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To all whom it may concern :

Be it known that I, Franx R. McBarry,
citizen of the TTnited States, residing at
New Rochelle, in the county of Westchester
and State of New Yerk, have invented a cer-
tain new and useful Improvement in Tele-
phone-Exchange Systems, of which the fol-
lowing is a full, clear, concise, and exact
description. -

My invention relates to tolephone ex-
change systems and contemplates in
an improved organization and arrangement
of cirenits and apparatus whereby the inter-
connection of telephone lines and trunk

8 lines may be controlled and accomplished

speedily and avith precision.

The obiject of my invention is to provide
in a system involving mechanical switching
apparatus, a - confrolling organization by
which such niechanieal switching apparatus
may be governed in its operation $o estab-
fish the desirgt connection, which control-

~ ling organization Is In turn governed or set

by distant so-called sender apparatus ac-,
cording tothe designation of the desired.
line. .

A further object of my invention is to

provide a system in which a secondary con-

30
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trolling organization” may be adjusted or
set in contrelling condition by ~impulses
transmitted over long or shovt lines by a
primary controller, and whereby such sec-
ondary controller may he automatically and
quickly associated with the line or appa-
ratus associated with the primary ‘con-
troller taken for use. ) :

A further object of my invention is fo
provide in a system involving mechanical
switching apparatus adapted to operate and
be controlled according $o what is known as
the revertive impulse system of control, a
secondary controlling organization adapted
to be get by impulses received therein from a
primary controller operated from a calling:

Jine, and having been ‘so set to codperate.

with such mechanical switching apparatus’
to accomplish through. said apparatus the

“conmnection of the desired line.” . ‘

More particularly my invention involves:
a system including auntomatic switching ap-
paratus, a primary sender mechanism adapt-
ed to be manually set aceording to the desig-
nation of the line desired, and to transmit
impulses in accordance with sunch designa-
tion, and a secondary controlier adapied jo.

geners] '

be set or adjusted in response to the receiph
of the impulses from such primary con-
troller, and when so set and adjusted to con-
trol the operation of the mechanical switeh-

ing apparatus to produce the desired con-

nection, such secondary controlling appa-
ratus being adapted to be automatically
connected to the cirenit of the primary con-
trolling apparatus and to be disconnected
therefrom upon the completion of the de-
sired connection. :

My invention is shown as applied ¢
fril automatic telephone exchange systern,
but it should be understood that while it

)

particularly adapted to and has been found ,

especially efficient in conmection with full
automstic systems, my invention is not con-

fined to use in such systems, but may be sd-
vantageotisly used in connection with any or

all systems involving mechariical switching.

apparatus which must be rapidly and sccu-
rately controlied. I have furthermore shown
mny mvention in connection with roechanieal

switching apparatus of a particular form,

but it will be apparent that it is not confined

fto use in connection with switching appa-
ratus of this type, but may be used with any
switching apparatus of suitable or conven-
lent structure and arrangement. Furiher-
more, while the mechanical switching
ratus in cennection with which T have
my .invention is controlled sccording to
what 1s kmown as the revertive impulse Sy
tem of contrel, it must be understood that

my invention is not limited to such system . §

of control, but may, if desired, be used in
connection with switching apparatus de-
signed to be controlled by impulses received
from the controlling apparatus, as will he
hereinafter pointed out. : B
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My invention also includes certain details

of the construction and organization of the

eircuits. and apparatus dnvolved in my im-

proved controlling sy$tem-by which the fore-

~going results and operations, and othey. re--
stilts and operations incidental to the proper::

and expeditious accomplishment of the. in-

.ter-connection of telephone lines and trunk
“lines in systems of the character indicated

may be best accomplished.

E0D

138

In the drawings, Figures 1, 2, 8 and 4.

when placed together form a single diagram
illustrating diagrammatically the cireuits
wid apparatus involved in the full sutomatic
exchange :

systemn comprising inpart a sys-
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tem of control in accordance with my in-
vention; the lines which extend to the edge
of each sheet being continued on the neigh-
boring sheet. The proper arrangement of
the sheets for viewing the system as a whole
is made by placing Fig. 2 to the right of
Fig. 1, Fig. 3 inimediately below Ifig. 2,
and. Kig. 4 immediately to tlie right of
Fig. 2. v .

Like parts are referred to by the same ref-
erence characters throughout the specifica-
tion. _

Line finders—A part of the apparatus in-
volved in the preferred form of my inven-
tion and as shown in the drawings herein
comprises a series of line finders such as
“the one shown to the left of Fig. 2 on the
upper part thereof. These line finders may
be of any usual or convenient construction,
but each comprises preferably a set of three
brushes adapted to be rotated to sweep over

_any desired and convenient number of sets

of line terminals, each such set of line termi-
nals comprising three terminals, that is, two
line terminals and a test terminal. The
three brushes referred to may be driven in
any preferred manuer, but on the drawing
they are shown as driven by the power mag-
net 258. This power magnet when ener-
gized will cause the rotation of the brushes
over the terminals by means of an electro-
magnetic clutch such as is well known to the

“art and therefore need not be further de-

seribed. So long as the power magnet is

“energized the brushes will move over the sets

of terminals of the various lines until they
come in contact with the terminals of the de-
gired -or calling line when, in a manner to
be ‘hereinafter described, the power magnet
will be deénergized and the brushes will
stop in contact “with the terminals of such
line. It should be further noted that the
test brush as indicated on Fig. 2 is made of
elongated form so that it will make contact
withi the test terminal of one set of terminals
before breaking contact with the test termi-
nal of the preceding set of terminals: » The
line brushes, however, will not bridge from
.one line terminal to the next. It will be
furthermore noted that these line finders
when not in use may rest upon the terminals
of a line with which they were last opera-
tively connected since in the normal condi-
tion of the apparatus associated therewith
the vayious brushes are connected in no way

“to any. electrical potential or ground and

therefore cannot in any way affect the line
on the terminals of which they are resting.
Sequence switches—The local controlling
circuits associated with the various parts of
the exchange system disclosed herein, which
local controlling circuits must be established
in definite order at successive stages of the
operation - of such system 't bringz into
service the different devices or parts us they

1,109,686

are required, are in the present embodiment
of my invention established by automatic
glectromechanical  switching  appliances
which are termed sequence switches, Aswill
be noted by reference to the drawing, there
is a sequence switch associated with the
primary finder apparatus and the first se-
lector, a sequence switch associated with the
secondary controller apparatus, and a se-
quence switch associated with the final selec-
tor. Itach of these sequence switches con-
ists in its elements of & movable switch op-
erating member, a number of circuit
changers or contact devices actuated in se-
quence as sald member is moved from one
position to another, au electromagnet and a

70

80

motor mechanism operated or controlled by -

said magnet for advancing said movable
member through its successive positions.”
The sequence switch may control any de-
sired sequence of operation, whether of the
same or different devices. In each position
to which this movable member is advanced,
a circuit is established whereby a given op-
eration of the device or devices under con-
trol is made possible, and at the same time
another cireult is established whereby tha
motor mechanism of the sequence switeh
may be actuated automatically when such
operation of the device or devices under con-
trol has been completed; so that as each op-
eration takes place the sequence switch will
be automatically moved to the nexst position,
in which position a new operation or an-
othar stage of the same operation will be
brought about and so on. Finally the se-
quence switch establishes a condition wherve-
by the apparatus under control is returned
to its normal condition, and also cstablishes
a circuit whereby the sequence switch will
be returned to its normal position. In each
such position, the appavatus and its asso-
ciated sequence switch may be and are pref-
erably so related that local reciproeal con-
trolling circuits will be progressively estab-
lished by said devices in their operation, in
such a manner that when a normal opera-
tion of either is started both devices will be
progressively carried through a complete
eycle of operations which may be coatrolled
and checked at different stages through the
ageney of energizing circuits estabiished by
some other portion of the apparatus for this
purpose, but which unless so checked will
terminate in the automatic return of both
the sequence switeh and its assoclated appa-
ratus to norial condition. Tu case ef a fail-
ure of current in such checking or countrol-
ling circuit, even immediately after a se-
quence switch and its associated apparatus
have started in operation, such sequence
switch and apparatus cannot become per-
nmanently displaced or stalled in an off nor-
ma} condition but will coniplete their eyele
of operations and be positively resurned to
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normal under centrol of circuits which are
purely local.

- In the circuit diagram herein illustrating
my invention, the switch springs of the se-
quence switches are not shown in their ac-
tual arrangement, but are so located as to

give the clearest arrangement of circuits."

Kurthermore, the operating cams are not

'shown. The positions of the rotary element

of each sequence switch, in which any of its
contacts are closed, are indicated by num-

bers placed adjacent to such contacts, each-
.contact, except the special contacts which

will be hereinafter referred to, being . open
in all positions except those indicated by the
adjacent numbers. For convenience, the se-
quence switch contacts may be identified
with their sequence switch power apparatus,
indicated upon the diagrammatic showing,
by the fact that the hundreds digit of tho
reference character applied to each sequence

“switch contact is the same as the hundreds

digit of the reference character applied to
the sequence switch of which it forms a
part. It will furthermore be observed that
the sequence switch contacts on any sheet
are all controlled and operated by the se-

quence switch power apparatus shown upon
o

e same sheet; for example, all sequence
switch contacts the hundreds digit of whose
reference character is 2, form a part of the
sequence switch 201 which is shown upon
the same sheet, ' : ‘

Each sequence switch has, however, as
has been before noted, a special contact gov-
erning the local circuit of its motor magnet.
. which are repre-
sented by the contacts 202, 302 and 402 on
the respective sequence switches 201,801 and
401, are closed only while the rotary element
of the sequence switch is in transit from one
stopping position to the next, the numbers
are placed on the side of the switch lever
opposite from the contact and indicate the
positions in which such contact is open, such

‘contact being closed at all times while the

rotary element is in transit between the po-

-gitions indicated by the numbers. The num-

bers adjacent to these special contacts of the
various sequence switches indieate; therefore,
the only positions in whicki their associated
sequence switches are arranged to stop.
Since, however, sequence switches of the

character described are well known to the
art, the particular structure and.arrange-

ment of the form used and shown in the pre-

ferred form of my invention need not be

particularly described and any form thereof
which may be suitable or convenient may be
used. ‘ -

- Selector switches—1In the form of auto-

matic switch shown in Fig. 4, the switch car- -

riage or movable element is provided with
& number of -sets of multiple brushes, any
particular set of which may be selected for

a3

service and the switch carriage then ad-
vanced over a series of sets of line termi-
nals until the selected brushes are brought
into engagement with the terminals of a de-
sired line. °~ ,

The switch carriage 6r brush carrying
member is of the rotary type, the frame 21
of which is mounted upon a central stand-
ard or shaft 22. At the outer end of'the
frame a number of sets of contact brushes 23,
24, 25 are pivotally mounted upon but insu-
lated from a rod 26, and from each other, in
position to sweep over sets of line terminals
27, 28, 29. The brushes have inwardly ex-
tending arms 30, bearing against which, one
for each brush, are springs 31. Latches 32
one for each set of three brushes, are piv-
otally mounted upon a rod 86 and arranged
to normally hold the brushes from being
rocked outwardly into line with the station-
ary terminals. Bearing against the inmer
ends of the Iatches are springs 34 which hold
the Jatches firmly against a stop rod 33.
This stop rod 33 serves to prevent the latches
from being moved forward too far after the
brushes have been released. A stop bar 35
serves to limit the ontward movement of the

brushes when the latches are withdrawn. -

The latehes 32 and stop bar 35 ave of insulat-
ing material so that the circuits connected
with the brushes will not be crossed thereby.
The springs 31 make electiical connection
with the brushes;-they are of sheet metal and
form the teeth of combs which connect cor-

responding brushes in the several sets in

multiple. ~ Suitable wire clip terminals 37,
38 and 89 are previded for the cireuit con-
nections to the springs and brushes.

As the brush carriage is rotated to cause
the brushes to sweep over the fixed terminals,
the latches first pass by a tripping device or

brush selector, by which any desired set of

brushes may be released and caused to swing
outwardly.  This tripping device comprises
a shaft 40 provided with radially extending
fingers 41 arranged spirally about the sur-
face of the shaft. This, shaft is adapted
by mechanism, to be presently described, to
be rotated so as to bring the fingers one
after anether into the line of travel of the
several latches on the brush carriage. Only
one set of brushes is intended to be veleased
in a given operation. The shaft is first

‘rotated to bring a particular finger into

position to engage the latch in the same
level therewith and then-the brush carriage
is rotated. In passing, the outward edge
of this lateh strikes the end of the finger,
allowing one set of three brushes to he re-

leased. Continued movement of the brush 1

carriage brings the selected set of brushes
into engagement. with the rows of stationary
terminals in the same level therewith, these
brushes trailing over the terminals and mak-
ing contact therewith in passing. The

o
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brush carriage is finally cansed to stop with-
the selected brushes in contact with some
one set of stationary terminals. The other
brushes not being released, ave held ont of
contact with the terminals over which they
pasgs. A further movement of the brush car-
riage in the same direction of rotation will
carry the brushes over a restoring roller 85,
which may be pivoted to the frame and
which engages the .ree ends of the released
set, causing them to be puslied back into
their normal latched position. After mak-
ing a full revolution, the brush carriage is
brought to rest in iis normal position again.

The brush selector and the brush carriage
of this switch mechanism are arranged to
¢ moved one following the other by suit-
able motor mechanisms which will 1mpart
to each a continucus movement. In order
that the successive positions taken by each
movable member may be stepped off or
measured, each is provided with an inter-
rapter device adapted to make and bresk a
contact in the controlling cirenit as the mov-
ing member passes the several positions ab
which it may be desived to cause said mem-
ber to stop. Thisg/merrupter device for the
brush carridge comprises a pair of contact
springs 48, 49 sectived to, the shaft 22, but
insulated from said shaft and from each
other. The outer ends of these springs are
engaged by inwardly extending arms 44 and
43 of a pair of levers 42, 43, which are piv-
otally mounted upon the rod 206. These
levers 42 and 43 are jnsulated from the
springs 48 and 49 by small insulating but-
tons at the ends of the-arms 44 and 43, but
are uninsulated from the rod 26 which is
connected to ground through the frame of
the selector mechanism. In the movement
of the brush carriage a roller 51 on the free
end of the lever 42 engages the teeth 58 of a
cam plate 50, the roller engaging cach tooth
as the brashes ave traversing the space be-
tween the successive terminals and dropping
imto the notches between the teeth ds the
brushes are centrally located in contact with
said terminals. While the rolier 51 is riding
over the teeth of the plate 50 the curved end

of the lever 43 is in engagement with the
smooth edge 52 of that plate. A velative

movement of the levers 42 and 43 is thus
obtained by their engagement with the edges
of plate 50 and this movement is, therefore,
indepenaent of slight variations in the ra-
dial distance between the plate and the axis

of movement of the brush carriage. By this-

construction the duration of contact between
the interrupter springs 48 and 49 38 made
uniform in the movement of the brush car-
riage, each make and each break correspond-
ing to a particular positien of the brushes
with respect to the terminals.”
In the normal position of the
mechanism, the levers 42

g )

switch
and 43 rest in a

}Ee
el iate is covered with
srdating material in order to prevent the
free ends of the levers 42 and 43 from mak-
ing electrical contact with the plate 46 be-
fore reaching the full normal position in
which the ends of the levers drop into the
roeess 47,

The intexrupter for the brush selector
comprises an arm 5% pivoted to the frame
at 37, engaging at its free end s toothed
wheel or cam 58 which rotates with the shafl
40. This arm 56 is adapied in the rotation

op plate 48.

of the shaft to engage two contacts 59 and’

60. These contacts may be springs, the free
ends only of which are shown in the draw-
ing. In its normal position the free end of
the arm 56 lies in 2 noich of the cam 58
which is deep enough to insure an open con-
nection with contact 59. When the shaft is
away from its normal position, however,
connection is made continuously with con-
tact 59. The connection with contact 60 is
intermittent, this contact being made when
the arm 56 is litted by each tooth of the cam.
There are as many teeth on the cam as there
are fingers 41 on the spindie 40 and there-
fore as many as there are sets of brushes,
The motor mechanism for causing rofe-
tion of the brush carviage comprises an an-
nular iron friction disk §1 flexibly mounted
at the lower end of the spindle 22, an eléc-
tromagnet 62 which may be-fized in any
suitable manner to the frame, and a con-
stantly rotating shaft 63 carrying an iron
driving roller 64 The disk 61, roller 64
and that part of the shaft 63 which extends
through the center of the electromagnet 62
form the magnetic cirenit of the electromag-
net 62. When therefove current is passed
throngh the winding of the magnet, the
roller 64 attracts the disk 61 and causes the
intter to rotate by frictional contact there-

with: holding electromagnet 65 having a
pole Picce 66 extending upwardly beneath

the diskk 61 iz adapted when current is
passed through its winding to engage the
digk and hold 3§ from movement., The power
shaft 63 is extended as shown in the draw-
ing to carvy a flexibly mouated driving disk
70, which 13 adapted to engage a roller 67
carried by the spindle 46. An electromag-
nes 68 controls the engagement of disk T0
and roller 67 in the same mapner that the
electromagnet 62 controls the engagement
of disk 61 and voller 64. These devices are
in fact electromagnetic clutches, one to cause
movement. of the brush carriage and the
cther to canse movement of the brush se-
fector.. _ _ :

* The complete selector switeh mechanism
is not shown in the drawing, but the ele-
ments thercof appear in their proper rela-
tion o one another so ag to make clear the
manner in which the wechanism operates to
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terminals,
~_behind the roller one tooth or notch and.

interconnect lines. There may be as many
sets of brushes and stationary terminals as
desired. For example, the switch mecha-

nisin may, as a whele, have ten seis of three,

brushes each and two hundred sets of fized
terminals arvanged in ten levels of twenty
sets each. For simplicity in the diagram
there are shown only two sets of brushes,
the 8th and 96h counting from the top dewn,
and six sets of stationary terminsls in two

levels covresponding” to the two sets of
brushes shown.
The selector switch structure shown in

Fig. 2 is precisely the same as that shown in
Fig. 4 with the excepéion of the interrupter
apparatus shown at the top thereof, the
structure and operation of which is as fol-
lows:

In the normal position of the brush car-
rizge, us shown in Fig. 2, a pair of levers
82, 83 engage at their free ends a normal
stop plate 46. At the end of lever 82 is
a roller 71 which lies in & recess of plate 40,
and at the end of lever 83 is a right angle
extension arm 72 which malkes electrical
contact with said plate 46, A coil spring
86, acting upon an inwardly extending arm
84, serves to press the roller 71 with con-
siderable force against plate 46 and thereby
holds the brush carriage secuvely in its ndr-
wal pesition. A flat spring 73 engages un
inwardly extending arm 85 of the lever 83
and serves to press this lever outwardly but
with less force than that of the coil spring
86, The spring 73 also makes electrical
contact with Jever 83; it 1s secured to but
sulated frem the shaft 22 of the brush
carringe and terminates in a wire clip 87.

As the brush carriage is moved to carry
the brushes over the statlonary terminals,
the refler 71 and the extension arm 72 en-
aage the teeth of a cam plate 90, The roller
71 rides over the teeth while the brushes ave
passing between terminals and drops into o
ncteh as any released set of brushes is cen-
trally Tocated in direct contact with a set of
The extension arm T2 follows

likewise engages a tooth as the brushes are

pussing hetween  successive terminals. It

passes through the space between teeth,
Lowever, without touching the plate Y0, as
the released set of brushes is centrally lo-
cated in contaet with the terminals.  The
stop bar 35 engages the inwardly extending
arne 85 just as 16 does the arms 30 of the
inrushes andd thus prevents the extension arm
72 of the lever 83 from touching the hottom
of the notches between the teeth of plate 90,
bt permitting said arm 72 to touch and
make contact with the top of the teeth.
The teeth and notehes of plate 90 are so
spaced and arranged with respect to the con-
tact lever 88 that the extension arm 72 will
not break contact with a tooth.of plate 90

over the notches on such dial.

B

until after the brushes malke contact with
the stationary terminals and the roller 71 is
ready to drop into a notch. The ¢ircuit ar-
rangement, as will presently appear, is such
that the motive power for driving the brush

carriage cannct be cut off until the contact

is thus broken between lever 83 and plate 90

and therefore not until the brushes are in

position to nake good contact with the sta-
tionary terminals. '

Sender or primary  controller—The
sender or primary controller forming a part
of the system embodying my invention
shown herein and which 15 located at the
subscriber’s station upon a calling line may
be of any desired structure or arrangement’
whiclk: will perform the desived functions
hereinafter to be described. The preferred
form, however, which form is well known

to the art and will not therefore be described .

in detail, comprises a series of cireuit break-
ing digls and a master switch. The circuit
breaking dials or digit dials, of which there
are three shown, are adapted to be manually
set by the subscriber to indicute when taken
together the designation of the desired line.
When such dials have been set 2 power le-
ver, not shown, will be operated to supply
power for operating such digit dials. The
first of the digit dials, herein shown as the
lnindieds dial will then start to rofate and
in such rotation will open and close the im-
pulse sending circuit as the contact lever
shown in association with such dial rides
The numnber
of times that the impulse sending cirenit
will be opened will depend upon the set po-
sition of the dial and’ the cirtuit will be
opened briefly a virying number of tinles
aceording to the set position of the dial and
then once opened for a comparatively fonger
péried.  The dial when it reaclies its normal
position will then stop. 4&s scon as the
hundreds dial has reached i
tion, the tens digit dial will hegin to move
Lreaking the circuit briefly for a varying
numinber of times aceording to the set posi-
tion of the dial and then breaking the cir-
enit forra comparatively longer period once
just before réaching its normal position.  As
soon as the tens dial comes to rest in its nor-
mal position the unity dial will operate in a
precigely similar manner.

“The master switch above referred to may
be and is preferably controlled by the power
lever which, as is above noted, is operated
to furnish power for the operation of the
respective digit dials. The first movement
of the power lever will operate the master
switch in such a manner that it will include
the impulse sending ecircuit which passes
through the various contact devices of the

‘digit dials in the lue circuit of the asso-

cialed telephone line. The structure of this
switch, however, is so desigued that the eir-

7%

6

&6

86

808

160

108

s normal posi-

110

136

126

125

130



30

20

30

40

60

S

enit will be elosed through the impulse
sending civeuit before the hine conductor is
opened as is plainly indicated upon the
drawings.

it should be observed that the digit nu-
merals are placed upon the digit dials in
such positions that the nunber of impulses
sent over the impulse sending cireait 1s the
complenient of sueh numerals. Thatisto say,
if one of the digit dials is set for the No. §,
two impuises will be sent over the Impulse
sending civeuit, one short gnd one long.
Similarly, 1f cne of thé digit/dials is set at
zero, ten tmipulses will be sent over the im-
pulse sending cirenit, nine of such impulses
being short und the last one long.  The ob-
ject of this arrangement will clearly appear
in the description of the operation of the
system emboedying my invention and de-
pends in a word on the fact that the register
senders herein shown operate upon what is
known as the complementary system of con-
trol.

In connection with the operation of the
subseriber’s substation apparatus including
his sender or primary controller, the instruc-
tions given such subseriber for the proper
operation of the system require that he
should in inaking a call first reinove his ve-
ceiver from its switch hook and then pro-
ceed to set the sender or primary controller
mechanism to the designation of the desired
line. Then having set his primary con-
troller, he will operate the power lever above
referred to. During the interval between
the removal of his receiver from its switch
hoolk and the operation of the power lever,
ample time will elapse for the connection to
his line of & finder device and of a register-
gender or secondary controller hercinafter
to be described.

t should be further noted that due to the
presence of the master switeh, the movement
of the digit dials by the subscriber in setting
them will not in any way affect the line civ-
cuit and no impulses will be sent to the cen-
tral station during sach movement. When,
however, the master switch is operated, the
digit dials will move one after another and

transmit impulses to the central station, as’

has been hereinbefore referrved to and as will
e hereinafter morve fully described.
Register sender or secondary controller.
The secondary controller shown herein, of
which there will be two associated with each
group of lines and econnecting circuits and
whose association with-a connecting civeuit
talen for use will sufficiently appear in the
description of the operation of the svstem
embodying my invention, comprises a slow
release relay indicated at 321, a stepping re-
lay 892, a sequence switch 301 and three
register-senders 341, 361 and 381,  Of this
apparatus the register-senders need only be
desciibed in detail. Each of these register-

‘gized.
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‘senders—the one indicated at 341, for ex-

ample, which will be heveinafter veferred to
as the bundreds register-sender, partakes
somewhat of the nature of a sequence
switch; that is to say, it comprises a shaft
349 which, like the shaft of the sequence
gwitch hereinbefore described, is rotated
when the register sender magnet 350 is ener-
On this shaft are located the three
switching operating disks 342, 345 and 847,

Considering first the switch operating
disk 845 it will be observed that the periph-
ery of this disk is divided into twenty-two
parts. Each of twenty-one of these parts is
recessed in such a manner that the contact
arm of the switch 346, when it rests in such
recesses, will not make contact with its back

contact, but when passing from one recess

to the next will so ride upon the periphery
of the disk that it will make contact with
such back contact. The one remaining por-
tion of the periphery of this disk which is
not recessed is, as shown, immediately adja-
cent to the recess in which the contact arm
346 is designed to rest when the register-
sender is in its normal position. The con-
tact avm 346 asseciated with this disk 345 is
similar in its operation to the special con-
tacts 202, 302 and 402 hevetofore referred to
and well known to the art, such contact arm
being so connected to the operating magnet
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350 of the hundreds register - sender that -

when the shaft 349 is moved out of a posi-
tion in which the contact arm 346 rests in a
recess, its movement will continue until the
contact arm 8406 again rests in a recess of
the disk 345

The disk 342 of the hundreds register-
sender s provided with eleven recesses simi-
lar to those on the disk 345 and located with
relation to the shaft corvespondingly with
the alternate recesses upon the disk 345. A
contact arm operating contacts 343 and 344
is adapted to ride over the periphery of this
disk and when resting in one of the recesses
thereon to close the contacts 344 and when
resting upon the periphery of such disk be-

tween two of the recesses thereon to close

the contact 343.

The third disk 347 of the hundreds veg-
ister is provided with but one vecess which
is elongated and is located with relation to
the shaft 349 to correspond with the unre-
cessed portions of the disk 343. This disk
also has a contact arm cobperating there-
with and adapted to.ride over its periphery,
such contact arm maintaining the contacts
348 closed except when it rests in the elon-
eated recess above referrved to. e

“The hundreds rvegister is adapted to stand
normally in the position in which it is sRown
in Fig. 3 and will be moved from such posi-
tion and restored to its normal position in
the mauner which® will be hereinafter de-
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of the system -embodying my invention.
The tens register sender and the units reg-
1ster sender are of precisely similar form fo
the hundreds register sender just described.

General description and operation~—In de-
scribing the operation of the 'system em-
bodying my invention, we will assume that
the calling subscriber  desires connection
with a line of the exchange the designation
of which is, for example, 629. To accom-
plish this connection the subseriber first re-

moves his receiver from its switch hook,

which act closes a circuit from the battery
149 throngh the armature 111 and its back
contact of the multiple -cutoff relay 112,
armature 118 and its back contact of the cut-
off relay 114, line conductor 101, the now
closed switch hook 115 of the subscriber’s
apparatus 116, line conductor 102, master
switch-171, line conductor 102, back contact

~and armature 117 of the cutoff relay 114,

back contact and armature 118 of the multi-
ple cutoff relay 112, line relay 119 to ground
and back to battery. The closure of this
circuit energizes the line relay 119 which at-
tracts its armatare und closes a circuit from

. the battery 149 at its middle or neutral

‘point, through the cutoff relay 114, front
contact and armature of the line relay 119,
starting relay 251 to ground and back to

battery. Current from battery 149 alone,
through relays 114 and 251 in series, is in-

sufficient to energize relay 114.- It is only
when current from battery 249, in Fig. 2, is

-added to the current from battery 149, that

relay 114 will be encrgized, as will be here-
inafter described.
cuit energizes the starting relay 251, which

controls the primary selector sequence switch -
3 sturting cireuit and is common to the lines

rof the group of lines of which the calling
line is one. The energization of this start-
ing relay “closes & circuit from battery

through the primary sequence switeh 201,

sequience switeh contact 208, sequence switch
1 .

contact 204, sequence switeh contact 505 of

the first connecting cirenit and primary se-
lector common to this group, which at this
time is assumed to be busy, front contact
and armaturk of the starting relay 251 to
ground and back to battery.

Before deseribing the operation of the
primary sequence switeh shown in response
to the closure of the civenit just traced, at-
tention is directed to the arrangement of
this cireuit whereby the first idle connecting
cireuit and its associated selector apparaius
will be picked up and operated npon the
closure of the starting relay 251, This cir-
cuit normally is closed to the first primary
sequence switch through the sequence switch
contact 504 of siuch sequence switch, When,

- however, this sequence switch moves from

o
(=13

its idle position it opens the sequence switeh
contact 504 and closes In its third position

The closure of this cir-

7

the sequence switch contact 505 so that the

starting circuit is extended to the second
primary sequence switch so long as it is idle,
through the sequence switch contact 503 of
the first primary sequence switch, and the

sequence switch contact 204 of the second’

primary sequence switch, When now the
second primary sequence switch reaches its
third position 1n its operation, it lias opened
the sequence switch contact 204 and has
closed the starting circuit to the third pri-
mary sequence switch and its.associated ap-
paratus through the sequence switch contact
238. In this way the first idle primary se-
quence switch will be picked up upon the
energization of the starting relay 251. It

“J

80

will be furtherinore observed in this connec-

tion that in the operation of the exchange

each primary sequence switch when once.

started will rapidly pass to its third position

and-no appreciable delay can occur owing to-

the circuit being open in the second position
of any primary sequence switch.
The primary sequence switch 201 having

been energized by the starting circuit, as Y

traced, moves into its seconid position, in this
pesition closing a circuit for the finder con-
trol relay 252 so long as the brushes of the
finder rest upon the terminals of an idle or
non-calling line, which circuit may be traced
from battery 149 at its middle or neutral
point through the cutoff relay 114, test con-
ductor 108, test brush of the finder, sequence
switch contact 203, finder control relay 252
to ground and back to battery. It should
be “explained at this time that current
through the cirvcuit traced will energize the
finder control relay 252 only so long as
there is no shunt to ground upon such cir-
cuit. " It should be f%rther noted that the
current through the circuit traced will not
energize the cutoff relay 114. When, how-
ever, the test brush rests upon the test con-
ductor 103 to which there is aiready con-

nected a circuit to ground through the arma- ;
ture and front contact of a line relay 119,

insufficient current will pasq through this
finder control relay 252 and such relay will
be detnergized.

As will be hereinafter pointed out, the
finder control relay will find full battery
potential for its energization on the test
terminal of every line whether idle or busy,
except calling lines. Upon the energization

of the finder control relay 252 it attracts its

armature and closes a circuit from battery
through the finder power magnet 233, se-
quence switch contact 206, front.contact and
armature of the finder control relay 252
to ground and back to battery. The ener-

gization of the finder power magnet 253.

will eause the various brushes of the finder
to rotate to make contact with the sets of
terminals of the various lines terminating
in this particular finder. Tt will be recalled
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that the test brush is of suc 'fo'rm_ that it
makes u}nmcv \’rub ; temnmﬂl of one

eaking

7..‘

set ‘of terming contach
with the preceding rn ma], uﬂd there-
fore the circuit of -hn ﬁ_- der contrel relay
will be maintained and the 1\0\\0‘ magnet
therefor encrgized so long as the finder
brushes are in contzet with the terminals
of idle or 11011-mhmo lines. When, how-
ever, the finder brushes come in contact
with the termimlb Oi Iine? the line ve-
lay 119 of which is eucrg gmlﬁicwnt
current will puss the
relay to maintain it ca or
will getract its armatur im vip-
cuit of the power umg: thereby
stopping the fnder hrushes W contuct with
the terminals of the calling line and alse
closing ‘L circuit for the primuary sequence
switch through the sequence switch contact
207 and the back contact and armature of
such relay 252. The Drimary sequence
switeh now moves into its third \)o\l.fon.
‘While the pnmqr) sequence switch was
passing from its second to its third position
1t ca usLd o momentary ¢losure of the se-
quence switch contact ‘)Ou thig closure be-
ing indicated upon the -wnvmgs by the
characters © 217 adjacent the said contact.
The closure of this s sequence switeh contact

o Dou'}ng

{

P h%

Jdy

was for the pur pc»e of testing the busy
idle condition of the first register-sender ov
srlcoudarv controller asbouatw with the

group of cnnncc[mb' circuits of which the
civcuib shown is one. For the time belng we
will assume that.the first secondary con-
troller so tested was idle and that therefore

mo change took place due to the closure of
this sequence switch 208. As scon as the

pl‘lm“l“/ sequence Sw itch reaches its thind
position 1t closes the sequence switch con-
facts 210 and 211 to prepave the impulse

circuit for the receipt of the sending im-
pulses from the subscriber’s substution

.
Thig civenit will be

traced hereinafter. As
sequence switeh reache
b

soon as the prinary
1150 closes the seque

its third position it ¢
switeh contact'212, which places o battery
potential upon the t"\b conductor of Um
line with which the der brushes are now
in contact which wi 11 made 411(11 test con-
ductor of sufficiently high pou ntial to main-
tain energized the finder countrol relay 2352
of any other finders whi slmnld Dass ever
the terminals of this Hne. This will make
the line test non-calling. The closure of the
sequence switch contaet 212 has furthermore
pLxcul sufficient battery in civeuit to ener-
olze thb muul uhx‘,‘ 11—%7 it being observed
that in the cirenic of this cutoff 1 elay the
Batteries 149 and 249 arce of the same po-
lavity, The cutoff yelay 114 will thecetore
pull up immediately that 'i ¢ [mm wy se-
quence switeh re: aehiis its thivd position, and

will by the attraction of ils imfures 113

i 1,108,686

and 117 open the circuit of the line relay
119 which in turn will by the retraction of
its rrmature open the civeuit of the starting
velay 201, The energization of the cu tolf
retay 114 has furthermore, by the attraction
of ils armuture 120, closed a cncmt for the
cutoff relay 112 which will make this line
test busy at all of the final selectors 1n which
It APPEES, & w1l De hereinafter explained.
The Tmmmo “nuuf over which the im-
mlso from the primary controller or sender
flC the ‘u:pu‘be station will be received
established may be traced
uﬂowa —Irom battery through the see-
ontroller sequence switel contact
tor 331, armature 256 of the re-
r"und' sequence switeh contact
“L. conducto L(“’ master switch 171, which
vet Lmnpeimul. conductor 102, vecelver
:h hook 115, conductor 101, seguence
switch contact 210, armature 257 of the relay
204, conductor 3‘3“ slq;puw relay 822, slow
release switehi 1el'1} 391, contacts 348,
368 and 388, which are closed in the normal
position of ihe register-senders, 'oquence
switeh contact 311 to ground and back to
battery. The closure Of this eirveuit will
energlize the stepping velay 522 and the slow
ldmsc wh\ 391, !In.x energization of the
stepping relny 322 is without effect nt this
time, but the slow release relay 821 by the
(lttuuhull of its armature has closed a cir-
cuit for the secondary controller sequence
switeh 301 from battery through such se-
(quience switeh, sequence “switch conmct 304,
front contact and armiature of the slow re-
lease relay 821 to ground and back to bat-
tery.  The sewndaly controller sequence
switch now moves into its second pr)smou

and which is now
as
ondary

closing the sequence switch contact 307 to
place a busy guard upon this see ondm Yy con-

trolter and alsc closing the sequence Switch
contacts 305 and 306 to prepare the second-
ary controller for t'hc receipt of the impulses
from the subeeriber’s station,

When now the subsceriber by the opera-
tion of the power lever referred to starts
the niovement of the various digits dials 172,
174 and 176, the master switeh 171 i op-
erated so that instead of the two portions
of the cendustor 102 heing divectly connect-
ed together, 'hem are inseried in the circuit
of this conductor the three switches l(u,
175 and 177, Before the (pvmh(m of the
s,\\.'li,ch 171 the subscriber has set the vari-
ous digits dials to indicate the designation

the esired line, in the case assumed, 629,
that 1s to say, the end of the move able DOT-
tion of the switeh 173 is resting between
the teeth on that portion of the hrflt,s dinl
172 indicated at €,
portion of the switch 175 is resting between
t'he teeth on tha' portion of the digits dial
171 indicated at 2, and the end of f}‘e mov-
able portion of the switch 177 is resting be-

of

the end of the movable
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tween the teeth on that portion of the digits

‘dial 176 indicated at 9. When therefore

upon the operation of the power lever and

the master switch 171 the hundreds digits

dial 172 begins to move, it will first inter-
rupt its impulse ¢ircuic briefly, three times
and then inferrupt it once for a compara-
tively longer time. -

When the switch 173 is first operated by
the movement of the hundreds digits dial
172 to open the circuit, the stepping relay
829 is imumediately deénergized and closes
g circudt from battery through the pewer

‘nugnet 330 of the hundreds register-sender,

941, sequence switch contact 306, contacts

. 844, back contact and armature of the step-

20

™
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~80

49
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ping reloy 322 to ground and back to bat-
tery. The hundreds register-sender now
moves the disks 242, 845 and. 347 in a clock-
wise direction until the movable portion of
the contucts 346 rest in the.second recess
upon the digk 345. It will be noted that
immediately the hundreds register-sender
began to move the contacts 344 were opened
and the contacts 343 were closed, the move-
ment of the register-sender into the proper.
position being accomplished by ‘the closure

of the switch, 846. Before the slow release

relay 821 can retract its armature, the con-
tacts 173 are again closed by the movement:

of the hundreds digits disl -172 and -the;

stepping rélay 392 is again-energized. This;

-causes a venewed energization -of the power|
.magnei of the hundreds register-sender 341,
this time through the contacts 843 which are:

now «closed.  The hundreds register:sender,
thereupon anoves a second step opening. the!
contacts £43 and closing ‘the .comtacts 344

and coming to rest with the movable por-:

tion of the switch 846 in the third recess
upon -the ‘disk 845. The continuved move-’
ment of the hundreds digits dial 172 again
opens and closes after a brivf interval the
impulse circuit, and in the manuner just de-
seribed the: hundreds register-sender 1Is
moved until the movable portion of the
switch 846 is in the fifth recess upon the
disk 845. The third brief opening of the
switch 173 due to the continued moyement
of the hundreds digits dial 172 in a precisely
similar manner brings the hundreds register

sender into a position where the movable

portion of the switch 846 vests in the sevenbh
recess of the disk 345. ‘The continued
movement of the hundreds digits dial now
opens the switch 173 for a comparatively

- longer period. Upon the opening of the

[y

65

switch 178 the stepping relay 322 is deéner-

oized, and as before moves the hundreds reg-

ister-sender one step so that the contacls 344

are opened and the contacts £43 -are closed

and the movable portion of the switch 346
vests in the eighth regess of the disk 345.
At this time, however, the prolenged. open-
ing -of the circuit which, it may be noted,

1

than the openings heretofore described,

-eauses-the release of the slow release switeh-
ing relay 321 which retracts its armature

-and closes a circuit for the secondary .con-
troller sequence switch 301 through 'the -se-
«quence switch contact 305 and the back con-
tact and armature of the slow release relay.
This starts the secondary -controller se-
«quence switch in motion which now, under

‘the control of its special contact 302, moves

umtil it reaches its fouith position. Tt
sheuld be noted, however, that the sequence

switch contact 306 is maintained closed in

the third position of the secondary -control-
Jer sequence.switch, and the time relation:be-
{ween-the movement of the hundreds digits
‘dial 172, the slow release relay 821 :andthe
sequenge switch contact 301 is such:thatthe
impulse sending cireuit will be closed-again
after the long opeéning thereof before the
secondary controller sequence switch ‘has
passed through its third position, the step-
ping relay 322 being thereby energized and

| moving the hundreds register sender :341

another step by a cireuit through the -con-
tacts 343 so that the movable portion the
switch 346 mow rests in the ninth recess

is only long in the sense that it is longer .

70

5

-80

85

3190

upon.-the disk 345. The sequenge switch-on -

coming into its fourth position will mew-

find a circuit for itself closed through the
front contact and armature of the slow re-
lease relay 821 and the sequence switch. con-

4act 804 and will therefore continue -to
move until it reaches its fifth position, hay-

ing opened the sequence switoh .contact 308
on leaving the third position and -closing
the sequence switch contact 308 .en ‘reach-
ing the fifth position.

“The ‘hundreds digits dial having - com-
ipleted its movement, the tens digits dial will
now begin to move. This.dial in its move-
ment will open the circuit briefly seven times
ns is quite apparent.and then once for acom-
paratively longer period. These openings
and closures of tens-digits dial will drive the
tens register-sender 861 sixteeri.steps and
bring this register sender to rest with the
mowable portion of the switch 366 in the sev-
enteenth recess upon the disk 365, Tt avill
be observed that the centrol of this tens reg-

85

300
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115

ister-sender is. alternately shifted .to -the .

front and back contact of the stepping relay

392 by the.contacts 363 and 364 in a manner
precisely similar to the way in which #the

“control of the hundreds,register sender was

shifted by the contacts 343 and 344. -Upon
the eighth opening of the impulse circwit by
the tens «digits dial 174, which opening 1t
will be remembered is for a comparatively

lay 821 is deénergized and a -circuit estab-
lished through its back contact and the :se-
«quence switch contact 305 for the, secondary
cantreller sequence switch 801 to drive such

2

12

longer. period, the slow release switching re- .

113



((m{rfi of its spe- | sequence switch contac

+3 1oy P 1
.smou, it | circuit for the pr im

@

et o ST
=3
o ey,
2 a
ﬁ—-’d
Z sl
+~ 0 C)

o3

"

o srved that the closure of the | from batt v through
iy at the end of the longer tooth | sequence switch coz
5 0 al 174 w 3 m‘cur b\,mre the relay 254, conduct
th ' troller sequence switel cont
123 and back te uatter**

t“*% m""ut ¢

iomm po sition.
mary scq\m\cﬂ
switeh conf‘z

ori 14 Hl& i

g » se- | line. )
ih 1”‘})}’ driving | fourth pesition
sequence sy iteh into 3«;\09 the sequenc
units digits dial | will be hereinaf rof
o move. but since it | the dismnneec control cirenit which is under
1 open the impulse | the control of the supervisory relay 259 ROW

nd this for a compara- | included in the caHms: lme and \711('11 ig 1
e fact ¢

iber’s receiver has been moeved

[#i<]
o

This will cause the units | this time energized due to
to move two steps and | subse

95 bri g M)Jo ‘zo rest with the { ils switeh hook. The movement tof the pri- g
morabl teh 886 in the | mary sequence §wi ch mto its fourth posi-
thi 6;, Tt will e | tion has a b 1

o! - from this case also tmr the control | tacts 21
3 : fer sended has been shifted | the \ewmiarv con

Ak

contact of the | comes inte it

ier
ce switeh 301
lon and closes g

ng as e LUUW K‘V the con- | the sequence switch confact 377 Bhe hun-
ARt 284, and that furthermore | dreds selection coniroll ng e :

hed, whie

»n e
10

sequence switch | tabi
sedd in tn@ nmt battery throngh the }mm[u?' sole
fay 2 'O, sequence swit
quenee switch contact 217, a3 :
the line velay 254, condictor 332, stepping
z slow rel mw 1‘013\' 321
ch 348, gwiteh u' ] SeQUCNCE
switch conts 1u -)1
256 of relay 254, qu nee sl
sequence switeh contact
back to battery, The ¢l
eire Qwes the hnt relay 260
Iav 522 and the slow reloas
4&1 whieh all there
"uv'eq" it will be ')b o1
owing to the f :
troller sequence
twelfth }“o:i*ion,
switeh AGT wtn be
fore the s
reache

ander bef fore the
309 is ope ncd. Dur

bl
01 tilk

105

ah eont ac

ergin:

35 3(} \‘QE [

..
switel




b

10

P
(=3

“closes the &

the mwrmpt

and armature of stch i
causes the primary se 3‘
to its Bfth ,,031
ence W
983, A cwcaif is now
through the brush szel
68, sequence switeh conta
tact and armatire of tha f _
m'ound amd mm to batte
Pnarg uumn of. thig

magnet fo ¢
move ou i
ﬂue

its normal pos

- which it will seleci a

20

- cause the GQ(”XCK'O"ZS 310& of th

30

seb of selector brugl

rupter mma:ts G0 are clo o
be placed on the sslection cm
at the sequence §W{ witeh contack

sy 822, but will r

1 th
enerc'rz. (3 It will

ohe sima mimw vela
selecting spindie i
tion to the nu.t *H"J
to cause the decner
lease relay 321 Howes 28
322 upon its debmrouahmn i
cnit through is back "()nu:l i
344 and the sequence switch conts
the power magnet of the hund:
sender, which “will thereupon m
opening the contacts 34t anc clo
contacts 343" and coming to rest
movable portion of the “ewitch 346
tenth recess on the disk 34 D. When,
latch-selecting spindle reaches the po
in which it Wwill select the ficsh set of se-
lector brushes, the shunt on the hundred
selection controlling circnit is ag ain U,)ene\“
the stepping relay 322 will be again ener-
ized and close through it trom coz.xmc:, the
contacts 343 and tbe sequernce switch con-

'2

W §5
oW

rods

Tl
C')x
e
U

3

tact 3006, a circuit for the power ma ﬂﬂei, a._
the hundreds register-cender 341 Thig:

register-sender Lhexeupon moves an Of;hu

¢
- Stcp, opening the contacts 342, ciosi‘ﬂg the

55

40

66

contacts 344 and onunrr to rest v ltL the
movable portion of the sw:dcp 346 in the

eleventh recess upon the disk 845, For each
subsequent closure of the cortamg 60 by the
rotation of the latch-selecting: apmﬁie, fhere-
fore, the stepping relay 322 will he briefly
deénergized, moving the hundreds register-
sender a step in a clockwise direction upon

its deennffnnt?on and another step upon

its enermzatmn. Thxs will eontinne until
upon the seventh closure of the shunting
contacts S0 the hundreds reglb?br sender in
movmg ralses the movable portion of the

ble ports

wenty-first or iast re-
s the rogis te"-senwr,
he swilch 346, will
ile this fcgl ter ‘sender
1 position, the mov:
witch. 848 will move

ithe

'I.‘

along m@ elongated vecess On the disk 847,

p@

e R

) opening the switch 348, V‘Vhe.;,
e, the ground is removed from the
’ o "’-mt by the cpening
i 60, the line relay
uw‘ the shunt being re-
1ion cmnmlhr‘o cirenit
- switch 9 8. &hlb dedner-
ne 1”] vy 260 will close. a
sequience switch
oh contact 224 and
1m;;mub of the line

-3
<

; 30»}_ mwm tne SeCONC ary con-
switeh intc its four Lcen”ch
n the switch 348 is again
m:mdi'f ‘s register sender

n, the hvndwus so-
% is again closed,

my 960, the stepping
slow release relay 821
are u“e%}/ul and asirach
The energization of the

sition.

tepping relay 322 is vmnout effect atb this
i 1 the energization of the line relay
24 sffect at this iime e‘wepu to
nravent the closure of a circuit for the
»pz]m:afry sequence switch through its back
contaet when such sequence swuca reaches
its tenth position. However, the energiza-
£ 8 ¢ lew release relay 321 has closed

di
1_0
01

for the secondary controiler ‘ee-
vitch 801 through its front contact
sequence gwitch contact 304 which
ves Quch sequence switch into its ffteenth
sition and the reglister-sender is now
M'f $o eontrol tens “selection. The hun-

Ireds selection controlling cireuit, however,

is

mammmed first bmmh the sequence

gwiteh contact 220 and then thro ngh the se-

qu

ence switeh contact 225 and t }1L fmnu con-

tact and armature of the line relay 260,

uwn
1)1’
1t

tin

When the primary seq

til the trunk hunting operation of the
imary ac‘ecfor has been completed and the

110

115

ot
[ov]
(943

cnit has been extended to an idle final se-
lector, no h“nef‘ being effected during this

ue in he secondary “controller apparatus.
ance switch reaclies
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‘2&11(.‘0‘('1} it tl‘(}'()ﬂoil it

ts te *1‘& position, a cirenit is closed from
ery through the carriage rofary magnet
seu ence s \itnh contact 226, hack contact
d armature of the test relay 261 to ground
1 ’;&ck o mpery. The brush carriage
_move, in the ﬁrsu portion of its
)_'LIJ n the brus latches by the

shich, by its project-
ihe lateh of the se-
move and release
. thay may come into
th the seis of termi-
< of terminels
er movement of
ed brushes will

i

o
e
rﬁ—

b
;;,u

ﬁng-ﬂr, \‘vm
sted set of brushes to
sof of brushes :

opma tive
ﬂu of thei
the selector.
ihe brvsa carriage,
ontact with th
moyeracmo mn of terminagls.
time the final selector connested to
sa of termninals is idls, the final sequence
eh contact 427 will be closed and the test
vs 261 and 262 will be energized over ¢

n e ple }-..,
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swiigh contact 427, rest
499, the test brush 25 of the selected set of
brushes, sequence gwiteh contact 828, righ
winding of the test relay 262, test rd‘w 961
sequence switeh contast 227 fo ﬂmuni an
back to battery. It will be Am-w“, however
that if some other selector bas just mfﬂ}-
mzs’ay made comau mtn Jtﬂ terrainals wpon

it uiU pre‘enu ihc enmm/ah on oﬁ thw Lest
velays 262 and 261 of subse quent primary
selectors which may later make contact with
the terminals associated with this particutar
final selector. Of course if the selector asse-
ciated with this first set of terminals is in
nse, that is, its sequence switch 1s out of its
first }‘()“iﬁ{'l‘n there will be no bl‘d"ry npen
this test terminal and conseduently there can
be no energization nf iwe tu& ‘“}“ s 282 and

261 at this time. , this test ter-
minal tests busy. h e}z}}'s 262 and 2061 will
remain vnencrgized and the brush C“ITM“(‘
will continue to ‘m\e to bring the s "“ed

broshes inte contact with the next set of ter-
mimﬂs of their mi" w*'.muo’ bank of termi-
rals. The movement of the switeh carriage
wil ﬂlueﬂ re continue until the *%L bri
of the seleeted set comes into contact with a
test terminal to which the full potential hut-
terv is connected, indicating that the final
‘s‘e}ed‘m to which 1t is individual is idle. As
oon as the test brush 25, therefore, comes in
contaet with such a test t crminal. the cirenit
will be closed as heretofore traced to ener-
girze the test rolay 262, which therenpen at-
tm@tb ity armature 'mfl closes a iow resist-
g left winding to place
the test condition heretnim referred to
upon the test terminal Wiﬂ‘ which the test
brush is now connected. The test relay 261,
however, will not be encrgized until, wheu
the selected brushes are centrally located

sequence switch contact 9”‘7

et of ter rminals .
ER

it from battery through the sequence

istance 481, con(‘ucéor 1768 through the sequence

inn
lector, the extension 72 on the a 31
iong:er‘ in contact with the ground nlate &
The ground shunt ﬂmdnﬂ the test relay “->1
will then be removed and such relay will be
encrgized, attracting its armature and im-
mediately opening tlxe civenit of the carriage
rotary magnet 69 at its back contact. This
movement of the armature of the test relay
261 hqs also closed at its froni contact a eiv-
cuit for the holding magnet 65 £ hrongh the
and a eireuif ior
the primary sequence switeh 201 which
drive this sequence switch into 1t:,
teenth position, the test relay ‘)SL beagn
maintained energized through me Tocked a3

upon the terminals of the s iected i
rm 4¢

mature of the test relay 2 62 while the pri-
mary sequence switch is passing through its

ekvent 1 position.

As the prmmi y_sequence switch reaches
its eleventh position it closes & restoring cir-
enit for the latch-selecting rotary magaet
switch contact 430
and the snmdlo will thereupon be me ved
again into its normal position, stopping in
stich p031t10:1 on account, of *he opening of
the off-normal contacts 59, As the sequtence
switeh came into its t\,\:lf‘nh position the
ssquencs smtm contacts 231 and 232 were
closed 2nd on leas ving its twelfih position the
sequence switch contacts 219 and 223 swere
opune& It may be noted i this point that
the sequence switch contaet 22C was opened
when the prin sequence switch left its
ninth position. A clveult is now closed and
was closed before the hdud eds selection
controiling ecircuit was opensd from battery
through thu armature 460 and iis back con-
tact of the battery control relay 439, theosugh
the final }mu relay 474, final sequence swi itels
contact 411, line conductor 43& selector
brush 23, ‘“mary sequencs sw 1tcn contact
‘231, seqt uence swwch conwd @17, avmaturs

257 of tie ralay 234, conductor 832, stepping
relay 322, slow rﬂfo.\q switehing relay 15“7

gwifch 348, switch 868, switch 388, secendary
controll er sequence switch contact 312,

£ 7™
ary

Coi-

ductor 331, armabur of the velay 254,
primary sequence s coptact 218, se-
quence switch cond 24,

seiector Brash
sequence switeh

and its

;4;.

lime conductor final
contact 412, armature 461
tact of the battery control relay 439 to
ground and back to battery. This is the
tens selection controlling civenit.  Upon the
establishment of this tens seleetion control—
ling civeuit the slow release relay 221 and
t}\e \tepwnf relay 322 will remain Onuguc-,’x
and the final line relay 474 will be energized
to attract its armatere.  Cireuid will theve-
upon be eambhmlm from nax(uy through
the final sequence switch 401, sequence
switch contact Lwa nom contact and arma-
ture of the final llne relay 474 to ground and
back to batfery. The final sequence awitch

baclk con-
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now moves into its second position, opening
the sequence switch contacts 403 and 427.

In this second position of the final sequence

switch a circuit is established from battery
through the latch-selecting rotary magnet
68, sequence switch contact 404, front con-
tact and armature of the line relay 474 to
ground and back to battery, and the latch-
selecting spindle will begin to rotate, closing
its off-nornial contacts 59 and intermittently
closing the contacts 60. When the contacts

60 are closed by the movement of the latch-

30

40

45

50

55

60

65

selecting spindle a shunt is placed upon the
tens selection controlling circuit. from
ground through such contacts 60 and the
sequence switch contact 423 which will cut
off battery from that portion of the tens
selection controlling circuit including the
stepping relay 322 and the stow release relay
321, but will maintain the final line relay

474 energized. The stepping relay 822 will

thereupon retract its armature and since the
secondary contreller sequence switch 301 is
in its fifteenth position and the sequence
switch contact 308 is closed, close a cireuit
through the contacts 864 to the power mag-
net of the tens register-sender to step such
register sender one step in a clockwise direc-
tion, opening the contacts 364 and closing
the contacts 363.
in connection with the description of the

operation of the primary selector, the shunt-

ing of the relays at the register-sender appa-
-ratus by the closure of the ground connec-

5 -tion including the contacts 60 will not be of

sufficieatly long duration to deénergize the
slow release relay 821, and when the lutch-
selecting spindle has brought its first finger
41 into latch-operating position the shunt
will be again opened and the stepping relay
322 again energized. The stepping relay
322 will thereupon retract its armature and

cause a second step of ‘the tens register--

sender in a clockwise direction over a circuit
including the contacts 863. It will be re-
called that in setting the tens register-sender
this register-sender was driven eight steps
due to the retraction of the armature of the
stepping relay 822 and eight steps due to

the attraction of the armature of the step- -

ping relay 322. When therefore tens selec-

tion control began, the movable portion of

the switch 266 rested in the seventeenth re-
cess on the disk 365,
shunt through the contacts 60 is conngeted
for thé tnird time to the tens selection con-
trelling circuit, the tens register-sender will
start to move and will continue fo move un-
interruptedly into its normal position where
it will again stop. When now again the in-
terrupter contacts 60 opened the switch 368
will be also opened and the final line relay
474 will find dtself without current and there-
fore be deénergized.

Tmmediately upon the .deénergization of

As has been before noted:

Therefore -when the-

18

the final lifie relay 474 circuit is established
for the final sequence switch 401 through
the sequence switch contact 473, armature
443, and its back contact of the battery con-
trol relay 439 and back contact and arma-
ture of the final line relay 174. The final
sequenceswitch thereupon moves into its fifth
position and is ready for units selection.
TWhen the switch 368 opened as above de-

seribed, it remained open sufficiently long

for the slow release relay 321 to deénergize.

-Circait was therfore closed for the second-

ary controller sequence switch 301 through
the back contact of such relay and sequence
switch contact 305 and secondary controller
sequence switch was driven into its sixteenth
pesition. - As soon as the secondary con-
troller sequence switch comes into its six-

teenth position and the switch 868 has closed-

the selection controlling circuit, which will
now be termed the units selection controlling

circuit, is again closed and the final line

relay 474, the stepping relay 322 and the
slow release relay 321 ave again energized,
the energization of the slow release relay 321
attracting its armature and by a circuit
through its front contact and a sequence
switch contact 304 driving the secondary
controller sequence switch into its seven-
teenth position. Tt may here be noted that
this will occur by the time the final sequence
switch is coming into its fifth position.
When the final sequence switch reaches its

fifth pesition a circuit will be closed from

battery through the brush carriage rotary
magnet 62 through the sequence switch con-
tact 477, front contact and armature of the
final line relay 474 to ground and back to
battery. The closure of this circnit will
cause the brush carriage to move, in the first
portion of its movement bringing the brush
latches past the latch-selecting spindle and
thereby causing the unlatching of the seleet-
ed set of brushes by the movement of their
cobperating lateh when it contacted with

the finger 41 upon the latch-selecting spin-

dle. In the second portion of its movement,

that is, as the selected brushes began to pass

.over the sets of terminals in their codperat-

“ing bank of terminals the interrupter appa-

ratus at the top of the selector will inter-
mittently connect ground to the units selec-
tion controlling circuit through the sequence
switch contact 423 thereby. as before, shunt-
ing that portion of the units selection con-
trolling circuit including the stepping relay
322 and the slow releasé relay 321, but main-
taining the final line relay 474 energized.
This shunt will be placed on the units selec-
tion controlling eircuit once before the se-
lected brushes come in contact with each of
‘the respective sets of terminals in their co-
operating bank of terminals. Tach time
‘that this shunt is placed upon the units se-
lection controlling circuit the units regis-
ter-sender will be stepped one step over a
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- be maintained locked g in s,

will be here noted that the polarity test re-
lay nornmllv stands in the position shown
and when energized by pesitive
battery upon the test tevminal of the.desived
line its armatures move in o clockwise divec-
tion, retiruing to the position shown upon
the dei ewmmou of the rels ener-
olzation of these two tesh rel:
lm closed o eireuit for the
which may be tvaced from hatt
such why front contact an
the test velay 432, ,seuuuw’
407, back eontact and
test relay 481 to g
!ho tesf 1@1 1Y ‘uo

rf‘]‘()

=<

md uding it
and th,soquence switch eont 1“*
be here observed that tha seruc
contacts 421 and 422 ave arranged
manner that the sequence v
will be closed as the ‘nmmp' S
switch comes into its tenth po“if
fore the sequence switch contack
opened by the primary sequence
401 leaving its ninth L)Oslﬂ“ﬂ mimi
the sequence switch contact 492 will be clos
as the sequence switch comes into e els
position before the sequence swi
421 i opened by the sequence
g its tenth position, mld S0 on
mdicated upon the draw
tion of the test velas
closed o civeuit to the test by
its armature 447 and LL
test relay 43 *u.mi
of test relay 4 ahd
—E 1 which civeuit is of su ;
esistance than the cirenit whick |
emoted to the test brush and
guard upon the test ferminal «
with which the selected m‘wsheb aye nu
contact, 1 all the ndl seléctors i
the terminals of such line a Bppe
more the multiple cub-off rels
called line will now be
establisament of this cir
armatures 111 and 1 }
circuit of the line relay
line and removing all
transmission cireuit of sue
W hm thefinal sequence .sv'ml
its ninth position no further {
sary, in the cass assumed, :
lay 433 has already been locl
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e

+

.in

rela

a0
(e

tion. A cireuit is therefore es
such relay Yor the final s
th)m'ﬁl‘ the sequence swit
and the front contact ﬂnu at
such test rvelay 432, The hnzﬂ. .vqueuce
switch therefore continues to move and will
e ain coine o rest in its h\'ﬁltf h positien be-
ing energized and its motion tne“d con-
tinued in the eleventh position by the same

b :
R

f'ed i from. its ninth posi-
ning into the twelfih pOSb-
sequence switch 401 agam

heretofore

c}‘??'('m

(G bt

431 by | the sequence € wnch coninet
H 5. This ww again opemmsj in spite of

£ the civeuit through the lefs
| the test relay 482, and closes a
it from ground through the
tive sating ciu’revt 435,
‘).Dl wnre 3
~oh9 segiiencs :
, selected ter-
m tor 107, lipe
171, the con-
sabseriber’s
conds ;ci'ﬂr 161,
terminal 27 ﬁ‘ul
od brush 28, se-
winding 481 of
430 to (rrouud and

A
1
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closed in the sixth position of the
. . RPN TJ_ Sy o R
sequence switeh, It will be further-

brerved that the ringing circuit was
W Ucn con ‘%
quence switch left its

m@r bwh
final

.
tacts

the swveuﬂb
as the final se
S ao:,ition

1 will be ve Aed that the
ret :Nmtmn coil 263 at
©was c‘oaed befors ¢
b reached itz bwelf

s cireuit through
at, the primary se-
the final sequence
‘th position. Thig
W "nr he pmp\ se of energlzing the final
ine relay 474 over a circuit inecluding the
[ bv.e and the ar nnmeq 460 and 461
Lack f*(mi_.c
1y 450, This cnelox/auon 9"43(}.11(’8(1
*('i 1t that time. When now, however,
jnence switch comes into its thir-
ition due to .the energization of
the called supervisory relay 428, this relay
wrill be maintained energized in this position
so long as the switch hook of the called sub-
criber vemains closed. On coming into the
th position therefore the cireuit will
sed for the battery control relay in-
cluding ﬂwo front oommt zmd armature of
Hed snperyl sory T lay 428 and the se-
pience switeh contact £ The hattery con-
trol reluy 459 will t‘xel‘r"m‘c be Lne*'uved 11
its enge wmatm“ m)empg the circuit of the
Hnal line rela wv 474 at its avmatures 460 and
: The debners gization of the line velay
w1l therefore be substantially simud-
‘ith the energization of the battery
1:,‘.5* 439, and, it may be here noted,
inergization of the battery con-
trol relay 439 the final line relay 474 will be
pra 2tlcally snnvltaneousb enel'c'ized. So
long therefore as these two relays aré not at
the same time either in a dednergized condi-
tion or af the same time in an enertrlzed con-
dition, the final sequence sw1tch 401 will re-
main in its thirteenth position. As above
deseribed t‘x hevefore, in the thirteenth posi-
tiom of the final sequence switch the battery
conirol relay 439 is energized and the hn(ﬂ
fine velay 474 is deéner owed Conversation
will now take place,
It may be here.noted that on coming into
ts thirteenth position the final sequence
ch closed a restoring circuit for the
lateh-selecting rotary magnet 68 mrough
Iie seqwum E '~.'1tLh contact 405 and the off-
normal eont 59. The laleh-selecting
spin( e will ”m efore Pe refurned to its nor-
ial n\Nimn where, due to the opening of
the off-norinal contacts 59, it will come to
vest.

"ffb(", -

i
jon
v
=R

',Z

Yot T
)

Pty aviy
V bt fodd VI

CONTas

upon i he deg

mx‘qsation is over it will be as-
"ﬂlin«T quLscriber returns
The imme-
rergization

or (71\00‘1-
Ve of its en-
switch hook. The

“degnerginai

circuit.  As

ts of the battery con-

474 for purposes which will be hercinafter

229 and 227,

‘eenth

‘the ene

Joses ab the
a eiremit througl
16 for thu i

ion of this re
back eontact of its armatur
the sequence switeh cor
mary sequence switch 2

‘move inte itz bwentiet!
Primary sequence sw R
eenth position not 15 the seqne
1y D18 T Yook 43
switeh contaet 216 o.\ezu but the sequence

switch contacts 239 and 240 e also opened
removing the retardation coil 263 from the
shunt around the condenser ’)"1 1 d'xe trunk

the primary se '
comes into ifs nineteenth’ poe 1, 10
the sequence switch contacts 235 and ¢
‘closed which places the battery 265 in ¥
trunk circuit to energize the final line rel

described. As the primary sequence switch
comes inte its twentieth position it opens
the runk circuit at the sequence switch con-
tacts 223, 234, 2581 and 232. It also ot this
time eio»,es the seqguience sw 1tun contacts 226
By tﬁe closure of the ‘:wue‘nca
switeh contact 926 o cireuit js established
for the carriage rotary magnet 60 through
the back contact and srmaiure the test
relay 261, Tt may be here obse e& that the
test 1914 g 264 and 262 were detnergized as
the primary seanence switeh left its eight-
position by the opening of the se-
quence switch contacts 227 and 228, a*hJ that
when the sequence switeh contact 227 closed
in the twentieth position of the final se-

quence switeh no energizing cireuit was
-closed through these veloys. In response to

zation of the carriage v otmy mWiag-
‘et 62 the brush carringe now returns to its
-normal position, at which time a civeuit is
‘closed from battery through the sequence
switeh contact 237 throu gh fhe plate 46, arm
12, contact spring 78, test relay 261, sequence
iswiteh contact 227 to ground and back to
‘battery. The closure of this circuit causes
‘the energization of the test relay 201 which
by ] 18 abﬁr:‘-pmo“ of its armatave opms the
energizing civcuit for the carriage rotary
magnet 62 md closes the cireuit of the hold-
ing magnet 65 through the se (uence switel
corlmcn 999, In this manner the brush car-
riage is brought positively to a stop in j.ts
mormal positien.

The emralzar]u*l of the te 56 1'dfw 261 has
furthermore closed a cirenit shrough
armature and front contact for the primary
sequence swttd\ 201 which now moves ouf
of its twentieth position and comes to 2 stop
in its first or nomml position. In this move-
ment of the primsary sequence switch ’111 of
‘the apparatus associated with this sequence
‘switch and this primary. selector is vesteréd 3
to be
I from

1 from

£
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with the fual qblacior shown in Fig. 4, it
will be recalled that while the primary se-
fpience switch was pas sing through ids nine-
teenth msm-m battery was coxm%ted in the
trunic cireait to cnergize the final line relay
474, Ww 1“. 2150 be recalled that in the thir-
enth nosition of the im%ﬁ sequence swztc‘z
e b Urm'v control relay 439 was energized.

Hoth of these relays them ore Iere ener-
gized throngh such nineteenth position of"

PN
i,iw primary sequence’ switeh and a civeuit
was closed for the final sequente switch
through “the sequence switch contact 478,
armature 443 aﬁu its front contact of the
batiery control vela ay 489 and the front con-
tact and M‘kmww of the final line relay 141
When the final sequence switch reaches 7t
f(;?:ru enth position, as soon as the call ed
subgeriber replaces his réceiver upon ‘the
hoek the Cddew s»npu’usmy relay 428 will
be detnergized and the ha ttery contr ol relay
439 Wn} b{, dfener dzed. At this time, how-
evér, the cireuit of the trunk line has been
opened ab the primary selector and the final
line velay 474 will be dednergized. A cir-
cuit will thevefore be ¢ \,ompieLed for the final
sequence switeh 401 through the sequence
bmwll contact 478, the armaturs 443 and 1‘55
b 10» contact of the battery contrel relay :
nd back (,onmci and arinature of the ﬁnal
hne relay 474, moving the final sequence
s\"ltdl from 1ts Io‘tlrtcenih ponon to come
to vest in ifs sixteenth posmon.
I throngh the fifteenth *')()simon
obs erved hmt no cirevit exists at
“for the test relay 483, the final
and the battery control v elay both
wa.?lCY‘ff}'I d The test relay 433
‘ore retracte 1is armatures and the test
Hition upon the test tevminel of the
ealled iine is }eﬂiovea and tp“ muitzple cub-
off reley 112 is deBnergized. Furthermors
the sequenee swiich on 1e.wme its fourteenth

1e
2k

m‘

d

[

position has opeﬁea the sequence switch con-
tacts 479 gnd ¢ and the caﬁwt line is
therefore fiee ‘rrom all wnnec ion . which

might i iz any wiy affect its further use, and
it may be from fhis ‘i}imc on used as cither
& ca Mmg or s called line without interfer-
ence from the apparatus which las been
described as connectdd therewith in the call
assumed. When this final sequence switch
reaches its. sixtes enth position a circuit is
closed for the carriage rotary magnet 62,
‘vmd. includes the sequence switeh contact
478, back contact and armature of the relay
432, which is now defnergized, sequence
switch contact 408 and fromt contact and
2 5 of the polavity test relay 431
s the run‘rmgﬂ rotary magnet

This 'énerwi"

A
=)

d the brush carriage mwwpon 1'<=turn5'

WIRAL ]

ing of such velay, sequence switch waibﬁCT
{ through the imme ‘of the sywitch carriage
and back to battery. The test relay L}:a%
therefore a%ra,cts its armatu‘(,e Gpem*lg w&
¢ircuit of the carriage romry magret and

thmuo'h thie front contact of its armabure
' and the sequence switch con"o;ac‘* 408, This
| causes the final selector pesitivaly {0 stop

the test relay 432 at this time has aisa ciosed
a cireuit tnrough the seqience switch con-
fact 408 and the fromt contact and armature
443 of the polamty test Telay 481 for the

test relay 488, which there. upon a‘;ivaus
its armatures’ closmg a ;ockmﬂ‘ circuit for
itself through'its drmature 48 and the

dequence S‘mtch contact 422, and also closes

5

gwitch contact 471 a circuit for the. final
quence switch to Iemve its " s:‘dmenth posi-
ﬁm*x coming fo rest in its fist or unormal
position, in such roovement . closing the sm
quence switch conticts 411, 412, 497 and

‘switch contacts associated ther«ev*iﬁ‘h emnpb
the sequence switeh contact 404, . Thé final
gelector appar gtus and its ‘assoc mr,ed se-
quence switch gre now im normal condition.
Ass“a*nmg now thaL at the end of conver-
ation, the cdlled subseriber urst re‘amces
h1s receiver upon its switch } POOK ”bis will
gause the haftery control 1 relay 4 3 to be de-
energized by the aeenerm”atmn of the called
supervisory relay 448 and the final line re-
Ia loy 474 will be at the same time energized.
The apparabus will now await the opening
of the trunk circuit at the prmzarv selector
eppsratus in the twensieth posx tion of the
W“fma? “equx,nc switch, at which #ime both
af the relays 474 and 439 will be dedner-
gized mé restoration Vfﬂl take place pre-
~cisely as has been hereinbefore debciﬂ)
Assuming now. that the line with "\’hlch
connection Was desived had nes‘ued busy in
the sixth and seventh posvtmm of the.final
sequence switch. This being the case the
test relay 432 will find insufficient potential
on the test terminal of the desire d line to
cause its energization. The line, } however,
being an ordinary line, sufficient positive
potential will exist upon the test term;nal
of such line, even though it is now in use,
to cause the operation of the polarity test
relay 481. It may be here observed that
whether the desired line is in use as a call-
ing ov a called line, the potential will have
been reduced in such use to such an oxtent
that the test relay 232 will not e eners‘wed.
This resulb Zs"wf nplished, if the hne de-
\ned is a called lipe, bv the establishment
ar a compmmu*feh I6w resistance eir

it
from the fes) ferminal of such line through

415, plate 46, levers 44 and A5 to ground

closing the circuit of the hokm\b- magnet 65

in its normsl posmmn‘ The energization of -

through its armatare 448 and the sequence .

sequence switch 401, which eauses such se-’

403 and opening il the other | Suqﬁ_b’l(’e '

114
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re right winding of the test relay 482 and
© front contact and armature 447 of the
relay 483, T, on the othér hand, the
ae desired is in use as a2 calling line, the
nergization of the cut-of relay 114 of such
Iine has connected the multiple cut-off relay
112 of such line to ground through the ar-
mature 120 and its front condact of the cug-
coff relay 114 and the resistance 121, reducing
thereby ths potential upon the multiple test
terminal of such line in all the final selectors

ich it appears to such an exten’ thet
he Jine will fest busy.

y

ince the test relay 432 was not energized
in the sixXth and seventh positions of the
final sequence switch the test relay 433 will
not be energized at this time. When now the
final sequence switch comes into its ninth
position the test relays 452 and 483 are still
unenergized but the polarity test relay 431
wiil be again energized over the circuit in-
cluding the sequence switch contact 409 and

£
i
2

- the right winding of the test relay 432. A

circuit, is now established for the final se-
quence switch 401 through the sequence
switch contaet 471 and the back contact and
armature 445 of the polarity fest velay 481,
and the final sequence switch now moves into
ity eleventh position. In passing threugh
the tenth position of the final sequence
switch the energizing circuit for the polar-
ity test relay 481 was opened at the sequence
switch contact 409 and therefore when the
eleventh positicn of the final sequence
switch is reached a eircuit is closed for the
carriage-rotary ‘magnet 62 through the se-
quence switch contact 478, back contact and
armature of the test relay 482, sequence
switch contact 408, and front contact and
armaturé 445 of the polarity test relay 431.
The brush carriage of the final selector,
therefore, will move and will continue to
move until it reaches its normal position.
Upon reaching its normal position, however,
a cireuit is established from -the middle or
neutral point of the battery through the
right winding of the test relay 482, sequence
switch contact 415, plate 46, arms 42 and 43
to ground through the frame of the brush
carriage. This circuit being of low rvesist-
ance causes the energization of the test relay
432, which therecupon attracts its armature
opening the circuit, heretofore traced, of the
carriage rotary maguet 62, and closing the
circuit for the holding magnet 65 through
the sequence switeh contact 406.  The at-
traction of the test relay 432 has also closed
a circuit for the test relay 433 through
the front contact and armature of the tost
relay 432, sequence switch contact 408 and
the front contact and armature 445 of the
polavity test relay 431, This causes the en-
ergization of the test relay 433, which closes
o locking cireunit for itself through its ar-

1,109,886

mature 446 and the sequence switch contact
422, and also closes a crcuit through its ar-
mature 448 and the sequence switch contact
471 which moves the final sequence switeh
out of its sleventh position. On coming into
its twelfth position the final sequence switch
will find closed for itself an energizing cir-
cuit through the sequence switch contact 4792,
back contact and armature of the test relay
432, the circuit for which is now opened at
the sequence switch contact 415, sequence
switeh contact 408, and front contact and

-armature 445 of the polarity test relay 421.

This circuii being also maintained in the
thirteenth position of the final sequence
switch, such sequence switch will move until
it reaches its fourteenth position. This is
the busy back position. 1n this position it
will be observed that the sequence switch
contact 420 has closed a circuit for the busy
tone 457, which may be of any usual or pre-
ferred construction and such cireuit being
established from ground through such busy
tone, sequence switch contact 490, one wind-
ing 404 of the repeating coil 495 and back to
ground. This tone will be transmitted over
the trunk line by means of the windings 493
of the repeating coil 495 and the repeating
coil assaciated with the trunk line at the
primary selector and will.be heard by the
calling party who will therefore know that
his call has been unsuccessful. It may st
this time be noted that since the final selec-
tor has been before this returned to its nor-
mal position the connection of the busy tone
on the calied side of the repeating coil 495
will in no way affect or interfere with the
lines aiready busy appearing upon this final
selector. Upon the receipt by the calling
subscriber of this busy toné he will know.,
as stated, that his call is yinsuccessful, and
will return his receiver to its switch hook.
Disconnection will now take place precisely
as before except that the disconnection of the
final apparatus will await the opening of the
trunk cireuit at the primary sclector, at
which time the final line relay 474 and the
battery control relay 489 will both be de-
energized and disconnection will proceed as
has been deseribed. It may be here noted
that since connection has never been made to
the called line, the called supervisory relay
428 has not been energized.

It will be observed that the final selector.

and its associated apparatus shown on Tig.
4 of the drawings hereof are capable of vari-
ousather funetions and operations which have
not been deseribed. Sinee, however, these fzne-
tions and cperations form no esseitial part
of wy inveniion herein, and sineé further-
more they have been deseribed in my pend-
ing application Serial No. 573,517, filed
July 23rd, 1910, it is not necessary that they
should be described herein. It will also be
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observed that both the ;\vitclling apparatis
shown on Fig. 2 and the switching appa-

ratus shown on Fig. 4 are arranged to be

positively and accurately returned to their

normal condition upon any premature dis-
connection on.the part of the calling sub-
seriber, such disconnection being accom-
plished by the retraction of the armature of
the calling supervisory relay ©39.
sponse to the deénergization of this relay
the disconnect circuit through the sequence
switch contact 216 will be closed apd the
primary sequence switch 201 will be moved
to its twentieth position, from which posi-
tion the restoration to normal of the pri-
mary selector apparatus and the final seleb-
tor apparatus will take place, as has been
heretofore described. Tt will be further-
more observed that when the primary se-

quence switch had moved out of its twenty- i

first position the busy potential will be re-

‘moved from the test conductor 103 of the

calling line, and the apparatus individual to
such line as shown on Fig. 1 will bd restored
to its normal position. - o
It may be here observed that the appha-
ratus shown on Fig. 1 of the drawirigs.hefe-
in is all that is individual to the lines termi-
nating in the exchange, the rest of the ap-
paratus shown in the drawings hereof being
common to groups of lines. It will he of
course understood that the arrangement and
number of lines in the groups of lines in an
exchange embodying my invention may be
according to any desired or preferred per-
centage basis, such as may be convenient or
necessary to carry the traffic of such system.
Trurthermore, that the number of connecting
circnits associated with the two secondary
controllers whose leads terminate in the con-
tacts of the relay 254 may be such as will
use 'these secondary controllers at their
highest efliciency and still have a calling
line always find one of these secondary con-

trollers in its idle’ condition. In the ordi-.

nary installations-it will be found that two
secondary centrollers are sufficient in all

circumstances to perform the necessary con-

trolling operations for a group of 100 lines
and ten connecting circuits and still have
each calling line find one of such secondary
controllers in its idle condition. Tnder un-
usual circumstances, however, it may be
necessary to associate two secondary con-
trollers of 'the chardcter deseribed .and shown
with a less number of connecting circuits,
but such arrangement and construction is of
course within the scope of my invention.
Tt will be. observed that the second sec:
ondary controller associated: with the relay
254 will be in all respects precisely similar
to the one shown on Fig. 3 with the excep-

tion that the condnctor 334 and the sequence
switch contact 307 are unnecessary. The

In re-

conductors 331’, 332’ and 833 and their as-
sociated apparatus are in all respects pre-

a
85

cisely similar to the conductors 331, 332 and -

333 and their associated appa-atus. If when

the: primary sequence switch was passing

from its second to its third position, in re-
sponse to the connection of the brushes of
its associated line finder to a calling line,
the sequence switch contact 307 of the frst

secondary controller associated with the re-

lay 254 had been closed indicating that this
controller was busy, a ‘circuit would have

been established from battery through siich
“sequerice switch contact 807, conductor 334,

sequence switch contact 208, relay 254, se-
quence switch contact 209 to ground and
back to battery. This relay would there-

upon have been energized and closed for

itself & locking circuit from battery through
the front contact and its-armature 255,
through the winding of such relay 254, se-
quence switch contact -209 to ground and
back to battery. 'This relay 254 therefore

‘would remain locked in its energized condi-

tion until the primary sequence switch 201
had passed out of its seventeenth position

‘opening sequence switch contact 209, At

this time it will ‘be observed the selecting
cperations are entirely complete and the
connection of the secondary controller appa-
ratus with the trunk circuit.and the appa-
ratus associatéd with the primary sequence
switch and primary selector is no longer
necessary. Therefore if, as stated, the se-
quence switch contact 307 of the first sec-
ondary controller had been found closed, as
the primary sequence switch passed from its
second to its third position, the impulse cir-
cuit hereinbefore traced would be cornected
to the conductors 831" and 332’ through the
armatures 256 and 257 and their front con-

tacts of the relay 254, and the sequence

switch contact 213 would be connected to

‘the conductor 333" through the armature

258 and its front contact of the relay 254,
instead of these respective conductors being
connected to the conductors 831, 332 and
333, 95 hereinbefore described. The oper-
ation o1-the apparatus from this time on
until the completion of the selection, success-
ful or unsuccessful, then takes place pre-
cisely as has been herginbefore described.

It will be observed that the final selector
apparatus, shown on Fig. 4 will maintain
the test terminals associated with the éon-
ductor 499 individual therefo in all the
primary .selectors in which such terminals
appear of such electrical character that this

final selector will test busy until the final

sequence switch 401 upon coming into its
first or normal position closes 1ts "sequence
switch contact 427. This will preven any

primary selector from selecting and making

comtact with the terminals connected with
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this fina] selector apparatus while the final } -

selector 1s in any off-normal position.

The particular system shown hérein is of
1000 lines capacity, but it will be obvious
that my invention is not limited to use in
connection with. systems of such capacity
but may be embodied in systems of any de-
sired capacity, such obvicus changes only
being necessary as an introduction into the
system of such.additional selector switches
and corresponding register-senders and
digits dials as may be necessary to extend
the system to the desired capacity. The
system shown herein furthermore embodies
what is known as the revertive impulse sys-
tem of selection control, but it will be ob-
vious that my invention is not limited to
such system of control and may be used in
connection with any desired or convenient
system of control.

While there are shown in the drawings
various sources of current as separate bat- |

teries, it will be understood that this show-
Ing 1z for convenience only and in the ac-
tual installation of a system embodying my

:invention such separate batteries, where they

are of the same character and potential and
located in the same exchange may be and
preferably are one and the same battery.

It will be understood that the various por-
tions of the apparatus illustrated as forming
a part of the system embodying my epera-

tion may be operated at any desirable speed

but are adapted .to and will preferably be
operated at high speed, such speed in no
way detracting from” their accuracy and
efficiency. '

Having described my invention what I
claim is:— ’ i :

1. In a telephone system exchange, the
combination of a plurality of lines terminat-
ing in a central exchange, a call-storing
register ut snld ¢entral exchange, means. for
automatically connecting the same to a call-
ing line, of automatic swiiching apparatus
at the centrs]l exchange for extending the

calling line, said antowmatic switching ap--

partus Leing centrolled by said eall-storing
register, and means under. the control of the
autumatic switching appacatus’ for rveturn-
ing said call-storing device to normal. v

2. Tn a telephone exchange system, the
combination with automatic switching ap-
paratus at a central station, of a primary
controller at a distant station operating to
send current impulses-over a connecting line
to sald central station, o secondary eontroller
at said central station controlled in its ad-
justinent by sueh lmpulses and when ad-
justed controlling said switching apparatus,
and Impulse sending means operated in the
movement of said switching apparatus to re-
store said secondary controller to normal
condition.

1,108,886

3. In a telephone exchange system, the
combination with autcmatic switching ap-
paratus at a central station, of a primary
controller at a distant station, a secondary
controller at the central station controlled
in its adjustment by said primary controller
and when adjusted controlling said switch-
ing apparatus, and impulse sending means
operated in the movement of said switching
apparatus fo restore said secondary controller-
to normal condition. . -

4. In a telephone exchange system, a plu-
rality of lines terminating at a central sta-

tion and provided with impulge sending

mechanism, call-storing registers, 1éss. in’
numnber than the number of lines, located at
said central station and responsive to im-
pulses from said lines, means for automati-
cally connecting an idle one of said registers
with a calling line, automatic switching ap-
paratus Jocated at said central station, and
controlled by the selected call-storing regis-
ter. .

5. In a telephone system, a central station,
a plurality of lines each provided with im-
pulse sending means terminating thereat,
automatic switching apparatus at said cen-
tral station for extending the calling line
and a plurality of call storing registers com-
mon to sald switching apparatus and ar-.
ranged to be controlled by said impulse
sending means, said switching appratus be-
ing controlled by an aitomatically selected.
call storing register.- Lo

6. In a telephone system, a central station,
lines provided with 1mpulse sénding mecha-

‘nism terminating thereat, automatic switch-
ing apparatus at said centra] station, call

storing registers controlled in adjustment by

impulses from said lines common to said .

switching apparatus, said registers being
less in number than the nwmber of lines,
means for connecting an idle one of said
registers to a calling line, and means where-
by said register controls the operation of
sald switching apparatus.

7. In a telephone exchange systein, the
combination with lines terminating in a
central station, of a plurality of connecting
circuits at such central station less in num-
ber than the number of said lines, a plural-
ity of controlling ovganizations at such cen-
tral station less in nwmber than the munber
of said connecting cireuits. antomatic means
for connecting one of said counecting .cir-
cuits with a line taken for use, nutomatic
means Tor connecting one of said controlling
organizations with a ‘connecting circuit
taken for use and subsequently. disconnect-
ing ‘it therefrom. and automatic switching
apparatus controlled by such  controlling
organization when conneeted with oue of
sald connecting circuits..’

8. In a telephone exchange system, the
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ombination with lines terminating in a cen-
bral station, of a manually operable primary
controller individual to each said line, a plu-
rality of connecting circuits at such central
station less in number than the number of
said lines, a plurality of secondary control-
lers at such central station less in number
than the number of said connecting circuits
and each centrolled in its adjustment by the
operation of a primary controller when con-
nected therewith, antomatic means for con-
necting an idle one of said connecting cir-
cuits with a line taken for use, autematic
means for connecting an idle one of said
secondary controllers with a connecting cir-
eriit connected with a line taken for use, and
automatic switching apparatus controiled
by such secondary controller when con-
nected with one of said connecting circuits.

9. In a telephone exchange system, the
combination with lines terminating in a cen-
tral station, of a primary controller adapted
to. he associated with a Tine taken for use at
the distant end therect, a plurality of con-
necting circuits at such central station less
in aumber than the number of said lines, a

. plurality of secondary "controlleis ‘at such

central station less in number than the num-
ber of said connecting eircuits and each con-
trolled in its adjustment by the operation of
spid primary controller when connected
therewith, means for cornecting an- idle
connecting circuit with a line taken for use,

‘means for connecting an idle secondary con- -
troller with a connecting circuit connected

with a line taken for use, and automatic
switching apparatus controlled by said sec-
ondary controllers.

10. In a telephone exchange system, a
sending device, a call storing register capa-
ble of being set to various adjusted positions
and controlled in its adjustment by said
sendiag device, and automatic switching
mechanism controlled by said call storing
register according to its set condition.

11. In a telephone exchange system, a sub-
station, a sending device thereat, a call stor-
ing register at the central station controlled
i its adjustment by said sending device,

switching apparatus, and means for effec-
tively associating sald switching apparatus
with said eall storing register whereby con-
nection to a desired lmé 1s effected. ’

12. In a.telephone éxchange system, a sub-
station, a sending device thereat, a call stor-

- ing register at thecentral station controlled

in. its adjustment by said sending device,
and’ switehing mechanism controlled in ite
operation by the return to normal of said

call storing register. : _

13. In an automatic telephone system, a
centrsl station, sutomatic switching appa-
rabug thereat, n distant station, s call inibiat-

ing dovice thevest, & cell regigiering devica

R

Jins B0

at the central static
justment by sai
means for refning
deviee te normal in s
movement of said antomatic switching
paratus and means for stopping the move-
ment of said switching apparatis upen the
return to normal of said call registering
device.

14, In a telephone svetem, o
tion, a line terminating therowi
centroller associsted

to said central shati

fos Sy

QT
wis

central sta-

i ook
at saicd centyral
said connectir , 8 8ec-

ondary contr

call register :
connecting circult, weans wherel

vices may be sét by the oparation of said
primary controller, and a of switches
for extending sald connecting circuit, the
switches of eaid series being controlled by
said register devices.

15, In a telephone systews, a central sta-
tion, lines terminating thereat, o primsry
controller associated with each of said lines
external to said central station, a group of
connecting cirenits ab said central station,
means for uniting a connecting civenit %o
one of said lines, a plurality of secondary
controllers associated with said gronp of
connecting cirenits and common  thereto,
each secondary controller comprising o plu-
rality of call register devices, means where-
by the devices of a secondary controller may
be set by-the operation of & primary con-
troller, and a series of switches for extend-
ing any one of said connecting circuits, the
switches of said series being controlled by
said register devices. '

16. In a telephome civeuit. a central sta-
tion, a group of subscriber’s lives terminat-
ing thereat, a primary controller associated
with each of said lines external o said cen-
tral station, a-group of conneciing cirenits
at said central station, means for uniting
one of said connecting cirenits to a calling
line, a secondary controller comprising
plurality of call register devices, means for
associating said secondary comivoller with
any one of said group of connecting cirenits,
means whereby said register devices may be
set by the operation of a primary controiler,
and a series of gwitches for extending said
connecting circuit, the switches of said series
being controlled by the successive operation
of said register devices. '

17. In a telephone system, a central sta-
tion, a group of lines terminating thereat, a
primary controller associated with sach of
said lines

station, means for uniting one of said con-
necting cirouils to a caliing line, secondery

1§ ’1

external to said central station, & 1
group of cotmecting circuils at said central
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controliers common to said connecting cir-
cuits, each secondary controller comprising
o plurality of call register devices, means
for associating a secondary controller with a
connecting circuit united to a calling line,
means wheteby said register devices may be
set by the operation of said primary con-
trofler, and s series of switches for extend-
ing smd connecting cireuit, the switches of

gnid s¥iibs being
detices .

Ix witness whersof, T, hereunto subséribe
my nsme this 9th day of November, A. D.

1810. )
FRANK R. McBERTY.
Witnesses:
F. T. Woopwasp,
Tnving MacDowain.
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