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AUTOMATIC TELEPHONE-EXCHANGE: 
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Application filed March 28, 1893, Serial No. 468,083, (No model.) 

To al., Luhon, it inctly concern: , 
Beit known that we, FRANKA. 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. Fig. 2 is a side elevation, part be 
ing broken a Way. Fig. 3 is a vertical cross 
section on line 33 of Fig. 1 looking to the 
left. Fig. 4 is a longitudinal section on line 
44 of Fig. 1 looking to the right. Fig. 5 is 
a detail, being a front elevation of the relay. 
Fig. 6 is a side elevation of the same. Fig. 7 
is a detail showing the detent which normally 
prevents reverse movement of the secondary 
carriage or circuit-closing device. Fig. 8 is 
a front elevation of the switchbox located at 
the substations, the covering being removed. 
Fig. 9 is a side elevation of the switch-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. 11 is a diagrammatic view of an exchange, 
a switch-box, and a telephone, showing the 
arrangement of the Wires. Fig. 12 is a sec 
tion on line 12 12 of Fig. 11. Fig. 13 is an 
enlarged detail of certain of the parts shown 

Fig. 14 is a diagrammatic view 
showing the connections between different ex 
changes at the central station, and Fig. 15 is 
a detail of part of the mechanism for operat 
ing the Secondary carriage or circuit-closing 
device. 
Our invention relates 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 objects of our invention are to provide 

a new and improved automatic telephone-ex 
change by means of which the operator may 
connect his instrument with any other instru 
ment in the system at will, to provide anim 
proved arrangement of the circuits whereby 
the number of Wires connected to each instru 

otherwise improve the construction and op 
eration of instruments of this class. We ac 
complish these objects as hereinafter speci 
fied and as illustrated in the drawings. 
That which we regard as new will be set 

forth in the claims. 
With our improved exchange a central 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 switch 
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 

ing drawings. 
12 indicates 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. Each contact-point is 
in electrical connection with a different Wire 
of the system. We prefer to arrange the con 
tact-points in ten rows, so that the decimal 
System may be used in making connections, 
beginning to number with the lower left-hand 
contact-point and numbering those in the 
left-hand OW 0, 1,” 2, 6. 3, “A,” 5, 
&c., the next row beginning with “10,’ the 
next with “20,’ and so on, by which arrange 
ment the location 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 button 17 rests upon any de 
sired contact-point the operator may connect 
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The arrangement of the circuit will be more 
fully hereinafter set forth. 
The secondary carriage or circuit-closing 

arm is movable transversely and longitudi 
nally of the board 13, it being mounted in a 
primary carriage 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. I 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 circuit 
closing arm to Ward the right-hand end of the 
board 13. 
The circuit-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 switchboard 14 and is 
normally held in contact 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. I and 3. 
The armature 37 is adapted to be depressed 

by an electromagnet 38, the poles of which 
are placed under such armature, the magnet 
3S being supported under the board 13 by a 
bracket 39, as best shown in Fig. 3. The ar 
rangement is such that when the magnet 38 
is active the armature 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. One end 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. By this con 
struction each time the poles of the magnet 
38 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 or more in 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 lower left-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 armature 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 

ets 47, supported by the board 13, which shaft 
extends under the frame 18, as best shown in 
Fig. 3. The shaft 46 is provided with an arm 
48, which is rigidly connected thereto, as best 
shown in Fig. 2. 

49 indicates a rod which is connected 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. By this 
construction by depressing the armature 44 
the shaft, 4.6 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 to the 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 
the arrow in Fig. 2, thereby turning the plate 
51 into contact with the bracket 52 and lift 
ing the forward portion of the circuit-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 30 will thereby be moved down 
Ward Out of engagement with the ratchet-bar 
29 and the circuit-closing arm will be free to 
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-closing arm and frame 18 
to move backward; but the 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 cir 

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.) The bar 58 carries a block 
59 near the pin 55, which block is provided 
with an inclined 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 bar 58. (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 
Said lug, thereby holding the bar 5S 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 the lug 60, thereby permitting 
the bar 58 to Swing 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 inclined surface of the block 59 when 
Such arm is in 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 

3 

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 circuit 
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 

75 

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 in a 
horizontal position, as shown in Fig. 4. The 
pallet 65 is adapted to engage the teeth of a 
ratchet-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 held in engagement 
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 to engage the next 
succeeding tooth of the ratchet-bar 70. 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 circuit-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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65, thereby permitting the return motion of 
the circuit-closing arm. 

100 indicates a weight placed upon the 
frame 18 to exert a downward 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 7S 79, connected 
by the usual bar 76. 
77 indicates a U-shaped permanent mag 

net, one pole of which is connected to the bar 
76, the other pole extending over the electro 
magnet 75 between the two spools. 

S0 indicates a rod pivotally mounted be 
tween standards Sl. 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. 

S4 indicates an arm the upper end of which 
is connected to the rod - S0, its lower end be 
ing bent over the standard S2 and extending 
downward, being held normally in a vertical 
position by a spring 98, as best shown in Fig. 
6. The arm S4 carries at its lower end points 
S586, 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. I and 5. The 
arrangement is such that by rocking the rod 
S0 the points S5 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 SS 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 3S. 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 
S4 through the bar S0. 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 bar to the 
pin 55. 
The course of the current is as follows: 

When the rod 80 is tilted to throw the point 
S5 into contact with the plate S7, the current 
from the battery 94 will flow through wire 93, 
electromagnet 3S, and Wire 91 to the plate 
87, thence through arm S4, rod S0, 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. 
S4 is tilted in the opposite direction, bringing 
the point S6 into contact with the plate SS, 

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 move the ratchet-bar 70 and circuit-closing 
arm 16 forward one space. When the button 
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 56, 
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 5S, 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 7S79 in one direction 
or the other, the direction in which the arma 
ture S3 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, 
as shown in Figs. S, 9, and 10, which keyboard 
is constructed as follows: 

102 indicates a base-lboard 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 
ducting material, such as vulcanized rubber, 
and is provided at its ends with plates 105 
106, preferably of brass. The lever 103 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. S. 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 112113. 
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114 indicates a battery which is connected and 10, by which arrangement the shaft 131 
by wires 115 116 to binding-posts 112113, as 
best shown in Fig. 11. 

117 indicates a connecting-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 
11S 119, arranged at opposite sides of the 
plate 105, as best shown in Fig. 8, the plate 
119 being insulated from the plate 117. At 
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 
Salme 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 123, 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 indicate 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 pivotally mount 
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 bears 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 crank-arm 136 and extends to the bottom 
of the keyboard, as best shown in Figs. S 

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, as best shown in Figs. 8 and 11. 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, asbest 
shown in Fig. 11. 
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149 indicates the armature of the magnet 
145, which 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. 8 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 153 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 indicates a spring mounted upon the 
support 110 near the pivot of the bar 153, 
which spring exerts an outward pressure upon 
the bar 153. By this construction when the 
parts are in the position shown in Figs. 9 and 
10 the tooth 152 of the lever 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 to the rock-shaft 131, the other 
end being adapted to project upward slightly 
beyond the pivot of the bar 153, against 
which it is adapted to bear when the shaft 
131 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 
I53 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. 

163 indicates a box or cover 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 104 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 relay74. 

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 a 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, 
but is 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 block 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 contact 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 
other in 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 light, throwing the pin S6 into contact 
with the plate 8S. To 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. By 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 bal 
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 
165167, 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 80 
in contact with the plate 88. As has been 
hereinbefore described, 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 S3 to tilt in the 
opposite direction from 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 circuit 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 five times. The operator would then 
be connected with telephone 35, and by ring 
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ing the usual alarm-bell the attention of the 
Operator at Substation 35 would be attracted in 
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 14716S 170 
172 to the button 17, thence along the line 
Wire Connected to telephone 35, thence 
through such telephone, and then to the 
ground. The current is prevented from short 
circuiting through plates 179 177 and wires 
178 and 176 by reason of the fact that the 
plates l77 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 the lower 
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 
rent from 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 1S. 170 168 147 
to electromagnet 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 
tion 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 
the appropriate contact-points of all the other 
eXchanges in the central station by a wire 182, 
which is connected 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 it. 
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 
lure it will be noted that the “O’ contact 
point of the exchange operated from substa 
tion No. 1 is connected to contact-points num 
bered “1” of exchanges Nos. 5 and 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 construction any tele 
phone in the system would be in position to 
be called up by other telephones only when 
the button 17 of its circuit 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 im 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 conducted 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 Sufi 
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 use in 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 is evident 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 switchboard, of a primary car 
riage movable in one direction, a secondary 
carriage carried by said primary carriage 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 described. 

5. In an electrical eXchange, the combina 
tion with a switchboard 14, and a series of 
contact-points arranged thereupon, of a mov 
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 switchboard, and a number of 
contact-points arranged thereupon, of a mov 
able primary carriage, a secondary carriage 
carried by said primary carriage and movable 
thereupon, a ratchet-bar carried 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 described. 

7. In an electrical exchange, the combina 
tion with a switchboard, 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 
ratchet-bar, devices for returning said pri 
mary carriage to its normal position, and 
means for moving said Secondary carriage in 
dependently of said primary carriage, Sub 
stantially as described. 

8. 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 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 al 
mature and projecting upward therefrom, 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 mag 
net 3S, and devices for cutting Said magnet 
into and out of circuit, substantially as de 
scribed. 

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 contact-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 said 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 3S, devices for cutting Said 
magnet into and out of circuit, 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 
ratchet-bar 29, substantially as described. 

10. In an electrical exchange, the combina 
tion with a switchboard, and a series of con 
tact-points thereupon, of a movable primary 
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carriage, a secondary carriage carried by said 
primary carriage and movable thereupon, de 
Vices for moving said Secondary carriage over 
Said contact-points, and mechanism for re 
turning said secondary carriage to its normal 
position, Said returning mechanism being a u 
tomatically thrown into operation whenever 
Said Secondary carriage is moved into a cer 
tain position on the switchboard, 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, mechanism 
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 an electrical 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 circuit-closing arm 
Over Said row of contact-points, an arm 53 
carried by Said pallet 30, an electromagnet 43, 
armature 44therefor, bar 45 connected to said 
armature 44 and 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, Substantially as described. 

13. In an electrical 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 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 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 mechanism for automatically 
cutting said magnet into circuit when the but 
ton carried by said circuit - closing arm is 
moved to a certain position, Substantially as 
described. 

14. In an electrical exchange, the combina 
tion with a switchboard, and 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 circuit, substan 
tially as described. 

15. In an automatic telephone-exchange, 
the combination with a switchboard, and a 
number of contact-points arranged thereupon, 
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 move said 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 
stantially as described. 

16. The combination with a switchboard, 
and contact-points arranged thereupon, of a 
frame 18, circuit-closing devices carried there 
by, ratchet-bar 70 carried by said frame, a . 
pivoted lever 66 mounted under said ratchet 
bar, a pallet 65 carried by said lever, a Spring 
holding said pallet in contact 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 circuit, substantially as de 
Scribed. 

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 circuit-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, means for throw 
ing said operating devices out of operation, 
pulleys 24 26, a cord 23 connected to said cir 
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cuit-closing arm and passing over Said pull 
leys, a counterpoise secured to said cord, all 
substantially as described. 

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 
switchboard, 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 circuit-closing arm, a 
pallet 30 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 circuit-closing 
arm and frame IS, and mechanism for re 
turning said circuit-closing arm and frame to 
their normal positions, substantially as de 
scribed. 

19. 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 
switchboard, 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 circuit-closing arm, a 
pallet 30 adapted to engage the teeth of said 
ratchet-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 
Said magnet to rock said shaft 46 to depress 
said pallet 30 and raise said circuit-closing 
arm and frame IS, mechanism for returning 
said circuit-closing arm and frame to their 
normal positions, and means for automat 
ically cutting said magnet 43 into circuit when 
the button carried by said circuit-closing arm 
is moved into a certain position, substantially 
as described. 

20. In an electrical exchange, the combina 
tion with a switchboard, contact-points ar 
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able over the surface of said Switchboard, a 
button carried thereby adapted to rest upon 
said contact-points, and devices for moving 
said circuit - closing arm over said switch 
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 with said 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 switchboard, 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 
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spring normally holding said bar 58 in elec 
trical connection with said plate 56, devices 
for holding said bar 58 out of contact with 
said contact-plate, and devices operated by 
said circuit-closing arm to release said bar 58 
when the circuit-closing arm assumes a cer 
tain position, whereby the circuit will be 
closed through said electromagnet, Substan 
tially as and for the purpose specified. 

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

anged thereon, a circuit-closing arm 16 mov- 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 described. 

23. In an 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 moving said 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, devices operated there 
by for moving said primary carriage longitu 
dinally and said secondary carriage trans 
versely of said switchboard, and a relay for 
cutting 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 cir 
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. In an electrical exchange, the combina 
tion. With a switchboard having a series of con 
tact-points arranged thereupon, a circuit-clos 
ing arm 16 movable longitudinally and trans 
versely over said switchboard, electromagnets 
3869, and devices operated thereby for mov 
ing said circuit-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 to Saidarmature, 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 
tromagnets 3869, 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 described. 

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 be con 
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. The combination with a swinging lever, 
contact-plates 105 106 carried at each end of 
said lever, an electric. battery having its poles 
connected respectively to said contact-plates, 
and means for swinging said lever in either 
direction, of a line-wire pole, contact-plates 
119 121 arranged opposite said plates 105106 
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 described. 

31. The combination with a plate 117, car 
rying contact-plates 118 120 at opposite sides 
thereof, contact-plates 119 121 arranged op 
posite said contact-plates 118120 respectively, 
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and means for grounding said plates 118120, 
of a swinging lever 103, contact-plates 105 
106 carried thereby, plates 109 ill 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 
said plates 119 121 with said line-wire pole, 
substantially as described. 
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32. The combination with a switchboard, 
having a number of contact-points, circuit 
closing devices movable into 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 circuit-closing devices, line-wire 
connecting said keyboard to said devices for 
operating said circuit-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 contact-points, 
an electrically-operated circuit-closing device 
movable into 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 
145, an armature 149 therefor, bar 150 carried 
by said almature, hinged bar 153 adapted to 
engage said bar liš0, a wire connecting said 
armature 149 to the line-wire 167, an electric 
battery, a switch for connecting said bar 153 
with the electric battery, whereby an electric 
current will be directed through said line-wire 
167, wire connecting electromagnet 145 with 
said line-wire 170, devices for automatically 
returning said circuit-closing device to its nor 
mal position when it assumes a certain posi 
tion, and devices operated thereby for short 
circuiting the current from said battery 
through said magnet 145, whereby the arma 
ture 149 Will be attracted and the ball 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 a relay 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 either 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 moving said plate 179 
into contact with said plate 177, thereby short 
circuiting the current through said magnet 
145, substantially as Specified. 

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 circuit, devices for 
automatically releasing said secondary car 
riage when it assumes a certain position, and 
mechanism for automatically cutting said in 
strument into circuit with said line-Wire When 
said secondary carriage is released, substan 
tially as described. 

36. In a system of electrical communication, 
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 circuit-closing device when in 
its normal position connecting its appropriate 
instrument with the other eXchanges at the 
central station, of devices located at the val 
rious substations for operating their respec 
tive circuit-closing devices at the central sta 
tion to make connection with other instru 
ments, and means whereby when any circuit 
closing device is moved from its normal posi 
tion the connection between the operator's in 
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 contact-points, a mov 
able primary carriage, a secondary carriage 
carried thereby and movable thereupon into 
contact with the different contact-points, Said 
primary carriage being movable in one di 
rection, and the secondary carriage being 
movable in another direction upon the pri 
mary carriage, and electrically-actuated mech 
anisms for moving said carriages in one di 
rection or the other, with a polarized relay 
for closing the circuit through the different 
carriage-operating mechanisms, and a device 
adapted 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. 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 
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 carriage, 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 
FOWS 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 described. 

42. 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, 
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 
rows equidistant apart, 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, substantially as 
described. 

44. In an electrical exchange, the combina 
tion with a Switchboard having 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, 
a pair of 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 equidistant apart, 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 
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tion to permit said carriages to return to nor 
mal position, substantially as described. 

46. In an electrical exchange, the combina 
tion with a switchboard 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 and 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. d 

47. In an electrical exchange, the combina 
tion with a switchboard, and a number of contact-points arranged in parallel straight 
rOWS equidistant apart, of a circuit-closing 
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 device 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 equidistant apart, of a cir 
cuit - closing 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 circuit - closing 
device, a pallet adapted to engage the teeth 
of said ratchet-bar to move said circuit-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 
circuit-closing device to its normal position, 
substantially as described. 

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 
points being in electrical communication with 
instruments in the system, and a series of 
exchanges in electrical connection with the 
remaining contact-point, of a circuit-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 move it into 
-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. In an electrical exchange, the combina- moved into a certain position, substantially Io 
tion with a switchboard, and a series of con- as described. 
tact-points thereupon, of a circuit-closing de- R. y- r 
vice movable into contact with said contact- FSANISROUIS T. 

5 points, means for operating Said circuit-clos- OfARLESj ERICKSON 
ing device to cause it to move into contact 
with the different contact-points, and means Witnesses: 
for automatically returning said circuit-clos- A. H. ADAMS, - 

JOHN L. JACKSON. ing device to its normal position when it is 

  


