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1,107,135,

To all whom it may concern:

Be it known that I, Eowarp E. CLeMENT,
a citizen of the United States, residing at
Washington, in the District of Columbia,
have invented a certain new and useful Im-
provement in Telephone-Exchange Systems
and Apparatus, of which the following is a
specification, reference being had therein to
the accompanying drawing. .

My invention relates to télephone ex-
change systems and apparatos, and has for
its object the improvement of what are
known as semi-autoinatic . circuits and ap-
paratus. By semi-automatic, T mean those
systens and that apparatus in and by means
of which the subscribers are interconnected
through the conjoint action of operators and
automatic apparatus, the latter being con-
trolled either Dy the subscribers or by the
operators. It will be apparent after reading
the following description that my appara-
tus and moch of the circuit arrangement
will be equally useful in full automatic or
semi-automatic systems. I shall describe

specifically a semi-automatic arrangement

but I do not wish te limit myself thereto.

My invention herein set forth makes use of
the circuit described in my prior application
filed Juné 5, 1905, .S. Number 263,784, but is
not confined thereto, as will sufﬁcieptly ap-
pear from the followirig detailed description.
" Briefly stated, the .circuit scheme in the
vresent case is for a two wire metallic eir-
cuit, with quick weorking magnets and. very
slow control magnets, preferably solenoids
with movable cores. I shall call this for
convenience a two-wire circuit with time
element control.

The apparatus described herein comprises: |

1. An automatic switch snitable for any cir-
cuit. 2. A controller or “side switch” for
the same. ‘3. A sluggish relay by which the
“time element” is made available. 4. An
improved subscriber’s sender, or variable
signal transmittey. :

- The switch consists of a frame or base
plate hsaving 100 contacts in separated
groups &f ten, mounted on a straight strip
along oye edge, with a parallel spindle car-
rying as-arm or stud for each group of ten,
these atms being at different angles in a
helical e around the spindle. The latter
has a recipvocating motioni through a space
equal to the length of one group of contacts,
also & rotary motion whereby one stid after

Specification of Letters Patent.

-erénce letters an

Patented Aug. 11, 1914,

- Application filled July 11, 1905. Serial No. 269,157

another may be brought around in line with
the strip of contacts. A vertical and a ro-
tary magnet controlling the spindle, and a-
release magnet sending 1t back to zero at the
end of a conversation, are mounted upon the
frame, ) ]

The controller or side.switch comprises a
frame or basé plate, a step-by-step-switch
thereon, and a pair of magnets, one fo step it
around and the other to restore it: '

60
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The sluggish relay comprises a solenoid

preferably arranged vertically, with a solid

core sliding up and-down within its sspool,

which is preferably lined with copper.
When down the core rests upon the end-of a
contact spring, to close it upon another con-

form a check valve at the upper end of the

- spool, so that the core will move in a dash-
. pot.

I find however that this is not neces--

70

| tact. The core is intended to pullup,rapidly,
- but sink down slowly, and to this end I may

Th

sary in ordinary practiece, as the application -

"of current energy brings the core up very

sharply, whereas its own weight has to carry
it down, and it meves comparatively slowly.
The. subscriber’s sender comprises a disk

or wheel having five sets of teeth, four sets
“having ten teeth each and the last one an

indeterminate number, depending upon the

' character of the system in which it is to he

used. Kach set of teeth has a segment un-

- derlying it, all pivoted on the same center,

each segment movable by hand to cover one
or more of the teeth, one tooth in each set
beigg preferably exposed normally. An
opening in the disk over each segment ex-
poses & number which changes as the seg-’

"ient is' meved, to indicate the number of

teath exposed or covered as the case may be.
When set, the entire disk may be revolved
by pulling a handle which winds. a: spring
train that is then detained by a trigger until
a magnet lying leneath the movement is
energized from central to pull the trigger.
My inventien is illustrated in the accom-
panying drawings, wherein the same ref-

parts~throughout. - .

In the drawings; Figure 1 is'a side view
of my switch. ‘Fig. 2 is an-edge view there-’
of, Jooking in the direction ¢f the arrow in
Fig- 1. Figs. 3 and 4 are detail figures
shewing two different types-of contact studs-
and wipers for the switch. "Fig, 5 iz a face

-view of the controller or'side swytch. Iig. 6
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is a section thereof on the line 6 of Fig, 5.
Fig. 7is a back view of the switeh.” Fig. 8 is
a_vertical section thereof on the line 8% of
Fig. 5. Fig. 9 is a side view of the sluggish
relay, with the spool and winding in section.

Fig. 10 is a face view of my subscriber’s.

sender, and Fig. 11 a top view of the same
inclosed in its case. Fig. 12 is a face view of
the mechanism with the case removed, and
Fig. 13 is a side view of what is shown in
Fig. 12, the contact springs being broken
away to show the manner of pivoting the
- segments. Fig. 14 is a bottom view of the
sender, showing the polarized release mag-
5 net. TFig. 15 is a rear view of the dial or
disk of the sender, removed. Fig. 16 is a
diagram of a subscriber’s line, with sub-sta-
tion and central station terminal apparatus
and an operator’s cord-circuit. Fig. 17 ima
similar diagram of a switch trunk and auto-
matic switch, with codperating parts.

Referring first to Fig. 16, A is a sub-
scriber’s station equipped with the usual
_ transmitter T, receiver R, switch-hook H,
5 condenser C and ringer Q. This station is
connected to the central office where line-
wires 1—2 terminate in relay contacts n, nd,
of the cut-off relay N. These contacts are
“normally in engagement with other contaets
n’, n* the first connected by wire 5 through
relay M to the main battery B, and the sec-
ond to ground. The contacts, n, 1% are
taken away from their normal resting con-
tacts when the relay N is excited, and
brought into engagement with other contacts
n?, n°, connected to the line jack d, in the
spring and sleeve sides of the same, through
the wires 3—4, and also through wires 7—8
to the multiple-contacts J?, which are dis-
posed in automatic switches.

The cord-circuit shown terminates in an
answering-plug P and a calling-plug P’,
each with tip and sleeve contacts P, ¥, con-
‘nected ‘through cord - conductors 9—11,
10—12, broken by condensers C, C. The
main battery.B is bridged across each end of
the cord through a pair of relays. On the
answering end the control relay S’ is be-
tween the battery and the sleeve side, and
the supervisory relaysS between the battery
and the tip side, the former being a front con-
tact relay and the latter a back contact relay.
These two relays jointly control the local
civcuit of the supervisory lamp s. On the
calling ‘end of the cord the arrangement is
the same, the control relay S* and'the super-
visory relay S? jointly governing the cir-
cuit of the supervisory Tamp s1°. in the call-
ing end of the cord is'also included the ring-
ing key K, which may be provided with
listening contacts, if desired, -but in the
present system is not so shown. E

So far, the cireuits and apparatus are all
of a well-known type of two-wire multiple,
"and as I describe my additions thereto it

abead. He then taps the hook

1,107,188

will appear that this much, which is the
essential and distinguishing part of the
manual system, remains unchanged. I add
to but do not alter the cord or line-circuit.
In a multiple-switchboard the wires 3—% are
connected to the multiple-jacks through the
branches 7—8; and here the fret difference
oceurs, for I discard the multiple-jacks, and
substitute the terminals J? in the banks of
the switches. :

At the subscriber’s station it is necessary
to provide some means for sending impulses
in predetermined order. These all go over
the No. 1 side of line, hence it is possible to
make and break the cireuit manually, or to
use an automatic sender such as that shown
in Figs. 10 to 15. It is entirely possible to
use the ordinary switch-hook without any
change whatever. This is manipulated to
send successive short breaks in groups, leav-
ing the line closed for an appreciable time
between the groups, the number of breaks in

-each group corresponding to a digit of the

number wanted. Thus in sending the num-
ber 4436, the subscriber would remove his re-

ceiver from the hook, and listen. In Fig.

16, I have shown the special variable tono
generator G* connected through a condenser
C to the wire 3, so that as long as the line is
connected to the line-relay M a characteristic
sound will be produced in the subscriber’s re-
ceiver. Even without this, however, the
subscriber can tell when the plug is inserted,
because (if the circuits are traced it will be
found) the battery is reversely connected to
line when the plug P is inserted. Having
waited until he hears the plug inserted,
knowing this either by the ce. sation of sound
from generator G2, or by hearing the loud
click due to the battery reversal, the sub-
scriber taps his hook sharply and rapidly
four times, then after a short interval during
which it remains up he taps it four timos
more. As soon as he has done this he will
hear the battery cut off by the opening of
contacts 2%, 2% in_ the side switch, and he
will then wait until battery comes on again,

if the generator G2 is employed the tone sig-

‘nal becoming audible in the meantime, inas-

much as the cut off-relay N has lost its cur-
rent. When the plug P’ is inserted in the
trunk jack J*° the relay S* pulls up, the side
switch' Z moves forward a step, and the
contacts 2%, 2° are again closed, whereby
magnet N again fakes current, relay M and
the generator G* or reversed battery B ave
cut off, and the subscriber knows he can g0
three times,
and after an interval six times. The de.
seription of this operation sounds somewhat
involved, but really it is simple in the ex-
treme. The subscriber has only to remember
that when he hears the musical note of aen-
erator G%'he must wait until it.¢eases hefore
he can signal. It almost goes without say-
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ing that a phonograph might be substituted
for generator G*, giving oral instructions.”
My sender is illustrated in Ifigs. 10 to 15,
inclusive. The funetion of this sender is to
transmit makes and breaks, or more prop-
erly speaking to send over the metallic cir-

cuit long and short current impulses in pre-

determined order. The sender herewith pre-

- sented js a device having five groups of teeth,

four of which are adapted to be varied as to
number from two to ten by covering seg-
ments, the fifth being invariable and con-
sisting of one or more teeth or mnotches,
which control the testing, the ringing, ete.
The four segments are set by hand to un-
cover the desired teeth or notches, and then
a train is wound up which turns the whole
disk, bringing the successive teeth succes-
sively into position to engage the line-con-
tact springs. . s

Fig. 10 is a face view of the device in its’

case. -The central spindle W2 carries a dial
W, around which the edges w° of the case
are rounded so as to conceal the edges of the
disk and the teeth thereon. - In this dial are
cut four slots ', w4, ws, w, In the
first named works the handle w'?, in the sec-
ond the handle w'S, in the third the handle
w*®, and in the fourth the handle w*°. These
handles protrude from the face of the in-
strument a sufficient distance to enable them
to be grasped conveniently, as best shown in
Fig. 11. In Figs. 12 and 13 1 have shown
the mechanism without the case, and in Fig.
18, particularly, there appear below the disk
W the four segments w'™, w8, % gnd
w?*°. These are all pivoted on the central
spindle W2 and have the same radius as the
disk, the result being that when a handle, as
for instance w7, is moved over to the ex-
tremity of its slot w3, all the teeth, w%, in’
its set except one are covered up as indicated

" -in the dotted line in Fig. 12. In order to be
able to set these segments accurately, T pro-

vide four openings in the face of the disk W,
as shown at @™, w5, w®, w%. On each seg-
ment I mark in a curved line concentric
with its edge the numerals from 0 to 9. If
a segment is left with its numeral 0 showing,
only one tooth of its set will be uncovered;
if the nwnber 1 is showing, then two teeth
will be ulicovered, and so on. The reason I
addithis is that in order to make the succes-
sive selections in an antomatic exchange sys-
tem it is necessary to send four sets of im-
pulses, each of which may consist of any
nmmnber from 1 up. Qbvicusly, therefore, it

~ is nécessary to regard the 0 as the one im-

-60
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pulse figure, otherwise no numbet ‘containing
a naught could be transmitted. ‘By moving
the hindles and thereby the seginents on the

disk W, they may be set so that any dombi- .

nation’ of teeth appear uncovered. - . .
- Referring particularly to Figs. 12 and 18,

‘the central spindle W? below the disk ‘W

passes through a bridge w®, which extends

from side to side of the device and has its
ends secured to the back plate W5 The
spindle is journaled in this bridge and in the
back plate, and has fixed rigidly upon it the
two oppositely cut ratchet wheels %2 and
w*. It also carries loosely upon it the com-

70

panion gear w" and the heavy fly-wheel W+,

Below the fly-wheel is fixed the angle arm
w*, Dy which the rotation of the spindle
and the disk W is stopped. Attached

rigidly to, the companion w? is an arm w?,

carrying a pawl w* taking into the ratchet
w®.  Uprising from the fly-wheel W* is a
post upon which is carried a pawl w?, which
engages the ratchet w?®. To one side of the
movement thus described is a post " carry-
ing at its upper end the contact springs w?,
w®, and w"°, separated and secured.by the
insulation w*. Pivoted upon the post be-
low the springs is a winding arm W?, carry-
ing a handle w® and a stop-pawl w?, the
latter, however, not being essential, but pro-
vided to take into the latch w?** when the
arm is up or idle, so as to positively prevent
any back movement of the disk, This arm
W? carries a toothed segment or arc w®, en-
gaging the pinion w* and adaptéd to turn
the same when the arm is moved. The arm
is pulled down by hand, and is moved back
to the position shown in Fig. 12 by a suit-
able spring w* attached to a post w*® indi-
cated in dotted lines. As the arnmi is pulled
-down the pinion %" is turned, thé arm w??
and pawl w* turn with it and the latter
moves back over the teeth of ratchet w22,
.which it finally engages with a tendency to
turn as the spring exerts an upward tension
on the arm. This turning is prevented,
however, by the stop-arm w® which nor-
mally engages the detent w37 on the end of
the horizontal arm of the bell-crank or trig-
ger w*, which is piyoted at its angle in a

slot in the plate W?, and is controlled by the -
- armature w**" of the polarized controlling

magnet WS This magnet is. supported on
the back plate as indicated at w*", and car-
ries a yoke w*°, in which the armature «*
is pivoted by means of screws w*. This
soft iron armature lever w* carries the mag-
net winding w*, the field being a laminated
permanent magnet w*, whose compénent
parts are secured together in any desired
manner, as by bolts w*. The advantage of
having the winding carried on an armature
is that the permanent magnetism is never
reversed but is always strengthened. After

- the 'box is wourid up, when the magnet is
wenergized by current of proper polarity, the

-armature lever «* is thrown over to trip the
trigger and releage the spindle: It will be

observed that no retracting qplﬂ&g is re-;
“quired-for this trigger, by reason of the fact

that it ismioved positively in bqt;h’di‘rectiqns
‘by the afmature. The lower ehd.of the trig-
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‘ger is slotted to take a pin or screw w*°
tapped into the end of the armature. The
train’ being thus released, the spring w*
draws up the arm W2, and with it the com-
punion 47, the pawl «w** and ratchet w2, the
twin ratchet 0%, which is fast to w?®, the
pawl w* and finally the heavy wheel W2
This balance wheel prevents the. too rapid
movewent of the train, which as it turns the
spindle, turns also the disk W. The turn-
ing of this disk, which i is in the direction of
the arrow in Fi ig. 12, makes and breaks con-
tact between the springs w®®, w*, as the
groups of teeth pass them. It should be
stated that when the arm W2 is first moved
down, supplementary arm «® moves down
with 1t carrying a pin w*! away from the
spring w-J, permitting the latter to leave
the gpring 0% with which it is normally in
contact and come into position to be en-
gaged by the spring w®. When the arm
Vi again reaches its uppermost position, the
pm w0t returns the spring w® to the posi-
tion shown in Fig. 12, Owing to the double
arm %, the traln is only permitted to run
a little more than one-third of an entire
revolution, when owing to a reversal of cur-
vent in. the line after the sccond group of
teeth has passed the springs, the trigger 1w
again -engages the arm A the end w30,

“whereupon “the spindle W* is mst‘mtly

stopped, but the wheel W* turns idly on, its
pawl w® riding over the ratchet teeth w0*.
Upen s second reversal of current in the
line the trigger is again pulled and the arm
is again 1deased, when the disk W and the
spindle are turned through the balance of
their entire rev olutmn, until the parts again
resume the positions shown in Figs. 12 and 13.

Associated with the cord-cirehit is an in-
dicator shown as comprising two step-by-
tep disks, each adapted to be set around by
a magnet Tor I’ , a retaining pawl being pro-
vided for each disk, and a lestormo dev1ce
13 The indicator magnets, I, T’ are cach
gronnded on one side, and are conunected
hacel tluouoh wires 22 and 220 to the cou-
tacts z* and ¢ of the control or pilot switch,

Z. This indicator may be of any well known
80 or desired form. This shifting or pilot

85
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switch Z consists of a spindle with a ratchet
wheel and a magnet to turn the same, the
latter being shown at Z7, and the movement
as shown in Iigs. 5 to 8, which will now be
described. Referring first to Fig. 5, it will
Le seen ﬂnt the stepping and release mag-
nets and the working parts of the side
switeh are mounted on abase plate 2%, The
gtepping magnet 2% is fastened to the plate

£ Iyy means of the angle support ~'*. This
magnet when enmnl/m attracts the arma-
ture 2%, one end of which is pivoted at 2.
The other end terminates in the fork 2'7,
which engages the pin 2°°. The manner in

b foRae =t
which this fork
‘ .

sshown in Fig. 8.

the release magnet is energized.:

- mally closed.

to the p’lntb 2% by the pin 2.

engages the pin is well

1,107,135

The pin 2% is fastened to
the arm 22 which rides freely on theshaftz*
and carries the pawl 2%, which engages the
ratchet wheel 220 when the magnet T s en-
ergized. In Fig. 5, the appamtus 1s shown
in its normal po\mon, and 1t will be noticed
thiat one end of the pawl w wn in this posi-
tion rests against the stop 2%, which throws
it out of engagement with th(, teeth of the
ratchet wheel. This is to allow the ratchet
wheel to resume its normal position when
The ratchet
wheel is mstened ﬁunlv to the shatt 2%, as
are also the wipers z .22, shown in Figs. 7
and 6. This shaft extends through the plate
and is supported by the bridge ”“, and the
plate itself. In this form of “construetion I
am. enabled to mount the magnets and op-
erating parts on one side of the plate, while
the other side is used exclusively for the
wipers and their banks of contacts. These
wipers are insulated from one another b
the bushings 242, and are held on «h(, shaft
by the nut, 2%, The contacts 24, 28 2% etc.,
Fig, 7, are separated from one aao’the) b‘,
the insulation 2%, as shown in I{w 8, aud
are held in place by the screws z*%,
passing through the brass clamping nicce »
and threaded into the base plate, 2%, Thesw
contacts-are shown in Fig. 16 in puairs, ruyp
posed to be opened and closed success?
as the arms or cam dmm are turped. 4
the first step the pair 2%, 2° is closed, to cul
in the thousands indics tor magnet, ;; at the
next step this pair is opened and the nexi
pair, 2% 27 is closed to cut in the hundreds
izdicator magnet, I”; at the next step lhiL
pair is broken, and the next pair, 2% 2° ¥
closed to connect the battery wire 240 by
way of wires 17 and 21 to the conductor 11 ¢
and so through the tip of the plug to the tip
side of the switch trunk, so as to repeat the
impulses that follow, around the condenser
C, into the trunk circuit; this same step
opens the battery circuit through wire 14 by
cpehing the confact pair 2%, 2%, “Wwhich is nor-
There is then fmother step by
which thL pair 2%, 2° are again closed and
the pair 2%, 2° left closed. The final step or
1e\tomt10n then cuts off the wire 21, leaving
the pair 2%, 2%, closed and all the other pairs
open, so as to ha\' a clean cord-cireuit. The
\\ ipers are restmed to their normal position
Ly the watch- %pI‘an‘ 2%, shown in Figs. 6
and 8, one end of the spring being fastened
to the shaft, while the other end 1s fastened
The release
magnet 2% 1s fAst ened to the plau 23 by the
angle support 2*% | This magnet has the ar-
mature 22 plvoted At 22 To this mmature
there is fastencd an arm 22 2 which pbrmally
engages the teeth of the ratchet \\{1(‘01 24,
and \\hen detnergized the mypgnet at Ll aets
the armature 22 and the avnr 2 releases the
wheel 2%, which allqaws the shaft carrying 1se
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the wipérs.to return to its normal position.
The movement of the pawl 2'® controlled by
the armature 2%, is regulated by the set-
serew 2°%, which is mounted to the plate 2%
by the post 2%. This screw engages the
lower end of the arm 2* which carries the
pawl, and by adjusting this screw the move-
ment of the pawl as well as the movement
of the wipers is readily adjusted. Through

+ the end of the shaft 2%, projecting above the

bridge 2** a pin #* is driven, which engages
a similar pin 2% projecting from the bridge
itgelf. These pins oh coming into engage-

~ment serve as a stop for the ratchet and

13

2o
L=¥]

wipers when released by the magnet 2%, al-
-ways causing them to come to rest in their

normal or starting position. The operation
of this switch is as follows: When the step-
ping magnet z'? becomes energized, the ar-
mature 2% is attracted and causesthe pawlz'®

" to engage the ratchet wheel 22, causing it.to

5

'3
[

@«
(917

40
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move the space of one tooth, The wipers 2/,

2* being attached firmly to the shaft, but

separated from one another by -the insulat-
ing material 2*2 are caused to make a move-

ment corresponding to the movement of the f
ratchet. * The contacts #%, 2% 2%, etc.. are

spaced corresponding to the movement. of
one tooth. When the stepping magnet 2 is
energized the-first time the wipers 27 and 22

“engage the first pair of contacts, and when

énergized the second time engage the second
pair of contacts and so on. After the step-
ping magnet has operated, the pawl 28 by
means of the tension spring #* is forced
against the stop 2% and disengages itself
from the ratchet wheel 2%°.- This wheel is
kept from going back to its normal position
by the arm 2** of the release magnet 2%,
which engages the teeth while the stepping
magnet is operated. When the release mag-
net #*" is energized, the armatureé 2% is at-

-tracted and the arm 2% releases the wheel 2%°, |
the shaft,z*® carrying the wipers starts back

to its'normal position under the tension of

‘the spring 2%. When the pins 2°T and 2%

come into contact the shaft is brought to rest
and the wipers are now in their normal or
starting position. '

In Fig. 9 T have shown a sectional plan of

the solenoid which controls the foregoing’

pilot or side switch. The solenoid - consists

_ of..the winding s** wound on the copper

2

“§leeve s*2 having insulated ends s?, s22, A
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soft iron core 5 'moves freely in this sleeve,
and- in its normal position the lower end
having the insiulating bloek $* rests on the
contact spring s%, causing it to make connec-
tion with the spring s*. The solenoid:is
fastened to a base plate §** by the angle sup-

bert s, this angle ‘support being fastened

to the solenoid by means of a screw g
threaded into™the soft iron pole piece s2%.
This pole piece becomes magnetized when
the circuit of the winding s*' is closed and

| serves to reinforce the pull on the sliding
core s*°. The contact springs s* and s° are
mounted on a-support s?* and separated
from one another by the insulating material
§*". The frame of this support has a pro-
jeciion s*2 which serve§ as a stop or rest for
the contact springs ¢* and s°, when the core
52 of the solenoid is in }ts normal position.
‘fleferring now to Fig. 17, J'° is one of a
greup of trunk jacks located in front of each
operator, each trunk line, 31 and 32, pref-
erably appearing on a jack J° in multiple
at every scction of the switch-board. The
trunk comprises tivo wires 31 and 82, the
former normally open everywhere, the latter
connected only through the relay S* to
ground. When a plug is insertea in a trunk
jack ‘the magnet S° gets current through
the sleeve side of cord and magnet S%, and
pulling up cleses the tip side 31 of the trunk
to relay 'S* and ground. Impulses coming
"over the tip side thereafter afiect this relay,
which corresponds to the supervisory relay S

of the cord-cirenit. Bach trunk is provided-

with a side or pilot switch by manipulation
of which the different pieces of apparatus
ave successively brought into proper rela-
tien with the relay S* and other parts of

the cirenits and apparatus, as will be fully.

explained in a mement. . This switch is here
designated for convenience Z°, and s in
every respect similar to the switch Z in the
cord-circuit. ISach of these switches has an
operating magnet for stepping its arm

around a step-at-a time, this marked 7’ in.

the cord-circuit, Fig. 16, and Z* in the trunk
cirenit, Fig, 17. Hach switch is controlled
by a solenoid or other slew relay 8¢, which

is quick to be energized and pull up its wrma--
ture or core, but very slow to fall back and ;

close the circuit of the stepping magnet.
This solenoid or slow magnet is.marked 72
in Fig. 1, and S* in Fig. 17. Each switch
has a'spindle and an arm or arms and con-
tacts, as already set forth. ‘

The trunk line 31-—32 has for its terminal
a- selective switch P2, through  which the

contiection initiated by -the operator with,
This -

plugs' P and P’ may be completed.
switch is- of the type: designed by myself
and shown in Figs. 1 to 4. Fig. 1 shows a
face view of the switch containing the
straight row of contacts, the spindl&-carry-
ing the wipers or studs, the rotary, vertical
and release magnets with théir necessary
operating parts. Fig. 2 is a side view of
the switch showing the maghets and their
operating ‘parts, the row of contacts being
omitted for cledrness: -Fig. 8 shows a form
of contacts used: where the studs in place of
the ordinary wipers are: mounted on the
spindle. The contacts in this figure are ar-
ranged so-platinum points can be nsed;
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Fig, 4 shows a form of eontacts used-where

the ‘ordinary wipers .are’ mountéd” on the
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spindle. Referring now to Fig. 1, a base
plate P is shown, on which are mounted the
contacts and mechanism. The contacts used
in-this figure are of the type shown in Fig. 3.
They are mounted in a straight row divided
into ten groups, there being ten groups to
each switch. The spacing between the vari-
ous groups, J%, J2, J%, etc., is made to
allow the studs p™, p*, p**, etc., to turn and
each come opposite its own group. These

.contacts are mounted as shown in Fig. 8.

7%, 7%, represent a pair of line-contacts
there being a pair of these contacts:for
every line connected to the switch. In this
case there would be a hundred pairs of these
contacts. - 7*°.and §°° are busses common to all

$he-contacts of the switch, so that when
‘these busses are spread by one of the studs
. .6n-the spindle they will come into contact
2@

with apy pair of line contacts picked out.
The -busses in this switeh are made of a

. continuous piece of metal preferably Ger-
- man silver made in the form of combs, each

25
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having a hundred teeth, one tooth opposite
each line-contact. The line-contacts and the
busses are separated from one another by
insulating material as shown in Fig. 8. The
whole strip thus made is fastened rigidly to
the plate by means of ‘the screws 4, #, %,
etc., passing through the heavy brass strip J. |
These screws enter the spacings between

~ the various groups and thereby avoid short-

40

_circuiting any of the contacts. - The spindle
. p*, preferably made of steel, is mounted on
‘the plate P by means of the supports p® and

p°. Fig. 2 shows the form of these sup-
ports, p® being a steel bearing-piece mount-
ed on the brass angle support p®* for rigid-
ity. The spindle moves freely through the
openings in the steel bearings 2% p°. The
studs p'*, p**, etc., are mounted on the spin-
dle by .means of a locking device, such as
a set-screw ; each stud is nothing more than
a pin with 1 insulating sleeve. Commene-
ing with ong end these arms or studs are set
so that each will correspond to. one of the

- groups of contacts and will e opposite the
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spacing at the beginning of that group.
They are arranged helically, that is the arms
are set around by successive steps so that
only one of them can ever be brought into
line with the strip of contacts to engage
the same at any onetime. »' is a broad face
pinion with ten teeth, which is engaged by
the pawl of the rotary magnet to cause the
spindle to rotate. +'lds a circular ratchet
or a ratehet with circular teeth, which upon
being engaged by the pawl of the vertical
magnet causes the spindle to step up in a
vertical position. A fixed detent p° is se-
cured. to’ the frame, which as soon as the

‘spindle steps up in‘a vertical position en-

gages whichever tooth of the pinion, p2, is,
in line. g0 that after the spindie starts up it

canniet tyrniuntil it is slid back % its normal

£4107,135

‘or starting position. ‘At the upper end of
the'spindle-a coil spring is provided -housed
in a cap, p, having one end connected to
the spindle and its other end connected. to
an arm, 2%, which slides on the post, i
which is fastened to the plate P. “The pair
of rotary magnets S7 are fastened to the
frame by the angle support %, their arma-
ture §* being pivoted at the points s and
s on the supports §°, s*, which are screwed
to the base-plate. This armature has a pro-
jecting arm §* carrying a pawl, which en-
gages the teeth of the pinion p'%. The ten-
sion spring ¢* with one end fastened to the
azmature and the other end fastened to the
support, s° tends to keep the armature away
from the pole-pieces of the magnets S7.

70
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The. pair_of vertical magnets S better -

shown in Fig. 2, are fastened to the plate by
the angle support s, their armature s is piv-
oted at s** to the support s% which is fas-
tened to the base-plate P.  The armature ¢
is bent so as to ferm the arm 22, which car-
ries the pawl % which engages the circu-
lar ratchet p'. The tension spring %, Fig.
2, one end of which is fastened to the arma-
ture s’, the other end being fastened to, the
base-plate P, tends to keep the armature
away, from the pole pieces of the vertical
magnet. The pair of release magnets X
are fastened directly to the base-plate by
means of screws passing through the plate
and entering the cores of the magnets them-
selves. The armature ® is pivoted to the
support 2* which is fastened to the base-
plate. A screw @’ passes through one end
of the armature @ and rests upon the detent
piece 2", which normally engages hoth the
pinion, p*, and the circular. ratchet, p'.
This detent piece is' pivoted to the angular
supports, % and @7, which ure fastened to
the hase-plate. When the release” magnets
are energized the armature = i attracted
.and the screw 2’ pushes on the detent piece
@® which then disengages the ratchet and
the pinion and allows the spindle to resume
its normal position. The operation of this
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switch is as follows: The first impulses

coming in actuate the rotary magnet S7,
which upon attracting its armature accord-

ing to the mimber of impulses, actuates the

pawl which engages the pinion »'? and

moves it accordingly. Suppose the first

number of impulses had been three, then the
third'stud p**would come opposite its group
J3 in the spacing and in line with the busses
7*° and #°°, as shown in Fig. 8.  The next
set of impulses coming in would affect the
vertical magnet S®, which attracting its
armature according to the number of im-
pulses sent in makes the pawl s* engage the
ratchet p** and step up the spindle corre-
spendingly.  Suppose the sécond number of
impulses” had-been 'six, then 'the spindle

. would have stepped up six spaces and the
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stud »* would push a pair of teeth of the
combs j4, 75 against the sixth pair of con-

. tacts of the group J%, thereby connecting

20
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‘the ratchet.

the busses to pair 36 in the bank of contacts,
It will be noticed by referrinng to Fig. 8 that,

onlyone stnd can enter the contacts at any one

time. TIf the type of wipers shown in Fig. 4
had been used, in which the arms or studs
are provided with conducting wipers, the

» wipers themselves would have come into .

contact with the springs leading to the de-
sired line, but by using the type shown in
Fig. 3 I am enabled to use platinum con-
tacts which in itself is a desirable feature,
The method of operations, no matter which
type were used would be the same. At the
end ot the conversation when the release
magnet is operated, the armature # is at.
tracted and the serew @ presses down the de-
tent picce 27 releasing both the pinion and
The spindle drops by its own
weight and then turns under tension of the
spring in-the case p. The spindle is kept
from turning when first released by means
of the detent »*, which enters one of the
long teeth on the pinion 2%, and prevents it
making a rotary movement until it has

_ reached its resting position and the detent
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P is disengaged. :
Referring now again to T ig. 17, I have
shown the terminal contacts of the switch at
P% »°, and have indicated the spindle at p*.
The multiple line-contacts are shown at J3,
and this illustration, taken with the forego-
ing description will enable. any one skilled
in the art to practice my present invention.
The trunk wires 31 and 82 pass to contacts 32
and #° being also connected to contacts 2%,
2%, These contacts are normally open, the
former pair being controlled by the test re-
lay Y and the latter by the pilot switch Ze°.
The wipers p2 p®, are connected back by
wires 83 and 84 to the contacts ¥, ¥* of the
test relay, normally touching the generator
contacts %% 47, and wires 33 and 34 are also
connected -to the contacts #22 and 225 of the

pilot switch. At a point between the genera- {*

tor G and the sleeve side of wiper p%, the
wire 45 is connected through a choke coil to
the main battery B, this being for the pur-
pose of holding up the cut-off relay N” while
ringing. A busy-back generator (3’ prefer-
ably working through a condenser, C?, is con-

nected. across the contacts g’ 4% of the test .

relay, these contacts heing ‘crogsed together
with the contacts #2 and % when the relay
Y is energized, but insulated from the con-
tacts y and y*. X is the release magnet for
the switch, and is connected from ground
by wire 42 to the contact 27 of the pilot
switch. The generator. circuit 45—46 glso
passes through a pair of contacts 2%, 2%, and
the test relay circuit 43—44 passes through
a similar pair 28, 2%, of the pilot switch. * At
the right¥and end of Fig. 17 is shown.w

7

subscriber’s line-circuit and its connected ap-
p?IXtus, for a sub-station A’, similar to that
of A. -

The operation of my system will now be
stated :

Assume, that subscriber A desires to be
connected to subscriber A’. He first sots his
sender,to the desired number, which we will
assume to be 3364. He then reinoves the re-
ceiver from the switch-hook and we find the
following circuit conditions: The sub-
scriber’s talking circuit is broken at the con-
tacts w* and w® by the operation of setting
up the desired number. It will be noticed
that while the talking circuit remains open
the line is closed by the contacts w2 and w2,
through the polarized magnet w*, in series.
The closing of the line by this circuit ener-
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gizes the line-relay M, which attracting its

armature lights the line lamp m. The cus-
rent furnished through the line-relay M does
not affect the polarized magnet w* as it is
of the wrong polarity. The operator per-
ceiving the line-signal inserts the phig P,
thereby putting battery on the line of an
opposite polarity to that furnished by the
line-relay M. The polarized magnet 't is
now energized and releases the sender at the
subscriber’s station, to send in the Impulses
in their proper order. When the plug I was
first inserted the cut-off relay pulled up, dis-
connected the line-relay M and extinguished -
the line lamp m. The train w” runs down,
sending the first number in a sebies of short
breaks, the relay S is caused to vibrate its
armature, opening -and closing a circuit
which may be traced as follows: B, 24, s3, st,
249, &', %, 17, 2%, 2%, 1, ground back to battery.
Each short break puts battery onto this cir-,
cuit, that is each short break in the line-cir-
cuit producing a corresponding make in the
local circuit just trased, and _anses the mag-
net I to advance its indicator one step. The
number of impulses in the first set deter-.
mines the number to which the first indicator
is stepped around. _

At the same time that magnet I gets its
first pulsation of current, the relay 272,
which .is connected in ‘parallel therewith
through the wire 17, also takes current, and
instantly pulls up its armature, which is
made very slugeish in returning, so that on
the succession of short breaks in the local
eircnit due to the short makes in the line,
the armature will not fall back far enough
to clese the circuit of magnet 7. At the
end of ‘the first set of impulses, however,
the wheel W at the subscriber’s station pro-
duces a long make (or if the subscriber is
manipulating the switch-hook he lets it stay
up for a moment). The effect of this is to
cause relay S to hold np its armature and
thereby cut off current from the relay 22
long encugh to permit the armature of the
latter to.fall all the way back and close the
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civeuit 18 of the magnet Z’ as follows: B,

o4, g, 5, 19, 18, 7/, ground. Magnet &’
then pulls up and steps the side switch

)

round, opening the springs 2%, 2° and clos-
ing the pair 2, 2°. The first break n the
line of the second set, as the subseriber’s
wheel W .continues to run, produces & corre-
sponding make in the circuit of magnet i,
and ‘of relay 7% the second indicator disk
thus being started and the circuit 18 being
»in broken. WWhen this second set of
en compieted, a long make in
in holds up the armature s° and

i

S

step around fhe
Lacts 29, 27,

sid
and 2%,
7 are thus cub off en
supplied through U
also cut off from line-wire 2 an
relay N, the latter permits its a
fall  back. At the same time current re-
versal in the line throws over the arma-
ture of magnet 0., and stops the substation
sender. The line-lamp m may now glow,
and if the subscriber is using his switeh-
hook for a sender he will hear the tone of
generator (%, and the operator, perceiving
the number which has been set up on the

e T T
s Ly 4

7 ke

“indicator by the magnets I, I, takes up the
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plug P’ and inserts it in the trunk jack J*°
of a group bearing that number. There
may be anywhere from & to 15 trunk-jacks
in a group, depending upon the percentage
-of lines which will be in use at once. In
order to determine which of these wre :
the operator may test them in the orvdinary
way, hence my reference to listening con-
gacts in the key K. The test circuit 1s sim-
ple. Tt will be observed that the sleeve side
of the trunk, 82, is normally to ground, but
when a plug is inserted in any one of the
trunk jacks the potential of the sleeve side
is raised by the connection of the battery

- through the sleeve side of the cord. T may

also use lamps or other busy signals instead
of a test. The ordinary test 1s considered

- preferable, however.

5G
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As soon as the plug P’ is in the trunk
k the following circuit is established: B
1 the cord), 24, 8% 16, 12, p’, §/, 32, 41,
, 2, 35, 8% and ground. The two re-

the following cireuit: B, 24, s°, %, 20
i8. 2, ground. Magnet Z’ thereupon
steps the cord side switch around one mote
step, closes the contacts 2% 2°, and also closes
the contacts 2° and The former closure
pats e sleeve side of sub-

3
27
i3

battery back on
seriber’s line, 2, again energizes magnet w*
and lets the second set of impulses start. if
the subscriber is manipulating his switch-
hoolc he hears the generator G* go off and
the battery B come on. The relay S% ¢
the other hand, pulls up its two armatur

1
T
A

and.closes the following two circuits? 3

1

hie civenit 18

3. @5, theveupon pull up. The former
; pon % .

1,107,185

battery B (in Fig. 17), wire 40, §'°, &7, &%
and if the relay S* be deénergized, to «*¢
magnet Z'° to ground ; also from wire 3, 36,
s, 8%, 87, 2%, 2%, 89, 3¢ and ground. Now,
since the wire 21 in Fig. 16 has connceted
ilie point & to the tip ccnductor 11 of the
cord, it is obvious thav the breals cuining in

‘over the line 1 and causing the armature ¢

of relay 8 to fall hack, will produce a gor-
responding series of current pulsaiions over
the following pathi: I3 (In g, 16), 24, &,
s, 946, &7, 8%, 17, 2% 2%, 21, 11 At the point
of connectiom with wire 11 the current b
vides, & portion going by sach of the Jol

swing peths: fivst, wive 15, ol
wive 93 to ground and back to !
ond, through conductor 1, to p, 27

g%, 5%0
87 &,

ST and

vy
a6,

.37, relay 8%, and to ground; alio 5,
22, 214 59 and 3° to ground. None of thew
parailel paths will atleet the athers beewuze
they are fed directly from battory through
wire 21 without any intervening re-stanee,

but care should.be taken that all the con-

tacts and wire connections have a sufiicient
current carrying capacity o supply the
three paths without burning out or undue
heating. Thus as the impulses come from
the subscriber’s station they are repeated by
the relay 8 around the condenger C info the
tip side of the trunk. These impulses com-
ing over the wire 31 affect the magnet 57
which is one of the two stepping magnets of
the automatic switch P2 As 1t takes the
impulses the wipers p?%, % are moved, ver-
tically if it is a Strowger switch, but in a
rotary direction if my own type of switel,
in cither case the fens group of line-contsets

J* being selected ia which the terminals o
the wanted line ave to be found, Agthe .

of this set of impulses there comes a b g
make, as before, whereupon the armature &
remains back long enough to make contact
with the point ¢, and by energizing the
magnet Z*9 to step the side switch Z° arcund
one step, thereby opening the springs 2’7,
22 and closing 2%, 2, thereby putting wire
37 through wire 38 to the second magr. & 5
of the switch P2, this being the magnet
which in the Strowger switch moves the
wipers around the row, and in my switeh
moves the selector up the row, in both cases
to select the unit contacts wanted.

When the side switeh in the trunlework
the last time, the switch Z of the card nho
moved a step; but no effect was produc.?
thereby, the contacts 25, 2° being nurindeines
closed during both steps. As the leat ov nnd
impulses now come i as bresks ove ihe
line, they are repeated as hefore over e

31, to energize maguet 87, as stated. .7 the
ondt of a set of impulses the long uiake

vomes, armature ¢ in the cord stays up. and
i poiays 2% and 8 of the side switches of
.

cood and trunk, fail 2ll the way beck,
. side switches gre advanced o step.
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1o switch Z opens the contacts 2%, 2° and re-
mains in idle position. The switch Z° opens
contacts 2%, 2%, thereby disconneciing
e magnets 5° and S7, and closes the springs
, %%, thereby connecting the test relay ¥
to the wiper p® by the following path: Y, 43,
'8, 21, 44, 34.° As this wiper rests on the
sleeve ‘contact of the wanted line, if the
sleeve side of that line has its potential
raised because of snother connection exist-
ing, the magnet Y will instantly take cur-
rent and will pull in its armature ¢, ¥,
thereby disconnecting the generator conlacts
y" and %", and bridging the busy-back G’
across the wires 31, 82 through the insulated
contacts ¥, 4%, #° and 4% The calling suly-
seriber then hears the buzz of the busy-back,
or if desired the voice of a phonograph say-

et
5

et

o ot
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“ing “ Line is busy”. The subscriber there-

upon hangs up. A wire 47, it will be noted,
connects as 2 branch of the wire 42 to the
front contact 3’ of the velay Y. When
pulls up therefore, as an
obdinary automatic switch is used, this
puts the release magnet X on the wire
$2 through the comtact #°, and the mag-
net immediately takes current and pulls up.
As commonly used 1o Strowger antomatic
switches this would be what is called a
“{wo-step ” release, that is the magnet when
it pulls up would simply hook its lever onto
the release end of the detent pawls of the
switch, and when it lets go the retractile
spring of its armature would pull off the
awls and so let the switch return to normal
or inoperative position. Hence In such case
the switch remains set after the subscriber
hangs up. When he hangs up, however, the
operator perceives by the lighting of the su-
y

isery lamp s that he has done so, and
reupon pulls the plug I out 6f the jack
This cuts off the curvent supply fiom
magnets 8% and X, and as the latter then
s zo 1is ariaturs, the switch is forthwith
' By winding the magnet Y high
1 making it of considerable impedance,
amount of current abstracted from a
v civeuit and the consequent annoyance
to busy subscribers is no more than in any
ting operation in systems now in ruse.
1ere this switch shown in Ffig. 1 1s used as

& connective switch, the release magnet must

be arvanged to operate when g release circuit
15 closed under the control of the relay X.
if the line wanted is not busy, the magnet ¥
ebs no current when the switch wipers come
i on the line terminals §%, and the pro-
eduire iz somewhat different. It should be
stated here that after the last teeth of the
for number transmitting on the sub-

eth which are always operative for the
se of getting the side switeh Z°. The
witch Z is unaffected after it makes the
movements stafed, either because its

ev’s wheel, W?, there are twy or more

arms have reached a stop which prevents
further movement, or because the last steps
2o over tied contacts or solid contacts so as
to maintain conditions unchanged. The side
switch Z° has five movements, however, and 70
if we cause the insertion of the plug P’ to
give the first movement and cut in the mag-
net $° simply by putting battery on at J*°
and at the same time through the closure at
§'%, §'7 putting battery current on magnet 75
Z*° before relay S* is énergized, which is
the propei and economical course,) still the
subscriber only gives two long closures after

- that, by which means we are brought to test-

ing, but the wanted line must still be rung 8o
and the circuit then put through. "So two

.move invariable breaks of short duration are

provided just before the wheels W2 run
down. If the line wanted is not busy, the
next break comes in, in due course, and the g5
side switch Z° malkes another step; closing
the generator contacts 2*° and 2%, which may

be on one side as shown, or double-pole if de-
sired. This puts generator to the wanted
line. After any desired and predetermined 9o
interval the last break comes, followed by
the final make ‘as the arm w3 closes the
talking circuit 50—b2--53, at the sub-sta-.
tion, and the switch Z° makes its final step,
opening the generator contacts, leaving the g5
test contacts open, and taking spring 2¢ off
spring 2% and putting it on 27, thereby cut-
ting off the relay S° and cutting on the re-
lease wire 42, which remains on the sleeve
side of line during the conversation. Every- 100
thing else is disconnected, however, includ-
ing magnets S* and &7, and wive 36. The
same step of the side switch closes the con-
tacts 22—z, and 2**; 2%, whereby the trunk

is prolonged to the wipers, with the same 105
clear talliing circuit as in a manual system,
and with ne more contacts than any, but less
than most, to talk through.

After the trunk is completed, the two su-
pervisory relays S and S° in the cord-cir- 110
cuit are responsive to the two subscribers, as
usual, and 1if the wanted subscriber does not
answer within a reasonable time, the opera-

“tor can ring him again by means of the key

K, also as usual. This will not occur ex- 115
cept in a small percentage of cases, and in
fact automatic repeat of the ring can be ar-
ranged by -merely giving the gubseriber’s
sender more ringing teeth and the. switch
4° more steps or a set-back, that is to say a 120
meang for seiting the wheel back so that the
last impulses will be repeated.” If he finally -

- fails t¢ answer the operator will withdraw

the plug P and insert it in a busy back jack
of usual pattern and connection, or can put 125
the culler onto a manual or chief’s desk to
be talked with and soothed if necessary.
The subscriber’s operator under no circum-
stances attemptd to tall, and in fact. she
cannot, having 10 equipment for the pwr- 130
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_pose, unless speed of service is to be sacri-
fced.
- nary course of business, for if the steps in

She does not need to talk in the ordi-

operation are followed carefully it will be
observed that she gets signals for all, that
are .perfectly plain. The line-lamp lights
when the man calls, and may also light after
the first two numbers have come in, denoting

.that attention is required to insert the plug

P’. The supervisory lamps flash as the sig-
nals go through, and respond to all the
movements of the subscribers afterward.
When the connection has been completed
and the subscribers.finish conversation, they

‘hang up, and the supervisory lamps an-

nounce that they desire disconnection. The
operator then pulls the plugs and the mech-
anism restores itself. In case the calling
subscriber desires a tecall he flashes his
lamp, or if the wanted subscriber’s lamp
continues to glow while the calling super-
visory remaing dark, it may denote the same
thing, although it is difficult to distinguish
this from the condition when the subscriber
has not answered and the operator then pulls
the plug P’, leaving the plug P in the jack.
The indicator I, I’ and the side switch % be-
ing at the same time restored to normal or
zero position, the subscriber can get another
number at once. e must set up his sender,
of course, or manipulate his hook as before.

In the manner of showing the circuits in
Fig. 16, it is to be observed that the genera-
tor and busy-back circuits ave both tied onto
one side of the trunk during conversation.
Tt will be understood, of course, that double-
pole cut-offs or switches are to be used
throughout so these tonnections will not exist
in practice, but are herein shown because of
a desire to simplify the drawing as much as
possible. Such connections would make the
lines noisy. : _

- The sender -W’ can be entirely omitted,
with all its special circuit connections, leav-
ing an ordinary common battery telephone
only at the substation. »

In practice, the magnets 7%, and S* are
solenoids with plunger armatures, which
when a$ their lowest point rest by their own
weight on springs to close them together.
The first impulse of a 'somewhat rapid series
pulls up such a plunger core or armature
and relieves the springs of its weight, so
that they open, and the inertia of the core,
combined with the dash-pot effect of its fit-
¢ing in the spocl, vibrate it but do not per-
init it Lo fall far except on a long break. _
in all mechanism of the above type here-
fore .described it has been found that
derghle wear and deterioration is due
. suceessive shocks eaused by the drop-
of the switch spindles and the violent
1 of other parts to their zero or normal
positions,  In the case of my switeh, shown
m i 1, the spindle and its 2ounected parts

s
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are light, but in order to ohviate any possi-
ble damage due to shock T have designed a
simple take-up or check, consisting as shown,
of a single element bellows supported on the
frame and receiving the thrust of the lower
end 3f the switch gpindle in dropping. This
comprises a pair of flexible disks clamped
together around their edges by a metal ring
crimped over upon them. DBetween these
disks is a spring tending to force them apart,
and the upper disk has a small hole in the
center. A bracket fastened to the frame ex-
tends out and carries the device. The lower
end of the spindle hag a little leather washer
secured to it, large enough to cover the hole
in the upper disk, or this washer may be at-
tached to the disk. As the spindle rises the
disks spread apart, but when the spindle
falls its end comes down upon the upper disk
and closes the hole, the contained air there-
upon taking up, the shock and as it escapes
‘slowly letting down the spindle quite gently
'upon its bearing brackets. The same check
may be applied to the rotary stop lever, p*
and to other parts, as the side switch.

I do not claim herein broadly a combina-
tion between the magnet S*, which is of the
slow relay type, the side switch, and the au-
" tomatic selector switch, but wish it under-
stood that I relinquish none of my rights to
this subject matter, since I have made claims
thereto in my copending application Scrial
No. 291,097, filed December 9, 1903,

I do not herein claim automatic switches
controlled by relays having different time
constants or through impulses of varying
electrical characteristics transmitted over
the subscriher’s metallic line cirenit (includ-
ing the two sides of the line in series or other
circuit normally free from ground connec-
tions) inasmuch as the same is claimed in
my application Serial No. 291,097, filed De-
cember 9th, 1905. .

Having thus described my invention, what
I claim and desire to secure by Letters Pat-
ent is: :

1. In a telephone exchange system, a plu-
rality of lines, central office link circuits for
interconnecting them, automaticline switches
for said link circuits, and controlling means
therefor, each switch comprising line-con-
tacts arranged in a straight row, a cdmmon
contact, a spindle mounted to turn upon an
axis parallel to said row and capable of a
Jongitudinal movement, and a plurality of
arms or studs on said spindle arranged heli-
cally around the same, and adapted to suc-
cessively connect said line-contacts with said
common contact at each longitudinal move-
ment of said spindle, substantially as de-
scribed. : A -

9..In a telephone exchange system, a plu-
rality of lines, central office link cireuits for

interconnecting them, automatic line switches
for said link circuits, and controlling means
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1,107,

therefor, each switch comprising a straight
- row of line contacts and a spmgle carrying

a plurality of angularly placed arms or

studs, means to rotate the spindle so as to
5 bring any desived arm into alinement with
a contact in the row and means to.move the
spindle longitudinally and thereby bring the
stud into operative connection with. succes-
sive contacts, substantially as described.

8. In a telephone éxchange system, a plu-
rality of lines, central office link circuits for
interconnecting them, sutomaticline switches
for said lnk cirenits, and controlling means
therefor, each switch comprising a plurality
15 of line- contacts composed of subordinate
groups or divisions, a spindle in juxtaposi-
tion to said contacts, a plurality of selective
arms or studs on said spindle arranged in
a helical line around the same, one stud for
each division of contacts, means to rotate
the spindle so as to bring any desired stud
intc alinement with its division or group of

Soral
o)

B
o

c¢ontacts, snd means to move the spindle lon- -

gitudinally to bring the studs into operative
25 connecticn with the successive contacts, sub-
stantially as described. :

4. In a telephone exchange system, a plu-
rality of lines, central office link circuits for
interconnecting them, automatic line switches

20 for said link civcuits, and controlling means
. therefor, sach switch comprising a plurality
of ‘line contacts composed of subordinate
groups or divisions, a spindle in juxtaposi-
‘tion to said contacts, a plurality of selective
» arms or studs on sald spindle arranged in a
“helical line around the same, one stud for
each division of confacts and means to ro-
tate the spindie so as to bring any desired
stud inte slinement with its division.or
44 group of contacts, together with means to
move the spindle éndwise so>as to bring
the selected stud into. operative connection
with any desirved contact in its subdivision

or group, substantially as described. '
46 5. In g felephone exchange system, a plu-
lity of lines, central office link circuits for
intercos necting them, automatic line switches
for said iink cireuits, and controlling means
herefor, each switch comprising & row of
ine contacts and a member common thereto
having individual contacts corresponding to
and In justaposition with the several line
contacts, 2 spindle ¢apable of longitudinal
“movement and farrying a selective arm or
&5 stud, and roeans to move said spindle longi-

N I & ~ EX
tudinglly so

ag o cross oy interconnect any
; line contact with the common

(2]
R

kg
2

fm e ooy b
’ O
=3

Hy as described.

6¢ 6. In o telephone exchange system, a plu-
rality of lines, central office link ‘circuits
for interconnecting them, automatic line
switches for.said link cireuits, and control-

ing means therefor, each switch comprising

, frame or support, a straight row. of con-

i

&)

‘rality of lines, central ofifee 1

member through its corresponding contact,
¥ . .

185

1L

tacts divided inic a plurality of groups
't = )
¥

oy
&

mounted upon but insulated from said
frame, a spindle also mounted on the frame
and carrying a plurality of sciecting arms

&
or studs, one for each grouy of o
arranged helically avoundrihe spind
to rotate said spindle o as e brin
sired arvm or stud
group of contacts
spindle longitudinally so that the seiected
arm ot stud will engage any desived contace

o

2, Ineans
any de-
1to alinement with its

Ga

An its group, substantially as deseribed.

7. In a telephone exchange system, a lins
circuit, an automatic selective switch adapt-
ed o be associsted with s3zid line when
calling and containin nals of other
lines, controlling eleci
branch cirenit connections
step by step electroinagn y ac
side switch controlling said local bran
cuits, and controiling mesuns for the
switch responsive teo Gistinctive
changes in thé lne of more than a deter-
minate length only, substaniially ag de-
scribed. o : .

8. In an automstic ielephone exchas
system, an automstic switch and & cont
hing or gide switeh therefor igin

following instrumentalities:
plate, a series of contacts t
arm adapted to sweep over
ratchet conmected with the switch arm,
magnet controiling the vatehat,
from the contacts to the respeciive parts fo
be controlled, and actuating means for said
magnet and switcl
cireuit chs
nitude or dui:
seribad.
9. In a telephone exchan

T

s system, a plu-
ink circuits
for interconnecting them, sutomatic line
switches for said link circuits, and control-
ling means therefor, each switch comprising
8 plurality of line contacts divided into
groups or divisions, a2 common spindle in
Juxtaposition to said contacts having a plu-
rality of contact arms corresponding to the
line contact groups, means for moving the
spindle to bring any arm individually into
opérative position relatively to its particu-
lar roup of contacts, and other means for

- further moving said avm theveafter into op-
: : Lo 03

erative corelation with the conts
group  successively, substantially as de-
seribed. : s
100 In o telephoné
plurality of lines, central off
for interconnecting them, antemaiic line
witches for said link cive i Y
ling means therefor, each switch co
s plurality of line-co

groups, 2 spindle bearing a plarality of
arms arranged in & helical line around the

same, weany to volate the spindle so as to

grstem, §

contacts -

1 means fto move the

nl elrenits -
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bring any desired arm into operative rela-

tion with its particular group of line-con-
tacts and additional means to thereafter
bring said arm into operative relation with
the line-contacts of the group successively.

.11 In a telephone exchange systeni, a
plurality of lines, central office link circuits
for interconnecting them, automatic line

switches for said link circuits, and control-
ling means therefor, each switch comprising
lips-contacts arranged in a single row an

s

vided into groups,a spindle having a plu-
v of arms corresponding with said
zyranged in a helical line thereon,
o rotate said spindle to bring any
sticular arm in operative relation with its
group of line-contacts and means for mov.
ing said arm thereafter along the row of
contacts o bring the same into operative

“relation with the line-contacts of the group

sbccessively,

1,107,185

12. In an automatic telephone exchange
system, an automatic switch, and a control-
ling switch therefor comprising a base, a
switch arm and codperative contacts carried

on one side of said base, a spindle therefor

extending through said base, a ratchet wheel
mounted upon said spindle, a paw] and de-
tent, controlling magnets therefor, all
mounted upon the opposite side of said base,
connections between said switch contacts
and the working parts of said antomatic
switch and means to actuate the coitrolling
magnets of said contrelling switch by cir-
cuit changes of predetermined magnitide or
duration only.
In testimony whereof I have aflixed ny
signature in presence of two witnesses.
. EDWARD E. CLEMENT.
Witnesses:
Jases H. Mars,
Crarres A. Stanernirr.
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