
supseriber’s line, trunks for talking pur-
poses connecting the said stations, a special
trunk extending between said statioms, not
adapted for talking purposes, and auto-

‘matic means whereby an attendant at the

main station has supervision over said spe-
cial trunk of the apparatus at the sub-
central station with respect to different
kinds of trouble thereat.

18. In a telephone system, the combina-
tion of subscribers’ lines, main and sub-
central stations, automatic switches at said
stations for extending connection from a
subscriber’s line, trunks for talking pur-
poses leading from the main to each sub-
central station, a special trunk for each sub-
central station, not adapted for talking pur-
poses, signal devices at the main station,
and means for automatically transmitting
trouble signals over said special trunks
from the said subcentral stations to said
signal devices. '

19. In a telephone system, the combina-

tion of subscribers’ lines, main. and sub-.

central stations, automatic switches for ex-
tending connection from a subscriber’s line,
a set of lamp signals at a main station re-
sponsive to and adapted to discriminate
between different kinds of trouble at a sub-
central station, and means for automatically
controlling said signals. c

20. In a telephone system, a central sta-
tion and a subcentral station, a battery, and

means including two relays at the central

station permanently connected in series in

a normally closed circuit for supervising

different kinds of trouble at a subcentral
station.

21. In a telephone system, a battery and
a pair of relays connected in series, sig-
nals controlled by said relays, a line con-
nected to a point between said relays, and

i 5 d

means for connecting said line to one or
the other terminal of said battery to there-
by operate one or the other of said signals.

22. In a telephone system, a battery and
a pair of relays connected in series, signals
controlled by said relays, a trunk line nor-

mally connected to a point between said.

relays, and means for connecting said line
with one pole of said battery to thereby

_cause one of said relays to operate the sig-

nal controlled thereby.

23. In a telephone system, a pair of re-
lays connected in series and normally ener-
gized, a signal controlled by each .of said
relays, and means for short-circuiting one
of said relays to thereby déénergize said
relay to operate the signal -econtrolled
thereby. . _

24. In a telephone system, a pair of re-
lays connected in series and normally ener-
gized, a signal controlled by each of said
relays, and means for short-circuiting either
of said relays to- thereby deénergize said
relay to operate the signal controlled
thereby.

25. In a telephone system, a main ex-

. change and a sub-exchange, a pair of relays

at said main exchange connected in series
and -normally energized, a signal controlled
by each of said relays, a line connected at
a point between said relays and extending
to sald sub-exchange, and means control-
lable over said line for short-circuiting one
or the other of said relays to thereby oper-
ate the signal controlled thereby. ’
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26. In a telephone system; a main ex- -

change and a sub-exchange, a pair of re-
Jays at said main exchange connected in
series and normally energized, a signal con-
trolled by each of said relays, a line con-
nected at a point between said relays and
extending to said sub-exchange, and means
at the sub-exchange for connecting said
line with one or the other pole of said bat-
tery to thereby cause the operation of one
or the other of said signals.
Signed by me at Chicago, Cook county,
Illinois, this 26th day of November, 1907.
FRITZ LUBBERGER.
Witnesses: .
Epwarp D. Faues,
R. H. Burremxp.
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