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To all whom it mury comeerr:

Be it known that I, Grorere S, TIrraNy, a
citizen of the United States of America, resid-
ing at Brooklyn, in the county of Kings, in the

5. State of New York, have invented ¢ertain new
and useful- Improvements in Eleetric Clocks,
of which the following is a speeification.

The object of this invention is to provide an
electric clock which' will keep time continu-

1o ously for a long period—say a year, more or
less—without requiring
_caseof accident, and with a véry small current
consumption. To this end the clock is made
very siraple und comprises the adaptation of a
15 vorsional pendulum to the controlof anelectro-
magneticdriving mechanism insuch a manner

as to leave the ]wndulum sepamtu from the |

driving mechanisin, wherdby it iscelieved of

the work of mechanically actuating the parts:

20 of sald mechanisnand is free to rotate inde-
pendently of the movement of the armature
constituting a part of said mechanism. By
this means the benefit of the long- period heats
incident to the torsioual p(\m.nlum is obtained

25 without encumbering $aid- penduluni with

. mechanism which will i impair its regular and
efficient action. The cuvrent consumption is
minimized by the long-period beats, the cur-
rent heing used for.an instant only newr the

30 middle of each beat to impulse the pendulum.,
The variation i frictional resistance of the
driving mechanism due to changes of weather
and changesin conditions of lubrication cannot
be imparted to the pendulum and eres e i ir-

35 regularity thereof.

Figurel of theaccompanying drawingsrep-.|

resents & rear elevation of this cloc k, a few
pieces being brokdn out to securea hetter iHus-
tration. Fig. 2 represents a side (:l(:vut.ion
40 thereof looking from the right of Fig. 1, some
parts being broken out. 1*10 3 represents, on
an enlarged scale, a plan view of the armature
with its contact-studs and the puuhllllnl~1()(l
with its contact-arm.
The same reference-numbers are used in all
figures to designate the same parts.
“The mechanism of this clock may be sup-
ported.in a clock-fry agne of any suitable con-
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struction. Inthe forminwhich thei mvenbxon .
isembodied in the accompanying drawings the 50 -
frame comprises a back plate 10, having on its
front face posts,as1land 12,near 1ts perlphery
andon itsrear faceat itstop an elongated pen-
dulum-post 13, insulated from the back plate,

a shorter post 14 disposed near the pendulum- 55

_post and also insulated from the back plate,and, -

a post 15 disposad below and on the other side

“of a vertical diametrical line passing through

the pendulum-post. A clock-dial 20 is secured
to the posts, as 11 and 12, in front of the back
plate 10. This dial may be of any suitable
construction:

A bracket 30, composed of non-magnetic
material, is ‘secured by means of scerews 31
and 32 or otherwise to the lower portion of the
back plate 10 on the rear face thereof. The
bracket 80 extends upward and is recessed

“above its place of attachment, forming a space -

33 between it and the lmcl\ plate, and it has a
laterally-projecting ear 34 opposite the center
of the back plate 10 and two laterally-pr oject-
ing cars 35 and 36 below the car 34 and on g

-hm'l/onml line with each other.

A central arbor 50 is supported in a bear-
ing of the hack plate 10 and at its inner ex-
tremity in a bearing of the ear 34 of the
bracket 30, This arbor is provided with a
fixed collar 51 near its innet end and with a
pinion 52 between the back plate and the dial.
Arminuterhand 60 is secured to the outer end
ol the arbor in front of the dial 200 An hour-
hind sleeve 70 surrounds the arhor 50 in the
usual mavner and - extends througly the dial
20, being provided at its outer end in front
of said dial with an hour-hand 80 and at its
inner end between the dial and back plate 10
with s gear-wheel 71,

An .ux\nll.uy arbor 90, supported in suit-
able hearings, is dlspowd hetween the hack
plate and the dial Lo one side of the centrul
arbor 50.  The auxiliary arbor is nrovided
with a gear-wheel 91, which meshes with a
pinion 52 of the centr alwrhor and is also pro-
vided with a pinion 92, which meshes with
the gear-wheel 71 of the sleeve 70, carvying
the hour-liands The motion of the arbor of
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the minute - hand is communicated to the
sleeve of the hour-hand by this or any suit-
able means.

A :'at(het)-whwl 100 is dlq}mse(‘ on the cen-

tral arbor 50 and extends into the recess 33
of the i)mclxet and is held a«mm&t the col-
lar 51 by a spring-clamp 101.

An electromagnet of any suitable constric-
tion is séeured to the back plate at one side
of the center thereof. In the form herein
shown thi% magnet comprises cores 110 and
190, and spools or helices 130 and 140 are dis-
posed thereon. The cores are supported at
one-end in the bracket 30 and are secured
thercte by sst-serews 112 and 192 and are con-
nected at their other end by a yoke 40. The
ends 111 and 121, which extend through the
bracket 20, wmmuta the poles of the mag-
net, Thess cores are preferably composed ot
mild steel, so as to hold residual magnetism
after the current is cut off,

An armature 150 is hinged to the ears 35
and 86 of the bracket 30 hélow the electro-
I‘II‘LWhPt and extends upward past the project-
ing poie ends of said magnet, with which it
is adapted to form contact when the cores are
magnetized. The armature is provided with
means for drawing it sway from the magnet.
The means shown consists of & spring 180,
connected at one end to anarm 41, depending
from the bracket 40, and at the other end to
the armature 150, below the pivot thereof,
and this spring Lend to swing the’ arm&u-re
away froin the magnet. A ~)awl 170 is piv-
oted on an arm 158 at the upper end of said
armature and engages teeth of the ratchet-
wheel 1060. An adjusting-screw 16 engages
post 15 and serves as a stopagainst which the
pawl abuts on completing its stroke whereby
the action of the spring 160 is.controlled. A
spring-check paw! 180 engages the raichet-
wheel 100 and serves to hold it in position
during the retraciion of the pawl 170.

The armature 150 is provided at or near its
upper end with two elncmic contacts or con-
tact-studs 151 and 1 disposed apart from
each other on ()]:)po:lte sides of a vertical line
passing through the center arbor. These
studsare insulated from the armature and may
be secured to the armature by means of a

shortcross-bar 153 composed of insulating ma- |

terial and dlspowd at the upper end thereof.

The armatare also carries a third contact 157,

preferably attached to a plate 156, (.hsposed
on a stud 154, secured to and insulated from
the armature 150. A spring 155 1s also dis-
posed on the stud 154 and in electrieal con-
nection with said armature, but insulated at
its point of attachment from the plate 1586.
This spring rests noxmallv against the contact
157 and serves fo close the cirenit through the
plate l;.(i. This spring extends bey cond waid
plate and is adapted to ¢ engage at its outerend
190, whldl is preferably adjustable
C post 14, . When the arms-
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tore 159 is swung toward the magnet, the free
end of the spring 155 cugages the ccmmct 190
of the energizing-cireuit and is thereby sepa-

Lteu from the contact 157 of the platp 156 of

he releasing-circuit.
connection mth these parts as an automatic
switch to shift the carrent frora one civeuit to
the other, and the contact 190 thus serves as
a circuit-breaker for the » vieasu‘w cirenit,

A suoitable electric souvee is disposed on or
connacted with the clock-—as, for instance, a
battery 200. A conductor 201 conunects the
positive pole thereof with the contact 151 on
the armature, o condactor 202 conngets the
pendulum-post 18 with the helix 130 of the
electromagnet, a conductor 203 connects the
helix 150 with the helix 140, a conduetor 204
connects the helix 140 with the hesl 40, and
conductor 205 connecis the armature with the
spring 155, a conductor 206 connécts the con-
tact 152 with the Degltﬂ pole of the hat-
tery, a conductor 207 connects the plate 156
with conduactor 206, and a conductor 208, pro-
vided with a resistance 209, connects the con-
tact 190 with the positive conductor 201.

A shunt-civeuit 210 is connected with the
coils of the eleci ’omagnet and provided with
a resistance-coil 211, which imparts &= ¢
shunt-cirenit a considers bly higher resistas...e
than that of the magnet,

A compensating pendulumis preferably ¢
ployed in connection with this clock.

lbe

. pendulum shown comprises a torsicnal pen:‘m-

lum support or rod 220, suspended from the
pendulum-post 13 and a perdulum-bob 230,

“whose arc of oscillation is hom/un tal, securod«

to the lower end of said rod.  The pendulum-
rod is composed of ‘a fiat elastic metallic sirip
or wire or strands of. wire or other material
adapted to receiveand resist a torsional force.

"This pendulum-rod has means for completing”
an electrie circult through its main body or:

otherwise and is pmwded with a contact-arm
291, secured at one end to said rod aund pro-
jecting at the other end between the contact-
studs 151 und 152 of the armature. As the
pendulum-rod oscillates the arm 221 tonches
one or the other of said contacts, preferably
by means of an upright stud 299, se,nured to
tlm free end thereof.

The pendulum-bob 230 eomprises a horizon-
tal coupling-bar 231, weights 2392 and 233 ad-
justable at opposste ends of said bar, and a
spring-clip 234, suspended fromthe pcndulum~
rod and connected with said bar between said
weights. The weights are preferably spher-
ical in form and provided with diametrical
heles, into which the opposite ond of the bar
enter, - These wemh‘rq are preferably adjust-
able on tlw u)nplm bar to regulate the tor-
sional swing of the pmdu um and to comper-
sute for variations in the elusticity of the tor-
sional support from changes of temperature,
Any suitable means of ﬂdju-~.?ll(‘lll miny be em-
ployed. The means shown consist of serews

Thespring thus acts in.
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235 and 288, which engage serew-threaded
Lolﬂs in theends of the bar and serve asstops
for the wiights, ~These screws 1endu the
¢ou plmg—bar extensible. Thespring-clip 234
is preferably in the form of an expansible
The coupling - bar extends through
hwoles in the legs of the fork, and the latter
bear against ,the weights and hoid them aparf
from each other in contact with the stops 235
and 236. The pendulum is regulated to in-
crease the speed of its beats by adjusting the
weights nearer together and to decrease the
frequency of its oscillations by moving them
farther apart. This adjustment is readily ef-
fected by means of said adjusting serews or
stops.  To-avoid variations due to changes in

‘temperature and to secore uniform action of

the pendulum, the parts of the bob are so con-
structed as %o compensate for such differences.
The couling-bar 231 is composed of amaterial
which expands less for a given increase in
teraperature than the material of which the
weights are composed. For instance, the
votpling-bar may be composed of steel which
has a comparatively low expansibility and the
weights of an alloy of lead which has a com-
paratively high coefficient of expansicn. An
increase of temperature will canse an expan-
sion of the coupling-bar and weighis, and the
expansion of the coupling-bar will tend to
move the weights apart, and the greater ex-
pansion of the weighis operating against the
stops will tend to bring the weights nearer to-
gether,  The relative dimensions and expan-
sions of these elements, respectively, are such
that as the coupling-bar expands outwardly
the weights expand inwardly the wquu'ed ex-
fent to maintain the normal reiation between
the weights. ~ The parts of the pendulum may
be so0 proportmned as to compensate for va-
riations in the length or stiffness of the tor-
sionul wire due to variations in temperature.
The operation of the clock will now be de-
seribed.  Assoming the armature 159 to be
away from the electromagnet 130 140 and the
pendulum contact 221 touching the armature
contact 151, the current fakes the following
course constituting the energizing - cirenit:
from the positive pole of the battery 200 to
the contact 151 on the armature 150, thence
through the contact-arm 221, thence through
the torsional pendnlum - 10(1 920, thence
through the pendulam-post 13, thenee through
the conductor 202, thence through the coil 130,
thence through the conductor 203, thence
through the coil 140, thence through the con-
ductor 204, thenes through the yoke 40, thenee
throngh the magnet-cores 110 and 120, thence
through the bracket 30, thence through the
pivos of the armatuve, thence through the ar-
mature 150, thence through the econtaci-spring
155, thence through the contact-plate 156
thence through the conductor 206 to the posi-
tive pole of the battery. A small portion of

the current will leak through the ,p‘},r.k -¢oil

211, which is in a shunt around the macmet

The electromagnet being thus energized by
the passage of “the current thr ough “the coils
130 140 attracts the armatufe 150 and the lat-
ter swings into contact with the poles 111 and
121, dragging its pawl 170 over the teeth of
the ratchet-wheel 100 and assuming the posi-
tion shown in Fig. 1. In this movement of
the armature the spring 155 engages the con-
tact 190 and is thereby bent away from the
contact 157, whereby the circuit is broken.
The armature will, however, remain in con-
tact with the magnet until the current is re-
versed, owing to the residual magnetism of
the steel cores. This swinging of the arma-
ture toward the magnet imparts a torsional
movement to the pendulum in the direc’tion of
the arrow-head 1, construed as in perspec-
tive, through the arm 221, attached to the pen-
dulum-rod 220. This movement is not, how-

ever, imparted to the pendulum instanta-
neously. The pendulum being separate from
the driving mechanism and independent of the
movement of the armature, except to receive
its impulses therefrom, the momentum im-

parted to it on the previous outward move--

ment of the armature will cause it to continue
its rotation in the direction of the arrow-head
2 against the flexibility of its contact-arm and
the torsion of its rod for a substantial period
in the same direction after the swinging of the
armature. After the resistance of the rod and
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contact overcomes the momentum. of the bob -

the rotation of the pendulum is reversed and
the arm 221 is caused to swingaway from the
armature-contact 151 over against the arma-
ture-contact 152, and the eircuit is then closed
through the latter. The current then passes
through the following course constituting the
releabmo - circuit—to wit, from the poqub
pole of the battery 200 thr ough the conductor
901, thence through the conductor 208, includ-

100.

105

ing the resistance 209, to the contact 190 in -

the stud 14, thence through the spring 155 to
the armature 150, thence through the bracket
30, thence through the cores 110 and 111 of the
magnet, thence through the conductor 202,
thence through the pendulum -post 13; thence
through the pcndu]um rod 2929, thence through,
the arm 221 thereon, thence thxouOh the stud
156, thence. thrOUOh the conductm 206 to the
nw&tn epoleof the battery. The courseof the
current through the magnet is thus reversed,

and  the 1)0141'1ty of the magnet: therebv

changed, whereby its residual magnetismis
weakened "or npeutralized. The spring 160

115

120

then withdraws the armature 150 from the -

magnet and causes the pawl 170 to impart a

step movement to the ratchet-wheel 100 and

then come to a stop againstthe stud 16. The
movement of the ratchet- wheel turns.the
hands of the clock the required distance for
a single impulse. - The outward spring of the

armature separates the spring 155 from the
contact 190, breaking the rcl_easmg circuit and
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permifting said spring to rest against the con-
tact 157 on the plate 156 of the enhergizing-
circuit preparatory to the re-formation of
said energizing - circuit -by thé siibsequent
swing of the pendulum This b'wingimr of

‘the armature toward the leftimparts through

the arm 921 on the pendulum-rod 220 a vo-
tary impulse to the pendulum in the direction
of the arrow-head 2, and after the torsional ac-
tion of the pendulum has overcome the mo-
mentum of the prévious impulse the arm 221
swings away from the stud 152 into contact

with the stud 151, whereby the circait is

again restored in the direction before de-
scribed ‘and another impulse imparted to the
pendulum in the direction of the arrow-head
1. This arrangement of confacts thus oper-
ates as a pole-changer with means for open-
ing the battery-circuit after each reversal of
the current and movement of the armature.
The object of the resistance 209 is to weaken
the current for releasing the armature, as a
much weaker current issufficient to neutralize
the residual charge than that necessary for
energizing the magnet for throwing up the
armature. Theresistance 211, whichis in par-
allel with the magnet-coils, affords a path for
the discharge-current of the magnet when the
circuit of the battery and the magnet is
opened, thus avoiding sparking at the con-
tact.

It will be seen from the foregoing that for
every swing of the pendulum there 1s & move-
ment of the arpiature, and this movement of
the armature will always give the pendulum
an impulse tending to keep it in motion, and
every alternate motion of the pendulum will
propel the wheel of the clock the distance of
one footh. . Consequently in order that the
clock may keep accurate time it is merely
necessary to adjust the beat of the pendulum
to the number of teeth insaid wheel. It will
also be observed that the pendulum has no
mechanical ‘work te perform in controllihg
the cloch, and consequentlv the frictional er-
ror is reduted to a minimum, being reduced
practicelly to the resistance of the air.

T find that a pendulum having beats of five

seconds each and a wheel having three hun:

dred and sixty teeth, moving one tooth every
ten seconds, will give good results in a small
clock.

The mechanism may be varied in construe-
tion and arrangement without departing from
the scope of this invention.

The battery -circuit being opened -imme-
diately aiter each effective action.of the mag-
net and the torsional pendulum being per-
mitted to oscillate in both directions of rota-
tion after the circuit is reversed, whereby the
intervals between the closings of the circuit
are pr oionoed itfollows that the current con-
As a matter of fact
it is scarcely measnmb} As the pendualum

s separate from the driving mechanism proper
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and acts merely as 'a contact device to control
said mechanism, it is not retarded or made
irregular in its action by the varying friction
and 1rregularities of the mechanical devices
constituting a part of said mechanism.
I claim as my invention—
. The combination of a clock-train, a tor-

‘sional pendulum,and an electromagnetic clock-
" train-driving mechanism independent of said

pendulum and comprising an armature sepa-
rate from said pendulum, sgid pendulum being
provided with an electrie contact for control-
ling said electromagnetic driving mechanism
and being free to rotate mdependentlv of the
movement of said armature.

2. The combination of a clock-train, anelec-
tromagnesic clock - train-driving mecham
and 2 borslonal pendulum separute from sazd
driving mechanism and comprising a torsiopal
rod and a rotary bob suspended thereby and
separate from the armature constituting a part
of said mechanism, said rod being provided
above said bob with a lateral projectionserv-
ing as a circuit-closer for said electromag-
netic driving mechanism.

3. -The combination of a clock-train, a clock-
train-driving mechanism theréfor comprising
an armature, an electromagnet for actuating
said medmnwm, alternat(, reversing electric
circuits for energizing said magnet, and areg-
ulating torsional pendulum mdependent, of
said driving mechanism and provided with an
electric contact for controlling said circuits,
said pendulum being free to rotate independ-
ently of the movement of said armature.

The combination of 'a clock-train, an
electl omagnet, an armature movable into con-
tact with said magnet, mechanism operated by
said armature for driving said clock-train, an
electric circuit for energizing said magnet to
attract said armatarve, an electric circuit for
passing a reduced electric current through said
magnet in a direction reverse te that of the

“energizing-circait to eliminate residual mag-

netism, mechanical means for swinging said
armature out of contact with, said magnet, a
pendulum, two contacts adapted to be en-
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gaged by said pendulum for closing the re- :

spective circuits at alternate beats 01, the pen-
dulum, and .a circuit-breaker: adapted to in-
stantly break the energizing-circuit on the
closure of the armature against the magriet.
5. The combination of a cloek-train, an

" electromagnet, an armature movable intocon-

tact with said magnet, mechanism operated by
said armature for (11‘1V11]0' said clock-train, an
electric circunit for energizing said magnet to
attract said armature, an electric civeuit for
passing a reduced electric current through said

magnet in a direction reverse to that of the

energizing-cirenit to eliminate residual mag-
netism, mechanical means for swinging said
armature out of contact with said magnet, a
pendulum provided with an electric contact,
two contacts belonging respectively to said

130
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cirenits and engaged by said pendulum for |

. closing either circuit, and automatic means

I0

ﬁd‘lptbd to instantly break thee energizing-cir-
cuit on the closure. ot the armature against

- the magnet.

6. The combmatlon of a clock-train, an
electromagnet, an armature movable into con-
tact with said magnet, mechanism operated by
said armature for drlvmo said clock-train, al-
ternate reversing electric circnits, mechanical

means for swinging said armature out of con-

tact with said magnet, a torsional pendulum

" provided with an dectmc contact, two con-
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tacts mounted on said armature and adapted |

to be engaged by said pendulum for closing
the respective circuits, a third contact also

mounted on said armature’ and composed of’

separable parts respectively connectible with
said circuits, and a device adapted to separate
said parts to open one of said circuits imme-
diately after the closing thereof and to form
a connection with the! other circuit prepara-
tory to its being closed. by the return of the
pendulum

tromagnet, an armature movable into contaet
with said magnet, mechanism operated by said
armature for driving said clock-train, an elec-

‘fric circuit for energizing said magnet to aé-
tract said armature, an ‘electric cireuit for.

passing a reduced electric current through
said magnet in a direction réverse to that of
the energizing-tircuit to climinate residual
magnetism, mechamcal means: for swinging
said armature out of contact with said mag-
net, & pendulum provided with an elecivic
contact two coutacts mounted -on said arma-

fure and adapted to be engaged by said pendu-

lum for closing the respective circuits, a third
‘contact also mounted on said armature and
composed of separable parts respectively con-
nectible with said cireuits, and a device adapt-
ed to separate said purts for opening the ener-

gizing-circuit immediately after the closing |

thereof to form a connection witl: the releas-.

ing-circuit preparatory to its being closed by
f:he return of the pendulum.
he combination of 4 clock-train, & driv-
ing meclmnsm therefor, an eleciromagnet for
actuating said mechanism, alternate reversing
electric circuits for energizing said magnct
pole-changing contacts separate from the pen-
dolum, and connecting with said circuits, re-
spectively, and & rwul.mmg torsional pendu- |
lum provided with an electric contact adapted
to operatc in connection with said pole-chang-
ing contacts to opfen close - and reverse said
cv’cultq.
The combination of a dock -train, a tor-

moml pendulum, an arm fixed to said pendu-

lum and constituting an electric contact, an
armature provided with two contacts between
which sald arm projects, means for moving
said m*métum in one direction, an (\lectrom&g—

'

net for noving n-, in the oppoqxte dxreetmn,
intermediate devices between - said armature

and clock-train, and alternate electric circuits.

connected respectively with:said armature=.
coptacts and including the cmls of sald elec~
tromacnet

-10. The combination of 8 clockntram, a tor-
sional pendulum, an arm fixed. to said pendu-
lum, an armature provided with two contaets
between which said arm projects, means for
moving said ermatureinone dlrecl:mn, anelec-
tromagnet for moving it in the opposite direc-
tion, means connected with said armature for
actuatmg shid clock-train, and alternate re-
versing electric circuits connected respéctively
with said armature-contacts and mclndmg the
coils of said e]ectroma.g’net S

11. The conbination of g,_clock—tmm, a tm'-
sional pendulum; mechanism foractuating said

train and impsréing impulses to said pendu-.

lum, an electromagnet for opersting said
mechanism, electric circuits controlled - by
seid pendulum for energizing said magnet,

i and a shunt-circuit connected thh the magnet-
7. The combination of aclock-tr ain, an elec- |

coils and mclumng a resistance,

12. The combination of & central arbor car-
rvmg a_minute-hand, a sleeve on said arbor
carrying an nour-hand a train between said
arbor and slesve, &,large ratchet-wheelon said
central arbor, a {orsional pendulum, a con-
tact-arm connected with said pendulum, an
armsture previded with two contacts between
which . said arm
said armabure in one direction, an electromag-
net for moving it in the cpposite direction, &
pew! connected with said armature for actu-
ating said large ratchet-wheel,and electric con-

nections adapted to close the circuit through

the: elecuromao et by way of either of said ar-
mature-contacts. -
" 13. The combination of 2 central arbor car-

projects, means for moving:

710,
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carrying an hour—hand 2 train between said .-
arbor and sleeve, a Iaro‘e ratchet - wheel on

said central arbor, a torsional pendulum, &
contact-arm connected with said pendulum,

| an armature pronded with two contacts be-

tween which said arm projects, means for mov-

ing said armature in one direction, an electro- -

‘magnet for ‘moving it in the opposite direc-

tion, apawl connected with said armature for
actuating said large ratchet-wheel, 8 stop for

 said armature, and electric connectionsadapt-

ed to- close the circuit, through the electro-
‘magnet by wav of elther of sxud armature-con-
mcts. .

115
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“14. Theconibinationof s clock-tmm, adriv<

ing mechanism therefor, an electromagnet for. -~

actuating said mee hnhwm, electric. means for . ;-

enex'gumg said magnet, and’a pendulum com-" . %

prising a pendent torsional rod provided with

a contret-arm, a hor u:mta.l coupling-bar sus--

pended trom said rod, and weights adjustable
on said bar, the rod and thlsrhts beinig com-
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ing mmfmmsm therefor, an electromagnet for
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pused of metals having different expansibili-
ties wheveby the pnr-cinlnm auteroatically ad-
justs itself to difforent temperatures.

18, The combination of aclock-train, a driv-
ing mecharpism therefor, an slectromagnet for
actunting said mechanism, uem‘ic means for
cnevgizing suid magnet, and & pendulum com-
prising & pendens torsional rod pmviéled with
# coniact-arim, & spring-clip attached to said
rod, a horizontal coup!mg— yar supported by
said spring-clip, and w emhns adjustable on
aaid eounlmgz«bm between said clip and stops.

16. The combination of 1 clock ~m*mn,adnv

Aing mechanisro thersfor, sn electromagnet
- for actuating said mechanism, e eleciric means

for encrgizing said raagnet, and & pendulum
comprising & pendent torsional rod provided
with a conmct-arm, & spring-clip atfached to
said rod, a horizontal coupling-bar supported
by aaid sprmg—chp and provided with stops at
1ts oppowta ends, and weights adjustable on
said souphngg—aar hetween said alip and stops.

17. The corabination of a cleck-train, adriv-
ing mechanisin therefor, an electromagnet for
ecturting said mechanism, elactric means for:
energizing said magnet, and 2 pendulum com-
prising e pendent to mmnal rod provided with
& contact-arm, a spring-clip attached to said
rod, o hummnml coupling-bar supported by
&m& spring - chp, and provided with adjust-
able stops af ils opposite ends, and weights ad-
justable on ssid coupling-bar between said
clip and stops.

18. The combination of s clock-train, a driv-
ing mechanism thercfor, an electromagnet for
actuating said mecbanism, electric means for
energizing said magnet, and a nendulum com-
prising a pendent torsional red provided with,
o contact-2rm, o spring-clip attached to said
rod, a horizontal wup}rnmmr supparmd by
said spring-clip and provided with adjustable
stops, and weights ad linstable on said coupling-
bir between said el ip and stops, the weighis
Lielng more sensitive o changes of tempers-
turse than the bar, whereby the expansion or
contractionof the her is offset by the contrac-
tmm or cxpension of the weights, the expan-
sionof the bar mmﬁ*ny o separate the weights
and the cxpansion of the weights causingt hnm
0 appmwh each other and the contraction of
snch having the opposite effects respectively.

18 Thecvombination of aclock-train, adriv-

'mtmﬁmg' s ied mtdmmﬂ,m, gleciric nmeans foy

oo

energizing s siid magnet, snd a pendolum com-
prising g pendent & ;r!«wmhod arovided with
2% eontact-arm, & spring-clip Mmd;ed thereto,
2 hovizontal hay m’g»pm‘tml by said spring-clip
and Prov ided with stops ab ity opposite snds,
and wmghis adjostable on said coupling-hay
between -aid elipand stops; the w cights being
more sensitive o the s,-h:mweq of tempurature

than the bar, wherehy the dxpansion or con-

traction of the hay is.offsat by the contraction

or expansion of the w cights, the expansion of
the bar tending to separate the weights and
the cxpansion of the weights causing them t0
approach each other and the contraction of
each having the opposite effects respectively.
The combination of a clock-train, an
eler:tl‘:smngnet, an simature movable into con-
gact with snid magnet, mechanism operated by
suid armature for driving said clock-train, an
electrie circuit for energizing said magnet to
attract said armature, an electric cireunit for
passing o reduced electric current through
said magnet in a direction reverse to thab of
the energizing-cirenit to eliminute residual
magnetism, mechanical means for swinging
said armature out of contact with said magnet,
a pendulum provided with an eleciric contaet,
two contacbs belonging respectively to said
circuits and engaged by said pendulum for
closing either circuit, and automatic means
adapted to instantly break either circuit after
each movement of the srmature.

21. In an electric clock, the combination &
back plate, a bracket secured thereto, an elec-
tromagnet snpported on said bracket, an arma-
ture hmgﬁd to said bracket and promded ot its
long end with contact-studs and with a pawl,
2 spring connected to the short end thereof, o
centrsl arbor, a ratchet-wheel sttached to said
arbor and engaged by said pawl, n torsional
pendulum provided with n . contact-arm en-
wag,ed by said contact-studs of the armature
in the oscillation thereof, and eleciric circuits
connected with said studs.

92. In an electric clock, the combination of
anelectromagnet, an armature provided witha
conductive plate, and with a conductive spring
disposed adjacent to said plate and normally
in contact therewith, a fixed contact with
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which said contact-spring engages on the -

movement of the armature in one direction,
and elecﬁ;m, connections fi forming alternate cir-

cuits passing through said spring and plate re-
spectively. .

23. In an electric clock, the combination of

8 back p}abe, a dial-plate, a recessed bracket se-
cured 6o said back plate, a central arbor ax-
tpndinp through said plates and having a beay-

ing in said bracket, 2 minute-hand on said.

10

grbor in frout of the dial-plate, an hour-hand -

slesve surrounding said arbor a train con-
necting said sleeve with said arbor, 8 I‘Q.t(.,h{,i-

wheel disposed on ssid arbor buck of said back .

plate, an electromagnet supported on said
bracket, an armature hinged to said bracket
adjneent to said electromag
armature engaging seid retehet-w heel, a pen-
dulum vmmged by s 7 said armetur ¢, and electric
cireuits controlied by sald pendulum.

24, In an clectric clock, the combination of
n cloci-train, a
magnetic means for propelling the clock-train
sud, maintaining motions of said pendalum,
the cireuits of suid electromagnetic means be-

net, o pawl on said’

a torsional pendulum, (,leﬂ,ru— L

‘.
0
o
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adapted to be alternatsly closed by the
mmem?m of said pendulum and opened inds-
nﬁnuex dy of said pendulum.

The combination of aclock-train, adriv-
ing mac;wmsm therefor, an electroragnet for
actuating said mechanism, electric means for
energizing said magnet, and & pendulum con-
trolling said electric means and comprising a
pendent torsional red provided with a contact-
arm, and means mounted on said driving
J,Ucommsm and engaging said contact—ux m for
actunbl ing s said pendulum,

26. The combination of a clock-tram, 5 tor-

7

sional pendulum, an electromagnet, an arma-
ture for said maguet provided with means con-
necting divectly with said clock-train for ac-
taating it, and also previded with means Tor
engaging said torsional pendulum for impart-
ing impulses thereto, and an electric circuit
controlled by said pendulum for energizing
said magnet,

GEORGE 8. TIFFANY.
Witnesses:
Isaac O. Horron,
Trosas A. CONNOLLY.
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