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UNITED STATES

Patent OFFICE.

FRANK A. LUNDQUIST, JOHN ERICKSON, AND CHARLES J. ERICKSON; OF
LINDSBORG, KANSAS.

AUTOMATIC TELEPHONE-EXCHANGE: -

SPECIFICATION forming part of Letters Patent No, 616,714, dated December 27, 1898,

Application filed March 28,1893,

To all whom it may concern:

Beitknown that we, FRANK A. LUNDQUIST,
JOHN ERICKSON, and CHARLES J. ERICKSON,
citizens of the United States, residing at
Lindsborg, McPherson county, Kansas, have
invented a certain new and Improved Auto-
matic Telephone-Exchange, of which the fol-
lowing is a specification, reference being had

- to the accompanying drawings, in which—
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-in Fig. 3.

Figure 1 is a top or plan view of the ex-
change. ¥ig. 2 is a side elevation, part be-

ing broken away. Fig. 3is a vertical cross-
section on line 3 3 of Fig. 1 looking to the
left. Fig. 4 is a longitudinal section on line
4 4 of I‘w 1 lookmw to the right. Fig. 5is
a detail, bemcr a front elevamon of the relay
Fig. 6is a s1de elevation of thesame. Fig.7
is a detail showing the detent which normally
prevents reverse movement of the secondary
carriage or circuit-closing device. Fig. 8is
a front elevation of the switch-box located at
the substations; the covering being removed.
Fig. 9 is a side elevation of the switeh-box
looking to the left, one side being removed.
Fig. 10 is a side elevation of the switch-box
looking to the right, one side being removed.
Fig. 11isadiagrammatic view of an exchange,
a switeh-box, and a telephone, showing the
arrangement of the wires. Fig. 12 is a sec-
tion on line 12 12 of Fig. 11. FKig. 18 is an
enlarged detail of certain of the parts shown
Irig. 14 is a diagrammatic view
showing the connections between different ex-
changes at the central station, and Fig. 15is
a detail of part of the mechanism for operat-
ing the secondary carriage or circnit-closing
device.

Our invention reélates to instruments used
for automatically establishing an electric cir-
cuit between instruments located at different
points, and particularly to such instruments
used in connection with telephonic systems.

The objeects of our invention are to provide
a new and improved automatic telephone-ex-:
change by means of which the operator may
connect hisinstrument with any other instru-
ment in the system at will, to provide an im-
proved arrangement of the circuits whereby
the number of wires connected to each instru-
ment will be reduced to the minimum, and to

Serial No; 468,083, (No model.)

otherwise improve the construction and op:
eration of instruments of thisclass. We ac-
complish these objects as hereinafter speci-
fied and as illustrated in the drawings.

That which we regard as new will be sef
forth in the claims.

With our improved exchange a centml sta-
tion is provided in which are located ex-
changes equal in number to the number of
telephone -substations in the system, and each
exchange is connected by a wire to its appro-
priate substation and is also connected to
the other exchanges. Each substation is pro-

-vided with a telephone and a switch-box, and

by operating the keys or levers of any switeh-
box the exchange bearing the same number
may be operated to connect the operator’s
telephone to any other in the system.

‘We will now describe specifically the con-

struction of our Improved exchange -and.
‘switchboard by reference to the accompany-

ing drawings.

12indicates an exchange the parts of which
are mounted upon a suitable base-board 13.
The exchange is provided with a switchboard
14, which is provided with a number of con-
tact-points 15, arranged at regular distances
apart upon its surface, forming substantially
a rectangular figure. Kach contact-point is
in electrical connection with a different wire
of the system. We prefertoarrange the con-

tact-points in ten rows, so that the decimal

system may be nsed in making connections,
beginning to number with the lower left-hand
contact-point and numbering those in the
1eft handrow “O ” (‘1 » ‘(2 ” (t3 b2 “4 b4 " ’7
&e., the next row bevmnmw with “lO » the
next with €420, and so on, by which arrange-
ment the loca,tlon of any contact- -point may
be readily determined.

Connections are made through a secondary
carriage or circuit-closing arm 16, which car-
ries a button 17, adapted to be moved into
contact with any of the points 15. The op-
erator’s telephone is connected to the button
17 through the secondary carriage or circuit-
closing arm 16, and by moving such contact
device until the buttor 17 rests npon any de-
sired contact-point the operator may connect
his instrument with any other in the system.
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The arrangement of the circuit will be more
fully hereinafter set forth.

The secondary carriage or cirecuit-closing
arm is movable transversely and longitudi-
nally of the board 13, it being mounted in a
primary ecarriage or frame 18, which in the
construction here shown extends transversely
of the board 13, said frame constituting a cir-
cuit-closing carriage by which the contact de-
vice or circuit-closing arm is carried to dif-
ferent parts of the switchboard. The sec-
ondary carriage is movable longitudinally
upon the primary carriage, which is movable
longitudinally of the board 13, it being mount-
ed upon a rod 19, mounted upon rollers 20,
which rollers are supported in brackets 21,
rising from the board 13, as best shown in
Figs. 1 and 2.

The circuit-closing arm 16 is normally held
in such position that the button 17 will rest
upon the contact-point in the lower left-hand
corner of the switchboard by a counterpoise
22, supported by a cord 23, which is connect-
ed to the forward portion of the circuit-clos-
ing arm 16, as best shown in Fig. 1. The cord
23 passes over a pulley 24, supported by a
bracket 25, and a pulley 26, supported by a
bracket 27, which bracket 27 is carried by
the frame 18. The bracket 25 rises from the
board 13 to the left of the normal position of
the frame 18. By arranging the pulleys 24
26 as above described when the frame 18 and
circuit-closing arm 16 are free to move the
counterpoise will immediately cause them to
return to their normal position.

The frame 18 carries a sleeve 28, which is
adapted to engage the left-hand bracket 21
to limit the backward motion of the frame
18. For convenience the term “forward”
will be applied to movement of the ecircuit-
closing arm toward the right-hand end of the
board 13.

The cireuit-closing arm 16 carries on its
under side a ratchet-bar 29, as best shown in
Figs. 2 and 3. The teeth of the ratchet-bar
29 are adapted to be engaged by a pallet 30,
pivotally mounted upon a rod 31, arranged
under the ratchet-bar. The rod 31 is carried
by arms 32, carried by a rock-shaft 33, as best
shown in Figs. 3 and 13. The pallet 30 ex-
tends the length of the switechboard 14 and is
normally held in eontact with the teeth of the
ratchet-bar 29 by a spring 34, as best shown
in Fig. 13. The shaft 33 is rocked through
one of the arms 32 by means of a bar 35, which
is connected through a rod 36 to an armature
37, pivotally mounted upon the board 13, as
best shown in Figs, 1 and 3. .

The armature 37 is adapted tobe depressed
by an electromagnet 38, the poles of which
are placed under such armature, the magnet
38 being supported under the board 13 by a
bracket 39, as best shown in Fig. 3. Thear-
rangement is such that when the magnet 38
is active thearmature 37 will be drawn down-
ward, thereby rocking the shaft 33 and oper-
ating the pallet 30 to move the circuit-closing

616,714

arm in the direction indicated by the arrow
in Fig. 3, which direction will be hereinafter
referred to as “upward.”

‘When the magnet 38 becomes inactive, the
shaft 33 will be rocked in the opposite direc-

tion and the pallet 30 will be moved back-

ward to engage the next tooth of the bar 29
by means of a spring 40, mounted upon a rod
41, secured upon the board 13 in an inclined
position, as shown in Fig. 2. Oneend of the
spring 40 bears against a nut 42, carried by
the rod 41, the opposite end of the spring
bearing against the upper end of the bar 36,
as best shown in Figs. 2 and 3. DBy this con-
struction each time the poles of the magnet
3% are magnetized the circuit-closing arm will
be moved upward the space of one tooth of
the ratchet-bar 29. The teeth of the ratchet-
bar 29 are eleven ormorein number and they
are so spaced that each operation of the pal-
let 30 will move the button 17 upward into
contact with the next contact-point upon the
switchboard 14. To return the button 17 to
the lowerleft-hand corner of the switchboard,
the following apparatus is provided:

43 indicates a second electromagnet which
is arranged similarly to the magnet 38, being
supported by the bracket 39 under the board
13, the poles of the magnet projecting to the
surface of the board.

44 indicates an armatire pivotally mount-
ed upon the board 13 over the poles of the
magnet 43.

45 indicates a bar rigidly connected to the
armature 44 and projecting upward there-
from.

46 indicates a rock-shaft mounted in brack-
ots 47, supported by the board 13, which shaft
extends under the frame 18, as best shown in
Fig. 8. The shaft46 is provided with an arm
48, which is rigidly connected thereto, as best
shown in Fig. 2.

49 indicates a rod which is eonnected to the

‘bar 45 and passes through a slot in the arm 48.

50 indicates a collar secured upon the rod
49 and bearing against the arm 48. DBy this
construction by depressing the armature 44
the shaft 46 may be rocked. When the mag-
net 43 becomes inactive, the shaft 46 is re-
turned to its former position by a spring 99,
as best shown in Fig. 2.

51 indicates a plate which is centrally se-
curred upon the shaft 46.

52 indicates a bracket secured tothe under
side of the circuit-closing arm 16,near the but-
ton 17, which bracket is adapted to be en-
gaged by the plate 51 when the shaft 46 is
rocked in the direction indicated by the arrow
in Fig. 2. By this construction when the
armature 44 is moved downward into contact
with the poles of the magnet 43 the shaft 40
will be rocked in the direction indicated by
thearrow in Fig. 2, thereby turning the plate
51 into contact with the bracket 52 and lift-
ing the forward portion of the cireuit-closing
arm. At the same time the opposite edge of
the plate 51 will come into contact with an
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arm 53, which is connected to the pallet 30
and projects therefrom under the plate 51,
The pallet 50 will thereby be moved down-

ward out of engagement with the ratchet-bar

29 and the circuit-closing arm will be freeto
move down until the button 17 rests upon the
contact-point in the lower left-hand corner of
the switchboard. 'The object of raising the
circuit-closing arm is for the purpose of per-
mitting said circuit-closingarm and frame 18
to move backward; butthe way in which that
is effected will be more fully hereinafter set
forth. :

The upper edge of the plate 51, which lies
over the arm 53, is provided with a tooth 54,
which is adapted to engage the teeth of the
ratchet-bar 29, which tooth serves to prevent
reverse motion of the circuit-closing arm.

The magnet 43 is automatically cut into eir-
cuit by moving a pin 55 into contact with a
plate 56, carried by suitable supports 57, as
best shown in Fig. 1. The pin 55 is carried
by a rocking bar 58, mounted upon the board
13. (See Fig. 12.) Thebar 58 carries a block
59 near the pin 55, which block is provided
with an inelined edge, as shown in Fig. 1.

60 indicates a lug formed upon the bar
58, near its forward end, as shown in Figs. 1
and 12.

61 indicates a second locking bar pivotally
supported on the base, as shown in Fig.12,and
arranged at right angles to the bar 58, which
bar 61 is adapted to engage the lug 60 upon
the bar58. (See Fig.12.) The arrangement

is such that when the bar 58 is tilted to move.

the pin 55 out of contact with the plate 56 the
bar 61 will be thrown back by a spring 62 un-
til the end adjacent to the lug 60 bears against
saidlug, thereby holding the bar 58 back and
the pin 55 out of contact with the plate 56.
By moving the bar 61 in the direction indi-
cated by the arrow in Fig. 1 it will pass out
of contact with thelug 60, thereby permitting

the bar 58 toswing in the opposite direction,"

throwing the pin 55 into contact with the
plate 56. Such return motion of the bar 58
is accomplished by a spring 63, as shown in
Figs. 3 and 12.

The bars 58 and 61 are operated by the cir-
cuit-closing arm 16, which arm carries a de-
pending pin 64, which is adapted to engage
the ineclined surface of the block 59 when
such arm isin its normal position and to en-
gage the bar 61 to move it out of contact
with the lug 60 when such arm moves up-
ward beyond the tenth contact-point, As has
been hereinbefore stated, by closing the cir-
cuit through the pin 55 and plate 56 an elec-
tric current will be caused to flow through
the electromagnet 43, thereby causing said
magnet to attract the armature 44, throwing
the pallet 30 out of engagement with the
ratchet-bar 29. In practice this result is ac-
complished by moving the button 17 upward
one space beyond the tenth contact-point,
when the pin 64 will engage the bar 61 and
move it out of contact with the lug 60, per-

co

mitting the pin 55 to come into contact with
the plate 56. As soon as the pallet 30 is
thrown out of engagement with the rack-bar
29 the counterpoise 22 will pull the eircuit-
closing arm back to its normal position and
the pin 64 will engage the inclined surface of
the block 59, thereby rocking the bar 58 and
throwing the pin 55 out of contact with the
plate 56. The circuit-closing arm is moved
forward or longitudinally of the board 13 by
means of a pallet 65, carried by a lever 66,
which is pivoted at its lower end to a bracket

67, which extends through the board 13 and’

is rigidly secured thereto. The lever 66 car-

70

75

8o

ries at ‘its lower end an armature 68, which

is arranged opposite an electromagnet 69, sup-
ported at the under side of the board 13 ina
horizontal position, as shown in Fig. 4. The
pallet 65 is adapted to engage the teeth of a
ratcehet-bar 70, which extends longitudinally
of the board 13 and is connected at one end
to the frame 18, its other end being connected
to a bar 71, projecting from and secured to
the rod 19, as best shown in Fig. 1. The pal-
let 65 is normally held in contact with the
teeth of the ratchet-bar 70 by a spring 72, as
best shown in Figs. 4 and 15. 65* indicates
a stop which limits the movement of the pal-
let 65. 65° indicates a detent which engages
the rack 70 and prevents retrogressive move-
ment of the rack when it is in its normal po-
sition. The detent 65°is heldinengagement
with the rack 70 by a spring 65°, as shown in
Fig. 7.

73 indicates a spring which is secured to a
bracket 74, depending from the under side
of the board 13, which spring is connected by
a rod 75 to the lever 66 and operates to hold
the lever 66 normally in such position that
the armature 68 will be out of contact with
the poles of ‘the magnet 69, as best shown in
Fig. 4. The arrangement is such that when
the magnet 69 is active it will attract the ar-
mature 68, thereby moving the lever 66 in
the direction indicated by the arrow in Fig.
4 and causing the pallet 65 toengage the next
succeeding tooth of theratchet-bar70. When
the magnet 69 is cut out, the spring 73 oper-
ates to draw back the lever 66, thereby mov-
ing the ratchet-bar 70 the space of one notch,
and thereby moving the circuit-closing arm
16 forward an equal distance. The teeth of
the ratchet-bar 70 are spaced a distance equal
to the longitudinal distance which separates
the contact-points, by which arrangement at
each operation of the lever 66 the button 17
will be moved in a longitudinal or forward
direction into connection with the contact-
point of the next succeeding row of contact-
points.

To return the cireuit-closing arm to its nor-
mal position, the button 17 is moved to the
space beyond the uppermost row of contact-
points, as hereinbefore described, when the
lifting of the circuit-closing arm, hereinbe-
fore described, will raise the ratchet-bar 70
out of contact with the pallet 65 and detent
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G5%, thereby permitting the return motion of
the cireuit-closing arm.

100 indicates a weight placed upon the
frame 18 to exertadownward pressure there-
upon and secure better contact between the
button 17 and the contact-points 15.

74 indicates a relay,which is mounted upon
the board 13 and consists of an electromagnet
75, consisting of two spools 78 79, connected
by the usual bar 76.

77 indicates a U-shaped permanent mag-
net, one pole of which is connected to the bar
706, the other pole extending over the electro-
magnet 75 between the two spools.

80 indicates a rod pivotally mounted be-
tween standards 81 82, rising at opposite
sides of the magnet 75, as best shown in
Fig. 6.

83 indicates an armature rigidly secured
upon the rod 80 and extending over the poles
of the magnet 75.

84 indicates an arm the upper end of which
is connected to the rod- 80, its lower end be-
ing bent over the standard 82 and extending
downward, being held normally in a vertical
position by a spring 98, as best shown in Fig.
6. The arm 84 carries at itslowerend points
85 80, as best shown in Fig. 5, which points
are movable into contact with plates S7 88,
respectively, rigidly secured at the base of
the relay, as best shown in Figs. 1and 5. The
arrangement is such that by rocking the rod
80 the points 85 86 may be moved into con-
tact with the respective plates.

The circuits for operating the circuit-clos-
ing arm are arranged as follows: 89 indicates
a wire connecting the plate S8 with one end
of the wire which forms the electromagnet 69.
90 indicates a wire connecting the opposite
end of said coil with one end of the coil of
the magnet 38. 91 indicates a wire connect-
ing the opposite end of the coil of the mag-
net 38 to the plate 87. 92 indicates a wire
connecting the wire 90 with the plate 56. 93
indicates a wire connecting the wire 90 with
a battery 94. 95 indicates a wire connecting
the opposite end of the battery 94 to the arm
84 through the bar 80. 96 indicates a wire
connecting the wire 95 to one end of the coil
which forms the magnet 43. 97 indicates a
wire connecting the opposite end of said coil
to the bar 58 and through said Dbar to the
pin 55.

The course of the cnrrent is as follows:
When the rod 80 is tilted to throw the point
85 into contact with the plate 87, the current
from the battery 94 will flow through wire 93,
electromagnet 38, and wire 91 to the plate
87, thence through arm 84, rod 80, and wire
95 back to the battery. The magnet 38 will
therefore become magnetic and will attract
the armature 37, thereby actuating the pallet
30 and moving the circuit-closing arm 16 and
button 17 upward one space.
84 is tilted in the opposite direction, bringing
the point 86 into contact with the plate 88,

When the arm .

the current from the battery 94 will flow
through wires 93 90 to electromagnet 69,
thence through wire 89 to plate 88, thence
through arm 84 and rod 80 to wire 95, and
back to the battery. The magnet 69 will
thereby be magnetized, causing it to attract
the armature 68 and moving the pallet 65 into
engagement with the next tooth of the ratchet-
bar 70. As soon as the point 86 moves out
of contact with the plate 88 the spring 73 will
move and operate the lever 66, and will there-
by movethe ratchet-bar 70 and circuit-closing
arm 16 forward one space. When thebutton
17 is moved one space beyond the uppermost
row of contact-points, the pin 55 will be per-
mitted to move into contact with the plate 50,
as hereinbefore described, thereby permit-
ting the current from the battery 94 to flow
through wires 93 90 92 .to plate 56, thence
through pin 55, bar 58, and wire 97 to magnet
43, thence through wires 96 95 to the battery.
The magnet 43 will thereby be made magnetic,
and the operating mechanism will be thrown
out of operation, as has been hereinbefore
described, permitting the circuit-closing arm
to return to its normal position.

The swinging of the arm 84 is produced by
tilting the armature 83, which tilting is ef-
fected by causing a current of electricity to
pass through the spools 78 79 in one direction
or the other, the direction in which the arma-
ture 83 tilts being determined by the polarity
of the electromagnet 75.

The relay 74 is operated from a substation
by means of a keyboard or switchboard 101,
asshown in Figs. 8, 9,and 10, which keyboard
is constructed as follows:

102 indicates a base-board which supports
the different parts of the apparatus.

103 indicates a lever which is provided at
its center with a pivot 104, by means of
which it is mounted upon the board 102. The
lever 103 is made of some suitable non-con-
duetling material, such as vuleanized rubber,
and is provided at its ends with plates 105
106, preferably of brass. The lever 1035 is
normally held transversely of the board 102
by means of a plunger 107, which is held in
contact with the under surface of the lever
103 by means of a spring 108, as best shown
in Fig. 8. The plunger 107 has an extended
bearing-surface, by which construction when
the lever 103 is tilted the plunger 107 will
be moved backward and the spring 108 put
under tension.

109 indicates a spring brush or plate, one
end of which is secured upon a support 110,
carried by the board 102, the other end of
said plate bearing upon the inner end of the
plate 105. :

111 indicates a second plate similar to the
plate 109, which plate is similarly secured
upon the support 110 and bears upon the in-
ner end of the plate 106. The lower ends of
the plates 109111 are connected, respectively,
to binding-posts 112 113.

70

75

8o

85

90

95

100

105

I10

115

120

125

130



Io

15

25

30

35

40

45

. 50

55

6o

65

616,714 5

b

114 indicates a battery which is connected
by wires 115 116 to binding-posts 112 113, as
best shown in Fig. 11.

117indicatesa connectmg-plate, preferably
of brass or copper, which is mounted upon
the support 110 under the plates 109 111, as
best shown in Fig. 8. The plate 117 is U-
shaped and carries at one end contact-plates
118 119, arranged at opposite sides of the
plate 105, as best shown in Fig. 8, the plate
119 being insulated from the plate 117. Af
its opposite end the plate 117 carries contact-
plates 120 121, arranged at opposite sides of
the plate 106, the plate 121 being insulated
from the plate 117. The arrangement is such
that when the lever 103 is tilted in one direc-
tion the-plate 106 will come in contact with
the plate 120 and the plate 105 will at the
same time come into contact with the contact-
plate 119. When the lever 103 is tilted in
the opposite direction, the plate 105 will come
into contact with the contact-plate 118 and
the plate 106 will come into contact with the
contact-plate 121. The plate 117 is connected
by a wire 122 to a binding-post 128, which is
grounded by a wire 124, as best shown in
Fig. 11.

25 indicates a lever pivotally mounted at
one side of the board 102 and adapted to be
moved into engagement with the upper edge
of the lever 103 at one side of the pivot 104
to move said lever downward, throwing the
plate 105 into contact with the plate 118,

126 indicates a spring which bears against

‘the lever 125 and serves to hold it out of con-

tact with the lever 103, as best shown in Fig. 9.

127 indicates a second lever which is piv-
otally mounted at the opposite side of the
board 102 and is adapted to be moved into
contact with the opposite end of the lever 103
to move the plate 106 into contact with the
plate 120.

128 indicates a spring similar to the spring
126, which spring 128 serves to hold the lever
127 out of contact with the lever 103, as best
shown in Fig. 10.

130 129 mdmate contact-plates which are
mounted upon the board 102 in proximity to

each other, as best shown in Figs. 9 and 11.

131 indicates a rock-shaft plvotally monnt-
ed upon the support 110, which shaft extends
between the plates 129 130 and carries an arm
132, which is movable into contact with either
of the plates 129 130 by the rocking of said
shaft.

133 indicates a brush which bems against
one end of the shaft 131.

134 indicates a wire connecting the contact-
plate 119 with the plate 129.

135 indicates a wire connecting the plate
121 with the plate 119, as shown in Fig. 11.

136 indicates a crank-arm which is secured
upon one end of the rock-shaft 131, as best
shown in Fig. 10.

137 indicates a rod which is connected to

‘the erank-arm 136 and extends to the bottom

of the keyboard; as best shown in Figs. 8§

and 10, by which arrangement the shaft 131
may be rocked by operating the rod 137.

138 139 indicate guides or supports for the
rod 137,

140 indicates a telephone which is con-
nected by a wire 141 to a binding-post 142,
carried by the keyboard 101. The wire 141
is connected by a wire 143 to the plate 130, as
best shown in Fig. 11.

144 indicates a second wire of the telephone
140, the end of which wire is connected to
the binding-post 123, as best shown in Fig. 11.

145 indicates an electromagnet which is
mounted upon the board 102 above the rock-
shaft 131, asbestshownin Figs. 8and11. One
of the wires 146 of the magnet 145 is con-
nected to the brush 133, the other wire 147

of the magnet 145 being connected to a bind--

ing-post, 148, carried by the board 102, as best
shown in Fig. 11.

149 indicates the armature of the magnet
145, whieh armature is supported opposite
the poles of the magnet 145 by a lever 150,
which is pivoted upon the board 102, as best
shown in Figs. 9 and 10. The armature 149
is normally held out of contact with the poles
of the magnet 145 by a spring 151, which is
mounted upon the board 102 and is connected
to the lever 150, as best shown in Figs. § and
10. The lever 150 is provided at its free end
with a tooth 152, as best shown in Figs. 9
and 10.

153 indicates a bar, the lower end of which
is pivotally mounted upon the support 110 a
short distance above the rock-shaft 131. The
bar 155 is provided at its upper end with a
slot 154, adapted to receive the end of the le-
ver 150, as best shown in Fig. 10,

155 1nd1cates a spring mounted upon the
support 110 near the pivot of the bar 153,
whichspring exerts an outward pressure upon
the bar 153. By this construction when the
parts are in the position shown in Figs. 9and
10 the tooth 152 of thelever 150 will securely
hold the bar 153 in substantially a vertical
position. When the magnet 145 is active,
the armature 149 will be moved downward,
throwing the lever 150 downward and mov-
ing its tooth within engagement with the up-
per edge of the slot 154, when the elasticity
of the spring 155 will throw the bar 153 out-
ward and downward.

156 indicates a bar which is secured to the
bar 153 and projects at an angle thereto,
which bar 156 carries a ball 157, as shown in
Figs. 9 and 10.

The bar 153 is electrically connected to the
plate 119 by a wire 158, as best shown in Fig.
11, and the lever 150 is connected by a wire
159 to a binding-post 160. (Also shown  in
Fig. 11.)

161 indicates a lever, one end of which is
rigidly secured tothe rock-shaft 131, the other
end being adapted to project upwar d slightly
beyond’ ’ohe pivot of the bar 153, against
which it is adapted to bear when- the Shdft
151 is in the position shown in Figs. 9 and
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10—that is, when the arm 132 is in contact
with the plate 129. The rod 161 is insulated
from the bar 153 by a block 162 of insulating
material. By this arrangement when the bar
153 falls downward the lever 161 will also be
thrown outward and downward, rocking the
shaft 131 and moving the arm 132 into con-
tact with the plate 130.

163indicatesaboxorcover which is adapted
to inclose the working parts of the keyboard.
The levers 125 and 127 project through suit-
The bar
156 also projects through a slot 164 in the
cover, the ball 157 being on the outside there-
of. The object of the bar 156 and ball 157 is
to serve as a signal to indicate the position
of the bar 153. _

165 indicates one of the line-wires, which
wire extends from the binding-post 160 of
the keyboard to a binding-post 166 of the ex-
change, which binding-post 166 is connected
by a wire 167 to one of the wires of the relay 74.

168 indicates a second line-wire, which con-
nects the binding-post 148 of the keyboard
to a binding-post 169 of the exchange.

170 indicates a wire which connects the
binding-post 169 with a binding-post 171, also
carried by the board 13.

172 indicates & wire which connects the
binding-post 171 with the button 17.

173 indicates a wire which connects the
other end of the wire which forms the elec-
tromagnet of the relay 74 to a spring-plate
174, mounted upon the board 13. The free
end of the spring-plate 174 lies over a con-
tact-plate 175, mounted upon the board 13,
which plate 175 is grounded by a wire 176, as
best shown in Fig. 11. The spring-plate 174
is normally out of contact with the plate 175,
butis adapted to be moved into contact there-
with by downward pressure.

177 indicates a plate mounted upon the
board 13 and connected by a wire 178 to the
wire 176.

179 indicates a plate which is rigidly se-
cured upon one of the pivots of the armature
44, one end of said plate projecting over the
plate 177, the other end of said plate 179
projecting over the plate 174, as best shown
in Figs. 2 and 11.

180 indicates a non-conducting bloek which
is secured to the under side of the plate 179
over the plate 174, as best shown in Fig. 2.
The arrangement is such that by depressing
the armature 44 the block 180 will be moved
out of contaet with the plate 174 and the op-
posite end of the plate 179 will be moved
downward into contact with the plate 177.
By this arrangement the plates 177 179 will
be in electrical connection, while the plate
174 will be permitted to move out of contact
with the plate 175.

181 indicates a wire which connects the
plate 179 to the binding-post 171.

When the telephone at any substation is
not in use, the arm 132 on its keyboard is in
contact with the plate 130, and the button 17

of the circuit-closing arm. connected to such
telephone rests upon the ‘0” contact-point
at the lower left-hand corner of the switch-
board. The operator at any substation de-
siring to connect his instrument with any
otherin the system may do so by operating the
levers 125 127 in the following manner: Sup-
pose the number which he desired is ¢“35” and
that a current flowing along wire 167 in the
direction indicated by the arrow in Fig. 11
would cause the arm 84 of the relay to swing
to the right, throwing the pin 86 into contact
with the plate 88. 'T'o move the button 17 to
the contact-point connected to telephone 35,
it would be necessary to move it five points
upward and three points to the right, as indi-
cated upon the switchboard 14. DBy depress-
ing the lever 125 the lever 103 will be tilted,
moving the plate 105 into contact with the
plate 118 and the plate 106 into contact with
the plate 121. The current would then pass
from the ground over wires 124 122 to bar
117, thence through plates 118 105 to plate
109, thence through battery 114 in the direc-
tion indicated by the arrow in Fig. 11, thence
through wire 116 to plate 111, thence to con-
tact-plate 121, through wires 135 158 to bar
153, thence through lever 150 and wires 159
165 167, through the magnet 78 of the relay
74, thence through wire 173 to plate 174,
thence through contact-plate 175 and wire
176 to the ground, establishing a closed cir-
cuit through the electromagnet 78. The ar-
mature 83 will thereby be tilted, moving the
arm 84 to the right and bringing the pin 86
in contact with the plate 88. As has been
hereinbefore deseribed, this will close the cir-
cuit through the magnet 69 and move the cir-
cuit-closing arm 16 and button 17 one space
to the right, as shown in Fig. 11. Three op-
erations of the lever 125 will therefore move
the button 17 to the right three rows, and it
will then rest upon the contact-point con-
nected to telephone. By operating the le-
ver 127 the lever 103 will be tilted in the op-
posite direction, causing the current to flow
from the ground through wire 170, plates 175
174, wire 173 to the magnet 75 of the relay
74, flowing through the magnet in the opposite
direction to that which it did before, thence
through wires 167 165 159 to the lever 150,
thence through bar 153 and wire 158 to con-
tact-plate 119, thence through plates 105 109
to the battery 114, thence through plates 111
106 120 and wires 122 124 to the ground.
This will cause the armature 83 to tilt in the
opposite direction froim that in which it tilted
before, throwing the arm 84 to the left and
bringing the point 85 into contact with the
plate 87, thereby closing the cirecuit through
the magnet 38 and moving the circuit-closing
arm upward one point, as has been hereinbe-
fore described. In order to move the button
17 into contact with the contact-point con-
nected to telephone 35, the lever 127 would be
operated fivetimes. Theoperator would then
be connected with telephone 35, and by ring-
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ing the usual alarm-bell the attention of the
operatoratsubstation 35 would be attractedin
the usual manner. The current would then
pass from the ground over wires 124 144 to
telephone 140, thence over wires 141 143 to
contact-plate 130, thence through arm 132 and
brush 133 to wire 146, thence through electro-
magnet 145, thence through wires 147 168 170
172 to the button 17, thence along the line-
wire connected to telephone 35, thence
through such telephone, and ‘then to the
ground. Thecurrentisprevented from short-
circuiting through plates 179 177 and wires
178 and 176 by reason of the fact that the
plates 177 179 are at this time out of contact
with each other, as shown in Fig. 2.

To disconnect the telephones and to return
the button 17 to the contact-point at thelower
left-hand corner of the switchboard of the
calling subscriber, the rod 137 is operated to
move the arm 132 into contact with the plate
129. The lever 127 is then operated until the
button 17 passes beyond the uppermost row
of contact-points, when, as has been herein-
before described, the magnet 43 will become
active and will attract the armature 44, there-
by moving the plate 179 into contact with the
plate 177 and permitting the plate 174 to rise
out of contact with the plate 175. The cur-
rentfrom the battery 114 will thereby be short-
circuited and grounded over wire 176, the
course of the current being from the ground
over wires 176 178 to plate 177, thence to
plate 179, and through wires 181 170 1638 147
toelectromagnet 145, thence through wire 146
to arm 132, thence to plate 129, thence through
wire 134 to plates 119 105 109 to the battery
114, thence through plates 111 106 120 to the
ground through wires 122 124. The resist-
ance being thereby reduced, the intensity of
the current would be sufficient to cause mag-
net 145 to attract the armature 149, thereby
releasing the bar 153 and permitting the sig-
nal-ball 156 to fall, indicating that the but-
ton 17 has been returned to its normal posi-
tion upon the “0” contact-point at the lower
left-hand corner of the switchboard 14. The
operator’s telephone is then connected with
theappropriate contact-points of all the other
exchanges in the central station by a wire 182,
which is eonnected to the ¢“0” contact-point
of the operator’s exchange and to such ex-
changes, so that the operator at any other
substation can make connections with if.
The connections between the different ex-
changes at the central station are illustrated
in Fig. 14, wherein three exchanges are shown
connected to substations Nos. 1, 5, and 9, re-
spectively. From an inspection of said fig-
ure it will be noted that the ‘0 contact-
point of the exchange operated from substa-
tion No. lisconnected to contact-points num-
bered “1” of exchanges Nos. 5and 9. Similarly
the ““0” contact-point of exchange No. 5 is
connected to contact-points numbered ““5” of
exchanges Nos. 1 and 9, and in like manner
the ““0” contact-point of exchange No. 9 is

connected to No. 9 contact-point of exchanges
Nos. 1 and 5. By this constriction any tele-
phone in the system would be in position to
be called up by other telephones only when
the button 17 of its circunit-closing arm rested
upon the ‘“ 0” contact-point. When.any op-
erator connects his instrument with any other
in the system, other operators cannot connect
with him, and privacy of conversation is

thereby secured.

The falling of the bar 153 will throw the
lever 161 down and return the arm 132 into
contact with the plate 130, thereby leaving
the keyboard in its operative position, so that
a telephone connected to it can be cut into
circuit by other operators.

It will be seen that the electromagnet 145
is also in circuit with the battery 114 when
the arm 132 is in contact with the plate 129
and one of the levers 125 or 127 is operated;
but no appreciable amount of the current

will pass through the electromagnet, owing

to the greater resistance in that direction,
since the current passing from the electro-
magnet 145 would be condueted to the button
17 and thence through any line - wire with
which such button might then be in contact.
In certain cases, where such telephone line-
wire is very short, it may be necessary to use
a resistance-coil to keep the resistance sufii-
ciently high to prevent a sufficient quantity
of electricity from passing through the mag-
net 145 to cause it to attract the armature
149 when the arm 132 is in contact with the
plate 129.

Our invention includes, in the broadest
sense, the combination, in an automatic
switchboard, of a movable primary carriage
and a secondary carriage carried thereby and
movable thereupon to effect different connec-
tions, and in our broadest claims we do
not restrict ourselves to secondary carriages
which are movable angularly only, as a pri-
mary carriage bodily movable in a curved
path and carrying a secondary carriage mov-
able thereupon in a circular path or arranged
to rotate on the primary carriage would in-
volve our invention.

Although our improved exchange is in-
tended primarily for usein telephone systems,
it may be used in making electrical connec-
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tions for any other purpose to which it is

adapted.

Although we prefer to locate the ““0” con-
tact-point at the lower left-hand corner of the
switchboard, we do not wish to limit our-
selves to arranging such switchboard only in
that manner, as it isevident that the arrange-
ment of the contact-points may be varied
provided the movements of the circuit-clos-
ing arm are varied to correspond. It is also
obvious that many changes may be made in
details of construction, and we do not there-
fore wish to limit ourselves to the specific de-
vices used.

That which we claim as our invention, and
desire to secure by Letters Patent, is—
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1. In an electrical exchange, the combina-
tion with a switchboard, of a primary car-
riage, a secondary carriage carried by said
primary carriage and movable thereupon, a
series of contact-points adapted to be engaged
by said secondary carriage, and devices for
automatically operating said primary and sec-
ondary carriages to move the latter into con-
tact with any desired contact-point, substan-
tially as described.

2. In an electrical exchange, the combina-
tion with a switechboard, of a primary car-
riage movable in one direction, a secondary
carriage carried by said primary ecarriage and
movable thereupon at an angle to the direc-
tion of movement of said primary carriage, a
series of contact-points adapted to be en-
gaged by said secondary carriage, devices for
automatically operating said primary and sec-
ondary carriages to move the latter into con-
tact with any desired contact-point,and means
for returning said primary carriage to its nor-
mal position, substantially as described.

3. In an electrical exchange, the combina-
tion with a switchboard having a number of
contact-points arranged thereupon, of a pri-
mary carriage, a secondary carriage carried
by said primary carriage and movable there-
upon, a pair of electromagnets, mechanism
operated by said magnets for moving said
primary and secondary carriages, and means
for cutting said magnets into and out of cir-
cuit, substantially as described.

4. In an electrical exchange, the combina-

‘tion with a switchboard having a series of

contact-points arranged thereupon, of a pri-
mary carriage, a secondary carriage carried
by said primary carriage and movable there-
upon, mechanism for moving said secondary
carriage into contact with any desired con-

tact-point, and electrically-operated devices -

for throwing said operating mechanism out
of operation to permit said primary carriage
to return to its normal position, substantially
as deseribed.

5. In an electrical exchange, the combina-
tion with a switchboard 14, and a series of
contact-points arranged thereupon, of amov-
able primary carriage, a secondary carriage
carried by said primary carriage and mov-
able thereupon, whereby said secondary car-
riage may be brought into contact with any
desired contact-point, means for moving said
primary carriage over the surface of said
switchboard, and means for returning said
secondary carriage normally to contact with
the point at one of the corners of the switch-
board, substantially as described.

6. In an electrical exchange, the combina-
tion with a switehboard, and a number of
contact-points arranged thereupon, of a mov-
able primary carriage, a secondary carriage
carried bysaid primary carriage and movable
therenpon, a ratchet-bar earried by said pri-
mary carriage, a pallet adapted to engage the
teeth of said ratchet-bar to move said pri-
mary carriage over the switchboard, an elec-

tromagnet, mechanism for operating said pal-
let from said electromagnet, and means for
moving said secondary carriage on said pri-
mary carriage, substantially as desecribed.

7. In an electrical exchange, the combina-
tion with a switechboard, and a number of con-
tact-points arranged thereupon, of a primary
carriage, a secondary carriage carried by and
movable on said primary carriage, a ratchet-
bar carried by said primary carriage, a pallet
adapted to engage the teeth of said ratchet-
bar to move said primary carriage, an electro-
magnet, mechanism for operating said pallet
from said electromagnet, means for throwing
said pallet out of engagement with said
ratehet-bar, devices for returning said pri-
mary carriage to its mormal position, and
means for moving said secondary carriagein-
dependently of said primary carriage, sub-
stantially as described.

8. In an electrical exchange, the combina-
tion with a switehboard, and a number of eon-
tact-points arranged thereupon, of a cireuit-
closing arm, a button carried thereby and
adapted to rest upon said contact-points, said
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circuit-closing arm being movable over said .

switchboard to move said button into contact
with different contact-points, a ratchet-bar
29 carried by said circuit-closing arm, a rock-
shaft 33, arms 32 carried thereby, pallet 30
supported by said arms 32, electromagnet 38,
armature 37 pivotally mounted over the poles
of said magnet, a bar 36 connected to said ar-
mature and projecting upward therefrom, bar
35 connecting said bar 36 and one of said arms
39, a spring normally holding said armature
87 out of contact with the poles of the mag-
net 38, and devices for cutting said magnet
into and out of circuit, substantially as de-
seribed.

9. In an electrical exchange, the combina-
tion with a switchboard, and a number of con-
tact-points arranged thereupon, of a circuit-
closing arm, a button carried thereby and
adapted to rest upon said eontact-points, said
circuit-closing arm being movable over said
switchboard to move said button into contact
with different contact-points, a ratchet-bar
29 carried by said circuit-closing arm, a rock-
shaft 33, arms 32 carried thereby, pallet 30
supported by sald arms 32, an electromagnet
38, an armature 37 pivotally mounted over
the poles of said magnet, bar 36 connected to
said armature and projecting upward there-
from, bar 35 connecting said bar 36 and one
of said arms 32, a spring normally holding
said armature 37 out of contact with the poles
of the magnet 38, devices for cutting said
magnet into and out of cirenit, electromagnet
43, an armature therefor, means for cutting
said magnet 43 into and out of circuit, and
devices operated by said magnet 43 to move
the pallet 30 out of engagement with the
ratehet-bar 29, substantially as described.

10. In an electrical exchange, the combina-
tion with a switechboard, and a series of con-
tact-points thereupon, of a movable primary
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carriage, 4 secondary carriage carried by said
primary carriage and movablethereupon, de-
vicesfor moving said secondary carriage over
said contact-points, and mechanism for re-
turning said secondary carriage to its normal
position, said returning mechanism being au-
tomatically thrown into operation whenever
said secondary carriage is moved into a cer-

. tain position on the sw1tehboard substan-
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tially as described.

11. In an electrical exchange, the combina-
tion with a switchboard, and a series of con-
tact-points thereupon, of a movable primary
carriage, a secondary carriage carried by said
primary carriage and movable thereupon over
said contact-points, a ratchet-bar carried by
said primary carriage, a pallet adapted to en-
gage the teeth of said ratchet-bar, mechanisin
for operating said pallet to move said primary
carriage, devices operating to throw said
pallet out of engagement with said ratchet-
bar, said devices being automatically thrown
into operation whenever said secondary car-
riage is moved into a certain position, means
for returning said primary carriage to its nor-
mal position on the switchboard, and means
for moving said secondary carriage on said
primary carriage, substantially as described.

12. In anelectrical exchange, the combina-
tion with a switchboard, and a series of con-
tact-points arranged thereupon in substan-
tially a straight line, of a circuit-closing arm
movable over said row of contact-points, a
button carried thereby adapted to rest upon
said contact-points, a ratchet-bar carried by
said circuit-closing arm, a pallet 30 engaging
the teeth of said ratchet-bar and adapted to
be operated to move said circunit-closing arm
over said row of contact-points, an arm .53
carried by said pallet 30, an electromagnet 43,
armature 44 therefor, bar 45 connected to said
armature44and extending upward therefrom,
a shaft 46, an arm 48 connected thereto, a rod
49 connecting said bar 45 and arm 48, a plate
carried by said shaft 46 and projecting over
said arm 53, whereby by tilting said plate said
arm 53 and pallet 30 may be depressed, a
spring normally holding said plate out of op-
eration, and means for cutting said electro-
magnet into circuit, whereby its armature
will be attracted and the pallet 30 moved out
of engagement with the teeth of the ratchet-
bar, substanmally as described.

13 In an electrical exchange, the combina-
tion with a switehboard, and a series of con-
tact-points arranged thereupon in substan-
tially a straight line, of a circuit-closing arm
movable over said row of contact-points, a
button carried thereby adapted to rest upon
said contact-points, a ratchet-bar carried by
said eircuit-closing arm, a pallet 30 engaging
the teeth of said ratchet-bar and adapted tobe
operated to movesaid circuit-closing arm over
said row of contact-points, an arm 53 carried
by said pallet 30, an electromagnet 43, arma-
ture 44 therefor, bar 45 connected to said ar-
mature 44 and extending upward therefrom,

a shaft 46, an arm 48 connected thereto, a rod
49 connecting said bar 45 and arin 48, a plate
carried by said shaft 46 and projecting over
said arm 53, whereby by tilting said plate said
arm 53 and pallet 30 may be depressed, a
spring normally holding said plate out of op-
eration, and mechanism for antomatically
cutting said magnet into eircuit when the but-
ton carried by said circuit - closing arm is

moved to a certain position, substantially as’

described.

14. In an electrical exchanoe the combina-
tion with a switehboard, (md a series of con-
tact-points arranged thereupon, of a trans-
versely - movable frame, circuit-- closing de-
vices carried thereby, a ratchet-bar carried
by said frame, a pallet adapted to engage the
teeth of said ratchet-bar to move said frame
transversely, an electromagnet adapted to
move said pallet back into engagement with
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the next succeeding tooth, a spring for re- .

turning said pallet to its former position to
advance said frame, and means for cutting
said magnet into and out of eircuit, substan-
tially as desembed

15. In an automatic telephone- exchanwe
the combination with a switchboard, and a
number of contact-pointsarranged t-hereupon,

of a longitudinally-movable frame, circuit-

closing devices carried thereby adapted to be
moved into contact with said contact-points,
a ratchet-bar carried by said frame, a pallet
engaging the teeth of said ratchet-bar, means
for operating said pallet to movesaid frame,
means for lifting said frame out of engage-
ment with said pallet, and devices for return-
ing said frame to_ its normal position, sub-
stantmlly as described.

The combination with a switechboard,
and contact-points arranged thereupon, of a
frame 18,circuit-closing devices carried there-

by, ratchet-bar 70 carried Dby said frame, a .

pivoted lever 66 mounted under said ratchet-
bar, a pallet 65 carried by said lever, aspring
holding said pallet in eontact with the teeth
of said ratchet-bar, an armature carried by
said lever, an electromagnet arranged op-
posite said armature, a spring 73, connecting-
rod 75 connecting said spring 73 with said
lever 66, and means for cutting said magnet
into and out of cireuit, substantlally as de-

“seribed.

17. In an electrical exchange, the combina-
tion with a switchboard 14, having a series
of contact-points 15 arranged thereupon in
substantially rectangular form, of a frame 18
movable longitudinally of said switchboard,
a cireunit-closing arm 16 carried by said frame
and movable transversely of said switch-
board, a button carried by said circuit-clos-
ing arm and movable into contact with said
contact-points, means for moving said frame
18 longitudinally of said switchboard, means
for moving said circuit-closing arm trans-
versely of said switchboard, meansfor throw-
ing said operating devices out of operation,
pulleys 24 26, a cord 25 connected to said ¢ir-
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cuit-closing arm and passing over said pul-
leys, a counterpoise secured to said cord, all
substantially as desecribed.

18. In an electrical exchange, the combina-
tion with a switchboard and a series of con-
tact-points arranged thereupon in substan-
tially rectangular form, of a frame 18 mov-
able longitudinally of said switchboard, a
ratchet-bar carried thereby, a pallet engag-
ing the teeth of said ratchet-bar, mechanism
operating said pallet to move said frame 18
transversely, a circuit-closing arm carried by
said frame and movable transversely of said
switehboard, a button carried by said circuit-
closing arm and adapted to be moved into
contact with said contact-points, a ratchet-
bar 29 carried by said cireuit-closing arm, a
pallet 80 adapted to engage the teeth of said
ratchet-bar 29, an arm 53 carried by said
pallet 30, mechanism for actuating said pal-
let 30 to move said circuit-closing arm trans-
versely of the switchboard, a shaft 46, plate
51 mounted upon said shaft under said cir-
cuit-closing arm and projecting over said arm
53, an electromagnet 43, mechanism operated
by passing a current of electricity through
said magnet to rock said shaft 46 to depress
said pallet 30 and raise said ecircuit-closing
arm and frame 18, and mechanism for re-
turning said cireuit-closing arm and frame to
their normal positions, substantially as de-
seribed.

19. Inan electrical exchange, the combina-
tion with a switehboard and a series of con-
tact-points arranged thereupon in substan-

tially rectangular form, of a frame 18 mov-

able longitudinally of said switechboard, a
ratehet-bar carried thereby, a pallet engag-
ing the teeth of said ratchet-bar, mechanism
operating said pallet to move said frame 18
transversely, a circuit-closing arm ecarried by
said frame and movable transversely of said
switehboard, a button carried by said eireuit-
closing arm and adapted to be moved into
contact with said contact-points, a ratchet-
bar 29 carried by said circuit-closing arm, a
pallet 80 adapted to engage the teeth of said
ratehet-bar 29, an arm 53 carried by said pal-
let 30, mechanism for actuating said pallet
30 to move said circuit-closing arm trans-
versely of the switchboard, a shaft 46, plate
51 mounted upon said shaft under said cir-
cuit-closing arm and projecting over said arm
53, an electromagnet 43, mechanism operated
by passing a current of electricity through
sald magnet to rock said shaft 46 to depress
said pallet 80 and raise said cireuit-closing
arm and frame 18, mechanism for returning
said eircuit-closing arm and frame to their
normal positions, and means for automat-
ically cuttingsaid magnet 43 into circuit when
the button carried bysaid circuit-closing arm
ismoved intoa certain position, substantially
as described. '

20. In an electrical exchange, the combina-
tion with a switchboard, contact-points ar-
ranged thereon, a circuit-closing arm 16 mov-
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able over the surface of said switchboard, 4
button carried thereby adapted to rest upon
said contact-points, and devices for moving
said circuit- closing arm over said switeh-
board, of an electromagnet 43, devices oper-
ated by said magnet to throw said devices for
operating said circuit-closing arm out of op-
eration, a bar 58, contact-plate 56, said bar
58 being adapted to be moved into electrical
connection with said contact-plate, a wire
connecting said bar 58 with said electromag-
net, an electric battery, a wire connecting
said battery withsaid contact-plate 56, a wire
95 connecting said battery with said electro-
magnet 43, and means for moving said bar
58 into contact with said plate 56, whereby
the circuit will be closed through said mag-
net 43, substantially as and for the purpose
specified.

21. In an electrical exchange, the combina-
tion with a switchboard 14 having a series of
contact-points 15 arranged thereupon,a trans-
versely-movable circuit-closing arm 16, and
mechanism for moving said circuit - closing
arm over the surface of said switechboard, of
an electromagnet 43, devices operated there-
by to release said circuit-closing arm to per-
mit of its being returned to its normal posi-
tion, a rocking bar 58, wire 97 connecting
said bar 58 with said electromagnet, contact-
plate 56 arranged opposite said bar 58, an
electric battery, a wire connecting said con-
tact-plate with said battery, a wire connect-
ing said battery with said electromagnet, a
spring normally holding said bar 58 in elec-
trical connection with said plate 56, deviees
for holding said bar 58 out of contact with
said contaci-plate, and devices operated by
said ecircuit-closing arm to release said bar 58
when the circuit-closing armn assumes a cer-
tain position, whereby the ecircuit will be
closed through said electromagnet, substan-
tially as and for thé purpose specified.

22. In an electrical exchange, the combina-
tion with a switechboard, a series of contact-
points arranged thereupon, a circuit-closing
arm movable longitudinally and transversely
over said switechboard, a pin 64 carried by
said cirecuit-closing arm, and mechanism for
moving said circuit - closing arm over said
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switchboard, of an electromagnet, devices

operated thereby for releasing said circuit-
closing arm to permit of its being returned
to its normal position, a rocking bar 58, hav-
ing a lug 60, a block 59 mounted upon said
bar 58, a pin 55 carried by said bar 58, con-
tact - plate 56 arranged opposite said pin, a
spring normally holding said pin 55 in con-
taet with said contact-plate 56, a rocking bar
61 adapted, to engage said lug 60 to hold said
bar 58 normally in such position that the pin
55 will lie out of contact with the plate 56,
said pin 64 being adapted to engage said bar
61 when the circuit-closing arm arrives at the
limit of its transverse movement, to move
said bar 61 out of contact with the lug 60 and
permit the pin 55 to come into contact with
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the plate 56, a wire connecting said bar 58
with said magnet 43, an electric battery, a
wire connecting said plate 56 with said bat-
tery, and a wire connecting said battery with
said magnet 43, substantially as deseribed.
23. Inan electrical exchange, the combina-
tion with a series of contact-points, a movable
primary carriage, and a secondary carriage
carried by said primary carriage and movable
thereupon into contact with said contact-
points, of electromagnetic devices for operat-
ing said carriages; a polarized relay control-
ling the operation of said electromagnetic de-
vices, and a key adapted.-to be located at a
substation for controlling the polarity of the
current which operates said relay, whereby
the primary or secondary carriage may be
moved at the will of the operator, substan-
tially as described. ,
24. In an electrical exchange, the combina-
tion with a switchboard, and a series of con-
tact-points arranged thereupon, of a movable
primary carriage, and a secondary carriage
carried thereby and movable thereupon over
said contact-points, an electromagnet, devices

‘operated thereby for movingsaid primary car-

~ riage, a relay for operating said electromag-
-net, and means for moving said secondary
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carriage, substantially as described.

25. In an electrical exchange, the combina-
tion with a switchboard, and a series of con-
tact-points arranged thereupon, of a primary
carriage arranged to move longitudinally, a
secondary carriage carried thereby and ar-
ranged to move transversely of said switch-
board, electromagnets,devicesoperated there-
by for moving said primary carriage longitu-
dinally and said secondary carriage trans-
versely.of said switchboard, and a relay for
cufting said magnets into and out of circuit,
substantially as described.

26. In an electrical exchange, the combina-
tion with a series of contact-points, and a eir-
cuit-closing device movable in two directions
over said contact-points, of electromagnets
for operating said circuit-closing device, a re-
lay for closing the circuit through said elec-
tromagnets, said relay being operated by the
polarity of the current, and means for direct-
ing a current of electricity through said re-
lay in either direction, substantially as de-
scribed. ,

27. Inan electrical exchange, the combina-
tion with a switchboard having aseries of con-
tact-pointsarranged thereupon, a circuit-clos-
ing arm 16 movable longitudinally and trans-
versely oversaid switechboard, electromagnets
38 69, and devices operated thereby for mov-
ing said cireunit-closing arm over said switch-
board, of a relay 74, said relay consisting of

an electromagnet 75 and a permanent magnet.

77, armature 83 mounted over the poles of said
electromagnet 75 and under one pole of said
permanent magnet, a swinging arm 84 con-
nected tosaid armature, contact-plates adapt-
ed to be engaged by said arm 84, one of said
contact-plates being connected to the electro-

magnet 38 and the other being connected to
the electromagnect 69, an electric battery,
wires connecting said battery with said elec-
tromagunets 33 69, a wire connecting said bat-
tery with said swinging arm, and means for
passing an electric current through the elec-
tromagnet 75 of the relay 74 in either direc-
tion, substantially as deseribed.

28. In an electrical exchange, the combina-
tion with a series of contact-points,a movable
primary carriage, and a secondary carriage
carried thereby and movable thereupon into
contact with the different contact-points,said
carriages being adapted to be operated by
currents of different polarity, of keys, a line-
wire connecting the switchboard with said
keys, and devices operated by said keys for
directing a current over said line-wire in
either direction whereby the operation of said

primary and secondary carriages may becon-.
“trolled at the will of the operator, substan-

tially as described.

29. The combination, in an electrical ex-
change, of a series of contact-points, a mov-
able primary carriage, and a secondary car-
riage carried thereby and movable thereupon
into contact with said contact-points, with
devices operated by currents of different po-
larity for operating said carriages, means, as
an electric battery, for supplying a current
of electricity, a keyboard, two keys mounted
thereupon, a line-wire connecting said key-
board with said devices for operating the
primary and secondary carriages, and means
whereby either pole of said battery may be
connected to said line-wire by operating one
or the other of said keys, whereby the current
may be directed in either direction through
said line-wire, substantially as described.

30. Thecombination with a swinging lever,
contact-plates 105 106 carried at each end of
said lever, an electric.battery havingits poles
conneeted respectively tosaid contact-plates,
and means for swinging said lever in either
direction, of a line-wire pole, contact-plates
119 121 arranged opposite said plates 105 106
in a position to be engaged by said plates
when said lever is swung in one direction or
the other, said contact-plates 119 121 being

in electrical connection with said line-wire

pole, whereby by swinging said lever either
pole of said battery may be connected with
said line-wire pole, and means for grounding
the disconnected pole of the battery, sub-
stantially as deseribed. :

31. The combination with a plate 117, car-
rying contact-plates 118 120 at opposite sides
thereof, contact-plates 119 121 arranged op-
positesaid contact-plates 118120 respectively,
and means for grounding said plates 118 120,
of a swinging lever 103, contact-plates 105
106 carried thereby, plates 109 111 adapted
to connect said plates 105 106 with the poles
of a battery, means for swinging said lever
103, a line-wire. pole, and wires connecting
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32, The combination with a switchboard,
having a number of contact-points, circuit-
closing devices movableinto contact with said
contact - points, and electrically - operated
mechanism for moving said circuit-closing de-
vices into contact with said contact-points, of
a keyboard, a line-wire connecting said key-
board to said eircuit-closing devices, line-wire
connecting said keyboard to said devices for
operating said eircuit-closing devices, means
for directing an electric current through said
last-mentioned line-wire for operating said
circuit-closing devices, means for automat-
ically returning said circuit-closing devices
to their normal position when they assume a
certain position, and devices operated there-
by to cut off the current from said devices for
operating said circuit-closing devices, sub-
stantially as specified.

33. In an electrical exchange system, the

“combination with a series of conmct -points,

an electrically-operated cireuit-closing device
movableinto contact with said contact-points,
and means for operating said circuit-closing
device, of a keyboard, a line-wire 170 con-
necting said circuit-closing device to said key-

board, line-wire 167 connecting said operat-

ing device to said keyboard, an electromagnet
143, an armatuare 149 therefor, bar 150 carried
by said armature, hinged bar 153 adapted to
engage said bar 150, a wire connecting said
armature 149 to the line-wire 167, an electric
battery, a switeh for connecting said bar 153
with the electriec battery,whereby an electric
currentwill be directed through said line-wire
167, wire connecting electromagnet 145 with
said line-wire 170, devices for automatically
returning said circuit-closing device toits nor-
mal position when it assumes a certain posi-
tion, and devices operated thereby for short-
cu'cnltmfr the current from said battery
through szud magnet 145, whereby the arma-
ture 1-19 will be attmeted and the bar 153
thereby released, cutting out line-wire 167,
substantially as described.

34, In an electrical exchange system, the
combination with a switchboard having a se-
ries of contact-points, a circuit-closing arm
movable over said switchboard, electromag-
nets for moving said circuit-closing arm, an
electromagnet 43, devices operated thereby
for returning said circuit-closing arm to its
normal position when it assumes a certain po-
sition, and arelay 74, of a keyboard, line-wire
170 connecting said circuit-closing arm with
said keyboard, line-wire 167 connecting said
relay with said keyboard, an electric battery
connected to said keyboard, means for con-
necting said line-wire 167 with éither pole of
said battery, an electromagnet 145, devices
operated thereby for cutting out said line-
wire 167, said electromagnet 145 being in cir-
cuit with said line-wire 170, plates 177 179,
said plate 177 being connected to the ground
and said plate 179 being connected to said
line-wire 170, and devices operated by said
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electromagnet 43 for moviing said plate 179
into contact with said plate 177, thereby short-
circuiting the current through said magnet
145, substantlally as speclﬁed

35. In an electrical exchange system, the
combination with a series of contact -points;
an electrically-operated movable primary car-
riage, a secondary carriage carried thereby
and movable thereupon into connection with
said contact-points, and mechanism for op-
erating said primary and secondary carriages,
of devices located at a substation for operat-
ing said primary and secondary carriages,
an instrument—as a telephone—located at
said substation, a line-wire connecting said
instrument with said secondary carriage and
with other exchanges, means for cutting said
instrument into or out of cireuit, devices for
automatically releasing said secondary car-
riage when it assumes acertam position, and
mechanlsm for automatically cutting said in-
strumentinto cirenit with said line-wire when

said secondary carriage is 1'eleased substan-
tially as described.

36. Inasystem of electrical communiecation,
the combination with a number of instru.
ments located at substations, a corresponding
number of exchanges located at a central sta-
tion, and a circuit-closing device connecting
each of said instruments with its appropriate
exchange, said cirenit-closing device when in
its normal position connectingits appropriate
instrument with the other e\chfmfres at the
central station, of devices ]ocated at the va-
rious substations for operating their respec-
tive circuit-closing deviees at the central sta-
tion to make connection with other instra-
ments, and means whereby when any eircuit-
closing device is moved from its normal pom-
tion the connection between the operator’sin-
strument and the other exchanges, except the
one with which he makes special connection,
will be broken, substantially as described.

37. The combination, in an electrical ex-
change, of a series of conbaet -points, a mov-
able primary carriage, a secondary carriage
carried thereby and movable thereupon 1111;0
contact with the different contact-points, said
primary carriage being movable in one di-
rection, and the seeonddry carriage being
1novable in another direction upon the pri-
mary carriage,and electr ically-actuated mech-
anisms for moving said ecarriages in one di-
rection or the other, with a polamzed relay
for closing the circuit through the different
carriage- opemtmo mechambms, and a device
addpted to be located at a substation for di-
recting a positive or a negative electric cur-
rent through said relay at will, so that either
of said operating mechanisms may be actu-
ated and either of said carriages be moved at
will, substantially as described.

38. In an electrical exchange, the combina-
tion with a switchboard and a series of con-
tact-points arranged in a plurality of rows,
of a movable carriage and a second carriage
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mounted on the first-named carriage and
movable at right angles thereto in contact
with either of said contact-points, substan-
tially as described.

39. Inan electrical exchange, the combina-
tion with a switchboard and a series of con-
tact-points arranged in a plurality of rows, of
a movable carriage, and a second carriage
mounted on the first-named carriage and
movable into contact with either of said con-
tact-points, substantially as described.

40. In an electrical exchange, the combina-

tion with a switchboard, and a series of con-
tact-points arranged in a plurality of rows, of
a movable earriage, a second carriage mount-
ed on the first-named carriage and movable
at an angle into contact with either of said
contact-points, substantially as described.

41. In an electrical exchange, the combina-
tion with a switchboard and a plurality of
contact-points arranged in parallel straight
rows equidistant apart, of a movable carriage,
and a second carriage mounted on the first-
named carriage and movable at right angles
thereto into contact with either of said con-
tact-points, substantially as deseribed.

42, Inanelectrical exchange, the combina-
tion with a switchboard and a plurality of
contact-points arranged in parallel straight
rows equidistant apart, of a movable carriage,
a second carriage mounted on the first-named
carriage and movable at right angles thereto,
and devices for automatically operating said
carriages to make contact with either of said
contact-points, substantially as described.

43. In an electrical exchange, the combina-
tion with a switchboard and a plurality of
contact-points arranged in parallel straight
rowsequidistantapart, of a movable carriage,
a second carriage mounted on the first-named
carriage and movable at right angles thereto,
devices for automatically operating said car-
riages to make contact with either -of said
contact-points, and means for returning said
carriages to normal position, substantmlly as
deserlbed

44, In anelectrical e‘{chanoe the combina-
tion with a switehboard havmo a plurality of
contact-points arranged in pamllel straight
rowsequidistantapart, of a movable carriage,
a second carriage mounted onthe first-named
carriage and movable at right angles thereto,
a pairof electromagnets, mechanism operated
by said magnets for moving said carriages
into contact with either of said contact-points,
and means for cutting said magnets into and

~out of circuit, substantially as described.

45, In an electrical exchange, the combina-
tion with a switchboard having a plurality of
contact-points arranged in parallel straight
rows equidistantapart, of a movable carriage,
a second carriage mounted on the first-named
carriage and movable at right angles there-
to, mechanism for moving said carriages into
contact with either of said contact-points, and
electrically - operated mechanism for throw-
ing said operating mechanism out of opera-

138

tion to permit said earriages to return to nor-
mal position, substantially as deseribed.

46. In an electrical exchange, the combina-
tion with a switechboard having a plurality of
contact-points arranged in parallel straight
rows equidistant apart of a movable car-
riage, a second carriage mounted on the first-
named carriage aud movable at right an-
gles thereto, whereby said carriages may be
brought into contact with either of said con-
tact-points, means for moving said carriages
over the surface of said switchboard, and
means for returning said carriages normally
to contact with the point at one of the cor-
ners of the switchboard, substantially as de-
scribed. .

In an electrical exchange, the combina-
tlon With a switchboard, and a number of
contact-points arranged in parallel straight
rows equidistant apart of a circuit- closmq
device comprising a movable carriage and a
second carriage mounted on the first-named
carriage and movable at right angles thereto,
a ratchet-bar carried by said circuit-closing
device; a pallet adapted to engage the teeth
of said ratchet-bar to move said circuit-clos-
ing deviee over the switchboard, an electro-
magnet, and mechanism for operating said
pallet from said electromagnet, substantially
as described. _

48. In an electrical exchange, the combina-
tion with -a switchboard, and a number of
contact-points arranged thereupon in par-
allel straight rows eqmdlstant apart, of a cir-
cuit- closmfr device comprising a carriage
movable over said switchboard and a sec-
ond carriage mounted on the first-named car-
riage and movable at right angles thereto, a
ratchet bar carried by said (311’011113 closing
device, a pallet adapted to engage the teebh
of said ratechet-bar to move said oircuit—clos-
ing device over the switchboard, an electro-

magnet, mechanism for operating said pallet

from said electromagnet, means for throw-

ing said pallet out of engagement with said
ratchet-bar, and devices for returning said

cireuit-closing device to its normal position,
substantially as deseribed.

49. In a system of electrical communica-
tion, the combination with an exchange con-
sisting of a switchboard having a series of
contact-points, all but one of said contact-
pointsbeing inelectrical communication with
instruments in the system, and a series of
exchanges in electrical connection with the
remaining contact-point, of. a cireuit-closing
device adapted normally to be in electrical
communication with the latter contact-point,
an instrument electrically connected to said
circuit-closing device, and means for operat-
ing said circuit-closing device to moveitinto

-contact with the different contact-points,

whereby when said circuit-closing device is
moved out of its normal position the instru-
ment permanently connected thereto will be
cut out from all other exchanges, substan-
tially as described.
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50. Inan electrical exchange, the combina-
tion with a switechboard, and a series of con-
tact-points thereupon, of a circuit-closing de-
viee movable into contact with said contact-
points, means for operating said ecireunit-clos-
ing device to cause it to move into contact
with the different contact-points, and means
for antomatically returning said cireuit-clos-
ing device to its normal position when it is

moved into a certain position, substantially 1o
as described.

FRANK A. LUNDQUIST.
JOHN ERICKSON.
CHARLES J. ERICKSON.

Witnesses:
A. H. Apams,
JouxN L. JACKSON.




