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- ation performed, is therefore in accordance w1th

18 Claims :

The present mventmn relate in genera1 to au-
tomatic . sw1tch1ng systems, and ‘more .in partic-

ular to such- switching systems as include an im-

pulse sender or calling device at a control _stat-
tion, & .line extending to a distant switching sta-

tlon or. exchange, and. one or more automatic
sw1tches at the latter. poink which are selectlvely

controlled over the line-by. the .calling device at -

the control station.

An example of such a swrtchmg system is an
automatic telephone system, in which each sub-
scriber’s line is provided with' a calling device at
the - subscrlbers ‘telephone, and in which ‘auto-
matic switches are- prov1ded at.the exchange for
- the purpose of establishing telephohe connections
under subscrlber control..- For.  convenience,
therefore, the 1nvent1on is: illustrated and de-
seribed . herein .as a. simple form of automatic
telephone system. It is not hmlted to such use,

however, but may be employed in a -variety. of

situations. where ‘it .is desired to effect selectlve
action under remote control. .-

The -main featlre of the 1nvent10n is the novel
principle in accordance with which the selecting
operation is controlled. ' In automatic telephone
systems which are in common use, the confrol
is -exercised by the transmission of a variable
- series of impulses which.are generated by a call-
ing device.
depends on the digit in accordance with which
“the: calling device. is operated, and the selecting
operation resulting from the fransmission of -a
series of impulses is in accordance with the
number of impulses in the series. This princi-
ple of operation:requires absolute accuracy in
the registration of a series of impulses and since
the impulses must be. transmitted at rather high
-speed, and. frequently over lines ill adapted to
high speed impulse transmission, certain difficul=

. ties have been encountered which render it more.

or less unsatisfactory..

In my Patent No. 2; 222 131, granted N ovember
19 1940, I have described a system.of selective
control for use in automatic telephone systems
or other automatic swrtchmg systems, which em=~
ploys a.single impulse of variable length or dura-
tion, and in which .the:selecting operation per-
formed in response to the calling of a,‘digit‘ is in
accordance with the length of the single impulse
generated by such:calling operation. A contln-
uous motion switch is used, which. is’ started at
‘the begmnmg of the impulse .and s stopped at

the end thereof. . The switch runs at predeter-'

. mined speed for the duratlon of the impulse, and
the extent .of its mot1on or the selecting: oper-

5

The number of impulses in a series.

10:

15
"~ patent 10 some extent that is, it dispenses with
.. the use of a variable serles of impulses.

'operatmn of the calhng ‘device a fixed number

30

the length’ of the: 1mpu1se .In this system 'of con-~
trol the duratlon of each 1mpu1se is deter'nmed
by the digit called, but is also- dependent upon:
the speed of the callmg device,: wh1ch accordingly

* must be coordinated with the speed of the auto-

matic switches in order to insure accurate se-
lection, -The necessary speed relation between
the callmg device and switches -is -not parficu-
larly difficult: of - attainment,, but -this . require-
ment nevertheless mtroduces a dlﬁﬁculty under
certain circumstances, which renders the system
less satisfactory than it otherwise would be.

My improved- system. of selectlve control.resem--
bles the system dzsclosed in my above mentionéd

At'each

of 1mpu1ses is generated Two Impulses instead
of.one are generated however, and although these
two impulses are of. vauable length the selection
effected does not depend directly upon the'length
of the 1mpulses but upon the ratio of the length
of the first 1mpulse to that of-the second. Thus
the speed of the -calling -device, w1th1n reason-
able limits; is entlrely immaterial. - For the digit
1, -for example the ratio of the duration of the
ﬁrst 1mpulse to that of ‘the second may be as 10
is'to 1. A g1ven calhng device may operate-at
such a speed that the duration of the first im-
pulse is:. one. second, Whlle the  duration of the

- second - impulse is" one-tenth second. . Angsther

35

calhng dev1ce may have a faster speed ‘such that
the dura,tlon of the first 1mpulse is only one-half
second, .but the duratzon of ‘the second impulse
in. thls case ‘will oniy'be ‘one-twentieth second,

- and the rat1o between the two 1mpulses will ‘be-

40
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“the. same. .

It will be underst od that in my 1mp10ved sys-

tem the calling. device and likewise the switch un-

der: control thereof must run’ at’ some constant
speed but the: two speeds do not have a ﬁxed
relation to- each ‘othér and accordmgly ‘thes 6 re-
dquirements are easﬂy met. - For- instance, .the -
switch may be operated by a.synchronous motor

‘running on cammercval power, which has g sub- -

stantrally constant flequency The calling de—
vice, on the. other -hand, may be provided with a
speed governor of which several reliable . -types
are known Smce the calling deV1ce speed is not.

k r1g1d1y ‘associated with the swifch speed; either

55

speed may be varled Wlthln quite wide limits with=

vout -affecting the selectlon cont1 ol.

~The practmal appllcatlon of the new prmmple
of selectmn control descnbed in the foregomg .
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involves the production of a neéw and improved
calling device and a new and improved sutomatic
switch mechanism, together with suitable new
circuit ‘arrangements for controlling. the oper-
ations of the switch in response to the cperation
of the calling device.
as additional features of the inventior. -
The foregoing and other features of the inven-

These may be regarded-

tion will be fully explained in the course of the:. -

following detailed description, reference being had
t5 the accompanying drawings, in Which—
Fig. 1 is a front view of the calling device;

Figs. 2 and 3 are additional views of the calling -~

10

device, Fig. 2 being a. section: on the line 22, -

Pig. 3, and Pig. 3 being a. section on the line
3—3, Fig. 2;

Figs. 4 and b are fragmentary views showing

details of the calling device;
Fig. 6 is a partial section on the line 8—4,; Fig.
3, showing the commutator;

Fig. 7is a side view of the switch mechanism;
“Pig. 8 is a section on the line 8—8; Fig. T} v
© Fig, 9 is a view-showing details of -the switeh:
brush construction; ' T
Pig: 10 is a partial end view: of the switeh
showing the electromagnetic- operating mecha-
Fig. 11 is a view
drive roller; and : ,
© Pig. 12 is'a dlagrammatic eircuit drawing of
an - autematic -telephone “system- in: accordance’
with the invention. L
Referring to Figs.' 1 to 6, inclusive, the calling'
device will first be”described. PFig. 1 shows-the
general appearance of the calling: device when
" instalfed and ready for use. As seen in this fig~
ure, there is a base F, which may be a, metal cast-
ing, and which is provided with rubber supports’
3 at the cormers. There is also & cover-2, of
heavy sheet metal, and shaped as shown in Figs.
1 and 2 It will also be seenr that a number of

20
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showing details of the mam
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maintained normally  separated from contact
spring 42. -A-coil spring 40, better seen in Fig. 2,
is attached to arm 38 and tends to rotate the
key in a clockwise direction on shaft 12, thereby
normally maintaining it in the position in which
it, appears in Fig,.4. The key 7 is also provided
with a locking ook 33, the purpese of which
will be described subsequently. - ‘

Associated with the key 7T there is a disk 87,

‘which is keyed or otherwise rigidly secured on
_.shaft 12, 'Fhe disk 37 has four notches spaced

ninety - degrees apart around its periphery,

-whereby it may be rotated by the key 7 through

the mediaro. of the pawl 34, the latter being held
against the disk by the spring 35. The slot 8
is long erough se- that when the key 7 is oper-
ated (see Fig, 2), it moves through an arc of
somewhat more than ninety degrees. Each time
the key is operated, therefore, the pawl 3% en-
gages in one of the notches 38 and rotates the
disk 37 through an angular distanece of ninety
degrees. The rotation: of the disk of ‘course ro-
tates the shaft 12, sice- the disk is fixed to the
shaft. Lo e E
. Hach of the other keys is arranged the same
as key T, and each of these other keys has-asso-
ciated with: it & notched disk sinilar to- the disk
31.  When any key is operated, therefore, the
shaft 12 is rotated through an angular: distance
of ninety degrees. . " . i o 0 »
The key locking mechanism will now be de-

" scribed. It comiprises & shaft- 14, rotatable im

35

40

digit’ keys sueh as key "7 are provided, which -

project through slots such as 8 in the curved
front of the cover 2.~ There may be ten of ‘these’
keys, numbered from '1'to 0, inclusive. At the
left of the row of keys there is an escutcheon 3,
which holds the directory card §. At the right'
hang end:the cover is completely ‘elosed, but at:
the left hand end there is a circular opening
(see Fig. 3, which is provided in order to afford

45.

50

access to the rear of the commutator 18 for'

wiring purposes. - Fhis opening is closed” by a
detachable shallow cup-shaped elosure memper 4.
* Most of the parts-of the calling device are
raounted on the base . To this end a U-shaped
bracket 10 is provided at ome end of the calling
device and an L-shaped bracket i1 at the other
end. There is also an 'L-shaped bracket -48:
These brackets- may be fastened to the base |
by means of screws; as indicated in Fig, 3, "The
shaft #2 is supported in bearings in the. two
brackets 18 and {1 and supports the gear wheel
13. The ten digit keys such' as key 7 are also’
mounted on the shaft f2. - o

The arrgngement of key 7 may be ‘described )

in detail in connection with Fig: 4;: Reference
may also be made to- Fig. 2, which shows the
key in operated position.” At the-projecting ex-
trefaity of the key ‘there is @ knob or ‘ball 3¢,
secured. to the shank of ‘the key by a screw 32,
At the other'end the key is provided with a hub
3§, which is rotatable on thé shaft k2. ‘Project-
ing downwardly and to the right frem the hub’
35 there is an arm 88, provided for the purpose
"of controlling the comtact spring 4f, which is

55
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bearings in the brackets: t3'and Kl twe arms 26
and 28, which: are rigid¥y seecured teo- shaft H¥
by keyed hubs 21 and 29, and ‘a eress rod 3
which  extends between the ends ‘0f arms 28
and 28 and is rigidly secured  thereto. Asso-
ciated with the arm 28 there is a eocil spring 489,
which tends to.rotate the arm 26 and shaft 4
in a: clockwise: girection; such rotation: being lim-
ited; howevet, by a stop screw 44 which prevents
rotation of the arm 2% beyond the position in
which it is shown' in: Figs. 2 and 4. There may
be a similar -stop- serew and spring asseeiated
Wity the arm 28, 'as indicated in Fig. 3. With
this ‘locking arrangement, it will be seen that
when- any key such-as‘T is. operated, its loeking
hoek sueh as 3% will depress the eross rod 38,
rotating the shaft (4 thirough the medium of
arms 26 and 28, When the hook passes the eross
rod, the latter Is .raised ‘again by the springs
such ss 45 and.the key is-locked;’ as- shown in
Fig. 2. - L :

- The contact springs 81 and &2 associated with.
key 7 have .already been.referred to. - There - is
a similar set ef contact springs associated with
each of the other keys. These sets of contact
springs. are all mounted by suitable screws. and
insulators ona. ftat metal bar- 530 which may be-
formed intezrally with the: channel member 5L,
The latter extends lengthwise along the rear of
the cever 2 on:the outside thercof amct forms
a conduil for the conducters. which lead frorm
the sets of contact springs to the commutator 10.
The ehanrnel member. 34, bar- 58, and:the sets of
contact ‘springs constitute -a demountable unit
which may be assembled and wired outside . the.
calling device: When this unit is: to be assem-
bled in the- calling device the bar 50 and asso-

. ciated sets of, contact springs are passed through
‘an opening-which is provided in the rear wall of

the cover-1, - This opening is closed by the ehan-
nel-member: 5, the ears stich as 82 and 83 ‘of’
which now rest agzinst the rear wall of the eover.
The unit is held in position' by means of serews:
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such: as 54 and 55. It will: be understood that
each set of contact springs. is -controlled by its
associated key in-such a manrer that the springs
are normally open, being allowed to close, how-
ever, whenever thé:key is operated. . The open
and closed positions of the set. of contact springs
41—42 are shown in Figs. 4 and 2, respectively.

Supported in bearings on the brackets 10 and

48 there is ‘a short shaft: 18,
adapted to be rotated by a:pinion {15, which is in
mesh with the gear wheel 13. The gear ratio‘is
four to one, from which it follows that the. pinion

15 and shaft 18 are rotated three hundred and.
sixty. degrees, or one complete rotation,:each:

time a key such as key 7 is operated. . This
follows. from the fact that. the operation of.a
key rotates shaft 12 and gear wheel i3 ninety

degrees and from, the four to one ratio between
gear wheel 13 and pinion I5. The gear wheel.

43 is rotatable on shaft 18 and is connected

thereto by means of a helical spring 16, one end.

of which is secured to the shaft 18.and the other
end of which is secured to a pin 7. This pin is
rigidly fixed to the gear wheel 43 and projects

from the side thereof, as shown in Fig. 3. The'
spring 16 is normally under tension, tending to-

rotate the gear wheel 43 in a clockwise direc-
tion, as seen in Fig.:2,
-wheel cannot normally take place, however, due
to.the fact that the pin 17 is held by the hook ‘51

“on the end of arm 56, as shown in Fig. 4. The
arm 86 is rigidly supported on shaft 14,
the spring 16 is under tension, it also tends to
rotate the shaft 18 and pinion. 15 in a counter-
clockwise direction, but such rotation is pre-
vented by the dog 59, Fig. 2, which engages with
the teeth of the gear wheel i3, .

The gear wheel 48 is in engagement with a

pinion 20, which is fixed on the shaft 19, the lat-
_ ‘ter having bearings in the bracket (8, On this
shaft there. is mounted the wind.governor-com-
prising vanes 2i. Any other known. form of
governor could he used here, such as.a centrifugal
governor, for example, : S

The commutator 180 may be of molded insula,t;

ing material and has a row. of contacts. 61 to 6§

and Ti embedded therein, as seen in Figs.'8 and
6. There is'also a ring 712:of -conducting mate-.

rial. The commutator may be secured to the
cover 2 by means of screws, as shown in Fig. 6.

The gear wheel 43 carries a pair of brushes.24
and 25 which cooperate, respectively, with the
contacts such as 6! and the ring 72. These
brushes are supported in brush holders 22 and 23,
which are insulated from the gear wheel, but are
conductively connected together. The brush 24
is normally in engagement with contact 11, and
this contact is therefore normally .connected
through the two brushes to ring 72.
gear 43 is rotated, the brush 24 leaves contact
11 and engages successively with contacts 60, 6,

ete., which are thus connected successively. to-
ring - 12, since brush 25 maintains  continuous

contact with the ring.

The contacts such as 71 are each provided
with a pin or stud such as 13, these pins extend-
. Ing through the commutator and projecting from
the back thereof. There is also a pin 14 asso-
ciated with the ring 72. These pins enable suit-
able circuit connections to be made to the com-
mutator. , ' ‘

. The wiring is shown in Fig, 12, where the call-

ing device is shown diagrammatically and is in-.
dicated by the reference. character CD. - As"

shown, there are only two. conductors leading in

The shaft: 18 is.

Rotation of the gear

Since:

10

20

3.

to the calling device, these conductors being indi-
cated at 202 and. 203, These conductors extend
through a suitable opening in.the closure mem-
ber 4 (see Fig, 1), to the rear. of the commutator
10, where conductor:202 is connected to. the. ring
12 by means of the pin 14. Conductor %03 is
connected to contact Tl by means of its. pin 73.
This pin 73 is also: connected to all of the con-.
tact springs such as 42 of the sets of ‘contact
springs which are associated with the keys.  The
other contact springs such as 41 of these sets:
of contact springs are wired. individually to the
pins such as T3 which are associated with- the
commutator contacts 81 to &0, That is, contact
spring - 41 ‘associated with the first key .7 cor-
. responding to the digit 1 is wired to contact 61,
the contact spring corresponding -to- spring 41
but-associated with the digit 2 key is wired to
contact 62, and so on. . There being ten keys,:
“there will be ten conductors connected as de-
scribed. These conductors, together  with the
additional conductor for connecting the contact -
springs such -as 42 with the contact 71, extend

. from the key contact springs by way of the con-

30
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50

duit 51 and the extension 4’ of the closure mem-
ber 4-to the rear of the commuiator, where
they are connected as described. Lo
Reference may now be made to(Figs. 7 to 11,
inclusive, which show a complete switch con-
structed in accordance with the invention. -
"The various parts of the switch are mounted
on a frame which comprises a flat. metal plate
101 and.a second metal plate 192 which is bent.
as shown in Fig. 8 and secired -to plate 161 by .
means of screws. o ) i
The switch bank comprises an arcuate-shaped
member 104 having on the face thereof . a plu~
rality of contact sets such as 105.. The mem-
ber 104 is preferably of molded insulating ma-
terial, with the contacts such as 185 embedded
therein, each contact having a pin which pro-
Jects at the rear of the member 184 for the at-
tachment of a conductor. The bank may, how-
ever, ke constructed in other ways, as is well
known in the art, . S ' -
The switch bank is secured to the frame by -
means of two brackets 106 and 107, as seen in
Fig. 7. The bracket 186 includes a part which
rests against the frame plate 121 and which is
secured to- plate 181 by screws, a second part’
extending at right angles to the first part and
parallel to the plane of the paper, a third part
extending forward perpendicular to the plane of
the paper, and a fourth part extending parallel
- o the plane of the paper to which the end.of the

- bank 104 is secured by screws. ‘The bracket, 167

When the .
60

includes a part secured to the frame plate 192 by-
-means of screws and a forwardly offset part lo.
which the lower end of the bank is secured by
serews., .. .

The end of frame plate 182 is bent forward at.
right angles to form a bearing member 183, The
shafts (10 and {11 extend through bearings in the.

" frame plate 131 and parallel to the frame plate

65

70-
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102, and are provided with bearings in the mem-
ber 103.. These two shafis support a-.movable
carriage 112 which. is threaded on the shaft 118
and which is slidable on the shaft 111, It will be
understood that shafts t10 and {{{ pass through
openings in the carriage, and that the threaded”
opening provided for the threaded shaft {19
affords means for moving the carriage to the
‘right upon' rotation’ of shaft ({9, the. carriage
-sliding on shaft I{{ in the.course of such raove-
< ment, - The bevel gear-:[14 is also slidable on
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shaft i4l.. The shaft 14 is: adspied: to rotiater
the: gear [4¥ im: any” position ofr tie: carriage:
throughcthie: meditinrof & .square spiihe: id aawlnch.
lies partly:in tHe groove: 1#8and paxtly inia cars:
responding: recess. in: the: geaw,. to- Whmh it ik
secured by a:serew 120,

Extending: vertically upward:from the: cwrmﬁge:
{42¢ there is a: shaltor rod: | 168 which is. nigidljn
fixed: to the carriage. . The bloek: 134 & is:sildatile;
venticaliy-on:the:rod £i8i. There is:also:a:vertical:
rotatable shaft | 11 which:is:ttireadedin the blvck:
18:and which has-a bedring. in: the:carriage 142
The shaft 1T is-rotated by means:of ai ibeveligears

145, insmeshy with gear [ 1% and such’ rotation: is:
effective t’o Taisestheblock I I8 sliding: it axong e
rod F16: -

Thereférence characber 21 mchca;tes a vaotedf
wiber or brush arm, At the left’ this wiper arm:
isbent-in:a.U. shape; formihg a-short seetion- 13
which:is parallel to but-off§et fromsthe maih part:
of the:wiper-arm, as seen.clearly in-Fig. & Tlie:
support: 1:30-is secured- to-tiie: frarmeAplat& PO asx
shown, and is: bifurcated; whereby - ‘twao dowii-
wardly exteriding members: 133 and 134 ave-
formed,; which lie-on opposite-sidés-cf the: seetion-
132 of thie wiper arm. - The- plvot pin: i3t passes*
through these partsandaffords‘a:-bearing or pEveY
about - whieh the wiper-aum 124-is.rctatable:

“The wiper arm- 121" has a- slot' 122, as cleariy:
shown in-Fig. 7. The pin- 185} Fig: 8, is- rigidly-
fixed to the block 18" and’ projects through*the
slot 22 in the wiper arm: - Wien the-carriage:
142715 moved:to the right, the pin- 135 slides atong:
the slot 122; and when- the-block §i8 slides verti-
cally on the rod 116 the pin 535 rotaﬁes the wiper-
army {21 on-its pivot {81.

THe- tiiree wipers or- brushes- are-indicated: at”
123, 128 and- 125. At tie right hend end: the:
wiper arm: 121 includes* an: offset portion 131,,t0
which-there-is secured a block off insuiating mate-
rial: 126¢ ‘The:wipers 123-=125are secur ed‘t‘o this:
bloek; as shownclearly in Fig. 9;

The rod- 138 extends  diagomally acmss the
switch; as shown in-Fig: 7, and is pivoted on.
frame plate 161 at 139, - The lower;end of the rod”
rests'normally against tle insulated support: i3f.
The-pivot 139 is also insulated; so that the rod’is.
glectrically insulated from the frame and otler
parts of the switch: = A terminal member: 147 is.
clamped- to-the rod near the pivoted end tliereci’
and- provides means- for- attaching a. conductor..

- The-arrangement for rotating: the shafts 40
and 144- may now: be-described; withr reference.
partieularly: to-Figs:~ 10 and’ 11. Briefly. stated,.
this arrangement-comprises' a-power-driven.roller
i50° whieh is adapted to e brought inte engage- .
ment successively with roliers 151 and {§2; which’
are mounted on shafts 10 and’ I'f; respectivell.

The roller 158 is supportedon. a vaot»d arma-
ture 151. The armature 157 is operated By two
electromagnets 158 and- 188 the cores: of which
are-attached to the:platz 174 - The latier is set
edgewise  against the: frame plate. g and is.
fastened thereto by screws. The armature 5T
lies in-a-slot in the plate 14 and is provided with:
a pivot 175, The ar ma,ture 157 includes an.ex:
tension 159;, which. is” bifi urcated: as. shown: iii
Fig. 11, the extension thus. comprlulng the. Hwo.
members 154 and 162 which are. provided. with.
bearings for the shaft 163 on. W‘nch :the.roller, 130
is mounted.. The. shaft. (€3 is- connected. to 2.
short flexible shaft. 184, whic - is- con»muously
rotated at a constant: speed by any: -suitable mesns.
provided: for that purpose: ’I‘he shaft. 164 may;.

10
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for- instence;. be: drivert by a small: mol;or,.on ax
pihrality afstichi:shafts:associated: with: asplurals-

ity ofrswitchessmiay. be geared: o3 COMIMON ot
driven shaft: Such: arrangements for  drivimg:

. switches: of the: pewer' operated type: are well

known; and:accordingly: avernot:stiown: herein..
Froin: the: foregoing it-will be understeod: that
the:roller: 159z is: continnuousty: rovatedrat: the de-
sifed! speed? by: the. shaft: 16K - The: rotations off
rollet 15Wis narmallyinefféctive, However] for it
is;mermallyvout: of engagement: witlt: Botlt off tile
rollbrs; 81and! 1 52; being maintained in.a central:
poesition: by: means: of sprihgs i58and! 159 which¢
are: attached! to: the: armature 15% . To guard

. against accidental i movementiof the armature: (R

on its.pivot; by sheck: or otlier cause; suel- as:
might: bring: sbout.a momentary: engagement: bex-
tweeni. roller: 159 and roller: £51i or- roller 15%; &-
light . auxiliary armature 12 may - be: provided:.

This armature -is: pivoted: on: tHe main- armatire
I51: and: iss normallys maintained: ab right angles:
thersto-by a:sprihg: 113, whereby thieends-off the-
auxiliary:s armature. are adapted: to- engage the:
ends:of’tHe: brackets: 165 and 166 and’ pesitively-
praventi any: undesirable: movement of! tHe- main-
armaturs on. its.pivot;.  Whan: tlie: ‘glectromagnet:
153 is: energized; the: pole piece 185 fitst oper--
ativelyrattracts:the:adjacent.end of the: auxiliary-
armuture: 1727 which is:thus rendered: iheffective:
to: prevent: the. movement ofSthe main armature-
15T toward the pole:piece:.  The:operation' ofthe-
mainsarmature:by electromaznet 158 brings roiler:
5D into emgagement with roller (81 andi fherely-
causes. the: rotation: of: shaft E#0; I a: similar
manmer: the: energization: of electromagnet- 94~
causes:-the rotation:of shaftii4idi By bringing roller-
158 into engagementiwitiroller- 152

The bracket: 165inot.oniy acts:as'a stops i co-

opstatibn, with: the auxiliary/ armature. (72 But.
also; serves. to support :as pair - off conthel: springs«
167 and 188:. These contact. springs: ars' nor--

rhally;iniengagement: but are:separatediby a:Knrol.

of-insulatimgmiaterial [T whenever therarmature:
157 is operated by the electromagnet £53.. A-sim--

5. ilar: set: of: contact: springs 169 andi (70 is sup-

ported on: hzmeket ISG These. springs: also- are:
normally: closed: and  are: separated by: knol: (31
whenever: the armature: IS:T is<operated: By elec--
tromagnet: 154

Theelacta: omagmats I‘I gand:l TH-are: bmke mag-
nets: ands are: provided: withh armrefures: 189 and
i181; which are adapted to:engage:thie rollers 152
and: 161, respectively;. tasprevent: rotation: there~
of,.as: willibe subsequientlys explained: more: in: dé--
The: magnets: i46: and: | TT: are: mounted: on.
the ffame plate 104: Gy meams: of Trackets: H&anﬂ;
ma .respectively:

" The; carrigge: {4:2¢ix normaily: maintaired: in: 1t7s
extremecposition to:the left, whereitbesrs against.
thexframeplate 01, by 2 clock spring: (81, which:
tendsstosrotate the: sha'itfl {®in:as elockwise dirsc--
tion- as: viewed: fromm: the: rights hand end: of the.
shaft.ifr Fig. 7.. Awsimilatrcloek:spring: | 88 tends:
to rotate the shaft 141 in the: ssme direction;.

5. whichimaintains:the Bibck:{ idirca:position where

it. bears: against the. top of! the carrizge: Ii2.. A
pair-of: off mormal: springs;. careprising: the: conr
tact sprihgs: 185 and:| 86, arenormallysmaiirbainedi
opet: by the biogk. 183 THese springs: may: he:
- mounted! onj theo frame: plate: 104;. as shown in:
- Pig. 7.

. Reference: may: now: be madé to- the cirouit
drawing; Fig:.12;, which: shows the: eiem;ncai cony
nevtions:of the:system..

The: reféerence: character: A indicates: a. t«le-
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phone, which may be.of any suitable common bat-
tery type. The conductors 200 and 201 extend
from the telephone-to a terminal strip 284; where
the conductors 202 and 203 coming from the call-
ing device CD are also terminated. At this ter-
‘minal strip conductor 280.is connected directly

5

ation rele'ase'svthe gear 43, which starts to ro-

" tate in ‘a clockwise direction from power “Sup- .
_plied-by spring .16 and under the control of the

to the-line conductor 283, while conductor-26{ is -

connected to the line conductor 266 by way of
the calling device CD. .. In other words, the call-
ing device is connected in series with one side of
the line; T :
The line conductors 265 and 205 ‘extend to 2
switching station or exchange where they ter-
minate in-an automatic switch indicated by the
reference character 8. This switch comprises a
‘switch mechanism such as.is shown in Figs.. 7 to
11, inclusive, and the control relays 218 to 218,
‘inclusive.
explained shortly., : ,
- The switch S may have access to ten lines, one
of which is shown, and comprises the line. con-
ductors 227 and 228.. These conducters may ex-

tend to a telephone station B, which may be a-

common: battery . telephone similar ‘to the tele-
phone A. The relays 220 to 223, inclusive, are at
the exchange and are. individual to the line of
station' B. : o

The functions of these relays will be

governor 21. “When ‘the key reaches its fully op-
.erated:position, the shaft 14 is restored by spring
45..and the key 'becomes locked by bar 30, as
shown in Fig. 2. The operation of the key per-

- .mits-contact spring 41 to engage contact spring

10

15

-42, thereby connecting contact 61 to the conduc-

tor 203, )
When .the gear 43 is released as described in
the :foregoing, it makes one complete rotation
-and then becomes locked in normal position, the
-operated- key -7 -being released just before the
gear’ wheel:has fully returned to normal. The

‘manner in-which these -operations take place

‘will. bereadily understood from the -drawings,

~particularly Fig. 5. When the gear wheel ap-

20

25

A suitable source of current is provided for

eperating the switch; such.as a. storage battery,
for example. " In the’circuit drawing connections
to0.the negative pole of the battery afe indicated
by arrows accompanied by negative signs, while
‘connections:to the positive or grounded pole of
the battery are indicated by the usual ground
symbols, . BT S :
The operation of the system will now be’ de-
-scribed, it being assumed for this purpose that a
call is to be made from, the station A to the stz-
tion B. 'The line of station B is connected to the
first set of bank contacts in the switch S and ac-
cordingly is selected by ¢alling the. digit 1.
When the receiver is removed at station A,
a circuit is completed for-the line relay 241, said

30

proaches-normal position and shortly before-the
pin 11 reaches. its dotted line position, the said

‘pin' engages : the ‘cam- surface 58 on' arm 56,
.whereupon.the further rotation of the gear wheel

‘rotates shaft 14 and depresses the locking bar
30, - This operation releases the operated ‘Key,
which is-restored to normal position by the spring
40. As soon as_the pin [T 'passes off the cam -
surface ‘88, the shaft (4 is restored instantly,
the arm 56 is moved to the right, and the pin
T passes into the notch behind hook §1.  The
gear ‘wheel 43 thus.becomes locked again, as
shown 'in Fig, 4. After the Kkey has been re-
leased, reverse rotation of the shaft 12.and gear .
13 is prevented by the dog 59. The slight ret-

-rograde movement that may oécur before the

35
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.circuit extending from ground by way of the ‘

lower winding of the line relay, contact 231, line 4

conductor: 206, conductor 203, contact Tf, brushes
24 and 25, ring 12, conductor 202, conductor 261,
“telephone at station A, conductor 200, line con-
ductor 285, contacts controlled at 230, and ‘the
upper winding of relay 211 to negative battery.
Upon energizing, the liné relay 211 closes g cir-

cuit for the slow-acting relay 212 at contact 232,

said circuit alsc including contact 243.. Upon
energizing in turn, relay 212 prepares certain
circuits at contacts 234 and.235, and at contact
235 closes circuits for the brake magnets {75 and

131, These circuits include the sets of contact
springs controlled by the armature 157 and will -

be apparent upon-inspection.. The brake mag-

nets-energize when their circuits are closed and 4

their armatures grip the roilers 152 and 181,

The calling. party at station A may now oper-
ate the calling device key corresponding to the
digit 1, rotating this key forward-from its nor-
'mal position as shown in Fig. 4 to the fully op-
‘erated position in which it appears in Fig. 2. The
“operation of the key rotates the shaft 12 through
an-angular distance of ninety degrees, and gear
18 and pinion 15 cause one full rotation of shaft
18, thereby winding spring 16. "As the key. ap-
proaches its fully operated position the hook 33
-depresses the locking bar 30, as shown in Fig; 5,
thereby rotating shaft 14 and arm 56 and mov-
ing the hook 57 far enough to the left so-that

it can no longer hold the pin 7. ‘This: oper- 7

5

70

thirteen:-equal: spaces.

dog engages a tooth of gear -3 does no harm

‘because of the fact that- the keys move through

an arc which is greater than ninety degrees.

--During the rotation of the gear wheel 43 the

brushes 24 and 25 cooperate with the commu-
tator contacts to transmit two impulses over
the line to" effect the' desired control over the
switch 8, whereby the said switch is caused to
select the: line -of station B. . These so-called.

dmpulses -are actually interruptions of the line
‘circuit. . When the brush 24 leaves contact 11

the line circuit is opened, starting the first im-
bulse. As the brush 24 engages contact 60, 69,
etc., the line- circuit ‘remaing open, for these

contacts correspond to the tenth, ninth -ete., digit

keys, which are in normal position. When brush
24 reaches contact 61," however, corresponding
to the first digit key, the line circuit is’ again

-closed, for contacts 41 and 42 have been closed

by the operation of the key. The engagement of

5 brush 24 with contact 61 thus-terminates the

first-impulse: ‘The line. circuit is ‘again- opened
‘when the brush 24-leaves contact 61, which thus
starts the ‘second impulse. - This impulse is ter-

~minated when. the-brush 24 reaches contact 71,

where it comes to rest... - :

- ‘When ‘the-calling ;device is operated in accord~
ance: with the- digit -1, that-is, when the first
digit -key is: operated, the two impulses result-
ing from the operation bear-a ratio to each other
which is as ten is to one; : Explaining this more
in detail, the path of the brush 24 is divided ifito
One of" these spaces is
occupied by the'normal position contact 71, leav-
ing twelve spaces in which the line circuit may
be interrupted when such.spaces are -traversed
by brush 24, Ten of thes¢ spaces are occupied
by the contacts 61 to 60, inclusive; there being
a blank space on either side of the contact T1.
"Thése spaces correspond to time units; since the

‘brish’ moves at constant speed. - Thus it -will be
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.geen thdt sduring -ene vcomplete :rotation . of the
srush:a8theldinecireuttzwill becopenet at contact

Qi For aitotalperied:ofbwelvettimeamiss, “Thedine,

-etreuit is mot-acdtudally :open Forttis whole period,

thewever, forfinithe rotatton of the:brushitt will 7

ipass over: an:active contact isuch -as16l, thereby
‘¢tosing ithe ' line reiruit Aor :an.iintenval of. one
stimie unttand diviting ithe stotdliperiot of itwelve
+imeunits iinto two:eamplemeritary: impiuise pe-
riods, the sum of which is equal to elevenitime
amits. iInease the:digit'd ts called, :contadt 61
s rendered active, and sthe ffirst dimpulse :com-
-sprisesten timenmitsccorresmonding o the:angu-
dar distance :from :contact ¥l o scontact Bl iina
 relockwise :direction, “while “the :second limpuise
scomprises one ttime ‘wnit, Scorresponding o Ahe
.angular «distance *from contact 61 to “gontact
4n o closkwise odivection. If the Migitib ds cdlled,
tthe scontact i85 As made adtive, #he ifirsthmpulse
aidll Be ssix xtime 1units in Aurdtion, :and tthe sec-
.ond simpuige will drave:a turation 2of Mive time

amits. The dimpulse watio 4n ‘thHis rease ds =§ix to . ‘

“five. ~Fhe . impuise :ratios eorresponding ‘to ithe
Jother adtgits will the :apparent “from ithe (forege-

dngandraressesntorange fromitenitoone: (dightl) 2

dowoneitoiten tdigit10). e -
- FProceedirg mow to aicansiderationcof the ‘op-
sexation of rthe :switeh: S dn response ito e Im-
miilses, e first impillse jor mterruption <of the

Bnesdircuit causes the dime relay’ 2 £ tosdeenergize

andrhiecireniitaf relay2#24s broken, Sincethe
dntter srelay dssslow acting, towever, i Hoes mot
fall back:immedidsely, andsa circuitiis closed for
rkire snragnet 453, waitl réircuit rextending -from

sgrawmd thy sway «df corttact 243, contact 232, con- -

rhart 284, reorttact 231, swinding «of rélay 215, -and
| windmgrofimagnet #58 stomnegdtive biabtery. ‘Re-
day 2# Siisremergized-overstiisiéireditrand:prepares
«a ireutitafor ithe change-over irdlay I8 4t -con-
“Witen thermagnet (B33 isienergized; it -operdtes
sthesamature #571, theréby ibringing ifhercontinu-
musly -rotating .rolter (3D i(see Fig. 110) ‘into en-
sgagement with:tie roller 151.. JAt theisame’time
ithemamature k8T separates the:ceritacts F6T-and
28 :thisideenergriing thetbrake magnet 411, and
Arecingitirerrolleritdl. 'Phexcller 6l aceordingly
ssbaTts torratatesthesshatt i1 F0, winding:sp¥ing 191,
sand theicarringe (2 starts ito move totthe Tight.
sasrseonzasithecarriage-hss moved OfF normalthe
xzorttect ;springs (185 :and 186 :ave :¢losed, thereby
renmpleting ralocking wcivcult for rdlay 2f2, "This
melay accardingly :remadins renergized. throughout
Hhefirstrimmulse, Tegardless: 6f* ibs“duration.
Atdtreentzof ithe: first impulse thelline éircuit
fis ~elosed ant the lline relay iis sagain -energized,
dorenking ithe xireuit-of rélay26-antiimagnet 153,
Ralay 215 tisilow actingianl holds:contact 1242
.elogeddong emough: soithdtithrelinerdlay can-élose
a circuit for relay 213 at corbacti238. Wponzener-
-gizing,: relay 213:locks dtsélf ;aticontact 238, “The
magmeti| 33;deenergizes- whentts circuitiisibréken,
whereupontthrearnrture L5Tisrébracted-and the
rdller 489 isidisengagen from roller il At the
esame stime #he rcorttact ssprings” #67 and 68 .are
wltowellito :ctoge, thustagdinienergizing the brake
magnet 111, TTHe drake .magnet (M >1row :pre-
~enis ireverse -rotaion wof ithie :ghdtt (H(0 >by ‘the
sspring 8. . -
" Iburing the *first :impulse :the carriage 'bk2:is
sovovend eortinuwously o the:sight by ithe Totdtion
cof #he -shaft vFi9), ;and tthe pin K36 ;in-the -black
118:iravels atomg. the :slot 1422 dn the wwiper /arm
421, The:distanee traversed,-of ccourse,:depends
<on tivesspeed rof the sswiteh.drive, which-should
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Jear such a rélation -fo:the:calling device speed
‘that -the pin (135 Wwill travel the greater -part af
the length of dthe -slot, the :exact.distance being
immaterial within:a considerable range. It.may
Jbesassunmed that .when the fiest impulse-isfermi-
‘nated:tie pin 185 has reached the:point X; that
:is, it traverses:the:distance \0—X, the point-O
srepresenting the:initial:position.of pin*kas.
IWhen the -secaond impulse isireceived .the lirme
:retay241is-again-deenergized, and:opens-the cir-
cuit of relay 212, also the circuit of relay 213 ,sbut
sthese relays remain- energized ‘over "their la¢King
.circuits. [Theline relay:also closes:a circuit for
-the magnet ‘158, extending :from -ground by ‘way
-of :contact -243, contact’ 232, contact 234, contact
281, winding of relay 2 H,:and winding-of magnet
154 to negativeibattery. Relay.214 energizes over
-the.above-circuit andat:contacts 239,240, :and 24|
- disconnects the switch wipers 123, 124, :and d25.
vy The:magnet 154:is also-energized, :and-operates
-armature . (51, thereby: causing “the rolker 189 ito
-engage theroller -#52,:and at the:same time:sep-
-arating the rcontact springs 189 and 10, The
-brake 'magnet {116 :is thus - ‘deenergized ~and the
-rollers 2150 -and F52. start to-rotatedhe shaft tkl.
“The:shaft ki1 rotates:the:shaft :t17 by means of
. gears (14 and {15, thereby raising the Block 8
-and;pin:35 and rotating the>wiper arm: 1#24:about
its pivot-131. “This:pivot:daes -not-appear:in-the
~circuit-drawing, Fig. 12, -but:is: in:alignment with
“the pin 135 when:the datter is’in normal rpasition, |
-aswill:be recalled from:Fig..8.
At the-end:of the second dmpiilsertheline relay
‘ggain-energizes, breaking:tire circuit-of relay:2t4
and magnet 154. Upon deenergizing, relay ‘24
.connects-upithe wipers ¥23, £24,:and:£25. “When
-the magnet -t54:deenergizes, tie armature ;57 is
.retracted, disengaging the rdller:t80 from roller
<482 and closing. the:coritact springs 69 and 10,
The rotation of shatts :kt1rand :ki7is thus ter-
minated: :and ~the ‘shafts -are qeld :in :their ad-
vanced-positions against:the:tension:of:spring 180
by :the (brake magnet ! 146, whichrenergizes -again
~a scon:as contact-springs :#89 and :110:are:¢losed.
"Thesecond - inpulse ds:only one-tenth :as:long
+as the: first:impulse, :and - consequently ‘the iverti-
cal distanece-traversed by the pin 1356:is.orily one-
tenth -6f the horizontal distance. This vertical
-distance ‘is ‘ represented by ithe -distance X—Y,

<

W

<

T3
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«B0 which.isone~tenth:the-distance ©—X. "The final

.position:cf-the pin- 35 is:theréfore atthe point Y,

-ad “the “wiper: arm :is ‘positioned :along the iline

- @Y, bringing" the wipers 123, :£24, and 125 into

rengagement *with ‘the first:set ‘of contacts in-the
55 tpank-of thesswitéh.

The:relay 2k dees notifall vack until:afier the
wswitch wipers: have ‘been brought *to “their final
sekeciive jposition. The:contacts 289,.240,-and: 24|
then close, and’the line sconductors 285 and 206

.60 :are extended by -way of rcontacts 1240 and ‘241,
wipers (24:and 25, bank:contacts 2 54 and 255,
sandrconductors 224:and225:to:the windings: of.the.
dine sreley (220, Relay 220 -is accordingly ener-
.gizedroverthe ‘callingilinei paralielawith the'line
65 ,relay'2 il amdclases ascirenitHfor theringing relay
223 at cortaet 260, ~Upen energizing, -xelay 223
seonnects’ a sourcerdf aringingrcurrent-Gen:to-the
«conductor -227 -and 1228~0f 1the :line:extending to
station - B, isaid - connection -being made at con-
w0 dncts i263 -and . 264, and -at contact. 262 -connects
sgreund :to the -helding -eenductor: 226. The
grounding -ef -conductor 228 .gperates relay 221,
which Jacks itself 4o ground.at.contact 280 -of
zelay -220 .and. breaks .the circuit .of relay 223.
75 The latter relay -is slow mcting .and .holds the
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ringing circuit closed for an interval after its cir-
cuit is broken. After relay 223 has deenergized
the holding conductor 226 is maintained ground-

ed by way of contact 269 of relay 229 and con-

tact 261 of relay 221.

The grounding of the holdmg conductor 228 '
completes a circuit for relay 219, extending from -

ground on said conductor by way-of bank con-
tact 253, wiper 123, contact 239, and winding of

relay 210 to negative battery. -Upon. energizing,

relay 218 disconnects the line relay 21 from line
cenductors 265 and 206 at contacts controllcd ab
230 and at contact 231, and at contact 230 closes
a local circuit for the line relay. including the
resistance 245.
‘energized.

When the call is answered at station B, the call- -

ing and called parties may carry.on a conversa-
tion in known manner, - Current for the trans-

mitter at station B iz supphed through the wind- .

ings of the impedance coil 222, while current for
the transmitter at station A is supplicd’ through
the windings of tha line relay 220.

The release of the connection is brought about

Dby the replacement of the receiver at the calling ‘

station A. When the receiver is replaced; the line
circuit is interrupted and the line relay 228 is

remeving ground from the holding conductor 228.
Relay 210 accordingly deenergizes and breaks the
circuit of the line relay 211. Upon deenergizing,
the line relay cleses the previously described cir-
cuit including relay 214 and magnet 154, the said
relay energizing and dlsconnecbmg the switch
wipers as-heéfore.” ‘Magnet 154, upon energizing,
brings rollers 156 and I_Ez'into?engagement and
also opens contact springs {83 and 179 to deener-
-gize the brake magnet {78.  Rotation of shafts
(11 and 1§7T now ensues, which raises the block

118 and pin 135 in the manner. previously de- - k
scribed. The movement of the block and pin’

continues until the latter engages the rod 138,
whereupcn ‘a ‘circuit is closed for relay 218, ex-
tending from the grounded frame of the switch

by way of pin 138, red 138, and winding of relay .
215 to battery.- Upon energizing, relay 216 locks ™

itself at contact 244, and at contact 243 it breaks
the circuit of relay 214 and magnet 154 and also
the circuits of the brake magnets {16 and (77,

The deenergization of magnet 154 disengdges the-

roller 138 from roller {52  and stops further
-upward movement of the block {13,
energization of the brake magnets leaves the
shafts 118 and 111 free, with the result that they
are rotated in the reverse direction by the springs

{81 and 188. Thus the block 118 is lowered until
it again rests on top of the carriage (12, while

-the latter is moved to the left.until it engages
the frame plate 181. The wiper arm:rotates on

its pivot in response to the movement of block‘ ]

. 118 and assumes a horizontal position..

The restoration .of the mechanical parts as ,de-
scribed in the foregoing separates the oif normal
springs 185 and 186, thereby breaking the lock-
ing circuits of relays 212, 213, and 2i6. These

relays therefore deenergize and the switch is com- -6

pletely restcred to normal, ready for another call.
The manner in which the switch is operated in

response to the calling ‘of other digits will be-

readily understood. When the digit: 7 is called,
for instance, by cperation of the digit Key corre-
sponding to the digit 7, the calling device CD
transmits two impulses having an impulse ratio
of four to seven In response to the first of these
impulses the carriage 112 moves to the right dur-
ing an interval of four time units-and the pin 35 -

“reaches. the point X’.
-impulse the block 118 moves vertically during an
‘interval of seven time units and carries:the pin
139 to "the point ¥’.
~during: the movement of block (18 and takes up

The line relay 2f1 is thus held j

The de- .

-1
L

In'response to the second

The wiper arm is rotated

a position along the line O—Y’, thereby position-

-ing-the wipers on ‘the 'seventh set of bank. con-
-tacts.

"The other digits are called in the same
way. It may be stated generally that the impulse

~ratiods different for each digit and that when'any

digit is called the pin 435 of the switch is moved
along the two sides of a right triangle in which
the lengths cf the sides bear -the same ratio to
each cther as the impulse ratio. - The wipér arm

‘is in any case positioned alehg the hypotenuse of

the triangle, a line the slope of which is-deter-

‘mined by the relative lengths of the sides and not

by their absolute-lengths. -
- Tt will be easily seen now why the speed of the

-calling device can be varied independent of the

switch drive speed without affecting the accuracy
of selection: Suppose, for example, that the call-

* ing device speed increases, which will decrease

the length of the impulses, although maintdining
the same ratio between them, - Tt may be assumed

. -that the increase in speed is so great that when
- the digit 7 is called the length of the first im-
deenergized, opening the circuit of relay 221 and . -

pulse is only sufficient to advance the pin I35 to
the point X’/ instead of to the point X’. The

csecond ' impulse :is ‘correspondingly shortened,

however, so that inifs vertical movement the pin
135 is raised only to-the:point ¥’’. The point ¥’

-Hes on; the line O-~Y’, from which it will be seen

that the final position of the wiper arm-is the
same regardless of the change .in the speed of
the calling device.

- Ib will be appremated that thle a compara-
“tively simple telephone system has been shown’

‘herein, the principle of - selection disclosed -may
be used in larger systems, following known meth-~ |

-ods employed in expanding the capacity of auto-

matic telephone systems in.common use. - It will
be. understood also that this new principle of se-

“lection may be employed to advantage in various
5. other automatic switching. or indicating systems,
-andin such cases the number: of selections or the

number of calling device keys may be increased
beyond - the: number . shown herein. Nor is the
invention limited to the precise impulse -ratios

-explained herein, which haye been selected mere-
‘ly- ds:a-convenient 111ustrat10n of the principle
-lnvolved

Varlous other modlﬁcatlons ‘may be made

‘:'twvthm the spirit: of the invention, and I do not

‘therefore wish to be restricted to the exact form
of ‘the invention -which is shown and described

~herein, but-desire to include and have protected
-by Letters Patent-all forms and modifications of

my invention which come W1th1n the scope of the

appended claims. o . .
‘I claim:

-1, In an . automadtic t\,lephonn syutem means

-for connecting a calling and-called line, compris-

ing an automatic progressively movable -switch,

5 means on ‘the calling line for impressing two
“wariable length but.continuous control conditiong
-on-the line for each number called, the ratio of

the duration of one condition to that of the other
varying ‘in accordance with' the number of the

.called line, means for operating said switch by

means ‘of said control conditions in. accordance

‘with said ratio to select the particular called line,

and means in said switch for connectlng sald
lines.
2. In"an automatic telephone syste*n an auto-
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-matic gwitch having:a bank intwhich:a plurality
rof -calted lines rarertermintated,a cedlling dine-as~
rsociated -with said switch, -a controller dn . -said
~switch, smeans -on ithe redlling lire : for ‘opérating

ssatd-controlleriin two:stages,tire ratio:of the dis-

~tance traveled by said .controller:in :one:stage to

-the distance traveled:in:thesgther stagetheing :de-

:penrdent. on’ the ;position cofthercdlled:line termi- -

«ngls in sthe ' bank.of said gwitéh, and a progres-
«sively:movable ‘brush :carrier ‘maintained :in-sta-
“tionary: position-during ‘the first-stage :of :opera-
:tion - of . said eortroller :amd :ativanced -over sdid
~hank:by:the:controller in‘the:second stage of its
-aperdtion to select 'the called line.
3.In lan -automatic :switching isystem; -a ‘first
-line, «a plurdlity: of -other:lines, meansfor closing
ithe ‘frst ‘line -and -for sproducing ‘two variable
length interruptions therein, gwitchingmeans for
selecting one-df ‘said other lines, safd switching
smeans inéluding «a coritrélier movable in two.di-
wrections dt right-anglesitoeach-other in:response
~4o-gaid: intterruptions, respectivély, together with
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.cirenit, means “for :impasing -a -controel ccondition
“on -said «dircuit, .means. far rmomentarily inter-
-rupting said:control:condition gt awvariskle point
“petween tha beginning and:end thereof,a selact-
ing mechanism, and means foroperating said
~machanism ‘responsive 0 said contrsl -condition
‘0. position détermined by the :point :at- which
-said interruption. cecurs, ' :
10.Fn ‘a -eontrol ‘system, -a line, ‘means for

:10 fransmitting two impulses ‘over:said‘line, ‘includ-

‘ing means for varyingithe relative lengths:of said
“mpulses &t will, -a -controller -moved ‘in two di-
rections gt right ‘angles . to-each -other through
-distanees -proportionate ‘to the lengths -of -said

-k5 ~impulses, ‘respectively, -and ra -responsive -device

&

including & member moved through -an -angle
whose tangent is ‘equal to -the ratio of one said.
distance to the other.

71. In combination, means -for transmitting

220 pairs of -variable length impulses, .including

-eontact means positioned by ‘said-eontroller, and’

smeans ‘for - connecting ssaitl. Mrst ‘line o the ;se-

“Jected-other Hine responsiveto’ tlfle» eomplétion. of -

‘therselection.. : ‘
.4 In-an ‘automatic switcHing  system, a first
“line, aplurality:of other ‘lines, -means for -¢los-

ing the-first line-and for preducing two variable

tength-iriterruptions-thereéin, an automatic-switch .

“for -selecting one ¢f-sdid other ilines, means for

moving said switch ‘to ‘selecting ‘position n-ac-

-cordanee ‘with ithe rélative lengths of -said inter-

-ruptions,-and-means‘for connecting said firstline
‘to’thewselected otheriline. o

5. In an automatic switching:system,'fa,icontrbl

_ -circuit, -means ‘for -¢losing ' said -¢ircuit, :an auto-

‘matic switch, means-reésponsive-to the closure of

“said -circuit for preparing said switch "for -opera-

“tion, means for preducing Htwo ‘successive ‘rnter-

ruptions in-said eircuit, ‘the-duration:of isaid in-
-terruptions beating-a:predetermined ratio’to -each

Gther, means‘for operatingsaid switch responsive -

sto-said interruptions andto an-extent.determined
hy said ratio-and meansfor réleasing said switch
‘responsive 1o -another interruption in :said cir-
~euit. ) S

746, In-an automatic switehing system, a-control
-gircuit, -an -automatic switéh, :means respon‘sive
-£0 *the -clostire -of ~sditl -eircuit for spreparing «gaid
-switéh -for- operation,:a/ positioring device: inssatd
switch, means for continuously moving ‘said -de-
~ice in ‘two -directions -at -fight -angles ‘to seach

-other in response to'two ‘suceessive interruptions .

-in -said -cireuit, ‘the ‘findl -position :of «said -device
-depending on the-relative “duration of ‘sdid inter-
ruptions, switching 'means 'in ssdid switch selec-
itively ‘controlled by said -Jevice’in ‘its :final:posi-
“tion, and -means responsive to-another sinterrup-
tion in said circuit for restoring said: d‘eﬁce.:am
said switching means, »
: "“7.-"In'an‘»-automa‘tic'~sé‘lecting'zsys‘sem, a~line, a
controller, means: responsive ‘o ttwo control.con-
iditions imposed on-said’line for:mevingssaid con-

~stroller-sleng thetwossides, respectively, ofzaright

triangle,-and’a 'pivdteiiasélecting:armnalignéd with
rthe hiypotenuse- 6ff szid'trianglerby. saidreontroller.

8. Invan autematic selecting system, a control
sgircuit, means for fnposing s icontrol condition
‘ensaid ¢ircuit, saittrcontral
‘two * parts «6f wvaridble . duration, @and ~selecting
mechanism :positiened jin :gecordance with tthe
-ratio “petween said -parts and independent rpf
their sum.

‘9. In an -automdtic seélecting wystem,a sgoritrol

;canditionscomprising
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“means “for varying ‘the relative ‘lengths of ‘the
impulses ‘in -each pair, mechanical means re-
_sponsive to any pair of impulses for interpreting
the same in terms of the tangent of.an angle, a
‘davice including an angularly movable member,
and means for moving sdid .member through
the -angle .détermined by said tangent.

© .12, In .combination, a.line, -means.for placing
a.contrel condition on said line for two periods
.of variable length, a device:including:a.part con-
tinuougly .movable -.in two .directions at .right

.angles to.each ether. in response -to.said control

.conditions, respectively,.a second.part pivoted at
the-initial position of said-first part, and.means
for moving said seeond part on its ‘pivot to -a
_position. defined- by -the line which. is determined

by thesinitial andfinal positiens:of -said first part.
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13..In combination, a -pivoted -arm having :a
.plurality ef selective positiors, ;each correspond-
-ing o a different;angular movement - of said-arm,

means-ferimoving said.arm to.any seleckive posi-

.tion, - and “means fer -controiling -safd -moving

-means-by a-pair-of impulses-of variable duration

. :such 'that ‘the ratio of -one impulse-to the other
~is -equal to -the -tangent of “the -angle :through

:which ‘said arm is rmoved to rreach "thz desired
:selective position. .

i14. :In ‘ecombination, -a ~switch ;comprising an
.arcuate bank, a-pivoted wiper arm. carrying wip-
:ers-adapted to.engageithe :contacts of said bank,
-a;controller normally -located ‘in :alignment with

" the ‘pivot of said :arm:and having a sliding con-
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sneetion with said arm, means for transmitting

“two -impulses to 'said switch, means:responsive-to
‘the first: impulse for moving said-controlier par-
-allel to said -arm, and means srespousive- to the
-seconid -impulse :for ‘moving -said controclier at

- right ~angles “to its first direction -of movement,

‘thereby rotating-said-arm on its pivot.

i5. In. an -automatic telephone system, called
‘lines, an ‘automatic-progressively movabla switch
‘having ‘access ‘to. said ‘lines, a calling lice -ccn-
nectedto said switch for controlling the same to

" extend connections to certain of said-cailed Ines

in accordance with the digits of the called.num-

“hers: assighed thereto, means on-the catling line

“for.impressing two variable calling conditions cn
the line for each digit of' the called.number de-

sired, .said . conditions having a .predeterniined

.ratio, one to the other, in accordance with ‘the
.digit, and means.in the switch operated. respom-
sive to.said-calling conditions.-of any digit to move

_the switch .in.accordanee with fhe ratio.of one

.15 scondition to the.other.and .independent of .the
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duration of the conditions to select 2 particular. :

one of said called lines.

16. In an automatic telephone system, a calling
line,.an automatic progresivély movable switch
controlled over said line, a plurality of lines ac-

cessible to said switch at’ different points in the

movement thereof, means on the calling line for
impressing a calling condition on said line for a
predetermined time for operating said switch
to seize one of said lines, said means effective at
will to divide the time of said calling condition
into two separate parts, the ratio cf one part

to the other varying with different operations of :
said means, and means for operating said switch

responsive to each calling condition to a partic-
ular point to select one of said lines, the line se-

lected depending upon the ratio of one.part of

the calling condition to the other.

17, In an automatic telephone system, a call-
ing line, an automatic progressively movable
switch controlled over said line, a plurality of
other lines accessible to said switch, means on
said calling line for always transmitting a pair
of impulses .over said line for each digit of a
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number- called, each pair of impulses having a
predetermined ratio of duration one to the other
for a particular digit, and means in said switch
operated in response. to each pair of impulses to

-select a particular one of said lines, the line

selected determined by the ratio of one impulse
to the other.
" 18. In an automatic telephone °ystem a call-

" ing line, an automatic switch controlled over

sald line having a progressively movable wiper
and contacts accessible thereto, means on the
calling line for transmitting pairs of impulses

‘over said line representing different digits, each

impulse of a pair having a definite ratio of dura-
tion to the other impulse of the pair, and said
ratio differing for each digit, means in the switch

- respongive to a particular pair. of said impulses

to move said wiper in one continuous movement
into engagement withi a particular one of said
contacts, .the contact connected -with dependent

-only on the ratio of one impulse of the pair to

the other.
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