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GEORGE A. CARDWELL, OF BROOKLYN, NEW YORK, ASSIGNOR TO W. G.
BUTTON, OF SAME PLACE. :

AUTOMATIC TELEPHONE-EXCHANGE.

SPECIFICATION forming part of Letters

Patent No. 281,618, dated July 17, 1883.

Application filed July 7, 1882, Renewed June 25, 1883. (No model.)

To all whom it may concern: ]

Be it known that I, GEORGE A. CARDWELL,
of Brooklyn, in the county of Kings and State
of New York, have invented certain new and |
useful Improvements in Automatic Telephone-
Exchanges; and I do hereby declare that the
following is a full, clear, and exact deseription
of the invention, which will enable others
skilled in the art to which it appertains to make
and use the same, reference being had to the
accompanying drawings, which form a part of
this specification, in which— ‘

Figurel illustrates my system as applied to
thiree subscribers and central-office apparatus
suitable therefor. TFig. 2 is a partly-sectional
side elevation of one of the individually-con-
trolled motors at central office. Tig. 3isa de-
tached perspective illustrating the relative po-
sitions of the circuiting-wheel and a group of
“coupling-switches.”’

The object of this invention is to provide a-
system of circuits and apparatus in a system
of individual telephone-lines whereby the sev-
eral subscribers themselves may, through the
intervention of a central office, at will conneet
their respective lines with the lines of others,
and communicate with such other subseribers
without the assistance of operators at the cen-

lines may be private and confined to two sub-
seribers, or subject to connection by others, as
desired at the time, .

The installation of my invention requires a
line from each subscriber to the central office
or exchange, an earth or metallic return, means
at the central office under the control individu-
ally of the subseribers for effecting the various
combinations of lines, and devices at the sub-
scribers’ stations for bringing about the re-
quired operations. "

The invention consists in the combination
and arrangement of the various electrical and
mechanical devices hereinafter fully deseribed
and claimed. )

In entering upon the description of my in-
vention I will suppose that a main or central
office is already chosen, having individual lines
radiating therefrom to the various subscribers;
and for the sake of lucidity I will narrow the

number of subseribers down to three, numbered
accordingly. :

Each subscriber has at his station a tele-
phonicapparatus, comprising atransmitter, ve-
ceiver, and magneto “‘call.” InadditionIpro-
vide-him with an indicator whose face isa dial
having numbers upon it corresponding to the
various subscribers to the system, and an in-
dex-hand, which normally pointsto thenumber
denoting the subseriber to whose station it be-
longs. This hand A is rotated by a spring-
pawl, B, actuated by an electro-magnet, C; or
it may be operated by a ‘‘deadbeat-escape-
ment’’ similarly. . Every time current is ad-
mitted to the magnet C pawl B draws the
ratchet-wheel D around one space, and with it
the hand A, two such spaces corresponding to
one. of the three lines, so that in the present
instance the ratchet D has six teeth, as shown.
A battery, E, is inserted in the circuit between
the earth G and a two-point switch, F H.
Point F is the terminal of the battery beyond
the magnet C, and point H is the end of the
local telephone-circuit, including the eall I,
transmitter J, and receiver K, the other side
of such circuit going to ground G, as indicated.
The switch-lever L is the terminal of the line
leading to the central office, which is there
normally grounded.

At the central office each subscriber has a
separate device under his sole control as to its

movements, but, as will be seen, in some de- -

gree subject to a change of conditions by the
other subscribers. This central-office device
consists, broadly, of a mechanical or secondary
motor capable of rotating a wheel or hand,
which constitutes a part of the subseriber’s
line, and effecting contact in turn with the
lines of the other subseribers. For such mo-
tor I prefer a simple clock-work or train of
wheels actuated by a spring; or, more particu-
larly M, Fig. 2, is the motor, which, however, I
do not limit to' clock-work, as it may be sub-
stituted by any- other which will fulfill the
requirements. Upon the shaft N of the motor,
but insulated therefrom, T mount the eontact-
wheel -A’, upon whose periphery are a number
of detents, ¢. - Above the motor M, I place an

electro-magnet, €', and under this a swinging
armature, D', which normally.projects in the
path of the detents ¢’; but when current ener-
gizes magnet ¢ the armature D’ is drawn up,
releasing the detent, and leaving the motor M
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free to at once set the wheel A’in rotation,
which will continue until the armature D’ falls
in front of a detent, g, and stops the rotation.
Between the wheel A’ and motor M, I fix a sta-
tionary disk or ring of insulating material, P,
and upon this I attach a plate, ¢, which I call
the “‘normal ground plate,”” and other plates,
d, allat a common distance from the center and
clectrically connected.

Upon the wheel A’ is an arm, o, which bears
upon all the plates ¢’ @ & in succession when
wheel A’ rotates. Tach wheel A’ has at one
point on its periphery a contact-arm, ¢/, which
projects in a plane different from that of de-
tents ¢'.  In the present ease there are three
equidistantstopping-places around the circum-
ference of wheel A'—one for each subscriber.
At each of thesc a set of contacts are placed, as
follows, so as to be operated by the contact-
arm ¢ of the individual wheels A’: The con-
tacts are set on an insulated base suitably ar-
ranged. A spring-plate, p’, projects in the
path of arm ¢, so as to be pushed outward
slightly when arm ¢’ is passing it. Attached
to spring p’, but insulated therefrom and in a
plane not in the path of arm ¢, is a contact, 7.
A front contact, §, is arranged ina fixed posi-
tion, and a back contact, ¢, likewise, so that
normally the spring-plate 9’ rests against the
contact &, but when pushed out by arm 4 it
closes on contact?’ and openss’. A frontfixed
contact, w/, is placed also so that contact 7'
closes on it normally, but opens when p’ moves
outwardly. Ior the sake of brevity, I will
call this group of contacts I'w’ p' & 1" a ““ coup-
ling-switch.”’

As stated, there is at the central office a
motor M, circuiting-wheel A’, and magnet C for
every subscriber, and around each of the wheels
A’ are arranged, in the manner stated, as many
coupling -switches as there are subseribers
less one, the normal position of each wheel A’
not requiring any at that point. The ecireuit-
ing-wheels belonging to the several subseribers
are in the drawings marked withtheirrespect-
ivenumbers, ‘‘One,”’ ¢ Two,’’ ‘“Three,”’and the
coupling-switches in figures corresponding, in
order to simplify the description. At the cen-
tral office the circuits are as follows, broken
or dotted lines indicating grounding-circuits
only: :

Contacts p't’ of switch ‘377 at circuit-wheel
“One”’ are severally connected by two wires
running directly to contacts p’ ¢’ of switch 17
atwheel ““Three.”” Contactsp’t’ of switeh ¢27
atwheel “‘One”’ aresimilarly connected to con-
tacts p’ ¢’ of switech1 atwheel ““Two.”” Contact
» t of switch 3 at wheel ¢“Two’’ are similarly
connected to contacts p’ ¢’ of switch 2 at wheel
“Three.” These are all circuit-wires, as dis-
tinguished from grounding-wires. For wheel
“One,”’ No. 1’s normal grounding-wire starts
from plate ¢ of that wheel, thence passes to
contacts m’ I’ of switch 1 at wheel ‘‘Two,”’
thence to contacts m' I’ of switeh 1 at wheel
“Three,”” whenceit goes directly to the general
ground. For wheel “Two,” No. 2’s normal

grounding-wire passes from plate ¢’ of that
wheel to contacts w’ ' of switch 2 at wheel
““Three,”” thence to contacts m' ' of switch 2
at wheel ‘‘One,”” whence it goes directly to
ground. Tor wheel “Three,”” No. 3’s normal
grounding-wire passes from plate ¢ of that
wheel to contacts m' U of switch 3 at wheel
“Two,”’ thence to contacts m’ I’ of switch 3 at
wheel ‘“One,” whence it goes directly to
ground.

The contacts & at the switches around wheel
“One’” are directly connected to the plates
¢ @ @ on the disk P of that wheel. Contacts
& around wheel ‘“Two?? are correspondingly
connected to the plates ¢ &' d' belonging to
wheel ‘“Two.”” Contacts s around wheel
“Three’” are correspondingly connected to
plates ¢ & @ belonging to wheel ¢‘ Three.”’

The several arms o’ on wheels A’ in pass-
ing over or resting upon plate ¢/, which is for
the purpose madeto yieldslightly, force asun-
der the spring-contacts ¢ v behind the disks
P, ¢ being electrically connected with ¢’ and
9" connected directly tothe common ground in
cach instance. (See Iig. 2.) Iach subserib-
er’s line enters the central office and goes di-
rectly to the electro-magnet C', controlling the
motor of his circuiting-wheel A’, thence to his
wheel A’, whence the circuit is diverted vari-
ously, according to the position of the wheel
A’. Suppose, now, all the wheels A’ arein
normal position, with arms o' resting upon
plates ¢, and contacts ¢’ »” broken. No. 3 de-
siresto communicate withNo. 1. No. 3 throws
his two-point switch-lever I onto the point I,
which at onceintroduceshis battery to hisline.
If he hasa ground, (as he should have at the
central office, by reason of his arm o’ resting
upon plate ¢/, from which ground is made, as
before stated, through the coupling-switches 3
at wheels ‘‘One’’ and ““Two,”’) thefactthathe
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hasacircuitis at once announced by themagnet |

C attracting itsarmature B, which actuates the
ratchet D by means of the spring-pawl and
throws the hand around to 1 on the dial, thus
showing that his wheel at central office is about
to reach the coupling-switch 1. The instant
the battery finds a closed circuit through cen-
tral office, as stated, it energizes the electro-
magnet €' there, which attracts its armature
D/, lifting it or its extension out of engage-
ment with the detent, upon which the motor
M starts moving and the wheel A’ rotates.
As it moves the arm o passes off the plate ¢,
and the circuit is thus broken, whereupon the
magnets C" and C let go their armatures; but
wheel A continues to revolve until stopped by
the next detent ¢’ engaging the now released
armature D’.  Subscriber 3, after momentarily
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closing hislever Liover onpoint I, restoreditto

point Hjust beforethe wheel ¢“Three’’ stopped.
At the instant the detent ¢ stopped the wheel
A’ its contact-arm ¢ had reached and operated
coupling-switch1—i. e., pushed out the con-
tacts p’ U, breaking the contact between m’and
7, ¢ and p’, and closing that between p’and 7.
As No. 1’s ground passed through m' ' this is
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broken.. No. 3 has no ground of his own at
the central office atithis Junctul ¢, as his arm o
does not rest on any ground plate on disk P;

but he has now a gr ound through No. 1’s hne
at No. 1’s dlSt‘Lllt station, beeause his arm ¢
rests against p’, which is thus closed on U, from
which a direct wire goes to contact p’ at coup

ling- sw1tch3 atwheel ¢ One,’’ such latter con-

tact, p/, being closed on its front stop,s. From
the latter thele could be two cireuits. The
current might pass from point ¢ at switch 2
of wheel ‘“One’’ to ground by way of No.1’s
ground, but, as stated, this has been broken.
The other circuitistherefore tobetaken. ’I‘hls
goes from point s at switeh 3 up to plate ¢ of
wheel  Thr ee,’’ whence it goestoarm ¢, Whleh

. rests upon it, thence by Way of mzwnet ¢ out
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over No. 1’s line, and to ground at No. Vs
station. Then No. 3 operates his magneto-
call and rings up No. 1. If the communica-
tion is not desired to be private no further
operations are required before conversation.
As all the points s around No. 1’s wheel at
central ofﬁce are in circuit with ¢, and all
points p’ are closed thereon, any other sub-
scriber can get in on the line of No. 1 in the
same manner as No. 3 did; but if such a pos-.
sibility is to be 1)1evented as soon as No. 1
has been called he throws hlS battery onto line
and causes his wheel ‘“One?”’ to rotate till its
arm ¢ makes contact with point p’ of switch
3. He then restores his lever L to point H
and converses. The two positions now ocecu-
pied by therespective circuiting-wheels ¢‘One’’
and ‘“Three’” are clearly shown in Fig. 1
upon examination of which it will be found
that the lines Nos. 1 and 3 thus connected are
absolutelyisolated from and inaccessible to all
other subscribers. As, under any circum-
stanees, when the subsecriber’s battery is on
his line, the continuity of that line depends
upon the contact of arm o’ at the central with
either of the plates ¢ d’ d’ &c., the battery in-
dicating-hand A on the local dial is moved
around | by a step-by-step movement, effected
by the battery-circuit being altelmtelv closed
and opened by means of said arm o’ and plates
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The various circuit-closing plates d’ are set
on the plate P at such intervals with reference
to the switches 1, 2, 3, &c., that the arm o
will leave the phte @ befme the arm ¢ makes
the desired line.

‘While I have described a system in which
the releasing of the motor at central office is
effected by the momentary introduction of a
current, by a slight modification it can be ar-
ranged so that the battery may hold the motor

on closed circuit and release it by momentarily

opening of ‘the circuit. In case a subscubel
has gone in search of another, his arm o’ of
coursehas broken his normal o1ound at plate ¢,
which may be called the ‘‘ter minal”’ of hisline.

Should another subscriber now seek him, such
other subscriber may get as far as the plate d
in the former’s plate P, but cannot get on his
line; hence it is necessary to give the latter

a cireuit, which I do by giving him a crlound

For the 1nstzmt the first subscubel starts from
nor mal position and his arm o’ leaves his plate
¢ the latter springs outwardly and establishes
contact by its extension ¢ with the ground-con-

tact », behind the plate P, as shown at Fig. 2

This affords a circuit for another subseriber to
use for returning to normal when he finds the
sought line engaged or isolated.

I clalm as my invention—

1. Anauntomatictelephone- exchanoefm tele-
phone-lines, comprising two or more mdepend—
ent lines, each provided with a mechanical
motor at a central office, a wheel or hand op-

crated by said motor, forming a part of said.

line, an electro-magnet in said line eapable of
starting and stopping said mechanical motor
at certain determined points, and thus control-
ling the movement of said wheel, one or more
contacts around the path of said wheel or hand
and forming terminals of the other line or lines,
a battery, and means at the subscribers’ sta-
tions for starting and stopping said motor by
the current from said battery.

2. In an automatic telephone-exchange, a
series of independent mechanical motors, pro-
vided each with a rotating contact capable of

successive connection with the terminals of

other independent lines set in its path, in com-
bination with means for electrically starting
and stopping said motor from the distant sub-
scriber’s station, substantially as described.

3. In an automatic telephone-exchange, the
combination of wheel A/, having detents ¢,
with magnet C'; armature D', and a motor, M,
capablé of mechanically rotating said wheel,
substantially as described.

4. In an automatic telephone-exchange, the
combination of the yielding plate ¢/ 1ts back
extension, ¢, and ground-stop 7, with the ro-
tating arm ¢/, forming a movable terminal of
the individual line, substantially as described.

5. The combination of the battery E, an elec-
tro-magnetic indicator, A B C D, the line to
central office, rotating terminal o’ of said line,
and the circuit-closing plates ¢, substantially
as desecribed, whereby the movements of the
wheel at central station are indicated to the
subscriber.

6.-In an automatic telephone- exchanoe a
rotating arm, in combination with a yleldlno
eon’oact—plate and a ground, said arm forming
a movable terminal of an individual line, and
making a normal ground for the subscriber at
the eentlal office, fmd said yielding contact-
plate forming with said ground a possible
ground or return cireuit for another subserib-
er, substantially as described.
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7. Inan automatic telephone-exchange com- -

prising a series of individual lines centering
at a common office, a series of cireuiting arms
or wheels therein, each individually controlled
through one of said lines, means for control-
ling the same, a series of switches around the
path of each of said wheels or arms correspond-
ing in number, and a ground for each line
passing from its circuiting-wheel through one
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switeh in each of said series of switches, and
so arranged, substantially as deseribed, that
the ground of a given line is broken when any
of the cireuiting-arms impinges on the switch
belonging to such given line.

8. In an automatic telephone-exchange, the
combination of a series of independently-con-
trolled circuiting-wheels, A’, having arm ¢,
with a series of coupling-switches, 1 2, &e.,
around each wheel, and arranged to be oper-
ated by the impact of arm ¢/, said switches be-
ing arranged in pairs and conneeted substan-
tially as deseribed, whereby any two of the
wheels A’ may be electrically connected, sub-
stantially as set forth.

9. The combination of the rotating arm ¢
with the contacts 7, o, 3, §, and t', when con-
nected substantially as specified.

10. Inanautomatictelephone-exchange com-
prising a serieg of individual lines converging
to a central office or exchange, and means for
automatically connecting the said lines from
the subscribers’ distant stations, the combina-
tion therewith of devices, substantially as set
forth, capable of automatically connecting or
centering two or more of said lines upon any
other line, whercby any number of the sub-
seribers can center upon a given line for gen-
cral conversation.

In testimony that I claim the foregoing as
my own I have hereto affixed my signature in
presence of two witnesses.

GEORGE A. CARDWELL.

Witnesses: ,

Wit APGAR,
F. K. Frreirn
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