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UNITED STATES PATENT OFFICE.

FRANK R. McBERTY, OF NEW ROCHELLE, NEW YORK, ASSIGNOR TO WESTERNI ELECTRIC
: COMPANY, OF NEW YORK, N. Y., A CORPORATION OF ILLINOTS.

TELEPHONE-EXCHANGE SYSTEM,

1,157,018.

Specification of Letters Patent.

Patented Oct. 19, 1915,

Application filed August 8, 1909. Serial No. 511,983. .

7o all whom it may concern:

Be it known that I, Franx R. McBerry,
citizen of the United States, residing at
New Rochelle, in the county of Westchester
and State of New York, have invented a cer-
tain new and useful Improvement in Tele-
phone-Exchange Systems, of which the fol-

lowing is in full, clear, concise, and exact

description.

My invention relates to telephone ex-
change systems and contemplates in.general
an improved organization and arrangement

_ of circuits and apparatus whereby the inter-
connection of subscribers’. lines in an . ex-

15

20

4o

50

65

change of the semi-mechanieal type may be
accomplished with rapidity and precision,
The object of my invention is to provide,

in an exchange in which the interconnection
of subscribers’ lines is accomplished by me- -

chanical switching apparatus under the con-
trol of an operator, improved and novel
means whereby the automatic line selection
may be simply and easily controlled and
whereby such controlling means may be
automatically associated and dissociated

with the mechanical switching apparatus at_
.the proper stages in the operation of the

system.

More particularly my invention relates to -

a switching system involving an imiproved op-
erator’s sending or selector controlling equip-

ment, adapted for use with systems of prac--

tically any size having any desired group-

.ing of lines or trunks, and adapted to operate

with accuracy at high speed to cause the
various selecting and trunk-hunting oper-
ations throughout a train of selectors to take
placein proper sequence and with absolute pre-
cision. Furthermore thissending equipment

may be, and is preferably, so 6rganized that-
the connections  between subscribers’ lines-

may be established, by the operator, in rapid
succession by means of a single set of keys,

- there being no necessity for the operator to

wait until the series of selections required
for one call have been completed before be-
ginnihg the establishment of a second call.

My invention, therefore, involves among
other things the provision of a set of keys
arranged to be depressed by the operator,
registering devices, responsive to said keys,
adapted to-take up and record the call in-
dicated by any combination of such keys,
‘and sutomatic selection-controlling appa-
ratus arranged to perform the required series

: . H .
of operations under control of such regis-
tering devices. :

My invention further involves means, in

an operator’s sending equipment, adapted
under the control of a key or keys, to per-
form 'a series of controlling operations to’
determine the movement of distant selector’
mechanisms successively brought under the
control of such equipment; this sending
equipment being especially adapted for rapid

60

85

operation by comparatively feeble current . .

impulses transmitted over long lines or ca-
bles, and to continue. sutomatically to per-
form the entire sequence of controlling  op-
erations at proper intervals and in definite

. order without requiring any attention from -

the operator beyond the initial registration
of the call upon the key or keys. ’

Another feature of my invention involves
the arrangement in the operator’s sending

70

7€

apparatus of registers or translating devices .

whereby a number designating a line to be.
selected, indicated by the operator upon keys

arranged according to the decimal system

of notation, may be stored up and translated
by such registers or translators in such a
manner that the selection-controlling device
operated under the control of such registers
or translators will select the line desired and
indicated upon the keys, even though such
line or the trunks through which such line
must be connected are not, or a part of them
are not, arranged upon the decimal system
of notation.- .

._Another feature of my invention involves
meéans whereby the operator’s sending equip-
ment may be automatically associated with

80

85

90

any one of a plurality of connecting circuits

which is put into use to answer a call, and
involves "automatic cord finder apparatus
adapted to test said connecting cireuits, find
the one put into use and unite the sending
equipment therewith, maintaining sueh con-
nection until the sending equipment has
completed its operation and then automati-
cally disconnect it from the connecting cir-

95

100

cuit leaving it free to be associated with an-
other connecting cireuit to transmit another

ca’l. .

Another feature of my invention involves
means whereby. a. plurality of senders may
be provided for each operator, means asso-
ciated with each’” sender for connecting’ it
with a, connecting cireuit taken for use, and
means for determining which of such send-

105

110
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ers shall be connected with the conﬁecting

. cireuit so taken.

Anocther feature of my invention involves

 means whereby a single set of keys may suf-

fice to control the operation of a plurality
of senders, such control being exercised
through the interposition of register devices
upon which the designation of the line de-

~ sired is registered or stored up to control

10

15

the selection controlling means, and means
immediately available upon the completion
of such registration to permit these keys to
be utilized to register upon the registers of
another sender device the designation of
some other desired line. '
Another feature of my invention involves

" means whereby the various operations of

20

25
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85
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the sender are caused to take place in the
proper sequence, and involves the associa-
tion with ‘the sender of an automatic se-
quence switching device provided with
switch contacts arranged to control circuits
to insure the proper operation of the sender
and, in turn, of the sequence switching de-
vice itself. .

My invention also includes .certain de-
tails of construction and organization of the
apparatus and circuits associated with the

operator’s sending equipment and the auto-

matic switching apparatus by which the
foregoing. operations and other operations
incidental to the proper and expeditious
establishment of connections may be best
accomplished. :

The accompanying drawings which illus-
trate the preferred form of my invention
show in addition various features which
form no part of my present invention, and
are not claimed in this application. These
features are claimed in my applications for
Tetters Patent as follows: Serial No.

418,123, filed February 27, 1908; Serial No.

45

418,124, filed February 27, 1908; Serial No.
418,126, filed February 27, 1908; Serial No.
451,867, filed September 5, 1908; Serial No.
451,868, filed  September 5, 1908; Serial No.

. 452,539, filed September 11, 1908; Serial No.

- 50

456,418, filed October 6, 1908; Serial No.
456,419, filed October 6, 1908;. Serial No.
491,043, filed April 20, 1909.

Another feature of my invention involves
means, in an operator’s sending apparatus,

‘whereby a mechanical switching device

" brought under the control of such sending

55

60

88

apparatus may be caused to pass its contact
brushes entirely over.and out of operative
relation to one of a plurality of banks or
ranges of terminals appearing in such
switching device to bring them into codper-
ative relation with another bank or range of
terminals, such means being controlled by
the means in the sending apparatus upon
which the designation of the desired'line is
established by the operator.

In the drawings. ¥izures 1 to 10 inclusive

1,167,048

when placed together form a single dia-
gram illustrating the apparatus and circuits
mvolved 'in extending connection from a
calling line (Fig. 6) to a called line (Fig.
10) ; the lines which extend to the edge of
each sheet being continued on neighboring
sheets. In assembling these sheets, Figs. 5,
6,7, 8, 9, and 10 should be placed side by
side in the order named; Fig. 4 should be
placed below Fig. 5; Fig. 3 should be placed
below Fig. 4; Fig. 1 should be placed on the
left hand side of Fig. 4, and Fig. 2 should be
placed on the left hand side of Fig. 3. Fig.
11.ds a front view of one of the automatic
sequence-switches, which are employed at

various points in this system to establish in

the desired sequence the different local con-
trolling or operating circuits. Fig. 12 is a

side view of the sequence-switch. Fig. 13
is a sectional plan view on line 13—13 of &

Fig. 12. Fig. 14 is a sectional plan view on
line 14—14 of Fig. 12. Fig. 15 is a front
view of one of the registers which form
part of the “sending” equipment. Fig. 16
is a side view of the register shown in Fig.
15. Fig. 17 is a detail sectional view of the
upper portion of the register. Fig. 18 is a

“sectional plan view on line 18—18 of Fig.

16. Fig. 19 is a sectional view on line 19—19
of Fig. 17, looking in the direction of the
arrows. Fig. 20 is a sectional plan view on
line 20—20 of Fig. 16. Fig. 21 is a plan
view. of a point-finder apparatus with its
electromagnetic escapement operating mech-
anism which forms part of the sending or
controlling equipment, -some of the parts
being broken away in order to disclose the
remainder more clearly. Fig. 22 is a sec-
tional elevation of the apparatus shown in
Fig. 21. Fig. 23 is a side’ elevation of an

70
76

a0

20
95
100

105

automatic cord finder mechanismn which is -

employed in association with the sending
equipment. - Fig. 24 is a plan view of the
device shown in Fig. 28. Fig. 25 is a sec-
tional plan view on line 25—25 of Fig. 23.
The same reference nimerals indicate the
same parts wherever they are shown.
Selectors—The automatic line switching

-devices or selectors employed in this system

may be constructed as follows, although it
will be apparent to those skilled in the art
that selectors of other types may be em-
ployed. A movable switch carriage is pro-
vided with a number of multiple sets of
contact brushes arranged to traverse cor-
responding rows of stationary contact pieces
forming circuit terminals. Said brushes are

110

120

normally maintained in such positions that '

they will not come in contact with the sta-
tionary terminals over which they travel,
but are adaptgd to be-selectively released
and rendered operative to contact with such
terminals; and by a movement of the switch
carriage any set of brushes thus-selected

126

may be brought into engagement with any 130
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particular set of terminals in its correspond-
ng row or level,
Preferably the brushes are arranged to

be selectively released during a_preliminary

10

Y

s

§ “moyement of the switch carriage before said

brushes enter upon the range of stationary
line terminals; such release being accom-
plished by a tripping device . which is ar-
ranged to be moved into the path of a latch
which normally ‘liolds the brushes; there
being ‘a sepurate latch for each set of
brushes.  The mechanism may be so ar-
ranged that in.the movement of the switch
carriage the different sets of brushes will
be "brought’ successively into operative re-
lation to the tripping device, and the par-
ticular set of brushes to be tripped or
brought into service will depend upon the

. extent to which the switch earriage is moved

20

25

30

35

40

prior to the actuation of the tripping device.
Said tripping device may be actuated by an
electromagnet, in response to a selective
action of the distant sending apparatus, as
will be described.

The switch carriage is preferably ar-
ranged to be moved by mechanical power,
which is applied by an electromagnetic
clutch, said cluteh being controlled by a re-
lay %hich may be responsive to current in
the wain’” cireuit controlled at the sending
apparatus; or in “hunting” over trunk
terminals the clutch-controlling relay may
be responsive to current received from the
test terminals of the lines passed over.

A suitable construction: of the selector
mechanism is shown diagrammatically in
Figs. 6, 7, 8 and’'y, and this construction
will be explained by reference, for example,
to Fig. 9, which illustrates a “final” selectos
having direct access to the subscribers’ lines.
The “district” selectors, “office” selectors and
“group” selectors' may be of practically the

* same construction as the final selectors,

45

50

The same reference numerals are used to
designate corresponding parts on all the se-
Iectors shown. ‘ : ’

The switch carriage or brush-carrier
frame 60 is mounted upon a rotatable shaft
50, and at the outer end of said frame 60
the contact brushes 51, 92, 53, are pivoted
in a vertical row upon a rod 49 which ex-
tends from top to bottom of the frame, each
brush being insulated from each other and
the rod. Spring tongues 54, 55, 56, extend-
ing from insulated metal plates 41, 42, 43,
respectively, press against bell-erank lever
arms of said brushes; and tend to rock them

© upon their pivots and throw their forward

60

65

or contact ends radially outward from the
shaft.  Said metal tongues also serve to
make electrical connection to the brushes
from the terminal plhtes 41, 49, 43; said
brushes being in sets of three, the corre-
sponding members of each  set being elec-
trically connected to the same termingl plate.

-set of three brushes,

Stationary line-terminal contact-pieces 61
62, 63, are mounted in parallel horizontaf
rows corresponding to-the brushes, in an in-
sulating “frame concentric with the shaft, -
so that the brushes may traverse the corro.
sponding rows of contacts when the carrier-

rame is rotated. Normally, however, the
brushes are latched in such positions that
their forward ends do not project radially
a sufficient distance to contact with the sta-
tionary terminals; but any set of- brushes

may be released and rocked outwardly by

their springs 54, 55, 56 into position to
contact with the line terminals in the’ cor-
responding rows.  As shown, the rear ends
of the brushes are normally latched or held

-agalnst the thrust of the springs 54, 55, 56,

by insulating latch bars 57, . which are
mounted upon the free ends or tongues 58.
of a spring metal plate 59 fixed to the rotat.
ing carrier frame. ‘There is a latch for each
In order to bring any
set of brushes into position to engage the
stationary  contacts of the corresponding
rows, the corresponding spring tongue or
latch arm 58 must be retracted sufficiently
so that the rear ends of the Dbrushes can
clear said latch bar and allow the brushes to

. rock upon their pivotal mounting. This re-

lease of the brushes ig accomplished by
tripping lugs 66 projecting from the edge
of a trip bar 64 which is pivotally mounted
upon an axis 65; said lugs being interposed
in the path of .the latch-arms 58 when the
trip bar is rocked-upon the axis. The trip
bar is arranged to be ‘operated by the arma-
ture 68 of an electromagnet 67.

It is intended that only one of the several
sets of brushes shall be selected and tripped
in_a given operation of the selector; the
other sets of brushes remaining out of serv-
ice. The trip bar is- therefore inclined at
an angle so that the tripping lugs 66 will
face positions successively reached by the
vertical row of latch arms 58 as the brush
carrier is rotated. The trip bar will be ac-
tuated -to thrust forward its tripping lugs
only for a moment, just before the lateh arm
controlling the-desired set of brushes reaches

the line of the particular lug which is at

the proper height to engage that arm. _

The range of line terminals 61, 62, 63,
begins at the end of the “trip range” or arc
of preliminary movement required to bring
the whole sertes of brushes successively into
position to be tripped. The terminals may
be in gets of three, corresponding to the

“two main line wires and the test wire of a

teleplione circuit, the different sets in each

“horizontal row being arranged in an -ave in

position to be successively reached by a
point-to-point rotary advance of the corre-
sponding set of brushes. S

The two line wires and the test wire “of
the circuit leading to the seléétor may be

70
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'

soldered or otherwise permanently connect-
ed to the plates 41, 42, and 43 respectively;
and by the operation of the selector these
three conductors may be put into electrical
connection with any set of stationary ter-
minals 61, 62, 63 in any horizontal level;
that is, by first tripping the set of brushes
which travels over the required level, and
then causing the brush carrier to rotate far-
ther until the selected brushes reach the
%)a,rtlicular desired set of terminals in that
evel.

In the system shown in the drawings, each

final selector is intended thus to select any:

one of five hundred sets of terminals. Each
final selector may therefore have ten sets of
brushes (three brushes in each set) and ten

corresponding levels of stationary termi-.

nals, there being fifty sets (of three each)
in each horizontal level.
the diagram, however, there are shown only
the lower two sets of brushes, and a few
of the stationary contact terminals in the
corresponding two lower levels,

The district selectors, office selectors and
group selectors may likewise have ten sets
of brushes each arranged. to travel over sta-
tionary trunk line terminals in correspond-
ing levels. The selective action of each of
these machines will consist merely in the

tripping of a set of brushes to select a par-

ticular one of the ten levels of terminals,
after which the selected set of brushes is ad-
vanced point-to-point over the sets.of sta-
tionary terminals in its level, testing said
terminals in succession and coming to rest,
as will hereafter be described, upon the first
set representing a trunk line which is idle.
There may be as many of each of these ma-
chines, and as many sets of terminals in each
level, as traffic conditions may require. For
the purposes of the present description, the
district, office and group selectors may be
assumed to be 500-line machines like the
final selectors. 5 -

As shown, each selector has a segmental

metal plate 70 in position to be engaged by

- the contact ends of any set of brushes as

50
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soon as they are tripped, this plate being
grounded, to complete certain local ecircuits
through said brushes. This plate 70 ex-
tends throughout the “trip range”—that is,
through the total arc traversed by -the
brushes as one set after another throughout
the whole series is brought successively into
position to be tripped. At the end of the
trip range the bank of line terminals begins.

"T'o restore the brushes to their latched po-
sitions when the brush carrier returns to
normal, an insulating bar 95 is mounted in
position to be passed over by the contact
ends of the brushes in the return journey
of the carrier; the contaét ends of the
brushes in riditig over this bar being pushed

radially inward against the tension of their.

For simplicity in.
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springs until the beveled rear ends of said
brushes slip over the catches 57.

The two line brushes 51 and 52 of each set
have their contact ends sharpprded so that.

‘in passing from one set of lina Lerminals to

the next they will break contact with the
terminals which they are leaving before
making contact with those next - to be

.reached. The same 1is true of the test

brushes 53 of the final selector; but the test
brushes 53 of the distriet selectors, office se-
lectors and. group -selectors. have longer or
more blunt contact ends, so that they will
bridge the spaces between materials. Each
of these test brushes therefore will make
contact with the terminal in advance before
breaking contact with the one which it is
leaving; and in-leaving the trip range and
entering upon the range of contact termi-
nals it will make contact with the first test
terminal- before breaking contact with the
grounded plate 70.

The . motor -mechanism for rotating the

brush carrier may be as follows: A circuiar
iron plate 78 is mounted upon the shaft 50
in'such a manner that it will rotate there-
with, but may also be given a downward
flatwise or tilting movement toward either
side, against the tension of a spring washer
78, into engagement with one or the other
of *two iron friction driving rollers 74, 75,
which are located underneath it and upon
opposite-sides of its axis; said rollers being
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mounted upon a constantly-retating power- -

shaft 76. An electromagnet- 77, which will
be hereafter referred to: as the clutch mag-
net or power magnet, is arranged to mag-
netize the driving rollers 74 and 75 to cause
them to attract the iron plate 73. Said plate
is formed with cam surfaces as shown, such
that in the nermal position of the apparatus
the under surface of the plate upon one side
of the axis is nearer to the driving roller 75
than the under surface upon the other side
of said axis is to the roller 74; but when the
switch carriage is in an off-normal position,
the under surface of said iron plate when
free will be nearer to the roller 74 than to
roller 75.
tially excited, the rotary element of the se-
lector . being in its normal position, the plate
78 will be attracted and tilted into engage-
ment with roller 75, and driven thereby in a
direction to advance the brushes over the
line" terminals.y During the first stages of
this movement 4 set of brushes will be. se-
lected and brought into service by the op-
eration of the trip bar actuated by the trip
magnet 67 as previously described; after
which, as the brush-carrier continues to ro-
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When the clutch magnet is ini- -
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tate, the selected set of brushes will be

trailed over the sets of terminals in the cor-

responding level, until they reach the par- .

ticular set of términals desired, whereupon
the clutch magnet 77 will be released and the

130
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switch carriage brought to rest. The plate
78 now recovers from its tilted position, by
the action of the spring washer 78, and be-
ing off-normal, the under surface of said
plate lies nearer to roller 74 than to roller
75. A subsequent energization of the clutch
magnet 77 will therefore draw said plate
into engagement with said roller 74 and the
plate will then be rotated in a reverse di-
rection to return the switch carriage to nor-
mal position. . :

A cam 80 is carried by the rotary ele-
ment of the selector to operate a switch 81.
On the first rotary movement, and while the
brushes are passing the trip range, the cain
forces said ‘switch spring 81 against the
anvil 82; and .at the end of the trip range
the cam allows the spring to break this con-
tact and make an alternate contact 83.

To furnish a means for measuring off at
the distant sender the extent of movement
of the selector switch carriage, so that such
movement can be controlled with precision,

‘the selector is preferably arranged to trans-

mit electrical impulses back to the sender in
unison with its point-to-point- advance.
the interrupter
mechanism shown. The interrupter arm 84
of the carrier
frame in the same manner as the contact
brushes, and carries at its. forward end a.
roller 85 which is adapted, as the frame ro-
tates, to ride over the edge of a stationary
toothed segment
lector shaft; the lever arm being thus caused
to vibrate. The rear end of said lever car-
ries a contact point 87, which, as the roller

85 rides up on each tooth of the segment, 1s .

closed against a contact anvil 86 carried by
anather lever 94 which is also pivoted upon
theé Fod 49 of the carfier frame. ‘spring
tunegé 91, mounted upon but insulated from
Hie' carrier frame, presses against a bell-
eranie-arm of the lever 94 and makes elec-
trical connection therewith. A lever 93 also
pivated to the rod 49 of the: carrier frame,
has a foot which rides upon the smooth rim
of the segment 88, and a hooked rear end
which engages an insulating stud on the
lever 94 to hold said lever against the ten-
sion of the spring tongue 91. A spring
tongue 92 bears upon a bell-crank arm of
the lever 93 to maintain the curved foot of
said arm pressed against the inside of the
rim of the toothed segment, which may be
electrically connected to earth. L
The construction. above described, -in
which the making or breaking of contact 86,
87, is determined by the relative position of
levers which ride upon the rim and -upon
the toothed edge, respectively, of the seg-
ment 88, insures an aceurate operation of

the interrupter, regulated exactly. in accord-.
ance with the cutting of the teeth upon said .
segment, which are in fixed positions rela-

88, concentric with the se- -

>

tive to the vertical rows of terminals, and
independent of slightly variations in the
radial distance between said toothed seg-
ment and the axis of rotation of the brush
carrier. .

The operation of the various selectors will
hereafter be traced in detail, but in general
may be outlined as follows: When s selec-

tor is first taken for use, a local cirenit is

established for its clutch magnet 77, under
control of a line relay, which in turn is
governed by the distant sending apparatus.
The clutch magnet applies power from the
constantly rotating shaft 76 to drive the
rotary element of the selector, through the
agency of the roller 75 engaging the plate
73.  After a predetermined movement suffi-
cient to bring the desired set of brushes into

- Position to be tripped, the trip magnet 67 is
excited, without releasing the clutch mag-

net 77. The trip bar 64, Deing rocked upon

its axis 63, thrusts its tripping lugs 66 into.

the path of the latch arms 58; and .one of
these arms (the particular one depending
upon the extent to which the switch carriage
was rotated before the trip magnet was ex-
cited) is engaged by the corresponding trip-
ping lug and retained sufficiently to bend it
back until the latch bar 57 carried therreby
no longer holds the rear ends of the corre-
sponding set of three
tension of their springs, and said brushes are
released and rocked upon their - pivotal
mounting in a direction to throw their. for-
ward or contact ends radially outward.
Said brushes in contacting with. the metal
plate 70 will complete a local circuit for g
contrelling switch which will cause the trip
magnet 67 to be immediately deénergized
and the trip bar again retracted by a spring.

One. of the sets of brushes having thus
been selected and brought into service, the
brush - carrvier frame continues to rotate
until these brushes reach the desived set of

line terminals 61; 62, 63, in the correspond-’

ing level. In the case of the district se-
lectors, office selectors and group selectors,
this movement of the selected set of hrushes
over ‘the corresponding horizontal level of
line terminals will bea “hunting” move-

brushes against the .
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ment, in which the continued excitation of .

the- cluteh magnet will be dependent upon a

Ctest relay, which in turn is responsive to the

electrical condition of the test terminals 63
of the succossive sets which arve passed over
by ‘the brushes; the test relay being caused
to apen the cireuit of the clutch magnet 77
of ‘the selector as soon as the test hrush
reaches a terminal having no
guard” or peculiar electrical condition, such
as a groumd connection, existing thereat.

In the ease of the final selector, however, the

advance of the selected set ‘of brushes will
be controlled  from the sending apparatus,
through the agency of a line relay associated

“busy  test
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with the seléctor, which will break the local”
circuit including the clutch magnet, after-

the brush carrier has been rotated a prede-
‘termined number of points.
In the case of the group selectors, in the

particular system being described, the bank

of stationary terminals will be divided into
two halves or ranges, and the selector will
be arranged to “hunt” in either range. That
is to say, the clutch magnet of the selector
may be put under the control of the test re-

- lay immediately after the brushes leave the
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o automatlc c,mtch the circuit for said,

60

trip range; or the brush-carrier may, by the
action of the sending apparatus, be caused
to pass over the first half of the total range
of line terminals before beginning the hunt-
ing movement under the control of the test
brush, such hunting movement taking. place
only in the second half. This is to enable
each selector to choose any one out of twenty

groups of trunk lines leading to final se-

lectors, even though the group selector has
only ten sets of brushes.

During the rotary movement of. the se-
lector, the interrupter contact 86, 87 inter-
mitténtly establishes a loeal cireuit which
short-circuits the line or controlling circuit
extending back to the distant sending appa-
ratus, thus causing.electrical pulsations in

said circuit in unison with the point-to-point
advance of the switch carriage. Said local
circuit is established by the interrupter
while the brushes are in transit from each
set of terminals to the next, and the flow of
current in this local circuit is caused to

maintain, directly or indirectly, the excita-
tion of the clutch magnet 77, so that the
“clutch magnet cannot e deenerglzed and
the brush-carrier brought to rest in any po-.
sition’ except one in which the brushes are

accurately in contact with a set of stationary.

terminals. The selector is thus caused to
operate with great precision,-since its pos-
stble stopping posmons are determined posi-
tively by the notches in the toothed segment
88, and the relations between these notches
and the sets of line terminals are definitely
and permanently fixed. .

When the selector is to be returned to nor-
mal position, a local circuit is again estab-
lished for the clutch magnet 77, which at-
tracts the plate 73 into engagement with the
roller 74, and holds it in such engagement
-until the brush carrier has been rotated back
to normal, whereupon, through the action of

clutch magnet‘is broken. .

Se(]uenve switches—The local controlling
circuits at each selector and at the sending
apparatus, which must be established in
definite order at successive stages of the
operation, to brire into service the different
devices or parts a. they are required, in.the
present system are established by automatic

1,187,018

switching appliances which T term sequence-
switches. There is a sequence-switch for
each selector, one for each sender and one
for each cord-finder. The sequence-switch
consists in its elements of a movable switch-
operating member, a number- of circuit-
changers or contact devices actuated in se-
quence -as said member is moved from one
position te another, an electromagnet, and
motor mechanism operatéd or controlled by
said magnet for advancing said movable
member through its successive positions.
This sequence-switch may control any de-
sired sequence of operations, whether of the
same or of different devices. In each posi-
tion to which its movable member is ad-
vanced, a circuit is established whereby a
given operation of the device under control
is made. possible, and at the same time an-
other circuit is established whereby the mo-
tor magnet of the sequence-switch may be
actuated automatically when such operation
of the device nnder control has been com-
pleted; so that as each operation takes place
the sequence-switch will be. automatically
advanced to the next position, in which a
new operation or another stage of the same
operation will be brought ‘Lb()llt, and so omn,
Finally, the sequence- “switch establishes a
condition whereby the apparatus under con-
trol is returned to its normal condition, and
also establishes a circuit -whereby the se-
quence-switch 1tse1f will be returned to nor-
mal.

Each selector and its sequence-switch may
be so related that local reciprocal control-.
ling circuits will be 'progressively estab-
lished by said devices in their operation, in
such a manner that when a normal operation
of either is started, both devices will be
progressively carried through a complete
cycle of operations, which may be controlied
and checked at different stages through the
agency of current flowing in the main cir-
cuit ‘controlled at the sending apparatus,
but which, unless so checked, will terminate
in the automatic return of both the selector
and its sequence-switch to norinal condition.
In case of a failure of current in the main

‘circuit, even immediately after the selector

and its sequence-switch have started in opet -
ation, said devices cannot become perma-
nently displaced or “stalled” in an off-nor-
mal position, but will complete their cycle
of operations and be positively returned to
normal, under control of circuits which are
purely local.

The mechanism of the sequence-sw itches
may be as shown in I*ms 11,12, 13 and 14.
The movable member is a vertical rotary
shaft 7 carrying a number of switch-operat-
ing cams:8, said shaft being arranged to be
driven by power applied thre ough the agency

-of an . electromagnetic clutch. The con-
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stantly-driven power-shaft 11 carries a frie-
tion driving-disk 10 which is adapted to be
drawn into engagement with a;, friction
roller 9. carried upon the shaft 7; by the
action of a clutch magnet or “motor” mag-
net 12. The roller 9 and the disk 10 are of
iron, and the clutch magnet 12 is adapted
when excited to magnetizé said roller 9,
which serves as-a rotary pole piece for said
magnet; whereby the driving disk 10 is at-
tracted into engagement with said roller,
the rotation of the shaft 7 thus continuing
as long as the motor nqlugnet 12 remains ex-
cited.

The cams 8 carried by the rotary shaft 7
are arranged to operate switch springs 13,
forcing said springs into engagement with
outer contacts 15, or allowing them to en-
gage their alternate inner' contacts 14, ac-
cording to the positions.of said cams. As
many cams and switches may be provided
as the particular apparatus te be controlled
may require. Certain of the switch contacts
operated in the successive positions of the
movable switch element may control cir-
cuits for the motor magnet 12. A special

‘switeh, sueh as shown in Fig. 14, is also

“edge of the cam 16.

preferably provided to control a local cir-
enit for said motor magnet, whereby after
the initial energizing cirenit is broken by
one. of the other switches, the motor magnet
may still be excited by current in the local
cireuit until the next intended stopping po-
sition of the rotary element is fully reached.
As shown in Fig. 14, the cam 16 for oper-
ating the “local” switch is adapted to be en-
gaged by a cam roller 17 carried by a piv-
oted switch lever 18. A spring 19 is ar-
ranged to act upon said pivoted lever 18
80 as to press the cam roller 17 against the
When' the roller 17
rides upon a tooth or high part of the cam
16, said lever 18 closes a contact 20 which
controls the local circuit for theé motor mag-
net. The teeth of the cam 16 have inclined
edges, sd that the cam roller 17, after riding
over the point of a tooth, is forced down the
opposite slope by the action of the spring
19, and thus tends to push against the cam
to continie the rotation - thereof until the
roller 17 reaches the bottom of the follow-
ing notch. The rotary element is thus
brought to yest accurately in each of the
positions where it is intended to stop. In
the operation of the device, the circuit will
first be closed for the motor-magnet through
one of the springs 13 and one or the other
of the contact anvils 14 or 15 of such spring.
Then, as the motor-magnet is excited and
the shaft of the sequence-switch begins to

" srotate, the contact through which the motor

magnet was initially excited may be broken,
but the local cireuit will be maintained for
the motor-magnet through the contact 20 .

closed by the cam 16, and the rotary ele-
ment will thus continue to advance until the
cam roller 17 reaches the bottom of the next
notch of the cam 16. o

In the circuit diag: am, Figs, 1 to 9 in-
clusive, the switch springs of the sequence-
switches are not shown in their actual ar-
rangement, but are so located as to give the
clearest arrangement of circuits; and the
operating cams are not shown. :The posi-
tions of the rotary element of esch sequence-
switch in which any of its coritacts are closed

“are indicated by numbers placed adjacent to

such contacts; each contact being open in all
positions except those indicated by the adja-
cent numbers. For example, contact 609 of
the sequence-switch associated with the dis-
trict selector (Fig. 6) is closed in the first
or normal position of that sequence-switch,
as indicated by the number 1 placed adja-
cent to that contact, and is open in all other
positions of the sequence-switch; while the

alternate contact 610 is closed in the fourth

position and also in positions 8 to 14 inclu-
sive, but open in all other positions.

Each sequence-switeh has a special con-
tact governing the local or locking circuit
of its motor magnet, such as contact 20 oper-
ated by cam 16 in Fig. 14. As these special
contacts are closed onlv while the rotary ele
ment of the sequence-switeh is in transt
from one stopping position to the next, the
numbers are placed on the side of the switeh
lever opposite from the contact, and indicate

positions in which said contact is open, said.

contact being closed while the rotary ele-
ment is in transit between the positions in-
dicated by the numbeis. Thus by reference
to the numbers 1, 4, 5, 6, 7, 8, 10, 15, 16, 17,
appearing adjacent to the contact 20 of the
sequence-switch of the district selector, (Fig.
6) it is seen that this contact is closed be.
tween the first position and the fourth, open
in the fourth, closed between the 4th and
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5th, open in the 5th, closed between the 5th .-

~and 6th, and so on; the contact bei ng continu-
ously closed between the ‘1st and 4th posi-

tions, between the 8th and 10th positions,
and between the 10th and 15th positions, so

that the sequence-switch will not stop in the -

intermediate positions, but.will stop only in

those indicated by the numbers. ,
(Feneral organization of sending appa-

ratus und scheme for controlling selections.—

The selecting operations, “in the system
“shown, are controlled according to the fol-

lowing plan: When connection is made with

110

120

a selector, a_controlling or stepping -circuit .
is_established, including a line relay at the:

selector and a relay or magnet at the sender
which is adapted to operate a step-by-step
mechanism. The line relay at the selector

closes a loeal circuit for the clutch magnet .
brush carrier in

thereof which starts the

125
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rotation ; and in such rotation an interrupter
is operated by the selector to:intermittently
short-circuit the line, causing pulsations in

the controlling circuit in unison with the
, point-to-point advance of the'selector, which

pulsations cause the stepping relay or mag-
net at the sender to operate the step-by-step
mechanism thereof, and measure off at the
sender the extent of movement of the selector.
When the point-finder brush at the sender
reaches a predetermined point or termi-
nal in its path, which the operator has se-
lected by depressing a key, it completes

thereby a circuit for a “stop relay”, which -

opens the line circuit and so releases the line
relay at the selector, thus bringing that par-
ticular selecting operation to an end. The
line relay at the selector, when released, may
cause the trip magnet to be excited and the
further advance of the brushes to be a hunt-
ing movement controlled by a test circuit
from the terminals of the lines successively
reached by the brushes; or in case of the
final selector, the release of the line relay at
the end of the last selection will break the
circuit of the clutch magnet and cause the
brush' carrier to ceme to rest. The response
of the stop relay at the sender also causes an

operation of the sequence-switch associated

with the sender to prepare the circuits for
the next selection ; the point finder brush be-
ing automatically carried to the beginning of
another range of points or terminals which
it is to traverse in governing such next se-
lection. The operation thus proceeds until,
upon the response of the stop relay in de-
termining the last selection required, the se-
quence-switch mechanism causés the send-
ing apparatus to be disconnected from the
circuit which has been established, leaving
the calling line united through the operator’s
connecting circuit and through the train of
selectors to the subscriber’s line wanted.
Tach selector in the train through which

the circuit is successively extended will, as

soon as it is reached, be brought under the
control of the sending apparatus by the es-
tablishment of the stepping circuit, which
includes the line relay at the selector and the
stepping relay at the sender, this circuit be-
ing controlled by the stop relay.

The extent of advance of the sénder step-
ping mechanism prior- to the actuation of
the stop relay in determining each selection
is controlled by a point-finder apparatus, the
finder brush of which is caused to traverse a
series of points or terminals which may be
selected by means of keys actuated by the

.operator, to complete a circuit for the stop

relay when the finder brush reache« the
points or terminals so selected. .
In the particular system shown, the first
two selecting operations required in trans-
mitting a call are, first, the selection of a
group of trunk lines leading to office selec-
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tors of the required district (an idle office
selector of this group being then choser. by
an automatic “hunting " operation of the
district selector independent of the sending
apparatus), and, second, the selection by the
chosen office-selector of a group of trunk

lines leading to group-selectors in the de-

70

sired office (an idle one of this group being

chosen by another automatic hunting opera-
tion). The result of these two selections is

to extend the circuit of the calling line

through the district selector and office se-
lector to a trunk line which terminates in a
group-selector at the distant office. Both
of these selections are determined by the
“office” key—that is, the key designating
the office or exchange in which the wanted
subscriber’s line is located. In other words,
each office key selects a point in each of two
divigions of terminals which are successively
traversed by the point finder in, governing
the selecting operations of the district and
office selectors, respectively.

To control the selecting operations of the
group selector and final selector at the dis-
tant ‘exchange, the point-finder apparatus
mayv have other divisions of terminals or
contact points to be successively traversed
by the point-finder brush in governing these

selections. - .

Keys and registers of the sending appe-
ratus~—The terminals or points which de-

“termine the selecting operations of the group

selector and final sclector are chosen through
the agency of keys which may be set in com-
binations to designate the number of any
wanted line. In the system shown, where
the lines and trunks are grsuped or classi-

. 314 -
fied upon a non-decimal bafis, “translation’’

is required in order that the number keys,
which are arranged.according to the deci-
mal system, may cause operations of the
point finder apparagus adapted to the non-
decimal grouping of lines and trunks in the
exchange. In the system shown, the func-
tion of translation is performed by record-

.ing devices which are herein called registers.

These registers are adapted to take posi-
tions in response to the depression of keys
representing a number of the decimal sys-
tem; and in such position to select equiva-
lent points in the divisions successively trav-
ersed by the point-finder, to govern the
non-decimal selecting operations; the points
selected by the registers expressing the
equivalent of the number designated by the
keys. The registers, which are associated
with the point-finder. apparatus, also serve
to record or “store up”:the number regis-
tered by any combination of number keys,
and thereby to establish permanent condi-
tions for governing. thé series of point-
finding operations required to cause the se-
lection of the desired line, so that when
the call is thus registered or stored up upon
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one sendes,- the set of keys may be used

thereafter to register another call upon an-
other sender, before the first sender hag fin-
ished transmitting the first call. There
may be one key for each office or exchange
of the system, and alss a bank of number
keys which, as shown, comprise four rows of
ten keys each, representing the figures 0 to 9
inclusive, of “thousands,” “hundreds,” “tens”
and “units” digits, respectively. ‘
The keys are intended to lock in their de-
pressed positions; and as shown in Figs. 1,
2 and 3, the lower end of the plunger 101 of
each key carries an iron pldte 103 which is
adapted to serve as an armature for an
electromagnet- 102 common to the whole row
of keys; the pole pieces of said magnet ex-
tending along under all the keys in the row.
The magnet 102 of any row is not strong
enough te draw down the plunger of any
key from its normal position; but if when
the magnet is excited any key is depressed,
the plate 103 carried by the plunger of such
key will be held in its depressed position
mntil the magnet is detnergized. Springs
(not shown) miay be provided as usual for
restoring the keys to normal position when
released. Each key when depressed is
adapted to close certain contacts governing
circuits which are shown in the diagram
and will hereafter be traced in detail. In
geneidl, however, it may be said that one
contact of each key governs a circuit indi-
vidual to the key, extending to a corre-
sponding point upon the point-finder (or
upon one of the registers, as the case-may

be) and another contact closed by the key

may control a circuit for governing the
start of the sender apparatus. ’

The mechanism of the registers may be as
shown in Figs. 15, 16, 17, 18, 19 and 20.
In this form of apparatus the rotary ele-
ment 200 is a vertical shaft carrying at its
upper end a centact brush or wiper 201
adapted as the shaft rotates to traverse a
series of stationary terminals 202. Each
register has ten of these terminals, mounted
at equi-distant points around the periphery

of a cylindrical insulating support 225, -

The contact brush 201 is pivoted upon-a
metal support carried by the shaft 200, and
is provided with a spring 296 tending to
keep the contact-end ‘of said brush in en-
gagement with the terminals 202 which it

traverses. Klectrical connection may be -

made with the moving brush 201 by means
of a contact spring 207 bearing upon a
contact-ring 208 carried by the rotary shaft
of the register, said contact ring being: elec-
trically united by a metal bushing with the

_metallic support of said brush 201.

“The rotary shaft of the register may be

driven by « esnstantly rotating power-shaft

205, which is srranged to be mechanieally
coupled io the shafi of theo register by {he-

action of an electromagnetic clutch. . Thus,
as shown, the rotary shaft of the register
carries an iron disk or roller 203 which
serves as a rotary pole-piece, so to speak, for
a clutch magnet or motor magnet 206; and
an iron friction-driving disk 204 carried by
said driving shaft 205 is adapted to be -

75

tracted into engagement with the roller 203 .

to impart motion thereto when the cluteh
magnet 206 is excited. _

The rotary shaft of the register is pro-
vided with a series of cams 209 for operat-
ing switch springs 210, in the same manner
as previously described with respect to the
sequence - switches. In fact, the registers
are practically the same in mechanical con-
struction and operation as the sequence-
switches, except that they are provided with
the contact brushes 201 and terminals 202,
which the sequence-switches do not require.
Each register has a special cam 216 and
switch lever 218 shown in detail in Fig. 18,
to operate a contact 220 which controls a
local circuit for its clutch magnet, as pre-

~viously described with reference to the se-

quence-switches. This contact 220 is closed
while the rotary element is in transit from
each possible stopping position to the next,
to insure the accurate stopping of said ro-
tary element in positions which are deter-

‘mined definitely by the notches of said cam

2186. o
In the circuit diagram, Figs. 2 and 3, the
positions of the rotary element of each reg-

-ister in.which any of its contacts are .closed,

are indicated by numbers placed adjacent to
such contacts, Just as.in the case of the se-
quence-switches; each contact being opened
in all positions except those indicated by the
adjacent numbers. With respect té. the
special contact 220 of each register, govern-
ing the local or locking circuit for its motor
magnet, the numbers are placed on the side

tact, and indicate positions in which it is
oben; this contact being closed continuously

-except when the rotary element of the regis-

ter is in the positions indicated.
As shown in the circuit diagram, each
sender has four registers, corresponding to

the “thousands”, “hundreds”, “tens” and

“units” keys, respectively; and the ten sta-

tionary terminals traversed by the finder
brush 201 of each register correspond to and
are electrically connected with  thetsn. digit
keys, 0 to 9 inclusive, of the row.wit vwhich
the register is associated. Thtg=when the

-thousands key No. 8 is depressed, for exam-
ple, it selects the corresponding  terminal

No. 8 of the thousands register—in the pres-

ent systemby “grounding” such terminsi—

so that when the finder brush at the registér
reaches terminal No. 8, g, circuit will be com-

pleted for a stop relay of the register which
‘will open at its back: contact the givcutt for
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.of the switch lever oppesite from such con- im‘
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.in its 8th position.
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the clutch magnet of said regisher, thereby
bringing the rotary element thereof to rest
56 when any other nu-
meral key is depressed, the register corre-

: sponding to the order of digits to which the

ey belongs (thousands, hundreds, tens or
units, as the case may be) will be caused to
take a position corresponding tothe numeral
of such key. In each position the cams of

“the register will close a certain distinctive

combination of switch-contacts, to select ter-

minals in the point finder apparatus equiv-

alent to the combination expressed by, the

actuated keys. '
Mechanism of point-finder—The mecha-

nism of the point-finder selector-controlling

' apparatus may be as shown in Figs. 21 and
.99, A pair of contact brushes 401, 402 are

20

mounted at the extremity of an arm 403
carried by & rotary shaft or spindle 404,
said brushes being arranged to Wipe over

" ¢wo concentric ciréular ranges of stationary

a8

:_: 8{’

‘point sround the circle. ¢
‘whenever the brush 401 is in contact with a
ferminal 405 at any point in the upper

contact terminals 405, 406, which are mount-

ed one above the other in a suitable insulat--

ing support surrounding the shaft 404,

The brushes 401, 402, ave electrically united,
so that they will serve to connect a terminal.

405 of the upper range to the corresponding
terininal 406 -of the lower range, at any

. ‘range of terminals, the corrésponding termi-
" pal 408 in the lower range will be electri-

&3

40

cally connected to such upper terminal
through the brushes 402, 401. The normal
position of the rotary arm 403 may be as
shown in Fig. 21, in which the brushes rest
in the position indicated diagrammatically
in Fig. 1—that is, one step back of the first
pair of terminals in the division which is

“used for controlling sélections of the district

 ‘switch. _

The electrical connections of the station:
ary terminals in the upper and lower ranges

- 405, 408, ave indicated diagramsaiically in
 Wigs. 1, 2 and 3. Said terminals are ar-

56

ranged in five divisions which are traversed

snecessively by the finder brushes 401, 402, '
as the arm 403 makes a complefe revolution.

* That is to say, beginning with the normal

w
&

o0

o5

position of the brushes, there is first a divi-
sion which may be called the “distriet”
division, comprising ten pairs of terminals
which are used in controlling the brush-
choosing action of the district selector; theu
three pairs of dead terminals, then a pair of
terminals representing a secondary starting
position for the brushes, preliminary to the
“office” division, then the office division com-

prising ten pairs of terminals used for con-.
{rolling’ the brush choosing actioni of the
office selector; then three more pairs of dead.

terminals; and so on through the three sub-

sequent divisions comprising the terminals.

In other words,.

.control
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which are used for controlling the first,
second, and third numerical -selections—
namely, the brush-choosing action of the
group-selector, the brush-choosing action of
the final selector, and the rotary selective
action of the final selector. At the end of
each division there are three pairs of dead
terminals; and at. the beginning of each
division there is an extra pair of terminals
representing a starting position for the
brushes, preliminary to their entry upon
such division.

The brush-carrier arm 403 is adapted to
be rotated step-by-step around the annular
‘pank of stationary terminals, by the action

of an escapement which controls a train of
gears, the brushes being caused to step from
terminal to terminal at each complete vibra-

tion of the pallet 408. The motive power

for rotating the brush carrier shaft 404 may
be furnished by a coiled spring 409 acting
upon a gear wheel 410 which meshes with
another gear wheel 411 fixed upon said
shaft 404. The gear wheel 411 meshes with
a pinion 412 mounted upon an arbor which
also carries the escape-wheel 413. The pal-
let 408 of the escapement is mounted upon
an arbor 414 which also carries the arma-
ture 415 of an electromagnet 416. This
“step magnet” 416 is in a local circuit con-
trolled by a “stepping relay” 440 (Fig. 4),
which responds to the selecting impulses

“transmitted over the controlling circuit by

the action of the interrupter 86—87 of the

_distant selector under control.

. The rotary brush-carrier shaft 404 of the
sender carries a cam 418 whiéh is adapted
to close a contact 419 while the brushes 401,
402 are traversing the terminals of each
division; said contact being open when the
brushes rest in the starting positions pre-
liminary to the respective divisions. The
brush-carrier shaft 404 also carries a cam
420 which is arranged to close a contact 421
for a short period of time when the brush-
carrier arm 403, having nearly completed
a revolution, is approaching its normal po-
sition; said contact 421 being open at all
other times. ' ,

The, coiled spring 409 which drives the
geal train to rotate the brush carrier under
of the escapem@ent may be automati-
cally wound up after each complete revolu-
tion of the brush carrier. The winding

- mechanism is shown most clearly in Fig, 22,

One ¢nd of the spring 409 is fixed to a shaft
492 upon which the gear wheel 410 is jous-
naled to rotate; and said shaft 422 carries

an iron disk 428 which is adapted to be en- |

74

80

85

20

95

160

168

L1ig

118

gaged by an iron friction-driving roller 424 <%

and- rptated- thereby in a direction to wind
up said spring 409. The driving roller 424
is continuously rotated by a power shafi

- 495; and a clutch magnet 426 is adapted

when excited to magnetize said roller 424 to
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attract the iron plate 423 {nto engagement
with said roller. A pawl 427 (Fig. 21) is
adapted to engage a notch in the edge of the
plate 423 to hold the latter against reverse
rotation, when the clutch magnet 426 is de-
energized. Said pawl 427 is arranged to
close a contact 428 whenever the disk 423
has been rotated away from its normal posi-
tion; said contact 428 being employed to
close a local cirenit for the clutch magnet
426 to maintain said magnet excited (when
it has once been energized) until the disk
423 has made a complete rotation.

The electrical connections of the point
finder apparatus may be as shown in Figs.
1, 2. 3 and 4 of the circuit diagram. The
stepping magnet 416 is included in a local
circuit which is controlled at a back contact
431 of the stop relay 430, and is also con-
trolled at a front contact of the stepping re-
lay 440. Said stepping relay 440 is adapted
to be included in a stepping circuit which

also includes the line relay of the distant -

gselector to be controlled; and said stepping
circuit is controlled by a back contact 432 of
the stop relay 430 at the sender. . Said stop
relay 430 is included in a circuit which is ar-

ranged to be completed bv the finder brushes -

401, 402, when said brushes contact with the
pair of terminals 403, 406, which the oper-
ator has selected in each division by means
of her keys. There is a sequence-switch as-
sociated with the sender, by which the stop
relay 430 is brought successively undef con-
trol of the finder brushes and the selected
pairs of terminals in the different divisions
of the sender; said sequence-switch also per-
forming other necessary eircuit changes
from time to time, as will hereafter be de-
seribed in detail. o

Automatic finder—In the system shown

‘each operator may have available for her

use two equipments of sendiug apparatus,

either of which may be controlled by a, sin-

gle set of keys. Kach sender preferably has

an automatic finder associated therewith, -

to connect the sender to-any of the operator’s
connecting circuits which is put into-use
to. answer a call. . Since in the particular
system shown the operator’s connecting cir-
cuits terminate at their answering ends in
flexible cords and plugs, they are called

“cord circuits” in ordinary engineering par-
- lance; and the automatic finder which con-.

nects the sender to any cord circuit' taken
for use may be termed specifically a “cord
finder,” although it is obviously adapted for
other forms of connecting circuits. -

The mechanism of the cord finder is illus-
trated in Figs. 23, 24, and 25; and the elec-
trical connections thereof, together ‘with the
apparatus associated therewith, -are shown

in Fig. 5. Each cord finder has'a -sequence- -
~ switch associated therewith, the motor mag- -

AL

net and switch contacts whereof are shown
in Fig. 5. The cord finder consists, in its
jelements, of a series of contact brushes form-
ing the terminals of circuits individual to
the senider, sets of contact terminals ar-
ranged to be traversed by said brushes and
connected to lead wires which extend to the
several cord circuits, and motor mechanism
adapted to advance the contact brushes over
the terminals, to. test 'the terminals of the

- different cord  circuits in succession and

make connection with the ‘set representing
the cord circuit which has been tdken for
use. ' : e

In the system shown it is intended that
each operator should have twenty-four cord
circuits for use in answering calls; and
these are divided into four groups of six
each. Each lead-wire from the sender is

adapted to be connected, through contacts.

of the sequencé-switch associated with: the
cord. finder, with any one of four multiple
contact brushes, which are arranged to
“traverse terminals of the four groups, re-
spective'y, of ¢cord circuits.

Hach cord circuit is represented by a test
terminal in one of four groups of terminals

whHich are traversed respectively by the four

test brushes 501, 502, 503 and 504 of the cord
finder. When any cord circuit is taken for use,
a distinctive electrical condition (such as a
‘ground”) is-established at the correspond-
ing test terminal, to cause the response of a
test ‘relay which is connected to the four
test’brushes in: multiple. The test relay con-
trols the motor mechanism, which causes the
cord finder brushes to traverse the sets of

terminals; said' motor mechanism being

started in operation by the action of the se-
querrce.- switch - associated therewith when
any cord circuit is put into use to answer a
call. 'When the test terminal of the cord
cireuit which has been put into use is en-
gaged by the test brush which traverses the
group in which it is located, the test relay of:
the cord finder in its response causes the mo-
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tor mechanism to stop, bringing the cord -

finder brushes to rest at this point. The se-

" quence-switch is also started in operation by
" the response of the test relay, and causes the
four multiple test brushes to be tested in ro--

tation to determine in which of the four

11!

groups the cord circuit which has been put .

into use - is located. The sequence-switch
takes one of four positions, according to the
particular group in which the cord circuit is
located; and in such position the sequence-

12(

switch- completes electrical connection-from -

the sender leads to the brushes which trav-
erse the terminals representing cord circuits
of* that group, said brushes having been

12¢

stopped in position to contact with the ter-

minals of the lead wires extending to the
particular cord circuit in question.
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In the system shown the sending appara--

tus has four main leads 506, 507, 508 and
509, and a test lead 510, which are adapted
to bé connected through contacts of the se-
quence-switch with the corresponding main

brushes 516, 517,,518, 519 and the test brush

(501, 502, 503, or 504, as the case may be)

of any one of four sets. of such brushes
which traverse the four groups of cord cir-
cuit terminals. Each cord circuit has leads
596, 527, 528, 529 and 500 associated there-
with, (the latter being a test. wire) which

are connected to corresponding terminals

- traversed by the brushes 516, 517, 518, 519,

15

20

25

and the test brush 501, respectively. The
motor magnet 530 of the sequence-switch as-
sociated with the cord finder is normally
connected through a contact 581 of said se-
quence-switch to a conductor 532 which is
multipled to all the cord circuits, being
connected to a contact 616 (Fig. 6) of the
sequence-switch associated with each cord
circuit. When any cord circuit is taken for
use, its sequence-switch in reaching the sec-
ond position closes a contact 616, and there-

- by completes a circuit over conductor 532

for the motor magnet of the sequence-switch

- agsociated with the cord finder of the pri-

3¢

.35

40

45

mary sender, if that sender is free, in which
case the contact 531 of the sequence-switch
associated with its cord finder will be closed.
The sequence-switch of the cord finder as-
sociated with the primary sender is adapted
to shift the connection of the conductor 532
from its own motor magnet 530 to contact
581, contact 481 of the sender sequence-
switch (Fig. 4) and motor magnet 580 (Fig.
5) of the sequence-switch associated with the
subsidiary sender, so that when the primary
sender is in use in association with one of
the cord circuits the subsidiary sender will
be available to serve any of the other cord
circuits; the conductor 532 which is mul-
tipled to the sequence-switches of the cord
circuit having been transferred to connec-
tion with the motor magnet of the sequence-
switch associated with the cord finder of the

- subsidiary sender.

50
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" and the test brush (501, 502, 503 or 504, as,

85

Referping to Figs. 23, 24 and 25, the sta-
tionary terminals of the cord circuit leads
are mounted in four groups in an annular
insulating support 522, as shown most
clearly in Fig. 25. The four sets of brushes

which are intended to traverse the four:

groups of stationary terminals are mounted
upon the four -insulating posts 533 of a
frame 544 which is arranged to rotate upon
a vertical axis concentric with the axis of
the annular terminal-support 522.

Bach of the posts 533 of the rotary frame
544 carries five. brushes: 516, 517, 518, 519,

the case may be). The group of terminals
to be traversed by the brushes of each set
are arranged in five levels corresponding to

“after to be given. In the diagram, devices

1,157,018

the respective brushes, each terminal being
insulated from all the others. R

The rotary brush carrier frame 544 of the
cord-finder is carried by the lower end of &
vertical shaft 545 which is journaled in suit-
able bearings in the main frame of the ap-
paratus. The upper end of said shaff 545
carries an iron plate or disk 546 which is
arranged to rotate with the shaft but is
adapted to be given a slight flatwise or tilt-
ing motion against the tension of a spring
washer 547. ' ;

An iron friction-driving roller 548, whicly .
is carried by a constantly-rotating power-,
shaft 549 is adapted to be magnetized by an
electromagnet or helix 550, and when -go
magnetized will attract the iron plate 546
into engagement therewith to communicate -
rotary motion to said plate, and thereby to -
rotate the shaft 545. In other words, the
magnet 550 and its asso?i?ted parts consti-

78
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_tute an electromagnetic clutch to control the

rotation of the brush carrier frame by me-
chanical power from the driving shaft 549.
A holding magnet 551 is mounted adja-
cent to the plate 546, in position to atiract
said plate and maintain the rotary element
of the cord finder in a fixed position when
the clutch magnet 550 is deénergized.
spring 552 acting upon the shaft 545 is
adapted to return the iotary element or
brush-carrier of the cord finder to normal
position when the holding magnet 551 is de-
energized and the disk 546 released. When-
the rotary element of the cord finder is in
normal position the sets of brushes rest in
the positions indicated in dotted lines in
Tig. 25. ' :
A cam 553 (Fig. 24) may be mounted
upon the shaft 545 and arranged to close a
contact 351 when the rotary element of the
cord finder is in its normal position; said
contact being opened when the cord finder is
off-normal. ' '
Opevition of system—The apparatus and
circuits not already described mn detail will
sufficiently appear from a consideration of
the diagram, Figs. 1 to 10 inclusive, and the
description of the mode of operation here- - 5
116.

90

85
1060
165
110

of known types are designated by the usual
conventional symbols. Certain of the ordi-
nary appliances required in 2n actual tele-
phone system, such for example as the op-
crator’s telephone set, are not shown, because 120
their characteristics, electrical connections
and manner of use are well understood by
those skilled in the art,and to show them in
detail would unnecessarily compligate the
diagram. . For convenience in tracing the 125
circuits, separate batteries are shown at vari-
ous points; but it will be understood that
where batteries.of the same polarity and po-
tential are indicated at the same exchange,
these would in practice be replaced by a cen- 130
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tral battery common to the exchange, which

would be connected as indicated by the sepa-
rate symbols shown on the diagram. -

The organization and mode of operation

the system can best be understood by

©  tracing the successive steps involved in ex-

“tending the connection of a ecalling line
through to the line called ‘for, performing

. the requisite incidental operations, finally

i disconnecting the lines and restoring the cir-

cuits and apparatus to normal. condition.
o Let it be assumed fhat the subscriber at
I‘station 601 (Fig. 6) wishes to talk to the

'subscriber No. 1063 (Fig. 10). The calling

18, subscriber signals the central office operator
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~ 1n the usual way by removing his telephone
receiver from its hook, thereby causing the
line circuit to be closed, exciting the line re-
Jay at the central office in the usual way, and
causing the signal lamp 602 to be lighted.

The operator responds to the call in the.

usual way by inserting her answering plug
603 into_the answering jack of the calling
line, and then by depressing her listening
key brings her telephone set (not shown)
into circuit, and inquires the number of the
subscriber wanted. ' _
The insertion of the answering plug 603
in the spring-jack of the calling line com-
pletes a circuit for the cord relay 605, which
1s connected in a ground branch from the
third contact or sleeve of the answering

plug; the test ring of the jack with which

said sleeve engages being connected with the
free pole of the grounded central battery,
through the usual cut-off relay. The opera-
tion of said cut-off relay breaks the circuit
of the line relay which, in recovering, causes
the line signal lamp 602 to be extinguished.

The cord relay 605, in conjunction with an
extra contact on the operator’s listening key,
controls the start of the sequence-switch as-
sociated with the cord circuit and district

_ selector, which in turn starts the sequence-

switch of the cord finder associated with the
primary sender (or the cord finder asso-
ciated with the subsidiary sender if the pri-
mary sender is busy): : '

Ag soon as the operator actuates the listen-

put into use to answer the call, a circuit for

the motor :magnet of the sequence-switch.

agsociated with said cord circuit is complet-

ed as follows: from ground, through the
° front contact of the relay 605, through con-

tact 604 associated with the-listening key,
normally-closed contact 609 of the sequence
switch (said sequence-switch being -in the
first or normal position as indicated by the
numeral 1 appearing near the contact 609)
thence through the motor magnet 607 of the
sequence-switch to the free pole of the
grounded battery 608. The sequence-switch
immediately starts to advance, and, as indi-
cated by the numerals appearing opposite

"battery 590. '

ing key of the cord cireuit which has been’

the contact 20 théreof, it will be. carried
through to the fourth position, by reason of

While this' sequence-switch is passing the

second and third positions, it closes a con-’

tact 616, which applies a ground connection

s

- the continuous closure of said coutacs 20.

70

to the lepd wire 532, thereby completing g © -

Wh

circuit

with the cord finder of the primary sender
(assuming this sender: to be free) and thence
through the motor magnet 530 of said se-
quence switch to

If the primary sender were Busy,_ the con-
with the cord finder of said primary sender

would be open, and from the third to the
ninth positions inclusive of said cord-finder

: sequence-switch the " alternate contact 581

would be closed, connecting the lead-wire
532 to a conductor extending (through a
contact 481 of the primary sender sequence
switch, (Fig. 4) to the motor magnet 580

(Fig. 5) of the dord finder sequence switch of
the subsidiary sender. ‘The equipment of the
subsidiary sender with its cord finder is a

duplicate of that of the primary sender, and

the operations would be the same as those
" 95

about to be traced for the primary sender.

As soon as the circuit previcusly traced
for the motor magnet 530 (or 580 ss the
case may be) is completed, the sequence-

ich may be traced back through
contact 531 of the sequence-switch associsted’

75

the free pole of grounded -
80
tact 531 of the sequence-switch associated

86

96

switch operated by said motor magnet ad- -

vances to its second position. In this posi-

‘tion the test relay 588 of the cord finder is

connected to the four fest brushes in multi-
ple (by way of the conductor 510, contact
561, and contacts 562, 563, 564 and 565)

and 8 circuit is completed from ground

through a back contact of said test relay
586, contact 566 of the dord-finder sequence-
switch, clutch magnet 550 of the cord finder
to the free pole of a grounded battery. The
cord finder, therefore, immediniely advances

its four sets of brushes over the correspond- -

ing four groups of stationary contact ter-

. minals yntil one of the multiple test brushes

501, 502, 503 or 504 reaches a terminal which
has been grounded by the closing of con-

circuit which has been put into use.

In the diagram, the-cord circuit illus-
trated’ happens to be one belonging to-the
group shown nearest the top of Fig. 5, the

100

106

116

115
tact 664 of the sequence-switch of the cord -

129.

test terminals whereof are traversed by test -

brush 501. When said test brush 501 reaches
the test terminal to which the test wire 500
of the cord ecircuit is connected, a circuit is
completed for the test relay 586 through
contacts 561, 562 and 563 to brush 501, wire

500 (continued on' Fig. 6) through contact

664 of the cord circuit sequence switch
(said contact being .closed in the fourth
position of said sequence switch) to earth.

125
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- ground through contact

The test relay 586 in opening its back con-
tact breaks the circuit previously traced for
the cord-finder clutch magnet 550, and aé
its front contact closes a circuit from
568 fo the hold-
ing magnet 551 of the cord finder and free
pole of the battery, so that .said holding
magnet is excited and maintaing the rotary
brush carrier of the selector in the position
in which it has come to rest. The holding
magnet will now remain excited by circuit
through contact 568 or an alternate contact
569 as long as the sender is in service, said
contacts 568 and 569 being so ar anged that
before either is opened its alteinate contact
will be closed.. '

The cord finder sequence switch will now
proceed automatically to find which of the
four test brushes has completed the eirenit
of the test relay, and will then close a set
of contacts to connect the sender leads 506,
507, 508 and 509 to the other brushes of the
' The
sequence switch of the cord finder begins to
advance from its second position as soon as
the test relay 586 is excited; a eireuit having
been completed from ground through a front
contact, of said test relay and wire 570 to
the motoi magnet 530 of said sequence switch
and battery 590.

tact 561 controlling the initial exciting eir-
cuit of the test relay 586, and leaves said test

velay dependent for its excitation upon-eur-.

rent -flowing in a locking circuit closed
through a front contact of sald relay towire
571 and thence to earth by way of that one
of the test brushes which has found the
grounded terminal. As the sequence switeh
Teaves the second position, it opens contact
563 and disconnects test brush 501 from the
wire 57L, leaving the test relay dependent
upon the other brushes 502, 508 and .50+ to
In the case
test brushes
Would be in contact with a grounded tfer-
minal, so that the test relay would be re-
lenstd, removing the ground from wire 570
and ddusing the sequence switch to come to
rest in‘ghe, fourth position. Tt it had been
the test irtigh 502 which found the grounded
terminal St sequence switeh would have
been carrigd through to. the sixth position
before stopping, because its locking circuit
from wire 57 would be maintained through
contacts 504 and 565 in the third position,
in the fourth pusition,

the motor

through contact 572
magnet 530 of the sequence switeh wonld

and on leaving the fourth position

remain excited by current in the lo al e
cuit controlled by contact 520 which does
net open between the fourth and sixth posi-
tions. Tho test relay 586 would in this case
be released upon the opening of contact 565
as the sequence switch left the third posi-

As the sequence-switch .
leaves its second position it opens the con-

1,167,018

tion, and said relay having opened its front
contact controlling.its connection to wire 571
would not be again excited when sequence

switch contact 572 closed in the sixth posi--

tion.

T4 it had been brush 508 which fcund the
grounded terminal, the sequence switch of
the cord finder would be carried through to
the eighth position, the locking circuit for
the test relay being maintained through con-
tact 564 in the third position, through con-
tact 572 in the fourth position, through con-
tact 564 again in the fifth position, through
contact 572 again in the sixth position; after
which said test relay would be released when
the sequence switch left its sixth position,
but the sequence switch would be carried
through from its sixth to its eighth position
by reason of the local circuit of the motor
magnet 530 closed by the speciul contact 520
between these two positions.

1¢ it had been the brush 504 which found
the grounded terminal, the sequence switch

of the cord finder would in a similar manner

De carvied threugh to the ninth position, the
locking circuit of the test relay being main-
tained through contact 562 in the third, fifth

76

80

and seventh positions and through contact .

572 in the fourth, sixth and eighth positions.

T the cord finder sequence switch comes
to vest in the fourth position, as above de-
seribed, contacts 576, 577, 578 and 579 will
be closed to connect the sender leads 506,
507, 508 and- 509, respectively, to the other
brushes 516, 517, 518 and 519, respectively,
of the set to which the test brush 501 be-
longs, said brushes 516/ 517, 518 and 518
being now resting upon contacts which are
the terminals, respectively, of lead wires 526,
527, 528 and 529 of the cord circuit shown in
Fig. 6. Similarly it the cord cirenit pub
into use had been one of the group tested by
the test brush 502, the cord finder sequence
switeh would have come to_vest in the sixth
position, in which the gender leads 506, 507,
508 and 509 would have been connected to
the other brushes of the set to which brush
502 belonged. And in like manner, which-
ever of the four test brushes found the ter-
minal of the cord circuit which was put inte
use, in its group, the cord finder sequence-
switch would come to rest in a distinctive
position to connect the sender leads with the
other brushes of that set.

The test relay 586,.in recovering, closes a
cireuit from ground through its back con-
tact 367 of the sequence-switeh, wire 875,
through contact 31 (Fig. 4) of the sequence-
cwiteh associated with the point finder ap-
paratus, and through, the motor magnet 450
of said sequence-switch to the free pole of a
grounded battery 493. This sequence-switch
moves to its second position, and closes con-
tact 152, which completes a circuit for the
locking magnets 102 of the ope ator’s keys,
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50 théb ‘when any of these keys is depressed

it will be held in the depressed position until -

released by the opening of said locking eir-
cuit, which will not oceur watil
switch of the. point finder leaves its 8th po-
sition. 'This locking circuit may be traced
from ground through contact 452 to wire
458, through the locking magnet of the office
key, (Fig. 1) through the locking magnet of
the thousands and hundreds keys (Fig. 2)
and through the locking magnets of the tens
and units keys (Fig. 8) to the free poie of a

‘battery 301 (Fig. 8).

When the sequence-switch, df the sender
moves to its 2nd position, as before de-
scribed, it also closes a- contact 454 which

. connects: the motor magnet 450 of said se-

29

36

40

50
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" lead 506 (or over leads 506 and 507 in the -

11

quence-switch to » wire 455 leading to the
office kkeys, where said wire may be grounded
by any key which is depressed. ' When ALy
ofiice key is depressed, therefore, . circuit
will be completed for the motor magnet 450
of the ‘point finder sequence-switch, which
will theretipon advance to its third position,
closing a contact 456 which closes at the
sender end:the stepping circuit hereafter to

be traced ‘over the sender lead 506 and

through the stepping relay 440.

Turning now to Fig. 6, it will be remem--

bered that the sequence-switch associated

with the cord circuit and district selector .

was advanced to.its fourth position as a re-

sult of the insertion of the answering plug -

in the springjack of the calling line, and the
operation of the listening key contact 604.
In the fourth position of this SBGIANCe

switch a contact 675 is closed and rexasing-
-closed until ‘the 9th position, which applies
ground to the lead wire 528 from which cir- -

cuit may be traced back through brush 518
(Fig. 5) contact 578, wire 508 to relay 458
(Fig. 4) and the free pole of a grounded
batiery. This relay 458 controls at its back
contact a_circuit for the motor magnet 450
of the point finder sequence switch; said se-
quence-switch will be returned to normal
whenever the controlling relay 458 is de-
energized; but in the normal operation now
to be traced this will not oceur until all the
sending operations have been completed.
In tracing the circuits between the send-
ing apparatus and the cord circuit and train
of selectors the cord finder need not always

be mentioned, since it will be. understood -
“that it has served merely to extend connec-

tion of the sender leads 5086, 507, 508 and 509,
through its brushes to the lead wires 526,
527, 528 and 529, respectively, of the cord
circuit, The stepping circuit between the seo-
lector and the sender is established over the

case of the group selector and final selector).

The circuit 508, 528, controlled at contact
675 furnishes a means by which the. 8=
quence-switch of the point finder appara<

the sequence-

tus can be controlled by the sequence-swiich
of the cord circuit and district selector; and
the circuit 509, 529, furnishes a means where-
by the sequenceé-switch of the sending appa-
ratus may exercise & reciprecal control over
the sequence-switch of the district selector,

When the operator has communicated

Es R

18-

with the calling subscriber and has learned-

the number of the line wanted, she de-
presses a key (¥ig. 1) representing the office
or exchange in which the wanted subscriber’s
line is terminated, and "alse depresses nu-

75

meral keys (Figs. 2 and 3) representing the

digits of the number of such wunied line.

"In‘the case assumed, where line No. 1063 is

8¢

called, the operator would depress the thou-

sands key No. 1, the hundreds keys No. 0,the
tens key No. 6 and the units key No. 8. Fhe
depressed office key (Fig. 1) will ground
terminals in the first and second divisions,
respectively, of the point-finder apparstus,
for governing the district selection and office
selection, vespectively. The numerical keys
will cause the registers to ground terminals
in the third, fonrth and fifth divisions of
the point finder apparatus for governing the
selecting’ operations of the group selector
and final seléctor as will hereafter be de-
scribed. . - :
Assuming the office key “B” (Fig. 1) to
have been depressed.
that the office or exchange “B» ig, say, the
fifth office in.the sixth district of the sys-
tem, the depressed key will “ground” the
sixth terminal in the first or “disirict” di-
vision of terminals 405 of the point foder
apparatus, and also the fifth terminal in the

- second or “ office ” division of said terminsls

405. Any of the office keys when depressed
will also ground the wirs 455, whereby & cir-
cuit will be completed through contact 484

(Fig. 4) to the motor magnet 450 of the se-

quence -switch- associated with the poing

85

80

95

by the operator, and

T108

168

finder apparatus, to cause said sequence- .

switch tc move from its second to its

third
position. ‘

110

The stepping cirenit between the line re-
lay 620 of the district selector and the step-"

ping relay of the sender is closed at the se-
lector end when the sequence-switch  asso-
ciated with the cord circuit and district se-
lector reaches its fourth position, in which

contact 635 is first closed. Then as soon as

115"

the sequence-switch of the point finder appa-

ratus (¥ig. 4) reaches its third position, as

the result of the depression of any office key,

the selecting or “stepping” civenit will ba
completed af contact 456, and may be traced
from ground through resistance 457 (Fig: 4)
through contact 456, back contect 482 ¢f the

stop relay 430, through winding of stepping

relay 440, lead wire 508, contact 57§ of the
cord finder (Fig. 5) brush 518, lead wire

+926 to the cord circuit (¥Fig. 8) throu h con-
tact 630 of the sequence-switch of the dis-

130
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trict selector, through line relay 620 of said
district selector to the free pole of grounded

As soon as this cireuit is established, the
line relay 620 of the district selector is ex-
cited and closes at its front contact a circuit
from ground through contact 622 of the se-
quence-switch (closed in the 4th position) to
the motor magnet 607 of the district selector
sequence-switch, and free pole of grounded
battery 608. This sequence switch therefore
moves from its fourth to its fifth position.
In the fifth position the contact 635 remains
closed to maintain the civcuit for the line

-~ relay back to the sending apparatus, and a

confact 626 is closed, completing a circuib
from ground through the front contact of
said line relay, contact 626, through the
clutch magnet 77 of the district selector to
the free pole of the grounded battery 625.

The power plate or disk 73 of the district
selector is now attracted into engagement
with the driving roller 75, by the excitation
of clutch magnet 77, and the switch carriage
begins to rotate. At-the beginning of this
rotiry movement, the cam 80 forces the con-
tact spring 81 into engagement ‘with the
anvil 82, and thereby completes a cireuit
from ground through said contact 81, 82,
and through contact 632 of the geguernce-
switch (closed in the fifth position) to the
motor magnet 607 of said sequence-switeh,
whereby the latter is advanced from its fifth
to its sixth position. In this position a con-
tact 631 is closed to provide a local circuit
for the line relay 620 through wire 627 and
back contact 628 of the trip magnet 67 to the
interrupter contact 86, 87, which when closed
completes the circuit through interrupter
voller 85 to the metal segment 83 which is
grounded, as indicated at 629. ;

As the brush cavrier frame of the selector
is rotated, the interrupter arm 84 is vibrated
by the roller 85 riding over the teeth of the
segment 88.  As said roller rides up on each
tooth the contact 86, 87, is closéd, completing
the path just traced to earth from the relay
620, short-circuiting the stepping relay 440
of the sender.

When the stepping relay 440 of the sender
was initially excited by the establishnent of
the cireuit connecting said relay in series
with the line relay 620 at the selector, it
closed a local stepping circuit from ground
throngh its front contact, sequence-switch
contacs 447 and back contact 431 of the stop
relay 430 to the stepping magneb 416 of the
point finder apparatus, and the free pole of
a gronnded battery. The armature of the
stepping magnet 416 in its attractive move-
wment rocks the pallet 408 (Fig. 21) in a
direction to allow the escapement wheel 413
to take o half step, moving the finder brush
401 (Figs. 1 and 21) half the distance be-
tween its normal position and the first pair

‘magnet 416 are detnergized

1,157,018

of terminals 405, 406, in the first division.
As the interrupter roller 85 of-the district
selector rides up on the first tooth of seg-
ment 88, closing interrupter contact 86, 87,
and short-circuiting the stepping relay 440
at the sender, said stepping relay opens the
Joeal circuit of the step magnet 416, where-
upon the armature 415 of said step magnet
is retracted by a spring, rocking the pallet
408 in s dirvection to permit the escapement
wheel 413 .to take another half step, which
moves the finder brush 401 the remainder of
the distance required to reach the first pair
of terminals (No. 0) in its path. .

As the selector finishes a complete step,
bringing the intermipter roller 85 to the bot-
tom of the next not¢h in the segment 88, the
contact 86, 87, is opened, breaking the short
civeuit 627 and permitting the flow of cur-
rent again over wire 526 to the stepping re-
lay 440 of the sending apparatus, unless this

8%

88

stepping circuit has in’ the meantime been

opened at contact 432 of the stop relay
(which would have occurred if the fivst pair

of terminals in the district division had been

selected by the depressed office key).

As successive impulses ure delivered to the
stepping relay 440 by
ing of the short-circuit at interrupter con-
tact 86, 87, of the selector, the point-finder at
the sender is thus advanced in unison with
the selector, from step to step, until the
finder brush 401 finally reaches the terminal
405 which has been grounded by the de-
pressed office key. When such  grounded
terminal (in this case the sixth, which was
grounded by office key “B3”) is reached, the
fnder-brush 401 serves to complete a cireuid
from said grounded terminal to the corre-
sponding terminal 406 in the lower range.
Al of said lower terminals 406 in the dis-
trict and office divisions of the point-finder
apparatus are connected to a wire 459,
through which circuit is now traced through

“contact 460 of the point-finder sequence-

switch (IMig. 4) and through the stop relay
430 to the free pole of a grounded battery
439. As soon as this eircuit for the stop
relay is completed, which will be at a time
when the stepping relay 440 and stepping
as a result of
the roller 85 at the selector riding up on 2
tooth of the segment 88 and closing contuct
86, 87, the stepping circuit will be opened ab
the back consact 432 of said stop relay.
This opening of the stepping cireutt at the
cender will leave the line relay 620 of the

selector dependent for its excitation upon.

the local circuit 627 closed by the interrupter
contact 86, 87. '
as the roller 85 rides down inte the nest
notch of the segment, the line relay 620 18

deprived of current and retracts its arma-

ture, which opens the short cireuit of the
trip magnet 67, previously traced through

When this cireuit is broken, 1

the intermittent open-
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sequence-switch contact 626. The current
from battery, 625 flowing through the clutch
magnet 77 of*the selector, now, instead of
passing to earth through the front contact
of the line relay, flows through the trip mag-
net 67 and sequence-switch contact 630 to
earth. The trip magnet is therefore excited,
and as the clutch magnet 77 is not released,

‘the brush carrier of the selector contines to

rotate. : :

When the trip magnet 67 is excited, it
causes the tripping lugs to be thrust for-
ward into the path of the latch arms 58.

* The particular ‘one of said latch arms 58

20

25

to be engaged by a tripping lug depends
upon the number of steps through which
the brush carrier of the selector had ad-
vanced before the trip magnet was excited.
In the case assumed, where the office key
“B” was depressed, grounding the sixth ter-
minal in the office division on the point
finder, the selector and the point finder will
have taken six full steps in unison before

the release of the line relay 620 caused the

trip magnet 67 to be excited. In those six

_ steps the lateh arms of the first five sets
" of brushes (counting from the bottom up)

36
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- eireuit through: sequence-switeh 'contact 663 -

55:
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ends contact

battery, 687.

had successively passed the points at which
thev might have been tripped, leaving the

latch arm of the sixth set of brushes (cor-.

responding to the sixth pair of terminals in
the “district” division of the point finder)

to pass in its turn the tripping lug at the’

corresponding level. This tripping lug be-
ing' now thrust forward, the latch arm of
the sixth set of brushes will be engaged
thereby and detained sufficiently to release

the three brushes of the set, allowing them.

to be rocked upon their pivots by their
springs 54, 55 and 56 until their forward

with the grovunded metal
plate 70. : .

As soon as the brush 51 of the set which
has been tripped touches the grounded plate
70, a circuit is completed from said grounded
plate to said brush 51, metal strip 41, wire
G91, contact 636 of the sequence-switch, to
the test relay 606 and free pole of grounded
The. test relay 606 in closing
its: front contact 688, ¢ompletes a locking

to-the third or test brush 53 of the set which
has been: tripped.. and by. way of the plate
70 to ground. This cireuit will be main-
tained until the selected brushes leave the
trip:range and enter upon the range of line
terminals: after which said cirenit may be
completed to earth by way of the test ter-
minals. 63 of busy lines. The test relay 606
also-closes a-circuit from ground through its
front contact to the line relay. 620 and free
pole of battery 521,.whereby said.line relay
is-again excited and'redstablishes at its front

contact. the: short. circuit: of the trip. mag- .

net: 67.. The: trip magnet, therefore, is im-

mediately deénergized, having remained exz-
cited onl¥ long enough to trip a single set of
brushes. ’ :
The first or district selection has now been
completed. the sixth set of brushes of the
district selector having been brought into
service as a result of the grounding of the
sixth terminal in the first or district division
of the point-finder apparatus by the de-
pressed office key; the other brushes of the
district selector remaining out. of service.
The selected set of brushes may now, by
a further rotary movement of the brush car.
rier, be caused to travel over the line ter-

minals in the corresponding row or level.
In the svstem under consideration’ each set

of line terminals in each.level of the dis-
trict selector represents a trunk line leading
to an office selector; all the terminals in a
given level representing trunk lines of the
same group. Any of -the office selectors of
this group will serve to.complete the eon-
nection to a trunk line leading to the de-
sived office; and after a set of brushes of
the district selector has been tripped, ag

before described, the district selector must

cause the tripped set of brushes to advance
over the corresponding horizontal row of
terminals, until a set is reached representing
an office selector which is idle. This “hunt.
ing” operation will now be deseribed. - When

the brush carrier of the selector has carried
~all the brushes beyond the trip range, the

cam 80 allows spring 81 to engage the con-
tact anvil 83, completing.a circuit from

ground through said contact 81, 83, and se-
quence-switch contact 633 to the motor mao- -

Ty

-net 607 and battery 608; whereby the ge-

quence-switch is advanced to its seventh po-
sition. In this position the contact 630 con-

trolling the branch from the clutch magnet
77 of the selector through the trip magnet’

67 thereof is opened, leaving said clutch
magnet 77 dependent upon current flowing
to earth througl contact 626 and the fvont

contact of the line relay 620, Said line re-.

lay, under the control of the test relay 608,
will now govern the further advance of the
selector brushes in “hunting” an idle trunk.

The circuit of the test relay 606 is main-
tained through its front contact 688 and se-

quence-switch contact 663 to the. test brush’

53 of the set which has been tripped and
metal plate 70 to ground, while the brushes
are passing' the remainder of the trip range.
The' contact between the tripped: test’ brush

53 and the plate 70'is not broken ‘until said-
test brush is actually in- engagement with

the test terminal 63 of the first set. As will
hereafter appear, the test terminal 63 of a
trunk Jine which is busy will always be coris
nected to earth, and the test relay 606 will
therefore remain excited as the test brush
53" is passing over the términals of busy
lines: " As soon, however, as the test brisk
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53 reaches the terminal of a line which is
idle, and finds no ground-connection there-
on, the test relay 606 will be released. This
leaves the line velay 620, which controls the
circiit of the clutch magnet 77, depend-
ent for itg excitation upon current flow-
ing through the sequence-switch contact 631,
wire 627, back contact 628, and interrupter
contact 86, 87, to earth. This circuit
through the interrupter contact is only
maintained while the brushes are in transit
from one set of terminals to the next, being
opened ag the interrupter roller 85 reaches
the bottonti of each notch corresponding to a
position in which the selector brushes are
in properly alined contact with a set of line
terminals.
fully reacaed and are in good contact with
the terminals. of an’idle line, therefore, the
line relay 620 will be released, will open the
circuit of the. clutch magnet 77 so that the
brush carrier will cease to rotate, and the
brushes will remain in contact with the ter-
minals of the trunk line so tested and found
idle. .

The line relay 620 in recovering also close
at its back contact a circuit from ground
through sequence-switch contact 623 to the
motor magnet 607 and battery 608, whereby
the sequence-switch is moved from the
seventh to the eighth position. Intheeighth
position the circuits for the line relay and
test relay of the district selector are open,
as are the circuits for the power magnet and
trip magnet of said selector; and the con-
tact 634.is closed, connecting the lead wire
526 from the sender to wire 691 which leads
to the brush 51 of the set which has been
tripped, and so to terminal 61 and wire 701
of the trunlk line leading to the chosen office
selector. This connection through contact
634 is a part of the stepping circuit to be
established between the sending apparatus
and the line relay of the chosen office selector
(Fig. 7).

Let us return now to a consideration of
the sending apparatus (Fig. 4). When the
stop relay 480 was excited at the time the
brush 401 of the point finder reached the
terminal in the district division grounded
wy the depressed office key, said stop relay
430, besides breaking the stepping circuit at
contact 432 closed a contact 433 to complete
i Tocking cireuit for its own winding; ciosed
Ji contact 434 to complete a circuit for the

. Motor magnet 450 of the sender sequence-
“gwitehs and closed a contact 435 to complete

,«n local circuit for the stepping relay 416

60

through the cam actuated contact 419 and
an_interrupter 464. The sequence-switch of
the. point-finder apparatus therefore ad-

| vances to its 4th position, and the step mag-

85

net 416 is operated by current in the circuit
through the interrupter 464 to carry the
brush 401 of the poini-finder past the re-

When the selector brushes have”

*(Fig. 7).

1,187,018

mainder of the termiﬁals in the district di-

“vision, and past the dead terminals at the
end of that division, {o the secondary start--

ing position 490 (Fig. 1) preliminary to the
office division. The time taken by the point-
finder brush in traveling from even the last
terminal in the district division to the start-
ing position 490 is sufficient to allow for the
tripping of a set of brushes at the district
selector. . This time interval is necessary to
prevent the closure of the stepping circuit
at the sender end before the line relay at the
district selector has been fully released by
the opening of interrupter contact 86, 87.
It may also be stated at this point that the
dead terminals at the end of the offite divi-
sion and. the first and second numerical di-
visions of the point-finder apparatus are for
a similar purpose—that is, to allow a time
interval after each point-finding operation,
in which a set of brushes may be tripped at
the selector which is under control.

As soon .as the finder brush 401 reaches
the starting position 490 preliminary to the
oftice division of terminals in the point-

-finder apparatus, said brush connects bat-
“tery 495 to the wire 459 from which current

flows through contact 460 (Fig. 4) contact
433, resistance 436, sequence-switch contact
437 to earth. The stop relay 430 will thus
be short-circuited by the wire 459. Said
stop relay in retracting its armature opens
contact 433 controlling its local locking
circuit; opens contact 435 controlling the
local interrupter cireuit for the step mag-
net 416; closes a contact 438 which com-
pletes a circuit for the motor magnet 450
of the sender sequence-switch, moving the
latter to its fifth position; and lastly, it
again closes contact 432 reéstablishing the
circuit of the stepping relay 440 from the
lead wire 506, through contact 456 and re-
sistance 457 to earth. The circuits at the
sender remain in this condition until the
district selector has finished its hunting op-
eration and has made connection with =
truck line leading to an idle office selector
When this connection is made,
the " stepping circuit is completed from
ground at the sender through resistance 457,
contuct 456, contact 432, stepping relay 4140,
sender lead 506, brush 516 of the cord finder,
wire 526, leading to the district selector
(I'ig. 6), through contact 634 of the se-
quence-switch associated with the district
selector, to wire 691, plate 41, brush 51 of the
set which has been tripped, terminal 61 of
the trunk line leading to the.seized- office
selector, wire 701 of 'said trunk line, contact
761 of the sequence switch gésociated with the
office selector (Fig. 7) through the line relay
720 of said office selec;tdr to the free pole of
grounded battery 704. T .
The operation of the office selédior is in

general ‘the same as that already described’
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in detail with reference to the district se-
lector. The line relay 720 in attracting its
armature completes a circuit from ground
through contact 726 of the sequence-switch
to the motor magnet 707 of said sequence-
switch, and free pole of grounded battery
708. The sequence-switch moves to its sec-
ond position, closing contact 776 and com-
pleting a ecircuit for the clutch magnet 77
of the office selector, through the front con- -
tact of the line relay 720. As the brush

‘carrier begins to rotate, cam 80 closes con-

tact 81, 82, which completes a circuit for
the motor magnet 707 to move the sequence-

"switch to the third position. As the brush

carrier continues to rotate, the interrupter
contact 86, 87 .intermittently short-circuits
the line 701." The stepping relay 440 at the
sender is thus alternately released and ex-
cited, closing' and opening the local circuit
for the step magnet 416, which operates the”
escapement .and causes brush 401 fo advance
over the terminals of the office division of
the sending apparatus, in unison with the
advance of the brushes of the office selector.
- When the finder brush 401 reaches the ter-

‘minal in the office division which has been’

grounded by the depressed office key, it com-
pletes a circuit for the stop relay 430 which
opens the stepping circuit at contact 432 and
causes the line relay 720 at the office selector
to be released. The line relay in opening its
front contact breaks the short eircuit of the
trip ma-énet 67, which is thereupon excited
in series with the clutch magnet 77 of the
selector, and a set of brushes is tripped in
the manner previously described with ref-
erence to the district selector. The particu-

1ar set of brushes of the office selector to be
. tripped depends- upon the number of steps
-which the

rush. carrier has advanced in
unison with the point-finder of the sender
before the finder brush resched the ground-
ed terminal in the office division. In the-
present case, where the fifth terminal in the
office division 'was grounded by the de-
pressed office key, the finder brush would
have taken five tull steps to reach this ter-
minal; and. the office selector during this
time would have advanced its brush carrier
to such a- position that the latch arm of the

_ fifth set of brushes (counting from the Lot-

a0

85

tom up)-Wwould be in position to be tripped.

- -By the tripping of this set of brushes selec-
56 3
*. - levél of terminals in the office selector, all of

tion “is-'thus made of the fifth- horizontal

which represent trunk lines leading to group ,

selectors at the exchange designated by the

depresied office key.. The offiee selector-will

now proceed to hunt over this level of trunk

line terminals to find «a line which is idle.
© As soon as a set of brushes is'tripped at
the - office gelectory the brush 51 of the set,

Jn- engaging the grounded metal plate 70

completes a circuit for the test relay 706

pR=

through contact 734 of the sequence-switch.
Said test reldy closes a contact 788 control-

ling a locking circuit for its own winding
throungh contact 763 of the sequence-switeh

to the test brush 53 of the set which has

‘been tripped, from which the cireuit is com-
‘pleted to ground by way of the metal plate

0, or by way of the test terminals 63 passed
over by said test brush. The test relay also
cleses a .front contact which completes a
circuit for the line relay 720; and said line
relay in attracting its armature again short-
circuits the trip magnet 67. When the brush
carrier of the office selector has passed the
trip range, the cam 80 closes contact 81, 83,
and completes & circuit through contact 733
of the sequence-switch for the motor mag-
net 707 of said sequence-switch which moves
to its fourth position. The hunting move-
ment is the same as that previously de-
scribed with reference to the district selec-
tor. The line relay 720 which is maintained
excited by the test relay 706 keeps the cir-
cuit for the clutch magnet 77 closed while
the test brush 53 of the set which has been

_tripped is passing over the terminals of
_busy lines. A line which is busy will have
a ground connection on its multiple test ter-

minal 63 upon all the office seléctors which
have access thereto. When the test brush

53 of the hunting office selector reaches the

terminal 63 of a line which is idle, and which

‘therefore has no ground connection thereon,

no circuit will exist for the test relay 706 of
said selector, and said test relay will be re-
leased, releasing the line relay 720 which in
turn will open the circuit of the clutch mag-
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net 77, thereby causing the brushes of the

selector to be brought to rest upon the set
of terminals of the trunk line so tested and

105

found idle. The test relay 706 in recovering -

closes a contact 789 which applies a ground

to wire 703, connected through contact 763
of the sequence-switch to the wire 713 lead-
ing to the test brush 53, thus immediately
establishing the busy test at all the multiple
terminals 63 of the seized trunk line. -
When the line relay 720 is released by the
release of the test relay 706, said line relay
closes at its back contact a circuit for the

motor magnet 707 of the sequence-switch,

whereby said sequence-switch leaves its
fourth position; and as the special contact
20 of said sequence-switch is closed between
the fourth and seventh positions, said se-
quence-switch will run through to its sev-
enth position before stepping. In the fifth,
sixth and seventh positions, the contacts 736
and 762 are closed, completing the connec-
tion of the line wires 701, 702, through to
the brushes 51, 52, of the selector, terminsls
61, 62, and wires 801, 802, of the seized trunk

line. TIn the sixth and seventh positions .of
‘the sequence-switch a contact 764 is closed,
completing the conngction of the test con-
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ductor 703 through to the test brush 53 of
the office selector and test terminal 63 of the
In the fifth and sixth po-
sitions a contact 711 is closed, maintaining
the ground connection on the wire 718 after
contact 763 is opened when the sequence-

_ switch leaves the fifth position. In the sixth

position a contact 785 is closed, completing
a circuit for the test relay 706 to wire 713
and through contact 711 to earth. The wire
718 is also grounded through contact 764,
wire 708 leading back to the district selector

(Fig. 6) through the test brush 53 at said -

district selecto?, contact 663 and back con-
tact 689 of test relay 606 to earth.

(Fig. 7) is thus again excited when the
test relay 706 is excited in the sixth position
of the sequence-switch; but the line relay
cannot now complete the circuit for the
clutch’ magnet, contact 776 having been
opened when the sequence-switch left its
fourth position. When the test relay 706
is excited in the sixth position, it closes a
locking circuit through its front contact
788, contact 775 of the sequence-switch, to
wire 703 and back to ground, as previously
traced through contact 689 of the district
selector (Fig. 6). This circuit is main-
tained in the seventh or talking position of
the sequence-switch of the office selector, so
that the test relay 706 remains excited under

control of the connection at the district se-

lector. This is for the purpose of maintain-
ing the line relay 720 excited during the
connection, to prevent said line relay from
closing at its back contact a circuit for the
motor magnet of the sequence-switch which
would carry said sequence-switch beyond the
talking position. The last mentioned cir-

cuit is provided for the purpose of causing

the sequence-switch and selector to be- re-

turned to normal position at the end of the

connection, as will hereafter be described.
The result of the second point-finding op-

“eration of the sender, governed by the office

key, has thus resulted 1n extending the line

¢ireuit 701, 702, from the district selector

through the office selector to the conductors
801, 802, of a trunk line leading to a group
selector at the exchange designated by the
depressed office key. The selecting opera-
tions of the group selector and final selector
will now take place under control of the
sender as the finder brush 401 of said send§;

.is caused to locate in succession the ground-

ed terminals in the first, second and third
numerical. divisions of the sender; such ter-
minals having been grounded by the regis-
ters under control of the depressed thou-
sands, hundreds, tens and units keys. )

~When the finder brush 401 at the sender
reached -the grounded terminal in the office
division and completed the circuit for stop
relay 430 to determine the “office” selection,
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said stop relay 430 closed contacts 433, 434
and 435, as before described, with reference
to the “district” selection. The sequence-
switch of the sender is therefore moved from
its fifth to its sixth -position when contact
434 is closed ; and the finder-brush is caused
to adviance to the starting position 491 pre-
liminary to the first numerical division, by
the action of step magnet 416, which is ex-

cited by current in the local interrupter cir--

cuit closed at relay contact 435. When said
finder-brush 401 reaches the starting posi-
tion 491 preliminary. to the first numerical
division, it applies battery to the wire 459,

‘ ~ short-circuiting the stop relay 430, as before
The line relay 720 of the office selector

described with reference to the previous op-
eration. The stop relay 430 in recovering
breaks the local ingerrupter circuit for the
stepping magnet 416, closes a contact 438
to cause the sequence-switeh to -be moved
from its sixth to its seventh position, and

-also closestcontact 432. The stepping cir-

cuit governed by said contact 432 is now
opened, however, at contact 456 of the se-
quence-switch, and will not be established

nt contact 471 thereof until the sequence-

switch reaches its eighth position.

In the seventh and nineteenth positions of
the sequence-switch, a contact 463 is closed,
connecting the motor magnet 450 to a wire
483 from which a circuit to ground will be
completed when the registers -have taken
their positions in response to the.depreéssion
of the numeral keys. » :

Agsuming that the line wanted was No.
1063, the operator would have depressed
thousands key No. 1, hundreds key No. 0,
tens key No. 6 and units key No. 8 (see Figs.
2 and 3). The motor magnet 206 of each
register would then receive current flowing
from a battery 230 through the back contact
of a stop relay associated with each register,
to a wire 231 common to all the registers,
from which the circuit would be tracedfrom
the point 300 (Fig. 3) to wire 301, contact
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475 (Fig. 4) of the sequence-switch of the.

primary sender (or contact 476 of the sub-
sidiary sender, as the case might be) to wire
302 (Fig. 8) through'a contact of the de-
pressed units key (in this case units key No.

3) to wire 303, thence through.a contact of

the depressed thousands key (in this: case
key No. 1) Fig. 2, to earth. The contacts

of the thousands keys and units keys are -

included in this circuit in order to prevent
the start of the registers until keys repre-
senting a complete number have been de-
pressed. Contacts of the hundreds keys and
tens keys need not ordinarily be provided
to control this circuit, because a number
would usually be recorded upon the keys in
the order of its digits. g ' :
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The finder brush 201 of each register will -

therefore be caused to traverse the station-

‘ary terminals 202 thereof as long as the
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motor mignet 206 of such register is ex-

cited ; the circuit for said motor magnet be--

ing controlled at the back contact of the
stop reluy 232 of the corresponding register.
The stop relay of each register is connected
between the free pole of a grounded battery
and the finder brush 201 of such register:
and when such finder brush reaches the ter-
minal grounded by the corresponding key
of the set with which the register is asso-
ciated, the stop relay 232 will be excited,
opening the circuit of the motor magnet of
the register and causing the rotary element
of the register to come to rest in a position
corresponding to the numeral of the de-
pressed key. __

In the case assunied, the thousands key No.
L having been depressed, the thousands reg-
ister would come to rest in position No. 1.
Similarly, hundreds key No. 0 having been
depressed, the hundreds register would come

_to resi in position No. .. So also the tens

register would come to rest in position No.
6, and the units register would take position

No. 3; since the tens key No. 6 and units key

No. 3 were depressed.
The cams carried by the movable element
of each register, in each position of the reg-

1ster cause contacts to be-closed to ground.
points or terminals in the sender, to govern

the seiecting operations of the group selector
and final selector, as will hereafter be de-
seribed. o '
The stop velays 232 of the several registers
control a circuit for the motor magnet of
the sender sequence-switch, so that when all
the registers have taken their positions in
rvesponse to the depression of the keys, the
sender sequence-switch will be enabled to
advance and. cause the sending operations
for the numerical selections to proceed. This
eireuit may be traced from the free pole of
grounded battery 493 (Fig. 4) through mo-
tor magnet 450 of the sender sequence-switch,
sontact 465 (closed in the seventh position),

b0 wire 483, through front contact of the
stop relays of the four registers in series to

wire 231, which is grounded, as before de-
scribed. When this circuit is completed, the
sender sequence-switch advances to its eighth
position, In this position the contact 471

- is’closed and the metallic circuit is thereby
- completed, including the main leads 506 and
-507, the stepping relay 440 at the sender and

the line relay 820 at the group-switch.

The sequence-switch having passed to the

eighth  position does not, however, .stop
there, as the circuit through the motor mag-
net 446 is thereupon again clésed and the
swjitch continues in motion, coming to rest
in the tenth position. The circuit whereby
the magnet 450 is energized in the eighth
position of the sequence:switch may be
traced from eround through the armature
and front contact of the stepping magnet

440, which is now energized, contact 446,
motor magnet £50 and batterv 493 to ground.
Mince in vosition nine, the circuit of the mo-
tor magnet 450.remains closed at the con-
tact 20; as will be noted, the sequence-switch
will not come to rest in position-nine, but
will pass on to position ten. 3

Before rdescribing the effects resulting
from nrovement of the sender sequence-
switch from the seventh to tenth position,
and also before describing the operation at
the group selector, attention will be di-
rected to the scheme of translation by which

third numerical divisions of the sender are
selected by the registers under the control
of the numerical kevs. .

The ten thousand subscribers’ lines in each -

.exchange are divided, as before stated, into

twenty groups of five hundred lines each;
the final selectors heing five-hundred-line
machines in which the line terminals are
arranged in ten levels, with fifty sets.of line
terminals in each level. Access to a final
selector serving 'any . particular- group of
five hundred lines is had through a group
gelector which must be capable of picking
out any one of twenty groups of trunk lines
leading to final selectors, and hunting over
the trunk lines of the selected group for one
which is idle. ‘In the system shown, where
the group - selector has only ten sets of

- brushes, instead of twenty, it is evident that

means must be provided for causing the-
group selector not only to choose a particu-
lar set of brushes, but also to choose one of
two ranges or divisions of terminals in. the
horizontal level traversed bv the selected set:
of brushes, in which said brushes may hunt
for an idle final selector of the group ‘de-
sired. :

Each horizontal level of terminals on the
group selector therefore represents two dis-

. tinet groups of trunk lines, five hundred -

subscribers’ lines being represented by each
group of trunk lines. The first five thou-
sand lines of the exchange will be repre-
sented by the trunk line termiunals in ke .

first half or section of the bank on the group
.selector; and the second five thousand lines

will be represented by the trunk line ter-
minals in the second half of the bank..
Therefore, the first numerical selection,.
which is the selection of one of ten sets of
brushes of the group selector, must be de-
termined according to  Whether :the line
wanted is among the first five thousand: or
among the second five thousand lines in the

-exchange, the particular thousand and also

whether it is in the first five hundred or. the
second five hundred of the particular thou-

~sand. - The selection of a pair of terminals

I
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to complete the circuit of the stop relay
when the finder brush shall reach this pair
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-nnnals 405 1in the upper row of the

" of telmmals must, thevefore, be dependent

upon both the thousands and the hundreds
Ikevs. The ten pairs of terminals in the first
numerical division of the sender, corre-
sponding to the ten sets of brushes of the
group selector, may each be considered as
representing a group of five hundred lines
in either the fivst five thousand or the sec-
ond five thousand lines of the exchange.
The ten upper terminals 405 in this division

of the sender are connected to five contacts -

of the thousands register which are ad@ted

respectively, to ground said termintig: irf:
sets of two. "If the thousands 1eg1stel sfops
in position 0 or position 3, in response ta;

the deplesswn of thousands key No. .0:ér
No. 5, contact 233 of said registervill b .

closed, gloundmv the first t\\o sets Qf ters

merical division of the sender..
sands register stops in the first or. sixt

sition in response to the deplessmn of th()u-
sands key No. 1 or No. 6, contact 284 will be
closed, grounding the next two terminals in
the upper row; and so on, the thousands
keys 0, 1, 2, 8, 4 causing. the same set of
telmmwls to be grounded as thousands keys
5, 6, 7, 8, 9; respectively... The thousands
reglstex is also pxomded with a contact 238
which is closed if the register stops in either
of positions 0,.1, 2, 8 or 4, this contact not
being closed if the xemstel stops in any of
positions 5 to 9 lncluswe Said contact 238
determines whether the group selector shall
hunt in the first half or division of its bank
of terminals representing  trunk lines to
reach the .first five thousand lines of the
exchange (thousands 0 to. 4 inclusive) or
whether it shall hunt in the second half or
division of the bank, representing trunk
lines to reach the second five thousand lines
in the exchange, that is, thousands 5 to 9
inclusive. The other contacts 233, 234, 235,
236 and 237 of the thousands 1e0‘15te1 each
select two terminals in the upper row of the
first numerical division of the sender. The

two connected terminals rvepresent the first

five hundred and the second {ive hundred of
the lines of a particular thousand, which

may be one of thousands 0 to .4 inclusive, .
B 2

or one of thousands 5 to 9 inclusive, accord-
ing to whether the thousands kev depressed
belonged to the group representing the first
five thousand lines, or the groun represent-
ing the second five thousand lines in the ex-
change.

In the case assumed, where thousands key
No. 1 was depressed, the thousands register
came to rest in position No. 1, closing con-
tact 234 and grounding the second set -of
two terminals, that is, the third and fourth
terminals in the upper row of the first nu-
merical division of the sender. This de-
termines that either the third or the fourth
set of brushes in the group selector will be

fivsh hu
If the ﬁ}gppz- ‘
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tripped to hunt over trunk lines represent-

ing, respectively, final selectors for the third
group of five hundred or the fourth group
of five hundred lines in the exchange.

"Whether the third set of brushes or the

foulth set of brushes in the group selector
wil be tripped will depend upon which

" group of five hundred lines contains the line

wanted ;. and the hundreds register is, there-

tom, arrdnged to select the first, third, ffth, 75

severith. @nd ninth, or the second fourth
sixghy eighth and tenth of the lower ter-
mingls 496 in the first numerical division,
according as a hundreds key from 0 to 4 or

2 hundreds ‘key from 5 to-9 has been de-

pressed.

In the case assumed, the hundreds key
\To. ‘0 was depressed, causing the hundreds
régister to come to rest in posmlon No. 0,

‘thereby closing contact 239 and connectmg

wire 259 (which leads back to. the stop re-
lay of the sender) to the first, third, fifth,
seventh and ninth terminals in the first nu.
merical division of the sender:. »

The depressed thousands key No. 1 and
hundreds key No. 0 have thus caused the
thousands and hundreds registers to eodper-
ate to select the third pair of terminals in
the first numerical division of the- sender;
which will insure that the finder brush 401,

“when reaching this third pair of terminals

will complete a circuit for the stop relay
and cause the third set of brushes in the
group selector to be tripped, thus selecting
a group of trunk lines representing the third
group of five hundred lines in eithep the
first five thousand or the second five thou-
sand of the exchange, according as said
brushes may be caused to hunt over the first
half or the second half of the arc or level
which it traverses. The thousands key No.
1, by causing the thousands register to close
contact 238, Tas further determined that the
set of brushes to be tripped in the group

selector shall be caused to hunt over the first 1

half instead of the second half of the cor-
responding arc of trunk line terminals, as
will hereafter be described.
The scheme of “translation” above set
forth, by which the thousands and hundreds
key together codperate to determine which
set of bmshes shall be tripped in the group
selector, is-also followed in. a general way
with xespect to the r¢lation between the hurn-
dreds, tens and units keys, and the terminals
in the second and third numerical divisions
of the sender. This scheme of translation
will be readily apparent from the diagram
and need not be traced out in detail, e‘(cep‘t
with reference to the particular case as-
sumed where keys were depressed represent-
ing the wanted line 1063. The hundreds
key No. 0 caused the hundreds register to
come to rest in position No. 0, dosmv con-
tact 240, and connecting wire 259 (whlch
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may be traced back to the stop relay 140)

to the first two terminals 406 in the lower

row of the second numerical division of the

sender. The tens key No. 6 caused the tens
5 register to close contact 306, grounding the
'second set of ten terminals in the upper row
of terminals 405 in the third numerical di-
vision of the sender.
also caused the tens register to close con-
tact 307, grounding the second, fourth, sixth,
eighth and tenth terminals in the upper row

of the second numerical division.
* The hundreds keyv No. 0 and tens key No.
6 have thus codperated to select the secand
pair of terminals in the second numerical
division to. complete the circuit of the stop
relay, which will result in causing the sec-
ond set of brushes in the final selector to e
tripped. The line wanted, No. 1063, is th s
located-as in the second of the ten groups
of fifty lines each, in the larger group.of
five hundred to which the chosen final se-
lector has access. .

The tens key No. 6 has also located the
line No. 1063 as in the second of the five
groups of ten to which the selected set of
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brushes in-the final selector have access in-
their rotary movement. The units key No..

3, causing the units register to come to rest
in position No. 3, closes contact 308 to con-
nect the wire 259 (which may be traced
back to the stop relay of the sender) to the
fourth terminal (No. 3) in each of the five
divisions of ten terminals each in the lower
5 row of the third numerical division. The
tens key, No. 6 and the units key No. 3 have,
through, the agency of their registers, thus
located the terminals of the wanted line No.
1063 as the fourteenth set of terminals in
the horizontal level of fifty, to be traversed
by the selected set of brushes of the ciosen
final selector. o
Having thus assuned that numeral keys
representing the wanvted line No. 1063 have
-been depressed, and having shown that the
registers associated with these keys have se-
lected the third vair of terminals in the first
numerical division of the sender, the second
‘pair of terminals in the second numerical
£0. division, and the fourteenth pair of termi-
1als in the third numerical division, we may,
now follow the opergtions of the group se-
lector and final selector which take place
under control of the sender as the finder
b5 brush 401 traverses sgid divisions in succes-

30:
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Taking up again the _‘opera.tion at the

point. where the stop relay 430 is released at

the time the finder-brush reaches the start-

. 80 ing position 491 preliminary to the first nu-
merical division, and the office selector has

. finished its hunting operation and has ex-
tended the metallic stepping cirecuit to the
conductors 801, 802, we find that, due to the

6% circuit closed by the vegisters, the sequence-

Said tens key No. 6.

switch of the sender has left the ‘seventh

" position, and further. we find that the con-

o8

tact 471 is closed in the eighth position. open .

in-the ninth position and closed again in the
tenth position of the sender sequence-switch.
The first closing of this contact 471 com-
pletes a metallic circuit including. the line
relay 820 at the group-selector and the step-
ping relay 440 at the sender. The energiza-
cion of the relay 440 completes the circuit

“heretofore described to-energize the motor

magnet 450, causing the sequence-switeh to
continue its movement to the tenth position.
In passing the ninth position of the se-
quence-switch, the contact 471 is again
opened, which. unless contact 238 of the
thousands register is closed, re-opens the
metallic circuit which was closed in the

eighth position, caysing the deénergization .

of the relays 820 and 440 with results which
will be hereinafter described. . .
Contact 238 of the thousands register is
closed when the register stands at zere, first,
second, third, or fourth position, for the
purpose of determining whether the line
sought shall be selected in the first five thou-
sand lines or in the second five thousand
lines of the exchange. The contact 445 of
the sender sequence-switch is closed in posi-
tions, eight, nine and ten in order that the
contact 238 may in these positions be in re-
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lation to control the circuit 506 and 507: -

in all other positions this relation being un-
necessary. : .
Referring now to the group-selector, line

relay 820 is normally connected by a con-
tact 811 of the sequence-switeh associated
with said selector to the trunk line conduetor
801; and the trunk line conductor 802 is nor-
mally connected. to earth through a contaet
816 of the sequence-switch. Therefore, as”
soon as the office selector has made conneec-
tion with said trunk line 801 and 802, a me-
tallic stepping. circuit is established by the
contact 471 of the sender including the line
relay 820 at the group-selector and the step-
ping relay 440 at the sender. The line re-

. lay 820 in attracting its armature closes u

circuit through contact 826 of the sequénce-
switch for the m¢tor magnet 807 thereof,
and the_sequence-switch advances to its sec-

- ond position in which a contact 876 is closed,

completing a circuit for the clutch magnet.
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77 of the selector. through the front contact -

of said line relay, provided it is then enep-
gized, or closing a circuit through contact
850 (§ the sequence-switch fo the “range
relay~ 840 through the back contact of said

. line relay if it is at that time deénergized.

The movement of the sequencelswitch of
the group-selector from first to'second posi-
tion takes: place at the same' time as the
movement  of the sequence-switch of the
sender from eighth to ninth pesition. since

it will be noted that both movements. take
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place immediately upon the closure of the
metallic circuit referred to through the ener-
gization of the rélays 820 and 440. -

If at the time the sequence-switch of the
group-selector reaches its second position,
the contact 238 of the thousands register

. was closed, there would be no opening.of

io

119

30

49

55

6@

the metallic cireuit, the relay 820 would re-
main excited and the circuit to the clutch
magnet' 77 of the selector would be immedi-
ately closed. If, however, when the se-
quence-switech passed to-the second phsition,
the contact 238 was open, the metallic cir-
cuit would at that izne be opened and relay
820 deénergized. This as above noted would
close a cireuit for the range relay 840 in-
cluding battery 841, and the said range re-
lay would thereupon close contacts 842 and
843, the contact 842 closing a locking cir-
cuit for the relay including the contact 846.

The sequence-switch of the sender, having
passed on to the tenth position closes the
contact 471 and the relay 820 is again ener-
gized. This breaks the original circuit fo
the range relay and closes a cireuit through
the contact 876 to the clutch magnet 77.
The range relay, however, remains ener-
gized by the locking circuit referred to. As
soon as the brush carvier of the group-se-
lector begins to rotate in response to the ex-
citation of its clutch magnet 77 (which ex-
citation has talken place immediately upon
the arrival of the sequence-switch of the
group-selector in second position, if the line
desired is in the first five thousand, or sub-
sequent to the energization of the range re-
lay 840, if the line desired is in the second
five thousand lines of the exchange), the
cam 80 of said selector closes the contact 81,
82, completing a cireuit for the motor mag-
net of the sequence-switch through contact
839 of said switch, whereby the latter is
moved from second to third position.

As the brush carrier continues to rotate,
the interrupter contact 86, 87, intermittently
closes a short circuit 827 of the.line 801, thus
ausing the stepping relay 440 at the sender
to be alternately released and excited. This
operates the step magnet 416, as before de-
scribed, and causes the finder brush 401 to
leave. its starting position 491 and begin its
traverse of the terminals in the first numer-
ical division of the sender; the brush carrvier
of the group selector advancing in unison
therewith. : .

When the finder brush 401 reaches the
pair of terminals in the first numerical divi-
sion which have been selected by the thou-
sands and hundreds register (in this case
the third pair of terminals), a circuit will

. be completed from battery 439 (Fig. 4)

86

“through the stop relay 430, contact 462, wire

259 (continued on Fig. 3 and Fig: 2) through
sontact 289 of the hundreds register, to the

terminal in the lowex; row in the first nu-
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merical division with which the brush 401 is
in contact, through said brush 401 to the
terminal 405 in the upper row and through
contact 234+ of the thousands register to
earth. The stop relay 430 being excited by
current in this cireuit, opens its back contact
432, breaking the stepping circuit and caus-
ing the line relay 820 at the group selector
to be released. Said stop relay also closes
its local locking circuit, closes contact 434
to advance the sequence-switch of the sender
from its tenth to its eleventh position, and
closes the local interrupter. circuit for the
step magnet 416 to cause the finder brush
to comtinue ifs travel to the position 492
(Fig. 2) preliminary to the second numer-
ical division. When the finder brush reaches
this position 492, a cireuit will be completed
from battery 261, through the brush 401 to
wire 262, which is connected to wire 259,

is

83

whereby the stop relay 430 is short-circuited -

and released. In its recovery said stop re-
lay breaks the local interrupter circuit of
the step magnet, closes contact 438 to com-
plete a circuit for the motor magnet of the
sender sequence-switch, whereby the latter

. is moved from its eleventh to its twelfth

position; and said stop relay -also again
closes contact 432 governing the circuit of
the stepping relay 440.

“ “When the stop relay 430 opened the step-

_ping circuit as a result of the finder brush

101 reaching the selected pair of terminals
in the first numerical division of the sender,
the line relay 820 at the group selector (Fig.
8) being released, opens the short-circuit of
the trip magnet 67 of said selector and per-
mits said trip magnet to be excited in series
with the cluteh magnet 67, causing a set of
brushes to be tripped, as before described,
with reference to the previous selectors. In
the case assumed, where the third pair of
terminals in the first numerical division of
the sender was selected to complete the cir-

“cuit of the stop relay, the group selector will

have advanced its brush carrier to a posi-
tion in which the third set of brushes will be
tripped by the action of the trip magnet 67
when the line relay 820 is released. '

Selection has thus been made of the third
horizontal level of terminals in the 'group-
selector and .the tripped set of bruslies will
gearch for an idle set of terminals such as
901, 902, 903, in either the first or second
range of terminals, depending on whether
the range relay 840 is detnergized or endr-
gized at this time; that is to say, depending
on. whether the line desired is in the first
five thousand or the second five thousand
lines of the exchange. _

As soon as the selected set of brushes are
tripped and have made contact with the

.grounded plate 70, a circuit is completed -

from brush 51 of such set, through contact

861 of the sequence-switch to the line relay
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820 and bdft‘éi‘-'jr 804, whereby said line relay
is again excited to close the short-circuit of
the -trip. magnet. through contact 876 and

prevent - any other brushes from being
‘tripped. - Circuit is also completed from the

grounded plate 70 through the brush 52 of

- the selector,"and contact 837 of the sequence-

i0

15

switch. to test relay 806, The test relay
upon being energized and closing the front

contact of both of its armatures completes
the folloWing, circuits: First, a_ circuit
through the lme relay 820, which circuit ig’
independent of the contact 861,

gized. Second, a locking circuit for the test
relay itself closed through the contacts 888,

-+ sequence-switch contact 868, brush 53 of the
~set which has been tripped and thence to

20

- being traced through

25

30

the first locking

35

rround by way of the metal plate 70.
hird, & second locking circuit for the test'
relay itself, contingent upon the energized

condition of the range relay 840, this circuit
test relay, conductor 845
the range relay. - ,

Assuming at. first. that the line desired is
in the first five thousand lines of the ex-
change, as is the line No. 1068 which we have
heretofore considered, the range relay under
these conditions will not be energized and

and contact 848 of

. the second locking circuit over the test relay

806 will not be closed. As long as the
brushes are passing over the metal plate 70,
circuit of the test relay 806
will be closed through said plate to ground,
but when the brushes pass beyond the plate

* 70 this locking circuit will depend upon the
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 selector has been carried

grounded condition of the test terminals 63 '
to keep said test relay energized. Since, as-
will hereafter be described, the test terminal

of each busy trunk line leading to a final
selector will be-connected to earth, the lock-
ing circuit referred to will be maintained as
long as the brush 53 is passing over busy ter:
miresls, but will be broken immediately upon
zirival of the brushes upon an idle trunk
As s00m as the brush carrier of the group
past the trip range,
the cam, 80 will cause contact 81, 83, to be

slosed, completing a circuit for the motor .

meagnet 807 of the sequence-switch, through

‘contact 833 thereof; whereby said sequence-
~switch will be moved from’its third tp its -

fourth position. The clutch magnet 77 will

now be maintained excited to continue the .

rotation of the brush-carrier, under control
of the line relay 820 which in turn is con-
trolled by the test relay 806; the locking cir-

cuit ‘for-said test -relay’ being maintained .
through the test. brush 53 of the selector as *
long
terminals 63 which dre grounded. As soon

as said ‘test brush is passing over test

as the brushes reach o set

he bru: of terminals repre.
senting a final selector

N and will be'
- maintained as long as the test relay is ener--

the contacts 888 of tha b

which is idle, there

oo

will be no ground on test terrainal 63 en- .

gaged by the test brush 53, and the locking

- circuit of the test relay 806 will be broken,

causing said test relay to release the line
relay, which in turn will open the circuit of
the clutch magnet 77 and cause the brush

The test relay in recovering will immediately
apply a ground connection 889 to the test-
brush 53 and test wire 903 of the seized
trunk line 901, 902, 903.

If the desired line had been in the second

set of five thousand lines of the exchange,
the range relay 840 would have been ener-
gized as hereinbefore described, and the sec-
ond locking circuit of the test relay 806
would have been closed in addition fothe
first locking circuit: thereof. It will, there-
fore, be apparent that until the deénergiza-
tion of the range relay 840 the selector will
continue to rotate regardless of the idle or
busy condition of the trunks over.which the
rushes are passing. This is for the reason
that the clutch magnet 77 is controlled by
‘the line relay 820, which in turn is con-
trolled by the energized test relay 806, -

“which again in turn'is controlled by the

70

carrier of the selector to be brought to rest.

7%

80

90

energized range relay 840. The range relay -
840 which was maintained energized over

the circuit including the contacts 842 and"

846, as long as the sequence-switch of the.

group-selector was in its first, second and =

95

third position; is maintained energized in

the fourth ‘position of the sequence-switch:
over a_circuit including the contacts 842,
847, conductor 848, contacts 83 and arm 81 to
ground. - In order that there may be no de-

100

energization of the range relay 840 when the * -

sequence-switch passes from the third to’
fourth positions, the-contacts 846, 847, of the
sequence-switch are as indicated arranged so

that the contact 847 is closed before the con-

“tact 846 is opened, -

105 .

The continued energization of the clutch -

magnet 77 causes the selector brushes to

110

move past the entire first range of terminals, ~ .
-1t being of course-noted that since the con-

tacts 861, 862, 863, 836 and 837 are all open

at this time, none of the busy lines in this

range will be interfered with. Just as the

brushes of the selector are about to pass.on .
to the‘terminals of the second range, or more

exactly, just after the test brush 53 has come

in contact with the: fixst-test terminal of the

second range, the projection 849 of the cam

115

120.

80 opens the contact 81, 83, and breaks the .

second’ locking circuit of the test:relay 806.
This leaves the test relay 806 dépendent for
its excitation entirely upon the lockjng cir-
euit through the test brush, which wij]l main-

Jain the said test. relay. energized as long as’
is in contact with, a" busy -

the test:brush 58
terminal. When, hiowever, the-test brush 53

-Tests upon an idle or. grounded terminal in:
the second range,

the test relay 806 will be
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deénergized and upon the falling back of its
armatures the line relay 820 will be deéner-
gized,. opening the circiit of the clutch mag-
net 77, and the seléctor will come to rest as
hereinbefore described in connection. with
the hunting operation in. the first range.
The projection 849 need only be of sufficient

extent to momentarily break the locking cir- -

cuit of the range relay 840,
The line relay 820 of the group selector,
in recovering, closes at its back contact a cir-

cuit for the motor magnet 807 of the se-
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- 806, which thereupon ag

quence-switch, through the contact 822 of
said switch. "The special contact 20 of the
sequence-swiich of the group selector is
closed between the fourth and the eleventh
Ppositions, so that after leaving the fourth
position, . the sequence-switch will run
through tothe eleventh position without stop-
ping. As it reaches the fifth position, con-
tacts 836 and 862 will he closed, extending
the connection of the trunk line conductors
801, 802, through to the brushes 51 and 52,
respectively, of the set which has been
tripped, which brushes are now in contact
with the terrhinals 61 and 62, respectively,
of a trunk line 901, 902, leading to a final
selector. In the fifth position of the se-
quence-switch a contact 825 is closed to com-
plete an energizing circuit for the test relay
ain completes the
circuit for the line relay 820. The test relay
again closes its front contact 888, completing
a locking cireuit for its own winding,
through sequence-switch contact 863 to test
brush 53 of the set which wag tripped, termi-
nal 63 of the seized trunk line, " through
test wire 903 thereof, r1ud through contact
909 (Fig. 9) of the sequence-switeh asso-
ciated with the final selector (which will
have been closed by this time) to earth.
This locking circuit for the test relay of
the group selector will be maintained after
sequence-switeh contact 8335 ig opened in the
eleventh position. The sequence-switeh of
the group selector is.now maintained in its
eleventh position ag long as the line relay
820 i excited, which will be ng long as the
test relay 806 has cireuit to
909 of the final selector.
When the sequence-switeh contacts 836
and 862 of the group selector are closed,
completing the lji'ne cireuit to the conduc-

“tors 901, 902, leading tg the final selector

(the bridge containing the stepping relay

440 of the sender Laving now beéen clogel

60

by contact 482 of the stop refay) the line
relay 920 of the final selector (Kig. 9) is
excited by current from battery 921 flowing
through contact 917 of the
over the metallic cireuit including stepping
relay 440 at the sender and back to ground-

* through contact 935 of the sequence-switely

65

of the final selector. -
The Hne relav 920 when thu‘s excited -

‘tact 462, conductor

‘spect to the other selectors.

earth‘ at contact

sequence-switceh,
‘provided with

1,157,018

closes at its front contact a. circuit through
contact 976 of the sequence-switch asso-
ciated with the final selector to the motor
magnet 907 of said switch and free pole of
grounded battery 908. The sequence-switch
moves to its second position, in which con-
tact 926 is closed, completing a circuit for
the clutch magnet 77, which starts the brush
carrier of the final selector in rotation, At
the beginning of the rotary movement the
cam 80 closes contact 81, 82, and completes
a circuit for the motor magnet 907 of the se-
quence-switch, advancing the latter to its
third position. In this position, as the
brush carrier continues to rotate, the inter-
rupter intermittently short-circuits the Line,
causing the finder brush at the sender to’
advance step by step in unison with the ad-
vance of the final selector. ’
When the finder brush 401 of the sending
apparatus reaches a pair of terminals in the
second ‘numerical
selected by the hundreds and tens registers,
under control of the hundreds and tens keys,
the stop relay 430 of the sender is excited
in a circuit from battery 439 through con-
259, contacts of the hun-
dreds and tens register, brush 401 and the
selected terminals in the second numerical
division. Relay 480 thereupon -opens the
stepping circuit and causes the line relay
920 at the final selector to be released, there-
by causing a set of brushes to be tripped in
the manner heretofore described with re-
In the present
case, where the wanted line was No, 1063,
the second pair of terminals in the second
numerical division of the sender was se-
lected, so that the second set of brushes of
the final selector would be tripped.
As soon as the test brush 53 of the - set
which is tripped touches the grounded plate
0, a circuit is completed for the line relay
920, througii contact 943 of the sequence-
switch, so that said line relay immediately
closes again at its front contact the short
cireuit of the trip magnet and prevents the
tripping of any other set of brushes.

division, which have been

70

75

80

85
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100
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At the end of the trip range, the cam 80 -

allows contact 81, 83, to - close, completing
a cirenit for the motor magnet of the ge-
quence-switch, causing the latter to niove
to its fourth position. The line relay at this
time is excited by current flowing thronglh
sequence-switch contact 931 and the inter-

- Tupter contact 86, 87, to -earth, said inter-

rapter contact being closed by the inter-

115

120

rupter roller 85 riding over the long tooth -

89 which is provided upon the segment 88. .

In the final selector, the segment 88 js
an extra notch at the end of
the long tooth 89 in advance of the notches
corresponding to positions of the brush car-

“11er in’ which the brushes JTest upon line
Asg the mterrupter- roller 85 of

terminals.”
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the final selector passes down from the long-

tooth into this first notch, in advance of the
notches corresponding to line - connecting
positions, the short-circuit controlled by the
Interrupter contact 86, 87,'is broken, and as
the selector brushes have passed off the
plate 70 and have not yet reached the first

set of line terminals, the line is no longer”

short-circuited, and the first of the new se-
ries of selecting impulses is applied to the
stepping relay 440 at the sender.

When the stop relay 430 at the sender was
excited at the time the finder brush 401
reached the selected pair of terminals in the
second numerical division, said relay closed

its locking circuit at contact 433, closed the

~local interrupter circuit for the step magnet
. 416 at contact 435, and closed contact 434 to

20

25

30

40

45

50

55

60

63

complete a circuit for the sender sequence-
switch, advancing the same from its twelfth
to its thirteenth position. The finder brush
is then moved by the action-of the step mag-
net 416 operated by the local interrupter, to
the position 493 (Fig. 2) preliminary to the
third numerical division of terminals (Fig.
3) of the sender.- When the finder brush
reaches position 493, the stop relay 430 is
short-circuited, as before described, and re-
establishes the stepping circuit at its back
contact 432; also breaking the local inter-

rupter circuit and closing its back contact

438 to complete a circuit for .otor magnet
450, whereby the sender sequ'.ice-switch is
advanced from its thirteenth to its four-

, teenth position. The metallic stepping cir-

cuit having thus been closed at the. sender
when the finder brush reaches the starting
position 493 preliminary to the third nu-
merical division, the sender is ready to re-
spond to the first impulse of the last series
to be received from' the final selector.
stepping relay 440 in responding to the first
impulses transmitted when the interrupter
roller 85 of the final selector enters the first
notch following the long tooth 89 of the
toothed segment 88, causes the stepping re-
lay to complete the local circuit for the step
magnet 416, whereby the finder brush is ad-

vanced a half step. Now as the interrupter

roller at the final selector rides up on the
next tooth of the segment and closes contact
86, 87, to short circuit the stepping relay
440 at the sender, the stepping magnet 416
is released by sald stepping relay, and in
retracting its armature allows the esca 8-
ment to take another half step, advancing
the finder brush 401 to the first or zero ter-
minal in the third numerical division.

If this first or zero terminal in the third
numerical division had been selected, the
stepping circuit would be opened and -the
line relay 920 at the final selector released
as the brushes came to rest upon the first set
of line terminals in their level. In the case
assumed, however, where the wanted line

The

877

was No. 1063 and the fourteenth pair of -

terminals in the third numerical division of -

the sender were selected, the stop relay 430

will not be energized to open the stepping.

circuit until the finder brush reaches said

70

fourteenth pair of terminals; and the brush -

-carrier of the final selector will be advanced
in unison with the sender until this point is.

reached. ‘ ~

When the finder brush 401 reaches the
pair of terminals in the third numerical di-
vision selected by the tens and units regis-
ters under control of the tens and units keys,
the stop relay 430 will be excited and will
open the stepping circuit,’causing the line
relay 920 to be released when the interrupter
roller 85 next opens the contact 86, 87, thus
breaking the circuit of the clutch magnet
and allowing the brushes to come to rest
upon: the set of line terminals which have
thus been selected. The line relay in re-
covering also closes at its back contact a cir-
cuit through contact 922 of the sequence-

switch to the motor magnet 907 of said

switch, and battery 908, whereby the se-
quence-switch 1s advanced from its fourth to
its fifth position. In this position a test of
the called line is made, as will hereafter be
described ; but it will be convenient to con-
sider the testing and other operations of the
final selector hereafter, and before doing so,
as the selection of the called line has now
been completed, the further operations at the
calling exchange; whereby the sending ap-
paratus is disconnected from the circuit, may
be traced. )

 When the finder brush 401 of the sender
reaches the pair of terminals selected in the
third numerical division, causing stop relay
430 to be excited, said stop relay, in addi-
tion to opening the stepping.circuit at con-
tact 432, closes the local interrupter circuit
for the step magnet 416, closes its locking
circuit at contact 433, and also closes contact

434 which completes a circuit for the motor

magnet of the sender sequence-switch, where-
by the latter is advanced from its fourteenth
to its seventeenth position.

Upon leaving the fourteenth position the
sender sequence-switch opens contact 437,
breaking the locking circuit for the stop re-
lay 430. The stop relay releases its various
armatures and at contact 435 breaks the local
circuit of the stepping magnet 416 and in-
terrupter 464, .

In the seventeeth position of the sequence-
switch, contact 467 closes, grounding sender

sequence-switch which is thereby: advanced
from its eighth to its tenth position. In po-
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100
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lead 506, 529, completing a circuit for motor. ,
magnet 607 (Fig. 6) of the district seléctor

125

sition 10, contacts 661 and 662 are closed and , |

tended over the selected trunk line to the
final selector, as will: be . explained later.

. the line from the calling subscriber is ex-

130



Contact 675 is opened, removing the ground
connection from sender lead 528, 508, open-
ing the circuit for relay 458 (Fig. 4). Re-

- lay 458 releases its armature, completing a
§. circuit through contact 472 for the motor

magnet 450 of the sender sequence-switch,

which advances to the eighteenth position.
In this position contact 473 closes, and the
_ finder brush 401 is then advanced by the

~ 1,167,018

leading ta -private branch exchanges, mak-
ing connection with the.line wanted if the
same is freej. applying ringing current
thereto, and finally completing the tele-
phone transmission circuit, may be traced in 3
detail. R

In the system shown, the final selector
may have direct access not only to ordinary
subscribers’ lines, but also to groups of

"'10 action of the step magnet 416 operatéd.by - trunk lines leading to private branch ex- 7

- the local interrupter. 464. .
When the finder brush 401 leaves the last
“terminal of the.third numerical division,
- contact 421, operated by the rotation of the
‘15 sender shaft, is closed; and completes a cir-
cuit for the motor magnet 450 of the sender
sequence-switch, which advances to the nine-
teenth position, in which a circuit is again

established through  contacts 499 and 419

-3 and the local interrupter 464, The finder

brush 401 is thereupon caused to advance

. %o its normal position, whereupon the local
interrupter circuit is broken at contact 419
by the action of the cam 418,

25 In the nineteenth position of the sender
“geguence-switch, contact 469 is closed and a
circuit completed through contact 421 for
the power magnet 426. The said power
magnet attracts the plate 423 into engage-

- '80 ment with the constantly rotating shaft.

The plate 423 is thereby caused to rotate to

wind up the spring 409, and as the plate-ad-

_vances the dog 427 rides upon the edge of the

said plate, closing the:contact 428, whereby -

35 a local circuit is maintained for the said
power magnet after the contact 421 opens the
" initial starting circuit. The plate 423 moves
through one complete revolution, where-
upon the dog 427 is released by the notch
40 in fhe .eeid plate and the local circuit
- throughr contact 428 is broken.
~The sender sequence-switch in' the nine-
teenth- position closes a -contact 465, com-
" pleting a’.circuit over sender lead 512 for
45" the 'motor magnet 530 of the cord finder
sequence-switch, - which advances to the
tenth position. In this position contact, 569
(Fig. 5) is opened and the circuit for the

holding magnet 551 is broken. Spring 552

50 of the cord finder thereupon restores the
brushes of the cord finder to normal. When
the cord finder brushes.return to normal,
“contact 554 is closed through the action of

- cam B58, and a circuit is completed for the

6o motor magnet 450 of the sender sequence-

v switeh, which immediately advances to its

normal- position.  The sending apparatus, .

being now disconnected from the cord cir-

cui$ through which. connection has been es:

60 tablished, is free to serve other cord-circuits
in the same manner. o T

Returning to a consideration of the final

selector, the operations of testing the called

ling, seniding a busy signal under: proper

65 ‘circumstances, hunting over trunk lineg

¢hanges. The final selector upon reaching
thesgt of terminals selected under the con-
trol OTxgbe,sendi])g apparatus, establishes a
test. cireuib, from its test brush 53, through
contact 963 ofithe sequence-switch, windings g¢
of marginal relay 906 and windings 954 of

.a polarized relay 905, through_contact 974

of the sequence-switch to earth.

The test relay 906 is adjusted to respond
only to current received from the test ter- g5
minal of a line which is free, and will not
respond when shunted by a similar test cir-
cuit at another multiple terminal ofithe line
tested. Said test relay 906 controls at iis

‘back and front contacts, respectively, alter- go

native circuits for the motor magnet 907 of
the sequence switch. The circuit controlled
at the back contact of the test relay will
cause the sequence-switch to be carrvied to
the tenth- position to control the application o5
of a busy signal to the calling circuit lead-

‘ing back to the calling exchange, while the

circuit for the sequence-switch controlled at

the front contact of said test relay 906 wiil

cause the sequence-switch to be carried past
the tenth position, preventing the transmis-
sion of the busy signal and providing in-
stead for the application of ringing current
to the selected line.

- The polarized relay 905 is required only
where the final selector has access to private
exchange trunk lines, in addition to-ordi-
nary subscribers’ lines. The test terminals
63 of all such trunk lines, except the last in
each. group, are connected to battery of op-
posite polarity from that to which the test
terminal§ of ordinary subscribers’ lines are
connected ; -and the polarized -relay 905 of
the final selector is adapted to respond only
to current of such opposite polarity—that is,
in testing the terminal ofp any trunk line
except the last in each group; which is con-
nected like an ordinary subscriber’s line.
Said polarized relay 905 controls at its back
contact the circuit for the motor magnet 907
of the sequence-switch through contact 923
and back contact of the marginal test relay
906.  The polarized relay when excited
breaks -this. circuit for advancing the se-
quence-switch and establishes instead an al-
ternative circuit from ground through the
back contact of relay 906, front contact 940
of test relay 905, contact 916 of the sequence-
switch, power magnet 77 of the selector and:
free pole of battery 925. 'The test relay 905 130
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also controls at contact 939 a local circuit
for its own locking winding 953.

If the line tested is an ordinary sub-
seriber’s line and is busy at the time the
brushes of the final selector reach its ter-
minals, neither of the test relays 905 or 906
will be excited, and a circuit will therefore
be completed from ground through the back
contact of the pohriaed test relay and se-
quence-switch contact 923 to the motor mag-
net 907; and the sequence-switch will ad-
vance from itsfifth to its tenth position, con-
tact 923 being closed in positions 5 to 9 in-
clusive. In “this position contact 909 1is

5 opened and breaks the locking circuit 903 .

of the test relay 806 at the group selector
(Fig. 8). Said relay 806, in retracting its
armature, breaks the circuit for the line re-
lay 820, which, in retracting its armature,
completes a circuit through contact 822 for
the motor magnet 807 of the sequence-switch
associated with the group selector, which
.advances from its eleventh to its twelfth
position. In this position contact 835 of the
sequence-switch completes a circuit for the

test relay 806 which, in closing its front con-

tact, completes a circuit again for the line
xehv 820. Said line relay in closing its front
contact completes a circuit through contact
826 for the motor magnet 807, whereby the
_seéquence-switch advances from the twelfth
to the thirteenth position. When the test

 relay 806 is excited in the twelfth position

35
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of the sequence-switch, it closes at contact
888 a path ‘leading throutrh contact 863 to
the test brush of the selector and thence to
test terminal 63, wire 903 and contact 909 at
the final selector If the line tested by the
final selector 'is busy, this contact 909 will
be open ;. otherwise 1t will have been closed
by the advance of the final selector sequence-
switch beyond the tenth position.

- In the case assnmed, where the called line
is busy and. said contact 909 is open, there
will be no cireuit for the test relay 806 at the

group selector, and.said test.relay will there-

fore .be rdeased when..the sequence-switch
of the group, ‘selector. leaves the twelfth po-
sition. The Tine relay.820 will therefore be
released by the test relay 806.in.the.thir-
teenth position ‘and. will close at .its. back

icontact a- circuit throucrh contact 822.of the .
“ the .set of terminals selected under control

‘of the sender, the clutch magnet will not
~have been deénergized. :

'sequence-switch,. to the motor,, mabnet 807,
whereby the sequence,switch willbe advanced
to the fifteenth or “busy b‘wk -position,..: {n

this posmon contact, 830 will be closed’ con-;.
necting the trunk line conductor: 802 to the
ar ounded mtemupter 860, which..in- its' 0P~
or ation will mtermlttentlv close the: circuit -
from battery. 650, (Fig. 6). throuﬂh the su-..
perwsnry 1elay 615 in the c01d cir cult caus-.

ing the operator’s supervisory. lamp 613 to
fhsh indicating to her.that the line called
for is busy. As the sequence-switch of the

group selector reaches the- fourteenth posa-'

line relay 820 to the line conductor 801, the
circuit of which is completed at the ground

652 of the cord circuit, Fig. 6. The line re-
lay 820 is therefore exc1ted and while .it

‘remains so the sequence- ~switch of the group

selector upon reaching the fifteenth position

29

‘tion, contact 811 ig closed, connecting: the

70

will remain in this position, maintaining

the-connection of the busy back interrupter

. 860.to the trunk line conductor 802 The

operator at the calling exchange, observing
the busy signal, will advise the calhng sub-
seriber that the line wanted is busy and
will then remove the plug from the spring-
jack of such calling line. “This act of dis-
connection will cause the restoration of the
train of selectors 1n a manner herefzfter to
be ‘described.

T{-the station called for isa prlvate branch
exchdnge having a number of trunk lines,
the selector will first,  under control 'of the
sending apparatus, brmg its brushes to rest
upon: the terminals of the first trunk of the
group. If thistrunk is free, ringing current
wﬂl bé applied as hereafter described. If it
is busy, the final selector, instead of imme-
diately causing a busy signal to be sent, will

75

8¢
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90

instead be caused to advance, its brushes to

the next set of terminals representing an-
other trunk line of the same group and so
on throughout the group until a free line is
found or until the last trunk of the group
is 1eached in which case if this also is bhusy,
a busy signal will be sent as heretofore de-
scribed. In testing each trunk of the group,
except the last, the polarized relay 905 -will
be excited and will ‘prevent the completion
of a circuit for the sequence-switch motor
magnet, establishing instead a circuit for the
clutch magnet 77 of the selector through
contacts 916 and 940 and back contact . of

95

100

106

relay 906, whereby the switch carrlage will .

be caused to continue its rotatlon - This
circuit for the clutch magnet 77 is estab-
lished in the fourth position of the sequence-
switch while the selector brushes are in con-

before the circuit for said clutch magnet
throucrh contact 926 and front contact of

110

_tact with the selected set of terminals and

relay: 7920 has been broken, so that in case 115

tor is ‘necessary, to carry the brushes beyond

The polarized test relay 905 in its response
closes:a local locking circuit at contact 939,

tor mamtam said test relav excited while the :
selector brushes are in tmnsﬂ: from one set

of terminals to the next.” The locking wind-
ing; however, is so. proportioned that when

the. selector brushes reach the last set of

trunk line: terminals in a. group, said relay

will be restored by the current of opposite

polarity recelved from the. test terminal of

.a further or hunting operation of the selec~ |
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such last trunk, in spite of the locking wind-
ing. :

In the ordinary case, where all the private
trunk lines are not busy, the marginal test

relay 906 -will respond when the selector -

brushes reach the terminals of a trunk which
is free. This also will take place if the line
selected is an ordinary subscriber’s line and
is free. In its response, said test relay 906
will break the circnit of the clutch magnet
77 and will complete at its front contact 942
a cireuit through contact 927 of the sequence-
switch to the motor magnet 907 thereof,
whereby said sequence-switech will be ad-
vanced from its fifth to its twelfth position,
running through the intermediate positions.
In the sixth, seventh, and eighth positions
the contact 910 will be closed to connect the
test. brush of the selector to earth to main-
tain a test guard upon the selected line dur-
ing this interval. The test relay 906. in its

.response completes a locking cireuit through

its'own front contact and through sequence
switch contact 93+ (closed in positions 8 to

13 inclusiyve of the sequence.switeh) to.earth.

This locking circuit maintaing the'test relay
energized and alse provides a Jow resistance
path to ground from the test brush for the
purpose of maintaining a test guard upon
the multiple test terminals of the selected

line. In the tenth position of the sequence

switch, the contact 909 controlling the cir-

cuit 903 for the test relay 806 of the group

selector, will be opened as before described,
causing the sequence-switch of the group
selector to advance to its thirteenth position
-as above described, in which a cireuit is
again established for said test relay 806 to
the test wire 903 leading to the final selector;
and if the line tested is free, the sequence-
switch of the final selector will have passed

. the tenth position and will have closed the

contact 909, causing the test relay 806 of the
group selector to remain excited, completing
the circuit for the line relay 820 of the group
selector, whereby the circuit to carry the
sequence-switch of the group selector past'
the thirteenth position is maintained open
at the back contact of said line relay. »
When the sequence-switch of the final se-
lector is carried to its twelfth position by
the response of the marginal tes ~ elay 906
in testing an idle line, contacts 936 and 937
will'be closed, connecting the ringing gen-
orator 956 across the cirenit leading to the
called station, thereby ringing the bell or
operating the line annunciator at such catled
station. Upon the response of the called
subscriber, the relay 957 will be excited,
completing a circuit from ground through
contact 930 of .the sequence-switch to the
motor magnet 907 thereof, whereby the se-
quence-switch is advanced to the thirteenth
position. In this position contacts 961 and
962 are closed, connecting battery 971 in a
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bridge of the line leading to the called sta-
tion, between the windings of a repeated
coil. Contact 964 is also closed, completing
a path from the trunk line conductor 902 to
earth, through the front contact of the relay
957, as long as the called subscriber’s tele-
phone switch at the substation is closed, thus
maintaining a cireuit for the supervisory
relay 615 of the operator’s cord circuit (Fig.
6). The supervisory relay 615, in its re-
sponse, breaks the circuit for the supervisory
signal lamp 613 which is extinguished, indi-
cating that the ecalled subscriber has an-
swered. In the fifth to the thirteenth po-
ssitions, inclusive; of the sequence switch of
the final selector, a contact 924 is closed,
bridging a condenser between the windings
of a repeating coil which are connected to
trunk line conductors 901, 902, leading back
toward the calling exchange.

While the telephonic connection is estal-
lished between the calling and called lines,
‘the line relay 920 at the final selector re-
mains excited by current from -battery 921
flowing through one winding of the repeat-
ing coil to trunk line conductor 901, through
the group selector to trunk.line conductor
801, thence through the office selector to con-
ductor 701 and through the district selector
to conductor 691, contact 661 of the district
selector sequence-switch and ground at! 652
Said relay 920 at the final selector while thus
excited does not permit the sequence-sivitch
to be advanced beyond the thirteenth po-
sition. - ,

The sequence-switch of the group selector,
during the existence of the telephonic con-
nection, is prevented from advancing beyond
the thirteenth position by the line relay 820,
which is maintained excited by the test relay
806, which in turn is maintained excited by
the current in the locking circuit for said
test relay through contact 888 thereot, con-
tact 863 of the sequence-switch to test brush
A3, test coniductor 903 and ground at contact
909 of the final selector. o

The sequence-switch of the office selector,
during the telephonic connection, is pre-
vented from advancing bevond the seventh
position by the test relay 706 which is main-
tained excited by current from battery 787
flowing in a locking cireuit throigh contact
788 of said relay to conductor 705, contact
775 of the sequence-switel, conductor 703,
through the test brush of the distriet se-
lector, contact 663 of the district selector se-
quence switch, and back contact 689 of the
velny GO6 to carth. The test relay 706 of
the oftice selector, while. thus excited, main-
tains a civeuit for the line relay 720 of said
oftice selector and prevents said line relay
from closing the cireuit to advance the se-
quence-switch beyvond the sevenili position.

The sequence-switch of the distriég selector
during the telephonic connection 1% main-
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tained in its tenth position by the cord relay
603, which remains excited as long as the
plmr 603 remains in the springjack of the
calling line. ‘ :
])'i.sconne(*zfi()n.—During the existence of
the connection established as before de-
seribed hetween the calling and called lines,
the operator exercises supervision- in the
usual way, and when the subscribers hang
up their telephone receivers, the supervisory
relays 614 and 615 are released and close the
circeuits for the supervisory signal lamps 612
and 613, vespectively, which are thus lighted
to give the disconnect signal. The operator,
upon receiving this disconnect signal, or at
any time when desired, can cause the res-
toration of the train of selectors to normal
condition by withdrawing the answering
plug from the springjack of the ¢ alling line,
thus breaking the cirenit of the cor 4 10 ay
603. This cord rel ay, when released. closes
at its back contact a cireuit for the motor
magnet 607 of the sequence-switch asso-
clated with the district selector, and said se-
(uence-switch theleu[)on advances to its fit-
teenth position. . The advance of said se-

-quence-switch bevoud the fifteenth position

is controlled by a circuit adapted to be com-
pleted at the front contact of the line relay
(20, which line relay.is, in the fifteenth po-
sition of the sequence-switel, cdonnected

E through contact 637 to the -conductor 692
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and thl()ll"ll the brush 52 of the district se-
Iactor to trunk line conductor 702, and
tirough the office selector to condue tor 802
at the group selector, which will be connect-
ed toearth at contact 816 when the sequerice-
switch of the group selector 1s restored to
normal condition.

As.soon as the sequence-switeh of the dis-

trict selector leaves the™®«nth or talking po-~

sition, the circuit for the line relay 920 at
the final selector is broken. Said line re-
lay, in retracting its armature, closes a cir-
cuit_for the motor magnet 907, which ad-
vances the sequence- switch of the final se-
lector to its fourteenth position. In this
position a cireuit is closed from battery 9235
through the clutch magnet 77 of the Selec—
tor, conhut 975 of the, s sequence-switch and
back contact of the line relay to earth,
Since the selector is displaced from its nor-
mal position, .the surface of the iron disk
73 will be neaver to the return 1'<)lle1 74 than
to the forward driving roller 75, and the
disk will be engaged bv said roller T4 and
the rotary cleme t of the selector carried
back toward its normal position. When in
this return movement, the cam 80 forces the
'aplmnr 81 mto enmwemcnt with contact 82,
a circunit is complo ted for the motor m‘\rrnet
907 of the sequence-switch, through contact
932, and said sequence- switch qdvqnces to its
fifteenth - position. When the rotary ele-
ment of the selector reaches normal position,

reaches the trip range.
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the cam 86 allows the S]J"lnﬂ‘ 81 to engage
contact 83, completing another c1rcmt &m
the motor magnet 907 to advance the se-
quence-switch from its fifteenth to its first
or normal position. As the sequence-switch
leaves the fitteenth position, contact 975 is

opened, breaking the circuit for the cluteh,

magnet 77 and so bringing the switch car-
riage to rest.

X the sequence-switch of the final selec-
tor leaves the fifteenth position, it opens
contact 909 and thereby breaks the locking

circuit for the test relay 806 of the group .

selector, causing saild group selector to re-
turn to normal posltl(m. as will hereatter be
described.

The sequence- -switches a%socmted with the
selectore have each eighteen positions, and
the time required for the sequence-switch of
the final. selector to run through positions
16, 17 and 18 before reaching the first or
normal position, is sullieient to enable the
sequence-switch of the group selector to in-
terrupt conductor 802 at contact 862 betore
contact 935 is closed at the final selector
when the latter reaches normal. This is to
prevent the premature completion of the cir-
cuit for line relay 620, 0f the district selector.

When the test 16‘1(\\7 806 ()f the 0‘1‘0[1]3 selec-
tor is released, it releases‘the line relay 820,
which completes a cirenit for the motor
magnet 807 of the sequence-switch asso-
clated with the group: selector. which ad-
vances from its thirteenth to its sixteenth
position, In this position contact 874 is
closed. completing a circuit for the line ve-
lay 820, which relay at its front contact
completes a cireuit for the clutch magnet.
77, and the switch carriage begins to return
toward its normal posn‘,lon.

The projection 819 on the cam 80 is not
high enough te force the spring 81 into con-
tact with the contact point 82 and said con-
tact 82 is not closed in the return movement
of the switch carriage until sald carriage
At this point the

cam causes the. contact 81, 82 to be closed,

and a cireuit is completed for the sequence-
switeh to advance the latter from its six-
teenth to its seventeenth position.
as the switch carriage reaches the normal
position, the cam allows contact 81, 88 to
close, completing a cireuit through contacﬁ
833 for the motor magnet of the sequence-
switch. whereby the httpr is advanced from
its seventeenth to its first or normal posi
tion, the circuit for the clutch magnet being
interrupted when the sequénce- smtch leaves
the seventeenth position, whereby the switch
carriage is brought to rest.

When the sequence-switch of the gro up se-
lectof has reached its first or normal posi-
tion, contact 816 is closed, connecting: trunk
line conductor 802 to e uth, and therebv com- »
pleting a cn*cult for the test relay 620 at.

Finally,
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the district sclector, which is connected
through contact 637 of the sequence-switch
(Fig. 6) to wire 692, brush 52, conductor
702, and brush 52 of the office selector to the
terminal 62 of said conductor 802. .
The line velay 620 of the districk selector,
L attracting its armature, completes a cir-
cuit from ground through a front contact
of said line relay and contact 622 of the
sequence-switch fo the motor magnet 607,
whereby the sequence-switeh is advanced
from its fifteenth fo its sizteenth position,
In this position contact 676 is closed, com-
pleting a civeuit for the clutch magnet 77,
whereby the switch carriage of the selector
is caused to return toward its normal posi-
tion. In retwrning, the cam 80 closes com-
tact 81, 82, completing a cirenit o advance
the sequence-switch from its sixteenth to its
seventeenth position; and when the selector
switch carriage reaches normal, contact 81,
83 is closed, completing another cireuit for
the motor magnet 607, o carry the sequence-
switch from its seventeenth to its first or
normal pesition. "The cord circuit and its

‘associated apparatus are now ready to take

up aneother call.

When the sequence-switch of the district
selector leaves its fifteenth position, the lock-
ing circuit 703 for the test relay 706 of the
oifice selector is broken, the office selector
and its associated sequence-switch being
thereupon restored to normal position in
the following manner: The test relay 708,
when released, breais the circuit for the
line relay 720, which completes at its back
contact a circuit for the motor magnet 707
of the sequence - switch, whereby the Iatter
is advanced from its seventh to its eighth
position. In the eighth and ninth positions,
a contact 774 is closed, completing a ¢ircuit
for the line relay 720, which in turn closes
st its front contact a cireuit for the clutch
magnet 77, whereby the switch carriage of
the selector iz caused to return toward its

normal postion. In returning, the cam 80
E £59

closes contact 81, 82, whereby the sequence-

switeh is advanced: from its eighth to its "

ninth position; and when the switch car-
riage has reached normal, said cam closss

contact 81, 83, completing a final cirenit for
9 3 1 =3 N

advancing the sequence-switch from its
ninth to its first or normsal position. In
the eighth and ninth positions, contact 775

~remains closed, connecting the test wire 703

through the back contact of the test relay

706 to earth to maintain a test guard upon

the multiple’ terminals of the trunk line

701, 702, 703, at the district selectors which
b 3 |’

have access thereto. :

It will be noted that the order.in which the
various seleciors ave restored o normal po-
sition is such that g test guard is maintained

y P i) @ 49 N .
upon the multiple ferminals of the Lwo-wirs
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trunk line 801, 802, until both ends are free.
This is accomplished by’ maintaining the
office selector stationary, with its brushes in
contact with the terminals of the trunk line,
to apply the test guard to the. test terminals
of said trunk line, until after the group se-
lector has been completely restored to nor-
mal. The test guard is derived, in the ci-
cuit shown, from the ground connection at
the back contact 689 of the relay 606 at the
group selector (Fig. 6), connection being
traced through sequence-switch contact 663
to the test brush 53 of the distriet selector,
test wire 703, contact 764 of the sequence-
switch associated with the office selector to
conductor 713 and brush 53.of the office
selector, which is in contact with the test

terminal 63 of the trunk line. The test con- .

tacts 63 of all the multiple terminals of
the trunk line on the different office se-
lectors arve wired together. The trunk line
801, 802 is thereby caused to test busy to all
hunting office selectors until the apparatus
at both ends has been completely restored to
normal condition. .

I claim:

1. In an automatic sender apparatus, the
combination with a plurality of sets of man-

“ually operable contact devices, of an auto-

matic vegister associated with each set of
contact devices and operating in accordance
with the condition of said contact devices,
and a selection controlling mechanism gov-
erned by a plurality of said registers.

2. In an automatic sender apparatus, the
combination with a plurality of sets of man-
ually operable contact devices, of an anto-
matic register associated with each sef of
contact devices and operating in accordance
with the condition of said contact devices,
and a selector controlling mechanism hav-
ing a plurality of divisions of terminals and
a contact member cobperating with said ter-

~minhals and through which the controlling

function is exercised, said terminal divi-
sions being connected with said registers.
3, A sender apparatus comprising a pla-
ality of sets of keys, an electro-mechanical
register governed by each set of keys, a
switching mechanism associated with each

register and having contact devices, and a i

selection controlling mechanism provided
with divisions of terminals connected with
the cdntacts of said switching mechanism
and a brush coSperating with the terminals.

4. A sénder apparatus for telephone line
selecting systems comprising a set of keys, a
register electromechanism having terminals
connected to said keys and a contact brush

- movable over said. terminals, a switching

mechanism  having contact springs and
spring-setuating members codperating with
suid register brush, and a selection control-
ling electromechanism provided with ¢ermi-
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' nals connected with the springs of the switch-,

ing mechanism and having a brush codper-
ating with said last mentioned terminals.

5. In a telephone switching svstem, an
apparatus for controlling a plirality of
classes of selection comprising sets of con-
tact devices corresponding to said classes,
and a point finder electromechanism having
a plurality of divisions of terminals and a
selection controlling contact member coop-
erating therewith, certain of the divisions
of said point finder mechanism being in cir-
cuit with said contact devices of one class,
and register mechanisin interposed between
sald contact deviees of another class and
other of the poiut finder divisions.

6. In a telephone switching system, an
apparatus for controlling a plurality of
classes of selection, comprising sets of can-
tact devices corresponding to each clavs,
point finder mechanism having terminals
directly connected to one class of contact de-
vices and a codpe -ating movable contact
member throngh which the controlling
function is exercised, and register mecha.

- nism provided with terminals in cireuit with
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“other of the classes of contact devices and
also having contact members electrically
connected with the terminals of said point
finder mechanism. o

7. A sender apparatus comprising a pla-
rality of sets of keys, register mechanism
associated with each set of keys and having
decimal terminals, 2 brush codperating

‘therewith, a motor magnet for the brush
and contact devices operated in the move-
ment of the brush, point finder mechanism
having terminals arranged in non-decimal
divisions, a brush codperating with the ter-
minals and a motor magnet for the brush,
circuits for governing the motor magnet of
each register and including its set of keys

together with the terminals and brush of

said register, and circuits for governing
the motor magnet of the point finder com-
prising the contact devices of a plurality of
the registers, the finder brush and a division
of the point finder terminals.

8. In a telephone switching system, a se-

lecting apparatus having a movable con-
tact member and a series of terminals with
which it codperates, said series of terminals
cousisting of a plurality of groups, and a
controlling apparatus for said selecting ap-

aratus having manual means for starting
=

the movement of the contact member over
a series of terminals, and automatic means
for_determining the active codperation of
said eontact member with a particular group
in the series.” | S

9. In a telephone switching system, a se-
lecting apparatus having contact members
each movable over a series of terminals, each
of which series consists of a plurality of
non-decimal groups, and a controlling appa-

88

ratus comprising decimal keys whereby the
cobperation of a contact member of the se-

lecting apparatus with a series of terminals

is governed. and means governed by the po-
sition of an actuated key in its set for de-
termining the group in the series withwhich

70

active cooperation of the contact member _

shall be had.

10. In a telephone switching system a se-
lecting apparatus having contact members
each movable over a series of terminals, each
of which series consists of a plurality of
groups, a controlling apparatus comprising
keys, and a switching mechanism operable
under the influence of said keys and pro-
vided with a selection controlling contact de-
vice corresponding to a similar group in all
said series. .

11. In a telephone switching system, a se-
lecting apparatus, having contact members
each movable over a series.of terminals, each
of which series consists of a plurality of
non-decimal groups, a controlling apparatus

75
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85

comprising decimal keys, and a switching

mechanism operable under the inflience of
the keys and provided with selection con-
trolling’ contact” devices each corresponding
to a phurality of the series of terminals and
a contact device corresponding to a similar
group throughout said series. .

12. The combination with a selecting ap-
paratus having a brush, a motor magnet
therefor and a series of trunk line terminals
divided into groups and over which the
brush is moved, cireuit controlling means
associated with said selecting apparatus and
being under the influence of an clectrical

-condition of said terminals, and means for

rendering said ecircuit controlling means in-
effective” while the brush is traversing a
group of said series. ‘

13. The combination with a selecting ap-
paratus having a brush, a motor magnet
therefor and a series of terminals divided
into groups and over which the brush is

‘moved, a controlling apparatus for the se-

lecting apparatus, circuit controlling means
associated with the selecting apparatus and
operating independently of the controlling
apparatus' to determine a terminal upon
which the brush shall come to rest, and
means governed at said controlling. appara-
tus for rendering said cirenit controlling
means ineffective. R
14. The combination with a selecting ap-

paratus having a brush, a metér magnet.

therefor and a series of trunk line termi-
nals divided into groups and over which the
brush is moved, a controlling apparatus for
the selecting apparatus, a line relay gov-
erned at the controlling apparatus and in

-turn . controlling the ciremt’ of the motor

magnet, a test relay under the influence of
an ‘electrical condition at said terminals and
also governing said line relay, and a range
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relay governed at said controlling apparajus
and controlling said test velay.

15. The combination with a- selecting ap-
parvatus having a brush, a mobor magnet
therefor and a series of {runk lines termi-
nals divided into groups and over which the
brush is-moved, of a sender apparatus com-
prising decimal keys, a consact device, and

.a sclection-controlling mechanism provided

with non-decimally arranged terminals, the
position of both said contact device and said
mechanism being determined by the actu-
ation of said keys, a line velay governed at
the terminals of said mechanism and csntrol-
ling the circuit of said motor magnet, and a
relay for determining the terminal group
with which the brush shall actively codp-

“erate governed a¢ said contact device.

16. In a telephons system, the combina-

tion with line selecting apparatus, of a plu- -

ality of apparatus any one of which may
control selection, a switching mechanism

_movable in the operation of the system fo -

assume different circuit controlling positions,
said switching mechanism in one. position
rendering one controlling apparatus effec-
tive and in a plurality of other positions
bringing other controlling apparatus into
service.

17. In a telephone system, the combina-
tion with line selecting apparatus, of a plu-
rality of apparatus any one of which may
control selection, and a sequence switch as-
sociated with one controlling apparatus and
adapted to render one or another of said
controlling apparatus effective. i

18. In a teiephone system, the combina-
tion with. line selecting apparatus, of two
sender apparatus, a motor magnet included
in each sender apparatus, » switching mecha-
nism movable in the operation of a sender
apparatus into a nuuber of different posi-
tions, and circuits incliding the motor mag-
nets and contacts of the switching mecha-
nism. ‘ :

19. In a telephone system, the combina-
tion with line selecting apparatus, of two
sender apparatus, a motor magnet included
in each apparvatus, switching mechanisin
movable in the operation of one sender ap-
paratus into a number of different positions,
a eircuit including s normal contact of said
switching mechanism and one of the motor
magnets, and a circuit including a contact
of said switching mechanism in a plurality
of positions and the other motor magnet.

20. In a telephone line selecting system,

a_plurality of sender apparatus each pro-

vided with a sequence switch, said sequence
switches each having a motor magnet and a
set of cOntacts, and controlling ecircuits in-
cluding motor magnets at all the senider ap-
paratus and switch contacts at one sender
apparatus.

1,387,018
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us eaeh provided with s sequence
tch, said sequence switches having con-
s devices and motor magnets, the sequencs
itch motor megneh of one sender being
normally connected to the selecting appa-
rabus, and a cireuis to the selecting apparatus
from the other sequence switch motor mag-
net including 2 normally open contact of
the fivst-named sequence switch.

.22, In a telephone system, selecting ap-
paratus having sequence switches, two send-
ers for said selecting apparatus each pro-
vided with a sequencd switch, a circuit nor-
mally closed between the sequence switch of
one sender and those of the selecting appa-
ratedyand a circuit between the other sender
sequence switch and the selecting apparatus
sequence switches, said circuit being closed
upon the agtuation of the frst-named con-
troller sequence switch.

23. The combinatioh with telephone lins
selectors, of a plurality of operator’s con-
necting circuits, two operator’s sender de-
vices, a connecting circuit finder for each
sender device, one of said sender devices
being normally associated with said connect-
ing circuits through its finder, and means
made effective in the operation of said finder
for associating the other sender device with
the connecting circuits. :

24. The combination with telephone line
selectors, of a plurality of operator’s con-
necting cireuits, two operator’s sender de-
viees, and a connecting circuit finder for
each sender device provided with a sequence
switch, said sequence switch having circuit
controlling contacts and a motor magnet, the
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motor magnet of one of said finders being .

normally asseciated with said connecting
circuits through one of its contacts while
other of its contacts will join the sequence
switch motor magnet of the other finder to
the. connecting circuits.

25. In a telephone switching system, the
combination with selecting apparatus, of
controlling apparatus therefor, connecting
circuits for the selecting apparatus, and
finder mechanism having terminals at which
each of snid connecting cirenits is repre-
sented and a movable contact member co-

operating with, said terminals and jwhich’

may be joined to said controlling appatatus.

26. Tn a telephone switching system, the
combination with selecting apparatus, of
controlling apparatus therefor, connecting
cireuits for the selecting apparatus, finder
mechanism having terininals atwhich each
of the connecting circuits is represented and
a movable contact member codperating with
suid terminals and which may be joined to
said conivolling apparatus, means for
changing the electrical condition of a ter-
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minal when the corresponding corinecting’
circuit is put into use, and means whereby
the said contact member is started in its
movement and is stopped upon the electri-
cally changed terminal. ‘

27. In a telephone switching systein, the
combination with - selecting apparatus, of
connecting circuits, a sender device for con-
trolling the selecting apparatus at which
the connecting cireuits appear at terminals
arranged in groups, means for determining

the.position in its group of a terminal, of a:

connecting circuit-which has been put into
use, medns for determining the group in
which said terminal is situated, and means
for operatively assoctating the controlling
apparatus and connecting eireuit i accord.
ance with such determination.

28. The combination with telephone, Tine
selecting apparatus, of operators’ corftrol-
ling apparatus therefor, operators’ cord cir-
cuits, and cord finder mechanism associated
with said controlling apparatus. o

29. The -combination with telephone line
selecting apparatus, of operators’ control-
ling apparatus therefor, overators’ cord cir-
enits, and cord finder mechanism associated
with said. controlling apparatus and -at
which said cord circuits appear in groups.

30. A finder mechanism comprising cir-
cuit terminals arranged in groups, movable
contact members one for each group, means
actuated when the circuit of one of said

- terminals is busy for causing said contact
member to hunt for and to make connection

with such busy terminal, a sequence switch,
and means controlled by the connection so
made’ for causing said switch to make con-
nection with said contact member. = *

31. A finder mechanism for telephone
connecting circuits comprising circuiit ter-
minals arranged in groups, a movable con-
tact member for codperation with each
group, means for causing all said contact
members - to move together until one co-
operates with a busy terminal in its group,
and means for thereafter testing said con-
tact members in succession to select the one
codperating with the busy terminal.

32. The combination with telephone selec-

tors, of a controller and connecting circuits
for the selectors, and a finder for: operatively
associating said controller with a busy con-
necting cirenit and comprising automatic

‘switching: mechanism adapted to assume.a

number of successive positions to govern
the finder.

33. The combination with telephone selec-
tors, of a controller and connecting cireuits
for the selectors, and a finder for operatively
associating said controller with a busy con-
necting circuit, said finder comprising con-
necting circuit terminals, a codperating
contact member and a motor magnet for

said contact member, local circuits for said
finder and' circuits joining said finder to
said connecting circuits, and g sequence
switch for governing said circuits. ‘ :
3+. A finder mechanism for telephone
switching systems comprising a plurality of
groups of terminals, a set of brushes for eo-
operation with each group, each set includ-
Ing a test brush, means controlled through
a test brush for bringing a set of brushes
to rest upon busy terminals of a group, and
means for selecting the set
the busy terminals.
35. A finder mechanism- for telephone
switching systems comprising a plurality of
groups of terminals, a set of brushes for co-
operation with each group, each set includ-
ing a test brush, means controlled
a test brush for bringing a set of brushes to
rest upon busy terminals of g group, and
means also controlled through said test
brush: for selecting the set contacting with
the busy terminals. '
36. A finder mechanism for telephone
switching systems comprising a plurality of
groups of fixed terminals, a movable brush

for codperation with each group, meang for .

causing all of said brushes to come to vest
upon corresponding terminals in the groups,
and movable switching means having con-
tacts through which 'its own movement is
determined and other contacts for. render-
ing effective the brush codperating with a
busy terminal. Co '

37. A finder mechanism for telephone
switching systems comprising = plurality of
gronps of fixed terminals, a set of brushes

contacting with -
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for codperation with each group, each set -
including o test ‘brush, means controlled -

through a test brush for bringing a set of
brushes to rest upon busy terminals of a
group, and switching means having con-
tacts connected to -said test brush and other
contacts’connected to the companion brushes
of said sets. : :

38. A finder mechanism for telephone
switching systems comprising a plarality of
groups of fixed terminals, a set of brashes for
codperation with each group, each set includ-

ing a test brush, a test relay, and a sequence

switch provided with «. motor magnet con-
trolled by said test relay and having con-

tacts controlling the connection of said test’

3

relay to said test brushes.

39. In a controlling apparatus for elec-
trical line selecting systems the combination
with line designating devices, of a plurality
of selection controllers each adapted- to be
governed thereby, and means for switch-
ing said devices into operative relation to
any one of said controllers.

40. In a controlling apparatus for elec.
trical line select'ag systems the combination
with a set of line designating keys, of a plu-
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vality of gelection controllers each adapted
to be governed thereby, and racans for
switching said keys into operative relation
to any one of said controllers. R

41 In a conirolling apparatus Tor elec-
trical line selecting systems the combination
with line designating devices, of & plurality
of selection controllers each z»/ﬁapted to be
governed thereby, and automatic means for
switching said devices into -pperative rela-
tion to an idle one of said,controllers.

49. In. a controlling appapatus for elec-
trical line selecting systems the combination

. with a set of numeral keys, of a plurality of
15.

selection controllers each adapted to be gov-
erned thereby, one of siid controllers beifg
aormally in operative relation to said kéys
and automatic means for switching another
of said controllers into operative relation fo
said keys when the controller first taken is
busy. ’ T
43 A telephone exchange switching sys-
tem comprising liné switching apparatus, a
primary controlling apparatus for determin-
ing the- selection of a particular line,
plurality of secondary controlling appara-
tus -any one of which may be governed by
controlier. :

44. A telephone exchange switching sys-
tem -comprising line selecting apparatus, a
primary apparatus. adapted to be set man-
vally to control selection, and a plurality of

gutomatic secondary controlling apparatus

35

any one of which may be- governed by the
setting of the primary controller. .

45. Controlling means for telephone line
selecting ‘apparatus comprising a primary
apparatus 1ncluding manually - operable
mechanism upon which the designation of a
wanted line may be registered, and a plu-
rality of automatic secondary apparatus any

one of1which may coboperate with the pri-
mary apparatus to govern the selection. of
a wanted line independently of the other
secondary apparatus. .

46. A ‘telephone exchange switching sys-

and a-

1,397,018

tem comprising line selecting apparatus, a

“primary apparatus for controlling selection,

and a plurality of secondary conbrolling ap-
paratus having movable slements the travel
“of which may, be governed by the primary
coniroller. - - Sv L Te

47. Tn a switching system, a single pri-
_mary .apparatus having a. plurality of con-
trolling-sections, and a plurality of second:
ary apparatus any .one of which may be
goverped by .the, primarv apparatus and
eaclt,of which is provided with a pluraiity
of controlling sections. operable successively.

48. In b switching ‘system,; a_single pri-
mary apparatus having a plurality of eon-
trolling sections, dnd & plurality of second-
ary apparatus any one' of which may be
governed by all the sections of the primary
apparatus and each .of ‘which, is. provided
with a plurality: of controlling sections op-
erable successively. R o

49. A telephone exchangg/system compris-
ing switching apparatus, 'y single primary
appatatus for controlling the switching ap-
paratus, a plurality of secondary controlling
apparatus, and means for operatively asso-
clating the primary controlling apparatus
with an idle sxecondary apparatus. '

50. In a coi ‘rolling apparatus the com-
bination with “hn ‘gutomatically movable
transmitting mechanism,. of a plurality of
sets of registers any one of which may-con-
trol the movement of said mechanism, and
means for producing in' ofie’ of the sets of
vegisters a condition which will determine

which of said sets will be operative with:

snid transmitting mechanism irn setting up
a call. : o ‘

In witness wheréof, I, hereunto ‘subscribe
my name this sixth day of August A. D,
19509.

FRANK R. McBERTY.
Witnesses:

F. T. WOODWARD,
Epcar F. Brausien,
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