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To all whom it may concern:

Be it known that I, WAaLTER J. DUDLEY,
residing in Everett, Middlesex county, State
of Massachusetts, have invented an Improve-
mentin Electrie Signaling Apparatus,of which
the following deseription, in conneection with
the accompanying drawings, is a specification,
like letters on the drawings representing like
parts.

My invention relates to an electrie signaling
apparatus, such asused on telephone-circuits,
and commonly known asan “‘individual’’ sig-
naling apparatus, there being a number of
signaling-instruments at different points or
stations in one cireuit,properly constructed to
enable any desired one of said signals to be
operated without the others.

My invention is embodied in a signal-con-
trolling instrument comprising an electro-mag-
net in the main eireuit having neutral or soft-
iron cores acting on different armatures, one
of which may be called the ‘‘actuating-arma-
ture,”’ and has a vibratory movement toward
and from the poles of the magnet, in which
movement it actuates a step-by-step device,
and after one particular step or at one definite
position arrived at after a movement pro-
duced by a definite number of to-and-fro move-
ments of the armature, after the step-by-step
device starts from a given point, called the
“‘anison-point,’” the said step-by-step device
places the signal controlled by the said in-
strument in condition to be operated bya eur-
rent of proper character. Each of the signal-
controlling devices at the different stations
places the signal controlled by it in condition
to be operated after a different number of
movements from the common starting-point,
so that only one signal is in condition to be
operated at the end of any given number of
movements,and each signal may be operated,
as desired,by producing the proper number of
movements for that particular signal, as is
usual in individual signal apparatus contain-
ing step-by-step devices. The step-by-step
devices actuated by the vibrations of the neu-
tral armatures in the different instruments, as
just described, are each provided with one
member of astopping device, whichat a given
point in thestep-by-step movement is engaged
by the co-operating member of the said stop-
ping device, that is connected with another
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neutral armature, herein called the ‘‘unison-
ing-armature,’”’ operated by the same electro-
magnet as the vibrating or step-by-step arma-
ture, and being so proportioned in sizeand pro-
vided with a retractor of such strength that
at the first attractive impulse by which the
step-by-step armature is actuated the said
unisoning-armature will be attracted to the
poles of the magnet,and will remain held there
by the residual magnetism during the subse-
quent variations in magnetic condition by
which. the step-by-step armature is actuated.
When, however, short impulses of alternating
polarity—such as produced by magneto-elec-
tric machines—are caused to act on said mag-
net, their effect is to neutralize or destroy the
residual magnetism, thus releasing the uni-
soning-armature, and permitting it to disen-
gage the stopping device, which has held the
step-by-step device, releasing the latter at the
proper starting-point corresponding with the
other instruments, all of which have been en-
gaged by their corresponding stopping de-
vices, and released simultaneously in proper
relation or in unison with oue another. The
step-by-step device, as shown in this instance,
places the corresponding signal in operative
condition at one particular step in its move-
ment by opening a normally - closed shunt
around the said signaling-instrument, which is
of the proper character to be operated by short
impulses of reversed polarity, such as com-
monly produced by magneto-electric genera-
tors, and which do not affect the step-by-step
actuating-armaturein passing through thecoils
of its magnet. The step-by -step device is
also made to control the telephone or other
instrument at the said station, enabling the
telephone to be placed in cireuit only when
the signal at the same station is in circuis,
or when the signaling devices are at the uni-
son-point. Thus, when the signal af any
station is operated, the telephone at that sta-
tion only on the line can be placed in circuit,
thus maintaining secrecy, so far as the other
stations of the said circuit are concerned.
The step-by-step device is also controlled by
the telephone-supporting switch, which, when
the weight of the telephone is removed there-
from, mechanically operates a stopping device
for the step by step device, arresting it at the
unison-point, and thus placing thetelephone,
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which has been removed from its hook previ-
ous to the operation of the signaling device,
in circuit, so that a subseriber who wishes to
be placed in communication with another on
the same line will, by removing his telephone
from the hook to communicate with the oper-
ator at the central office, cause the said tele-
phone to be placed in cireuit, when the opera-
tor at the central office causes the signal-con-
trolling devices to be brought to the unison-
point, and the said telephone will be retained
in circuit by the mechanical device or stop,
while the central-office operator calls the oth-
er station, in which latter operation the tele-
phones at all other stations will be cut out of
circuit. The magnet of the signal-controlling
instrument is also provided with an armature
which short-circuits the telephone and other
apparatus at the station in case it should ac-
cidentally be left in circuit, so that the said
telephone or apparatus will not by its resist-
ance so weaken the current as to cause the
step-by-step actuating-armature to fail to op-
erate. Thesaid short-circuiting armature it-
self has a comparatively weak retractor, so
that it will be operated even if the telephone
should be in circuit and it accompanies the
step-by-step actuating armature in its to-and-
fro movements, or moves up slightly in ad-
vance thereof, in ecase the resistance is in cir-
cuit, in which case the actuating-armature
will follow each movement of the short-cir-
cuiting armature after the resistance has been
removed by the latter.

Besides the general combination and ar-
rangement of the signal and telephone con-
troiling devices, the invention further consists
in details of construction, the objeets of which
are to render the step-by-step device extreme-
ly certain in operation and to simplify and
reduce the expense of the instruments.

Figure 1 is a plan view of a signal-control-
ling instrument embodying this invention;
Fig. 2, a front elevation thereof; Fig. 3, an
enlarged detail of the step-by-step actnating
device, and Ifig. 4 a diagram showing the
circuit-connections of the signal-controlling
instruments with the other apparatus at a
station. o

The signal controlling instrament is shown
as supported on a block, «, which may be of
wood bored to receive the uctuating-magnet b,
(shown in dotted lines, Fig. 2,) the poles &’ of
which project up through a plate, ¢, provided
with bearings d, for shafts or pivots ¢ ¢ for one
end of the armatures f f of the said electro-
magnet b, and for the sbaft g of the step-by-
step device, comprising a ratchet, ¢/, on the
said shaft and actuating-pawls & &' therefor,
connected with a frame, ¢, fixed upon the ar-
mature f of the magnet b, as best shown in
Fig. 8. The block or frame-piece ¢ may be
supported on the box containing a magneto-
generator, G, (see I'ig. 4,) signal S,’and switch
¢, for supporting the telephone T, all of which
may be of nsnal construction, and are only in-
dicated in the diagram, Fig. 4. When a se-

ries of electrical impulses of proper strength
and duration,which will be called ‘‘actuating-
impulses’’ or ‘‘currents,”’ are imparted to the
circuit of the magnet b—such, for instance, as
produced by alterrately breaking and closing
thecircuit while a batteryvisincluded therein—
the armature f will be vibrated to and fro,and
at each to-and-fro movement will advance the
ratchet ¢’ for the space of one tooth, and the
movement of the said ratchet will thus corre-
spond to the number of such impulses applied
tothe magnet b. Theretractors for the arma-
tures f f" are shown in Fig. 1 as flat springs
f* /% which have one end fastened upon the
plate ¢, and the other end bearing with spring-
pressure against the under side of the corre-
sponding armatures. The shaft g of the said
ratchet which thus receives the step- by -
step rotary movement is provided with an
arm or projection, k, (best shown in Fig. 4,
where the said shaft is shown in perspective, )
and the said arm k at one step in the move-
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ment of the shaft acts upon one member, &', of go

a circuit-controliing device, separating it from
the other member, %’ thereof, and thus opening
the eircuit between the said members at this
particular step in the movement of the shaft,
although the said members are connected and
the circuit closed between them when the
shaft ¢ is in any other position. The mem:-
bers k' I are in a shunt or branch of low re-
sistance around the signal-instrument S, and
normally when in contact divert the current
from said instrument, which ean thus be af-
fected only when the shaft ¢ is in the particu-
lar position shown in Fig. 4, at which time the

said members I’ £* are separated and the sig-

nal $* in cireuit.

It will be nnderstood that the shaft ¢ of the
instruments at different stations on the same
line are all moved simultaneously by the vi-
brations of the armatures f of the said instru-
ments, and that the arms & of the different
instruments are at different positions with re-
lation to the member &' of the circuit-control-
ling device, so that only one of the said mem-
bers will be engaged by the arm % in any one
step in the simultaneous movement of the
shafts ¢, and that the said members &’ at the
different stations will be engaged one after the
other in the said movement, so that it is nec-
essary, in order to call any given station, that
the shafts g should all be rotated far enough
for the one to engage the member % at that
particular station when the signal S at that
station, and at no other, will be in circuit,
after which the said signal may be operated by
currents of such character as will not appre-
ciably affect the armatures f of the different
instruments, the signal S being, for instance,
operated by the short impulses of alternating
polarity that are generated by the magneto-

electric generators commonly employed in.

telephone-signals.

In order that the shafts ¢ of the instruments
at the different stations may always be in
proper position with relation to one another,
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or may be brought into such position in case
any one has gained or lost a step with rela-
tion to the others, means are provided for
bringing the said shafts or step-by-step de-
vices into unison with one another,before be-
ing operated to produce a signal. In order
to effect the unisoning of the said shafts, they
are each provided with one member, m, of a
stopping device (shown as consisting of an arm
provided with a short laterally-projecting fin-
ger) which in therotary movement of thesaid
shaft is engaged by the co operating member
m’ of the stopping or unisoning device, the
said member m’ being carried by an armature,
m?, (shown as placed at the sides of the poles
i of the magnet b,) and connected with orsup-
ported on a spring, m°, which tends to retract
the said armature or move it away from the
poles of the magnet, in which retracted posi-
tion the stop member m’ is also removed from
the shaft g. The armature m’ is of soft iron,
and comparatively small, and when the mag-
net § is affected by the impulses which actu-
ate the armature f the armature m’ will also
be attracted,and its retractive force is insuffi-
cient to overcome the residnal magnetism and
withdraw it from the poles of the maguet b
during the short intervals which oceur be-
tween the successive attractive impulses that
atfect the armature f. When, howaver, cur-
rents of rapidly-alternating polarity—such as
operate the signal S—act on the magnet b,
they immediately neutralize or destroy the
residual magnetism, permitting the armature
m! to be retraeted, and thus release the shaft.
¢g. The currents for actuating the armatures
fand wm* and the signal S are preferably ap-
plied by an automatic transmitting-instroment
invented by me, forming the subject of another
application for Letters Patent. Thesaid trans-
mitting apparatuas,or,if such be not employed,
the operator, by manipulating a suitable key,
will first cause a number of impulses of proper
character to affect the armature f to pass
throngh the magnet b, sufficient to turn the
shaft g at least a full revolation and one or two
steps beyond, so that any shafts which may
have lost a step will have an opportunity to
gain it, the armature m* being held up to the
poles of the magnet during and between these
impulses, and the stop members m’ thus being
caused to engage the .stop members m of the
different shafts as they arrive at the said memi-
bers m/, thus arresting the shafts in the same
position with relation to the-stop members
m/, and with their signal controlling arms %
distributed in different positions with rela-
tion to said stop members aud to the mem-
bers &’ of the cireuit-controlling devices, so
as to act successively on the latter in the fur-
ther movement beyond the stopping or uni-
soning point. A few alternating impulses
are then applied to the magnet b, which cause
the release of the armature m* and the shafts
g without affecting the armature f or moving
said shafts, except for a very small fraction of
a turn, produced by the further retractive

movement of the armature f, which was not
quite complete when thestop memberm wasen-
gaged, and is sufficient to carry the latter be-
yond the member w/, so that it will not again
be engaged when the actuating impulses be-
gin. Theshafts are thus all released in unison
with one another, and the operator or trans-
mitter,by applying the proper number of ad-
ditional ILmpulses, will cause the shafts g to
turn far enough to engage the member k' at
the station that is to be -signaled, the arms %

‘ab the other stations either having passed be-

yond or not yet reached the corresponding
members, £, which consequently will remain
in their normal position in contact with the
membersX®’. The operatorortransmitter then
causes a series of alternating currents to pass
over the line,which operate the signal S at the
station where the circuit-controlling device &'

'k is opened,but produce no other effect, thus

calling the desired station, and that one only.
The shafts g are shown as also provided with
telephone-controlling devices or arms n #/,co-
operating with a eircuit-controlling device, o
o, similar in construction to the one &' &*,and
forming a part of a shunt or circuit of low re-
sistance around the telephone T, which shunt
is closed, preventing the telephione from be-
ing placed in circuit at any given station, ex-
cept when the signaling devices are at the uni-
son-point, when the arms n, which correspond
in position to the stop members m, will en-
gage the members o ab all the stations, and
when the arm % is in position to place the sig-
nal 8 at a given station in circuit the arm #/,
which corresponds in position to the one Z,
will place the telephone in circuit or in con-
dition to be eircuited by its own switeh at that
particular station,but at no other. Thus per-
sons ab stations which have not been called or
signaled cannot place themselves in circuit
and overhear the conversation carried on by
the person at the station where tlie signal was
operated.

When a subscriber desires to call the cen-
tral office or produce a signal at another sta-
tion than his own, a generator, G, (see Fig. 4,)
is employed, being of usual construction, ex-
cept that its commutator s s’ is constructed io
transmit only the intermediate impulses of
like polarity, so that they will not affect the
signals S of the station on the said circuit that
has last been called, and at which the cirenit-
controlling device & is left open by the step-
by-step signal controlling mechanism.

When a subsecriber wishes to be placed in
communication with another on the same cir-
cuit, 16 is necessary to provide means for plac-
ing the telephones at both stations in circuit
without permitting the telephone to be placed
in circuit at any other station.. To accomplish
this the instrument is provided with a stop
member, p, cousisting, in this instance, of a
pin resting on a spring, p’, adapted to be en-
gaged and lifted by a rod, p*, operated by the
telephone -supporting switeh ¢. The rod is
raised when the telephone is removed from
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“the hook, as is done when the subscriber sig-

nals the central office,: the telephone being
then placed in circuit: by the operator at the
central office, actuating the step-by-step de-
vices so as to bring them to the unison-point,
at which ‘point the stopping device p at the
station where the telephone has been removed
from the hook engages the stop member m of
the step by-step device, preventing: further
rotation thereof, and thus retaining the step-
by-step device of that particular instrument
at the unison-point and the telephone T in
circuit at that station, while the step-by-step
devices at the other stations are moved by the
operator at the central office in order to call
the other station, thus placing the telephone
at the station called in circuit by thearm »’ of
the step-by-step device while the telephones
at all the other stations are shunted by the
circuit-closers o ¢’

As the resistance of the telephonic instru-
ments is quite large, it might interfere with
the working of the armatures f if it were in
cirenit while the signaling-instruments were
being operated. - In orderto prevent such in-
terference with the operation of the signaling-
instruments, the latter are provided with cut-
out armatures f’, operated by the magnet b,
but independent of the armatures f and m? of
the step by-step and unisoning devices. The
said armaturesf’,when attracted, close a shunt

“around the entire apparatus at the station, ex-
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cept the magnet. b, and as the said armatures
S’ have no mechanical work to do their re-
tracting-springs f* f* are comparatively weak,
so that they will be attracted, even if the re-
sistance of the telephonic instruments should
be in circuit, and as soon as they are attracted
they will remove the resistance, so that the
armature f is immediately attracted, and thus
properly operates the signals.

The mechanism for producing the step-by-
step movement (best shown in Fig. 3) con-
sists of a frame, 4, extending at-opposite sides
of, or rather more than half way around, the
ratchet-wheel ¢/, or it might wholly encircle
the said wheel ¢/, this frame having pivoted
on it spring-pressed pawls & /', which engage
the ratchet-wheel at opposite sides, thus turn-
ing the latter preferably for the space of one-
half a tooth at each movement of the arma-
ture f in each direction. The said frame is
also provided with stop projections »* 2*, which
strike upon the wheel at the end of the move-
ment of the frame in either direction, thus
limiting the said movement, and at the same
time positively locking the wheel, so that it
cannot turn beyond the point to whieh it is
positively moved by the pawl last acting on
it. This mechanism is very.simple, and at the
same time very positive and certain in opera-
tion, nmoving the wheel for the space of one
tooth at each complete forward and backward
movement of the armature, and being capable
of operating at very high speed without skip-
ping a movement, and also without over-
throwing or moving the wheels farther than

they should be moved by a given number of
vibrations of the lever.

The circuit may be readily traced in Fig. 4.
The main line entering the station at one side
is '‘eonnected, as shown at 2, with one terminal
of the magnet b, the other terminal of which
is connected by wire 3 with the plate ¢ of the
signaling-instrament, which 'is also electric-
ally conneected with the springs % and o, as
indicated by the wire 4 in Fig, 4, and with
the armature f'.- The contact-point engaged
by the said armature when atiracted is con-
nected by wire 5 with the main line 6, leading
from the station, so that when the said arma-
ture is attracted the magnet b only will be in
cireunit, the braneh 3 5 constituting a shunt
for the remaining apparatus. - From the wire
3 the main line is continued by wire 7 and
wire8, branching therefrom, to one terminal of
the telephone T, the other terminal of which
is connected by wire 9 with the spring ¢, that
is connected with the telephone-supporting
hook or switch when the telephone is removed;
but when the: telephone is: on:its hook' the
branch 8 9 is open at ¢t ¢, as usual.. The
branch 10 from wire 7 passes to one terminal
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of the signal S, the other terminal of which is -

connected by wire.11, incinding the generator
&, having the usual shunt-cirenit, 12; contain-
ing a nornally closed switch, G, and'is con-
nected with the contaet-spring t* of the tele-
phone:switeh ¢, which:latter is connected with
thie main line 6, leading from the station.. The
member 1’ of the circuit-closer, which controls
the signal, is- connected by wire 13 with the
branch: wire ‘11, so that when the said cir-
cuit-closer:is closed and the telephone on its
hook the currents will pass over the circnit
2,3, 4, ¥, ¥, 13, 11, (including the generator
G or its shunt 12,) ¢, ¢, and 6, without affect-
ing the signal S; but when the members &’ *
are separated and the telephone T on its
hook the currents will pass over the circuit
2, 3, 7, 10, 11, &, ¢, 6, including the signal
S, the branch 8 then being open at ¢, the
branch 4 at & %% and also at o o’ or at ¢ ¢.
The member o’ of the circuit-closer o o’ is con-
nected by wire 14 with wire 9, so that if the
said circuit-closer is closed and the telephone
off its hook the carrent will follow the circuit
2, 8, 4, 0, 0, 14, 9, ¥, t, 6 without affecting the
telephone T'; but if the said cireuit-closer o o
is open the current will follow the circuit 2, 3,
7, 8, T, 9, ¢, ¢, 6, including the telephone, the
branch 4 then being open at &’ &* and o o/, and
the branch 10 11 being at ¢*, as would also be
the branch 4 13, if the circuit-closer k' %* were
closed. The armature f’ is retracted and the
shunt 3 5 open whenever the signal S or the
telephone T is operated, it -being closed only
during the impulses that actuate the arma-
ture f.

I claim—

1. A signal - controlling instrument com-
prising a neutral electro-magnet and actuat-
ing-armature and retractor therefor, a step-
by-step device actuated by the said armature,
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governing the operation of the signaling-in-
strument, a stop member connected with the
said step - by - step device and a co-operat-
ing stop member and neutral armature con-
nected therewith, and the retractor for the
latter armatureadjusted to cause thesaid arma-
ture tobe attracted by the impulses that move
the actnating-armatare, and to be held by
residual magnetism between said - impulses in
position to engage the stop members, and to
be retracted when the magnet is affected by
currents of alternating polarity into position
to disengage the stop members, substantially
as described.

2. The combination of a step-by-step device

‘and neuftral electro - magnet and actuating-

armature and retractor therefor with a stop
member carried by the said step-by-step de-
vice, aco-operating stop member and control-
ling-armature therefor, held by residual mag-
netism in position to engage the other mem-
ber and arrest the step-by-step device at the
unison-point while the. actuating-armature is
being operated, a signaling-instrament op-
erated by currentsof alternating polarity and
shunt therefor, a eircuit-controlling device in
said shunt operated by the step-by-step de-
vice to open the said shunt at one step in its
movement, a telephone and shunt-cirecnit

therefor, and a eircuit-controlling deviee in
said shunt-cirenit operated by the step-by-
step device, being opened when the said de-

viee is arrested at the unison-point, and also
when the shunt of the signaling-instrument is
opened, substantially as deseribed.

3. The combination of the step-by-step de-
vice and eleetro-magnet and actuating-arma-
ture and retractor therefor with telephonic
instruments connected with the circuit of the
said magnet and a shunt for said instruments,
and armature operated by said magnet con-
trolling the said shunt, which is closed by
the said armaturc at each impulse that oper-
ates the step-by-step actuating-armature, sub-
stantially as described.

4. A step-by-step device provided with a
stop member and with devices controlling the
circuit of .a telephone and signaling instra-
ment, combined with the telephone-support-
ing switch and a stop member controlled
thereby, being placed by the said supporting-
switeh when the telephone is removed there-
from in position to engage the stop member of
the step-by-step device and arrest the said
device in position to place the telephone in
circuit, substantially as described.

Intestimony whereof I havesigned my name
to this specification in the presence of two
subseribing witnesses. :

WALTER J. DUDLEY.
Witnesses:

Jos. P, LIVERMORE,
H. P. BATES.
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