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{No model.)

To all whom it may concern.: .

Be it known that we, HAMMOND V HAYES
residing at Cambridge,in the county of Mid-
dlesex and State of Massachusetts, and HENRY
D. SEARS, residing at Lynn, in the county of
Essex and State of Massachusetts, have in-
vented certain Improvements in Automatic
Telephone Systems, of Whleh the followingis
a speelﬁcamon :

Our invention concerns central station or
exchange systems of intercommunication in
which the speaking-telephone is employed.

The ordinary telephone-exchange is a well-

known institution and 1s in existence and has

been found usefulin a great number of cities
and towns.
centersof population where, for reasons which
neednotherebediscussed,ithasnotbeenfound
practicable to economically establish and
maintain on a comnmercially-remunerative ba-
sis such an organization. It seems therefore
desirable to devise and constructa central-sta-
tion organizationinwhichtheseveralordinary
f unctlons and 0perat10ns of the central-station
switeching and signaling appliances shall be
carried out by automatie&lly—aeting mechan-
ism under the intelligent control of the sub-

‘scribersatthe sub-stations and bymeansof the

subsecriber’s apparatus. Various appliances
and systems have from time to time been sug-
gested tending to this end; but they have not
been found pra,(,tlcall y quceessful owling, as
we believe, largely to the facts that the mech-
anism devised for the purpose has been com-
plicated,thatstep-by-step orratchet-and-pawl
mechanisms have been involved in the appa-
ratus at the central point, and that the opera-
tions to be performed by the subscriber have
required more care and attention in their per-

formance than experience has indicated can’

be expected. By our invention we seek to
furnish a system of intercommunication for
such places as are unable to sustain a regu-
lar central-station organization, whereby in
its operation each sub-station in the system

shall be enabled to place its own line in con-

nection with any otherline converging to the
same central point; to send call-signals to
the desired sub-station over the compound
line thus formed without in any degree im-

h
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There are, however, many smaller

el B

|

pairing the connections thus established be-

tween the two lines constituting the compo-
nent members thereof, and upon  the comple-

tion of the eommumcatlon to restore the
( original normal or resting condition of both 53

of the interested lines. An additional object
of our invention is to accomplish these opera-
tions without any other sub-station appara-
tus than that in 01(11na,ry use. and without

material change in the construction of said 6o
apparatus, and, furthermore, with central-

station apparatusof the most simple and non-
complicated character compatible with abso-
lute certainty and accuracy of operation.

Such an organization may consist solely of a 65

numberofshort or exchangelinesall radiating
from thesame central station to different sur-

rounding sub-stations within a limited terri-

torial area; or it may, if desired, in addition

to such a semes of lines, include one or more 70

trunk lines leading 1;0 distant central sta-
fions.

~ The nature and chcua(,tel of the ploblem
whmh we have set ourselves to solve may be

stated as follows: Each station must be ca- 75 .

pacitated at the will and by the manipulation -

of its own operator to conneect its own line

with anyother diseng:
and to retainsuch connectlon as long as may
be desired.

fering with or interrupting any connection
when formed "between  any two . lines for
through communication.

aged line in the system

The initiatory sub-

- Appliances must be arra,nﬂ‘ed to 8o
prevent other lines or sub-stations from 1111:61- /

station must be enabled to send call-signals 85

to the station deswed without a,ffeetmﬂ* the
central-station-connecting appliances. Upon
the establishment of su(,h a through line it
is of course also essential that the normal
central-station terminal connections of both

‘lines be disconnected, and finally each sub-
seriber initiating a connection with another

\

90'

must have the power also of restoring the

‘normal connections upon the completmn ofa
In meeting these conditions g3

comimunication.
by our invention we pr ovide a central station,

where the automatic connecting a,pph&ncob -

required for the operation of the system are

placed, and two or more lines may converge
from sub-smtlons tothis pmnt

Inthis speci- 100 /g
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~ fication we show and deseribe three such lines,

IO

that number being amply sufficient to fully
 disclose the invention.

11 - At each sub-station
is, as usual, a call-bell for receiving call-sig-
nals and a telephone, and also a magneto-

electric generator for generating and trans-
| Hllttll]ﬂ'Ollt“OIIlﬂ‘Clll‘rentS whichareemployed
for eﬁectuatmﬂ' the necessary circuit connec-
- tions at the centlal station for sending the {
call to the sub-station of a desired line and
also for restoring the normal arrangement:
when the commumcatlon 1S.OvVer.
generator may be used for this variety of pur-

poses it is adapted in a manner well under-
stood to send either plus or minus currents

at will, which may be effected either by pro-

- v1d1nﬂ' it with a commutator, whereby the al-
. terna,tmﬂ* currents it natumlly develops are

20

in either direction at will or by allowing the

“ecrank to be turned in but one dlrectmn in

._-25

which case a pole-changing double key wo ald

- be used to determinethe direction of the out-
'We prefer, also, to wind the
- maﬂ‘net of the call-bell with two independent
Wmdmﬂ's both of which connect at one and

fromﬂ current.

the same end with the earth-wire or other re-

- turn-conductor, but which are alternatively

20
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“connected Wlth the main circuit according to
‘the positionot the hook-switeh.
~windings is adapted to exercise a more pow-

.'felful
18 broua'ht into the circuit when the switeh is

Oneof theqe
aﬂnetle influence than the other and

in its restlnn' position. The purpose of this

construction of generator and bell, in which

the changes are but of minor chametel will
heremafter appear.

The important elements of our invention
are of course located at the central station.
At that point every sub-station line is pro-
vided with one terminal normally closed to
earth (or in the case of a metallic circuit sys-
tem to the return-conductor) and as many
normally discontinuous or disconnected ter-
minal branches as there are lines in the sys-
tem. Each line is provided with a motor-
driven rotary commutating mechanism, which

controls the condition ‘md connectlons of ‘its

own normally-closed terminal and of one set

of the nor mally-dlseontmuous terminals of a,ll_

lines, including 1ts own. This mechanism is

01d1namly at. 1est but can be started by the

action of the sub-station operator, who by
properly oper ating his oenerator can send
over the line to the eentml station an electrie
current of determinate direction, which, act-
ing through a polarized relay and suitable
mten ening appha,nees, permits the mechan-
ism to be setin motion; and, when so started,
its functions are first ,to dlsconneut the cir-
cuit from its closed resting terminal connec-
tion and then to connect it successively for a
brief space of time with the other lines of the
system through the respective normally-dis-
continuouster mmals thereof with which it 1s

associated.

- 457,47

That the |

armature of

The qeveral elremt controllmnj'

- I - .EFHJI

mechanisms are preferably arranged to be

~each run by an independent motor ‘which
conveniently is a clock-train.
being started in the manner indicated above '

will, if no further action be taken, run for one

rest in its initial position.

having a separate and distinctive signal, so

‘that, for example, if the operator at the sub-
station.of line No. 1 takes up his telephone
-and simply listens he will hear his own sig-
nal (say a single click) constantly repeated at
‘intervals of a few seconds.
two clicks.
- Stralghtened into a current ol uniform diree- |
tion, and then adapting thecrank tobe turned

‘Line three will have a three-click

signal,and so on. A polarized relay included
in edeh line governs a local eircuit which in- -
~¢ludes an ordmaly electro-magnet, and the
said magnet has a lever which
normally holds the clock-motor at rest, but
which, when the local eircuit is closed, and

Any of them

Line 2 may give -

complete revolution and will then come to -
‘Included in that
portion of the eircuit of each line which con- 5
stitutes its norma.lly closed terminal exten-
sion is a device in perpetual opemtwn adapt-
ed to send signals to line, each main circuit

7

the armature consequently attracted, allows

the clock-motor, and of course the commutat-
‘ing mechanism, to run.:
‘relays as ordinarily arranged the armature-
stays on the side to Wthh it was last at-

Since in polarized

tracted or at which it was last placed, it fs

the sub-station operatm to the position where

‘evident in this case that the armature of the
said relay, being attracted by the action of

it will close the starting-magnet local eir-

cuit, will stay there elthel untll a reverse

(.,ument be sent through the relay-coils, at-

tracting the armature to the other side, or un-

tilit be mechanically pushed overto the other

side. This being so, the. commutatmg—cyhn-

der once started will run until its controlling-
circuit is opened by one or the other of the
above modes of retracting the polarized relay-
armature, and if the operator———qa) at sub-sta-

tion No. l—having started his mechanism

continues to listen at his telephone he will.
first hear his own signal; will in a few sec-
onds, as his line Lonnectb itself- with No. 2,
hear the signal of No. 2, and Qubsequently'

will hear the signal of No. 3, the change of
sienal at all fimes lndl(,dtlllﬂ' that the line -

has now transferred itself to another.

On

hearing the signal of the line desired a sec-

ond electmc current is sent from the calling-

station of like direction to the first; but the -
ground of the first line being cut off thiscar-
rent finds circuit through the polarized relay -
and normal terminal of the desired line and

starts the mechanism thereof.

A reversed

current is then immediately transmitted,

| which acts first to stop both mechanisms and

second to ring the bell of the second sub-
seriber, and convema.tlon can then be carried

Ol1l.

Since electro-magnets oppose the trans-

mission of rhythmlcal currents, the polarized
relay . of the answering-lineis shunted duri ng.
conversation; but in order that it may bestill
1esp0nswe to currents sent fm the purposeof |




controlling the commutating mechanisms the

shunt is made to include a sufficient resist-
. ance. On conclusion of a conversation the
“‘sub-station initiating the call rings off by

. agaln sending a current of starting lethIOIl

This renews the motion of both mechanisms,
which run to the end of their revolution, a
snail-cam on the mair axis being so arranged
relatively to the unison or zero stopping-point

- that just before such point is reached the

sald snail engages the end of the polarized re-

lay-armature lever and mechanically pushes
, 1t back to itsinitial position, thus opening
> the local circuit and allowing the motor to
. stop the first time thereafter that the stop-
stud reaches its detent. Itis tobenoted that
the stop-stud 1s on an arbor of the clock-mo-

_gtor, which 1s so geared that in the present

-case, where there are four working-contacts

» of the rotary commutator—viz., the resting-

contact and a contact for each hne of the sys-
tem—it makes four revolutions for a smcrle
revolution of the eylinder and snail-axis, and
that the clock-motor can therefore be arrested

. each time the stop-arbor completes a revolu-

~tion if a reverse current be previously sent

through the polarized relay to cause its arma-
ture to open the local circuit; but the motor
can only be stopped at its unison position,
where the normal closed termiral is restored
when the commutator-arbor has made a com-
plete revolution.

stop-arbor must be speeded up or the space
allotted on the commutator-drum must be
shortened, for the stop-arbor must rotate as
many times during a single revolution of the
commutator as there are lines in the system.
We have thus stated in a general way the
salient features of the system, and we will
now proceed to set forth and finally claim the
essential features of our invention. We de-
sire, however, at this stage to remark that so
far as we are aware the device for announe-
ing in an automatic exchange the line which
at any moment 18 connected with the calling-

line, the double-wound call-bell, the double |

 stop device, the snail to mechanically replace

the polarized relay-armature, and the resist-
ance-shant for the polarized relay of the
called line, which are very essential elements

- of our system, have not -heretofore been util-
~ized 1n any analogous organization.

i’ .
' dicaling in a general way the entire system.

» and sub stations.:

In the drawings, Figure 1 is a diagram in-

Fig. 2 is a_similar diagram indicating more
specifically the construenon and arran ﬂ'ement
of the circuits and apparatus at both central
Fig. 3 shows so much of the
motor mechanism as Tis necessary for a clear
understanding of the double-stop movement
and snail-camdevice; and Fig. 4 is a diagram,
on an enlarged scale, of the eommutetmw
mechanisms at the central stations with thelr
main branch and local circuits.

If there are a greater num-.
~berof linesin thesystem,the same relative ar-
rangement must be preserved, and either the

that C O is the eential and S’, Sg, and S° the: -

several sub stations. 1,2, and 3 are the lines

uniting the sald sub-stations, respectively,
with the central station. At each sub-station
1S its telephenlc outfit, which outwardly does
not differ from that ordmarlly 1n use. Hach

70

line,-as shown, has at the central station a

series of branch terminals in number exceed-
ing by one the number of converging lines.

75

Eaeh line 1s also furnished with a smtable |

resistance-coil » and has a commutating eyl-

inder or ‘drum capable of being rotated by

clock-work or other suitable motor mechan-

1sSm. Thesedrumsin thedrawingsaremarked
Theseveral main lines each

as A’, A%, and A3,
have two branch terminals extending to their
own drum and one terminal to the drum of
each other line.
by its main branch 1, after passing the resist-
ance 7, to the connection with its own drum

mal closed terminal, whlle branch 1*, branch-
ing from the main 11ne at a point eﬁternal

Line No.1,for example, goes

30

‘at the extreme left, where it finds its nor- .

9o

to the resistance, leads to the normally-dis- -

continuous working connection of its own
drum at the extreme right.

line throngh the resistance 7,
rangement holds oood for all lme% For each
hne one branch afteL passing through the

Its branches 1° .
and 1°, Ieeding, respectively, to the drums of
lines 2 and 3, are both united with their main

95
‘and this ar-

resistance leads tothe resting termmel atone

end of its own drum and a seeond normally-

open branch leads from a point external to

the said resistance to a working terminal of
the same drum and preferably at the other
end thereof.. The resting closed terminal ex-
tensions pass then frem thelr respective

drums by the wires ¢/, ¢* and ¢3, each to its

100 - -

105

own contact-spring v, which presses on the

periphery of a

ent and then threucrh the metal WOIk of the
elrcmtwbreekmﬂ* devlce to a common ground,
connection g* and battery v and to earth at K.
The circuit-breaking wheels can all be on the

same axis and are kept in constant rotation
by a suitable clock-motor m, so that the sig-

nals of each wheel are at all times bemﬂ'

pliance as a whole being desw*nated as B.

' The motor mechanisms, on the otherhand are

quiescent, except when any sub- statlon 18

procuring a connection with or disconnec-
The earth ter- -

tion from the line of another.
minals at the several sub-stations are also
marked E.

central station are more fully mdlea,ted 1in
Iig. 4 than elsewhere.

The electrical connections of the

swnal sending circuit-break-
| ing wheel z, the swnel of eaeh being differ-

<

TI§

transmitted over its respective line, the ap-

120

125 -

The several Lommuta,tmtr-e}hnders A, A2 o

and A® are provided each with rings com-
pletely encircling them, the said rings re-

spectively replesentlnﬂ' cmd connectmw with
the several lines of the system, and as the.

cylinders are made of non-conduetmﬂ' mate-

rial the said rings have no connectlon with -

Considering first Fig. 1, let it be underbtoed | each other ther ethrour'h In cyllnder A”the

130
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20

4

- a_contact-spring bears, which spring 18 a

-11nﬂ's ranging from left to right are marked 2

31, in eylmder A* they are in-the order of 3,
1, and 2, and in cylinder A3 they range as 1,
2, and 3. It is seen, therefore, that the ring
at the extreme 1*ight is the ring of the-line 130
which the cylinder belongs. Upon each ring
ter-
minal of some oneline, the springs 2/, ¢/, and
I/, which bear on the end rings 1, 2, and 3,
unite with their respective lines each at a
point 13 outside of the resistances » by means
of wires 12, 2%, and 3%
are united to their main lines by wires con-
necting therewith at any point on the office
side of the resistance ». Thus at cylinder or
drum A’ ring 2 is pressed upon by eprmﬂ'
v?, which in turn is united with line 2 by
wire 2, and ring 3, thlounh spring A° and
wire 3¢, is umted with hne 3. and the same
order or arrangement holds with respect to
the other cylinders. At one end of each
drum (in this instance the left) is a fourth
ring divided up into as many conducting-
seﬂ'menls asthere are linesin the system, plue
one. There are in this case four, all insu-

lated from each other, which are marked, re-

spectively, 1, 2, 3, and zero. At each drum
segment 1 eonneets electrically with ring 1,

' sewment 2 is connected with ring 2, and seg-

30
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ment 3 with ring 3.

by countact-spring ¢ or othelmee with the
perpetually-operating device m. When the
commutating-drums are at rest, the contact-
springs 2, v, and % all are on ‘the zero-seg-
ments, and the lines 1, 2, and 3 are t]:tereb;sT
normally elosed to earth, the sevelal frame-
WOlks being all ﬂTounded by wires ¢, ¢, and
¢°, which, after passing through the swnd,l de-
vice, find earth at E. Any smteble ewnal-
indicating device may be employed.

In Flﬂ's 2 and 4 it will be seen that we

have shewn an induction-coil and local cir-
cuit. The signal-wheel «© for each line and
the spring v, Wwhich bears peripherally there-
on, are both included, together with the pri-
mary helix 2 of an mduetlon coil I, in the lo-
cal cireuit of a battery %’. The secondalj

heh*{ of said induction-coil is in the portion

g’ of the main circuit between the line-drum

and the earth E. Each make and break sig-

nal made in the primary circuit of course
cause$ a like impulse in the secondary cir-
cuit, which, beinga portion of the main line,

| ena,bles the said impulse to manifest 1tse1fee

60

- cuit-breaking wheels, 1llstead of being formed

of raised teeth
nately eonduetmﬂ'and non-conducting spaces

on -a smooth surface.

a click in the telephone at the distant sub-

Strati'o 1. _
dicated in Tig. 1, where the break-wheels

are in the main line, together with a battery

i in the general ﬂ'mund wire. Inpractice, of
course, the d1et1nﬂ'msh1nmswna,1$ of the cir-

as shown, are made of alter-

Included in the nor-
mally-closed branches of the lines 1 f:_md

local elrcults

Theremaining springs

The zer o-setrment in-

‘each case 18 connected electrically ‘with the
shaft and frame-work of thedrum, and thence |

A different device is, however, in- |

457,477

and 3, between the resmtanees 7

‘and the :

contact- -springs -z, v, and k, are polarized re-

lays P, one for eaeh line; which by meansof
20, 11101udinn' electro-magnets
| I, batteries 7, eontact screws o, and their
own armature-levers n, control the starting
The armature
of the polarized relay P resfs normally on the -
limit g, the local circuits being thereby held-

and stopping of the drums.

open, as In line 3; but whenasta,rtmﬂ'-currentlﬂ;_

is forwarded frem the sub-station the said

armature is at once attracted over to the -

circuits are closed.
understood by referring to Figs. 2 and 3.
It 18 not necessary to furthel describe. the

circuits in the central-station part.of Fig. 2,
since they are identical with those shown in

Fig. 4.

The stopping, starting, and unison

mechanism- need, however,

an additional
‘word. When the several maehmes are at
rest, the armatures 17 of the electro-magnet
are retracted by their springs, and the de-

other side, as in line 2 and 3, and the loeal
This will be more clearly

tents 16 on the end of the armature—leversa;_ii'--
are in line with the stop-studs 15 on the edge -

of the stop-arbor disks H? and the said stud
15 in fact i1s in cecntact theremth the moter
in virtue of said contact being held quies-
At the same time the armatur’e—l’vever"_-f}:

cent.

n of the polarized relay P is held to that side

which maintains the local circuit open, and

the resfing segment of all of the drums is an- N

der the ﬁret springs, the several lines bemg;_;u

1

thus closed threuﬂ'h the relays to earth.. "The
projecting end 32 “of the lever n at unison is -
also opposite the point 7 on the drum-arber,

Sl.

‘being just behind the highest part of thesnail
“A's we have already pointed out, in an

exchange of three circuits the drum and wheel
H on the drum-axis C will make but one revo-

lation while the stop-disk H? makes four. If,
then, the electro-magnet F is energized and
its drm@ture attracted but for an instant, the -
stop-stud is freed, and the motor starts, bat-

will come once more to a stop the first time -
the stop-stud comes round,thedrum A’ mean-
while having aeeemphehed one-fourth of &

revolution; but if the armature of the mag- -

net I stay ‘attracted until the fourth revolu-
tion of its disk is begun the polarized relay-

armature ., having been retained where it -
holds the lecal 01rcu1t closed until that tmle,?'
the hook 32 of said armature will be im-

pinged upon by the snail 31 and ':rradusllyf
forced over to the other side, where it 18 leﬂ;-_ |
(the machine at the. same time being at unl-*_:‘{

son) until another call is initiated.

The sub-station arrangement is fully shown'fi-
. 2, and as all are
| alike 1t will be Snfﬁment to (1escuhe one of -

by the upper part of F

themn.

call - O*enemtm d.

2 | telephone hangs, as usual on-the sw1teh hook,

The apparatus at each sub-station com-
prises a receivi nfr-telephenet an automatie
switch-hook V, a transmitter a, 2 local bat-
tery b, an induction-coil ¢, a call-bell I, and a
Nor mally the receiving- -




1O

- the Dell
of calling the attention of the subsecriber.

20
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and the said hook therefore occupies itslower

position in contact with the terminal 4. The
main line, being connected with the switch V,
1s thereby continued by terminal A, wire 5,and
bell { to wire 8 and earth E. The said bell
has preferably two windings, one of fine wire,
and consequently having many convolutions,
and the other of coarser wi re, and therefore of
fewe? convolutions. The finer winding is in
the circuit described above, because thisbeing
the resting or alarm cireuit it is required that
shall ring strongly for the purpose

When the telephone ¢ is removed from the
hook, the main circuit is transferred from the

‘contact 2 to the upper contact 9 of switeh V,

and then_cg by way of wire 4, telephone ¢, sec-
ondaryhelixofinduction-coil e, wire6,call-gen-

erator, wire 7, and the coarse-wire winding of

the belll. Thebell is introduced here,so that

a slight ring will be heard each time that the

subscriber operateshisown generator,and the
generator isplaced in the telphone branch so
that the subscriber can while operating the
generator listen forthe purpose of keeping in-

formed of the progress of the drum at the cen-
tral station. Both bell-windings connect after

passing round the magnet-cores with the same
ground-wire 8. The call-generator is organ-
1zed In a manner well understood to send cur-
rents of either direction, as desired. This
may readily be accomplished by fitting it with
a commutator, whereby its alfernate currents
as generated are straightened with respect to
the circuit, and by then turning the crank in

one direction for positive and in the other di-
rection for negative currents. Instead of de-

termining the direction of current by turn-
Ing the handle the handle may at all times
be turned one way, and the current ecan then
be directed as desired byreversing-keys. The
commutator is preferably so arranged that
the current of constant direction which it de-
livers is made in some degree intermittent,
and we are thereby enabled to employ a sim-

ple electro-magnetic bell without an auto--

matic break in thecireuit, the vibrations thus
being produced by the cenerator instead of
by the bell. - o o

In the operation of our automatic exchange,
sub-station No. 1,let us suppose, wishes to
speak with sub-station No. 2. He first re-
moves his telephone from its support, and
then by turning his generator-crank in a given
direction he sends a starting-current to the
central station and knows that his generator

1s working properly, because his own bell, be- |

Ing still in circuit by its low-resistance wind-
ing, rings gently. The current sent by this
first ringing operation to line,acting upon the

polarized relay at the central station, causes’

the armature of said relay to swing over and
Lo close the local circuit of the drum-control-
ling magnet.. The motor mechanism of the
drum is thus released, causing the drum to
revolve. The polar-armature staysoveratthe

side at which it is last placed, and therefore | cluded in the said-eiréﬁits permit their clock-

subscriber hears the *wo ticks.

the local circuit stays for the present closed,
the drum continuestorun,andthe subscriber

continues to listen at his telephone. The o0

drum-contact leaves its resting position and’
passes its own connecting-segment, no sig- .
nal being heard by the listening subscriber

becaunse the transit of the first segment has
cut off the ground and ticking appliance;
but continuing to listen (still supposing it to

be No. 1 who has called) the subscriber in a
moment or two hears a ticking signal—I[first,

a succession of ticks in twos, then a succes-
sion of ticks in groups of threes, and so on,

different signal.

.r'ln
L .
- .. ’
-
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So

each successive line being represented by a
As soon as segment No. 2

comes under the line-spring z the listening

He thus
knows that line No. 2 is now connected with
his line and immediately sends another ring
exactly like the first. _
ized relay No. 2 by way of line No. 1, relay P
of No. 1, spring 2z, segment 2, wire 40, ring 2,
spring v°, wire 2° all at No. 1 mechanisin,and

This reaches the polar- -

90

then by branch wire 2 through No. 2 polar-

ized relay to earth,and acting thereon starts.
the motor of clock No. 2. A reverse ring de-
veloping a current of opposite direction is

then sent to line, and passing through both

polarized relays operates them reversely,

throwing both armatures- over and opening

both local cireuits. "Both motors will now
stop as soon as the stud on the stop-disk
reaches the conclusion of its revolution and
comes'in contact with the end of the neutral
magnet-armature. The drum of No.2 mean-

100

while has advanced, and the spring ©» now

contacts with segment 2, which by wire 41 is .

united with ring 2 on the same drum, and
line 1 is connected with line 2 by way of

105

these devices, spring v/, wire 2%, and the point

13 on main line 2. A continued reverse ring

1s now sent, and the current developed there-
by reaching the second sub-station traverses
the fine-wire winding of the ecall-bell and

rings it loudly,giving the call. Conversation
can now be carried on, and it is to be ob-

served that between the points 14 and 13 on
line 2 there are two paths, one through the

polarized relay P, wire 42, spring v, segment
2, wire 41, ring 2, spring v’, and wire 2%, and

the other straight from the point 14 to the
point 13,-through the resistance 7, which is

made sufficiently large to permit the opera-

tion of the relay once more when the ring-off

signal is sent. By this arrangement the op-
position presented by the polarized coils to

the passage of the voice-currentsis mini- -~
. shunted, while at the “r25
same time the relay is left where it can be -

mized, the relay being shunted, while at the

reached for the operation of its motor. On
the conclusion of a communication a signal-

IIO

1i5'
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ing-current of direction the same as that at

first sent is transmitted by the subscriber
who called. This actuates both polarized re-
lays, swinging their armatures into position

I3Q

to close their local circuits. The maghetsin-
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motors to start, and in both mechanisms, as |
the*unison-point comes round, the snail 31
pushes over the relay-armature and opens |
the local eircuit just before unison is reached,
80 that the clock must stop before a second

revolution can begin. | .
If at any time any sub-station

- cause the polarized relay-armature attracted

‘to either side will remain there until forcibly

- moved to the other, but on the conclusion of

sald revolution will stop, the armature being
forcibly pushed over by the snail. It should:
be noted that the resistances 7 are also useful
at the time when any subscriber has stopped

- his own drum on the connection with the de-

20

- 'the polarized relays control their respective _ _ . L _
{ station, constructed to develop and transmit
at will currents of given direction to actuate -

30

sired line and proceeds to actuate the drum

of the second line by means of the polarized
relay thereof by acting to divert a sufficient
~amountof current through the said relay, in- -

~stead of suffering the main portion thereof to
pass over the second line to the sub-station.

We desire, furthermore, to state that it is not
essential that the local circuit through whieh

drums shall-normally be epen and shall he

- closed to effect the release of the motor mech-
anism. Thisarrangement canof course read- |

ily be reversed, and the local circuit, where

deslred, can 1nitially be closed and be opened

by the action of the polarized relay to effectu--

~ ate the starting of the mechanisms.

35

We claim— | |

- 1. Inan automatic telep_hone-exelmnge's.y's;-
tem, a series of lines converging to a central

- station from a series of sub-stations, a motor-

46
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driven circuit-changing drum at the central

station of each line, the said drum being nor-

mally at rest, maintaining the circuilt of its
own line closed, but capable of revolving and

of thereby disconnecting its own line from ifs

normal terminal and connecting it with each

of the several lines of thesystem successively
through their respective drums and their con-
trolling mechanisms, stopping and starting
mechanism for each drum, comprising a nor-
mally-open local circuit, an electro-magnet
included therein, the armature-lever of said
magnet normally constituting a detent for the
drum-motor, but adapted upon the closing of

_ the local cireuit to disengage the same, a po-

55

larized relay in the main-line cireuit, control-
ling the said local circuit, the armature of
said relay being adapted to rest where iast

placed to move and close the local cireuilt

.. when a current of given direction 1s caused
~to traverse the main line and to move re-

60

versely and open the local circuit when a cur-

rent of opposite direction traverses the main
line, a mechanical shifting device, such as

_..a snail-cam, mounted on the drum-axis and
" adapted to move the said relay-armature to |

its resting position on the completion of a
single revolution of said drum and thereby

“independently of main-line currents to open

| | shall start
1ts motor mechanism and shall then for some
reason conclude not to call another, his ¢ylin-
der will simply make one full revolution, be-

|
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automatically the local eircuit and stop the
drum at unison, and a .constan—tly-'o_p?ratl_ng-
signal-transmitting device for -each line 1n-

cluded in the normal circuit-terminal thereof

‘and adapted when the said line is not in use
“to send a distinctive signal indicating -1ts
number over its own circuit and also over
| 75
therewith, all substantially as deseribed, and
for the purposes set forth. o

any circuit which may have connected itself

2. In an automatic telephone-exchange sys-

tem, the combination of a circuit-changing
“dram for each line and a branch from each
other line extended thereto, controlling mech-
“anism for the said drum arranged to permit
the revolution thereof or to arrest the same,

as required, and a polarized relay in each
main line controlling the said mechanisim, all

gle revolution being adapted to disconnect the

8¢

| at the central station, the said drum in asin-

‘normal terminal of its own line and to con-
‘nect the said line successively. wu_:}}- each of
the other lines and the said controlling mech-

5

anism being adapted to stop the said dram.
when its line is connected with any otherline
and tostartthesame when desired,with anelee- -
trical generator or its equivalent at the sub- -

the polarized relay of its own line or of any o

rents of opposibe direction to arrest the mo-

“connected line and thereupon to set the cor-
responding drum or drums in motion, or eur- -

tion of the said drum or drums atany desired
moment, and alsoto give the call-signal upon

substantially as deseribed. . =

3. In a telephone-exchange system capable 1
of being operated from the several subserib-

the bell at the station of the connected line,

1<

ers’ stations, a series of lines converging from -

sub-stations to a central station, a constantly- -

operating circuit-changing signal-transmitter -

at the central station for each line connected

with said line when at rest -and transmitting

thereover the designating-signal thereof, & -

motor-driven circuit-changing drum for each - |

line also at the central station controlling the

normal closed terminal of its own line aud

normally-discontinuous branch terminals of

all lines, each drum beingnormally underthe -
control of the sub-station of its own line and
adapted to revolve when started thereby and

thereupon to disconnect its own designating-
signal apparatus and to successively connect

in place thereof the designating-signal appa-
ratus of each of the other lines, and a tele-
phone at each sub-station, wherein the said
designating-signals can be reproduced, where- 1

by the operator at each sub-station may be
notified as each line successively is brought

and for the purposes specified.

4. In combination with a motor-driven eir-.

cuit-changing or commutating drum held nor-

into connection, substantially as described,

mally at rest by the engagement of a stop-
pin carried by one of the motor-arbors witha
suitable stop-lever and connecting a main cir-
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“cnit with a closed termma,l branch, but ca;IJHJ'

Yl L

" L

e

ble of revolving and adapted thereupon to

disconnect the emd branch and to connect the -
said main circuitsuccessively with each of a se-

ries of free terminals representing other lines
of a local circuit, an electro-magnet included
therein, the armature- lever thereof being ex-
tended to form the said stop-lever, a polamzed
relay included in the said main circuit, pro-
vided with an armature adapted to respond
to current reversals in the said main line, the
sald armature forming part of said local cir-

also
provided with a hooked bar extending to and

lapping over one end of the circuit- ehennmﬂ'
drum, and a mechanical sh1ft1nfrdewee,snoh

as a snail-cam, mounted on the said end of

said drom and so placed as to engage the
sald bar when in position to effect the start-
ing of said drum and thereby to restore the

-rele,y—nrmdtur to 1ts position of rest and to

enable the drum to-be arrested at umson on
the conclusion of each revolution.

. In an automatic telephone-exchange sys-
tem, a series of sub-station lines converging

to a ecentral station and each there Dl‘OVIded |

with a closed circuit-terminal branch inelud-
ing a device for constantly sending designat-
ing-signals over said branch and with a series
of norumlly discontinuous terminal branches
equal in number to the number of lines in
the system, a circuif-changing drum for each
line associated with its own closed terminal
and with one of the discontinuous terminals
of all lines normally maintaining the connec-

tion of said line with 1its closed terlnmal but-

capable of revolving, of thereby conneetlnﬂ
said line snceeeswel} with the others and of

being stopped during such connection, a po-

lnrlzed relay at all times in the main-line cir-

cult, acting to stop and start said drum, and |

a belanemfr resistance for each line located at
a point between the said relay and the june-
tion of that one of the normally-discontinu-
ous terminal branches which extends to the
drum of its own line, whereby the relay-mag-
nets of a called line when connected with a
calling-line may be shunted by a resistance
suﬁ'imently high to allow the relayto respond !
to dleoonnectlnﬁ' orother currents transmitted
over said oallmo'-hne |

6. The comblnatlon, in an automatic tele-
pkone-exchange, of a clock mechanism and a
drum or cylinder adapted to be driven there-
by, a main-line circuit, a polarized relay in-
cluded therein having an armature respond-
ing to reversals of current and adapted to |
stny on the limit-stop at which itis last placed,

‘a local circuit controlled by said relay-arma-

ture and opened and closed thereby, an elee-
tro-magnet included therein and provided

- with an armature, a lever therefor and a bar
sald lever, the said bar

projecting from the
being arranged in or out of line with a stop-

|

cult and determining by its position the open |
~or closed condition thereof and being

ll

|

I

i mechanism end thereby adaptedto stop' or
start the same according to the attracted or

retracted position of the armature;, whereby
the stopping and starting of the eloek mech-
anism is caused to depend upon the direction
of the main-line current traversing the polar-
ized relay-coils, and means, as indicated, for
mechanically moving the armature of said
relay to its normal position at the completion
of a single revolution of the drum, whereby
the said drum is automatically stopped at
unison.

7. The combination, substantially as here-

inbefore described, at a telephone-station, of.

a main-line switch or circuit changer having
a resting and a working position and contact,
branch circuits leading from both, a telephone
included in the breneh circuit represented by
the workmﬂ' contact, and a generator of elec-
tricity 1neluded with the said telephone 1in
the said branch circuit, whereby the opera-

7C
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tion of the said generator may be directed by

the condition of the main circuit,as indicated
by sounds produced in the telephone.

8. The combination, substantially as here-
inbefore deseribed, at a telephone-station, of
an electro-magnetic call-bell having its mag-
net wound with two distinet and separate
windings,a main-lineswitch orcircuitchanger
having a resting and working posatmn a
brnneh circuit united to the Seld main line
when the said switch isin its position of rest

gc

95

and including one of the said windings of

said bell—magnete whereby the said bell 18
enabled to receive an incoming call, and a

second branch circuit adapted to form a con-
tinnation of the main line when the said
switch 1s 1n its working position and includ-

ing the call-sending generator and the other
winding of said bell-magnets, whereby out-
ooIng wnnls also may be noted upon the
same bell |

9. In an automatic telephone exehnnﬂ'e and
at the central station thereof a revoluble Cir-
cuit-changing drum or cylinder for each line
‘normally at rest and adapted to be started

100

10§
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or when in motion to be stopped by the action

of the armature of a polarized relay included

in said line, eonduetmt‘r-rrnﬂ‘s. one for each

line in the system, mounted on the said drum,

113

an additional ring divided into insulated seg- -

.ments exceeding said number by one, a con-
tact-spring representing line-terminals rest-
| ] '

1ng on each ring, one of the said segments of

desmnatmﬂ-smnal sending dev’lee and fto

earth to serve as a normel circuit and the

remaining segments being each connected
w1th one of the said eondnetmu'-rlnﬂ's, a re-
sistance included, together with said polar-
ized relay, but enterna.l thereto,in the branch
circuit of each line, which leads to the seg-

mental ring of its own drurn and a breneh |

terminal of said line entendmﬂ'_from a point
thereon external to said resistance to one of

pin carried by a speeded arbor of the clock I the solid rings of said drum, which ring is

120
the final ring being electrically united to a

125'

130
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- second line from its normal closed terminal. |

25

20 eration to connect its own line onece in each

8

1zed relay in each main line adapted to start

“ance 1n each line external to said relay sufii- |

tions to a central station, an automatic revo-
luble circuit-changing drum for each line at

T

united to the segment immediately followmﬂ*
the. unison - sewment substantially as de-
scribed, and for the purposes set forth.

10. In an automatic telephone-exchange
and at the central station thereof, a circuit-
changing drum for each line, the said drum
controlling the closed circnit-terminal of its
own line, one of the normally-open branch
terminals of its own line, and a branch termi-
nal of each other line in the system, a polar-

and stop the drum of its own line, a resist-

clently high to divert a sufficient portion of
current from a calling-line through said re-
lay to operate the'same, and mechanism, as
indicated, whereby each sub-station may con-
nect its own line with any desired line by
acting through ifts own polarized relay and
may then act upon the polarized relay of said
second line and thereby start the drum there-
of for the purpose of disconnecting the said |

11. In a telephone-exchange system, two or |
more electric lines converging from sub-sta-

the central Statlon contm]lmﬂ* terminals of
all lines, the said drum actmﬂ when 1n ¢p-
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‘two subseribing witnesses,

revolution with each other line in the sy stc
and being responsive to relatively- reverq
currents tlansmltted from the sub-station: -

-';;-Hu

1ts own line or from the sub-station of a e

ferent line which has initiated a connectiop f
therewith,and a constantly-operating sngnal- '
transmitter ineluded in the normal eu'cmt T

each line, also at the central station,”snd
tra_nsmlttmﬂ' over said line or connected lines

designating-signals representing the number

thereof SHbStdntld“ y as and for the purposes

specl ﬁed

In testlmony whereof I have signed my
name to this specification, in the presence of

January, 1891. o |
| . HAMMOND Y.
- YWitnesses; |
GEO. WILLIS PIERCE
" JOsSEPH A. GATELY.

this 27th day of

HAYES.

In te'btimolny whereof I have signed 'my'i_
name to this specification, in the presence of

two subscribing witnesses, this 29th day m :
January, 1891, .

HENRY D. SEARS‘._
Witnesses: "

GEO. WILLIS PIERCE,

JOSEPH A. GATELY.
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