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To wll whmn L{ TRULTY coneern: :
Be it known that I, Grorer S.. TIFFANY, 8
cmzen of the Umt(-d Stutes of America, resid-
ing atBrooklvn, in.the county of Iings, in the
5. State of New York, have invented certain new
- and useful Improvements in Eleetric Clocks,
_of which thé following is a spocxhcatmn :
The object of this invention is to provide an
eléctric clock which will keep time continu-
10 ously for.a long per dod-—say ayear, more or
less=—without requiring attention, except in
_caséof gccident, and with a ver y. small current
consumptlon. To.this end the ¢lock is made
verv simple und comprises the adaptation of a
I3, torsional pend ulum to thecontrol of anelectro-
magneticdriving mechanism insuch a manner

as to leave the pendulum separ ate from the )
driving méchanism, wheréby it is .elitved of -
“the work of. modmm(dl]y actuating the parts:

20 of said méchanisniand is Tree to rotate inde-

pendently of the movement of the armature:

constituting a part of said mechanism. By
this means the henefit of the lonU-pu iod heats
incident, to the torsional pendulum is obtained

25 without- encumbering aid- penduluni with
. mechanism which w il i impair its regular and
efficient action. “The current consumption is
minimized by the long-period heats, the cur-
rent being used for.an instant only near the

30 middle of each beat to impulse the pendulum,

The variation i frictional résistunce of the

driving mechanism due to changes of weathier

and changesin conditions of luln ifeation eannot

be- lmlmrto(l to the pendulumm and create u—
35 regularity thereot.

R igurel of theaccompany ing drawings rep-

lesents a rear elévation of {his cloe i, # few
plcco s being broken cut to securea hetter illus-
tration. Fur ¢ represents a side elevation
40 thereof lookmtr from the right of Fig. 1, some
parts being broken out. Fig. .‘Iu,pwscntq on
an (,nlarg(-(l scale, a plan view of the armature
with its contact-studs and the pcndulum rod
with its contact-arm.
45  The same reference-numbers are used in all
ﬁgures to designate the same parts.
The mechanism of this clock may he sup-
ported.in a cl()ck-ha}ne of any suitable con-

Applxcamou ﬁled Nuvemhet 30, 1901, “Serisl Ko. 84, 287. (No modek) .

struction. In the form in which themventlon }
isembodied in the accompanying drawings the 50
frame comprises a back plate 10, havmg ounits-
frontface posts,as 1land 12,near its periphery,

and on itsrear faceat xtstop 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 vlate,and. -

a post 15 dispesed below and on the other side
“of a vertical diametrical line passing through
the pendulum-post. A clock-dial 20is secured

to the posts, as 11 and 12, in front of the hack 6o
plate 10.  This dial may be of any sulmble
construction:

A bracket 30, ¢omposed of non-magnetic .
nmt;el 1al, is - q(,cmed by means of screws 31
and 32 or otherwise to the lower portion of the 65
back plate 10 on the rear face thereof. The
bracket 30 extends upward and is recessed
“above its place of attachment, forming a space
33 betwéen it and the back plate, .md ithas a
laterally-projecting ear 34 opposite the center 70
of the back plate 1hand two laterally-project-

ing ears 35 and 36 helow the car 34 and on g
horizontal line with each other.

A central arbor 50 is supported in a bear-
ing of th(- hack plate 10 and al its iuner ex- 75
t.l('mlty in a bearing of the car 34 of the
hracket 30, This arbor is provided with a
fixed collar 51 near its inper end and with a
pintion 52 hetween the hack plate and the dial.
Azninutechand 60 1is securad to the outer end 8o
of thearbor in front of the dial 20, An howr-
Lifind sleeve 70 surrounds the avhor 540 in the
usual manner and uxtends through the. dial
20, heing . provided at its owder end in front
of saidl dial with an hour-hand 80 and at its 85
inner end between the dial and back plate. L0
with a gear-wheel 71,

An ‘m\lll‘u Y arbor 90, supported in suit-
able hearings, is (llspu\(-d hetween the hack
plate and the dial to one side of the central go
arbor 50. The auxiliary wrhor is provided
with a gear- ~wheel 91, which meshes with a
pinion 52 of the centr al arbor and is also pro-
vided avith a pinion 92, which meshes with
the gear-wheel 71 of the sleeve TU, carrying 95
the hour-hand.  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. :

tral arbor 50 and extends into the recess 33
of the bracket 30 and is held against the col-
lar 51 by & spring-clamp 101. . o

--An electromagnet of any suitable construc-
tion.is sécured to the back plate at one side
of the center thereof. In the form herein
shown this magnet comprises cores 110 and
120, and spools or helices 130 and 140 are dis-
posed thereon. Fhe cores are supported at
one-end in the bracket 80 and are secured
thereto by set-screws 112 and 122 and are con-
nected at their other end by a yoke 40. The
ends 111 and 121, which extend through the

bracket 30, constifute the poles of the mag-.
. net.

.. These cores are preferably composed of
mild steel, o as to hold residual magnetism

~after the current is cut off. .
_An armature 150 is hinged to the ears 35

and-36 of the bracket 30-.below the electro-
“magnet and extends upward past the project-
ing pole ends of said magnet, with which it
is afapted to form contact whien the cores are
magrnetized. The armature is provided with
means for drawing it away from the magnet.
The means shown consists of a 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 tends to swing the armature

35

50

away from the magnet. A pawl 170 is piv-
oted on an drm 158 at the upper end of said
armature and engages -teeth of the ratchet-
wheel 100. An adjusting-screw 16 engages
post 15 arid serves as a stop'against which the
pawl abuts on completing its stroke whereby
the action of the spring 160 is.controlled. A
spring-check pawl 180 engages the ratchet-

wheel 100 and serves to hold it in position .

during the retraction of the pawl 170.

The armature 150 is provided at or near its
upper end with two electric contacts or con-
tact-studs 151 and 152, disposed apart from
each other on opposite sides of a vertical line
passing through the ceater 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 disposed at the upper end thereof.
The armature also carries a third contact 157,
preferably attached to a plate 156, disposed
on 8 stud 154, secured to and insulated from
the armature 150. A spring 155 is also dis-
posed on the stud 154 and in electrical con-
nection with said armature, but insulated at
its point of attachment from the plate 156.
This spring rests normally against the contact
157 and serves to close the circuit through the
plate 156. This spring extends beyond said
plate and is adapted to engage at its outerend
a contact 190, which is preferably adjustable

on the insulated post 14. . When the arma-

A ratchet-wheel 100 is disl)'osed on the cen- |

“ployed.
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ture 150 isswung toward the magnet, the free
end of the spring 155 engages the contact 190

-of the energizing-circuit and is thereby sepa-

rated from the contact 157 of the plate 156 of
the releasing-circuit. Thespring thus actsin.

. connection with these parts as an automatic

switch to shift the current from one circuit to
the other, and the contact 190 thus serves as
a circuit-breaker for the releasing-circuit. -
A suitable electric source is disposed on or
connected with the clock—a=s, for instance, a
battery 200. A conductor 201 c¢onnects the
positive pole.thereof with the contact 151 on
the armature, a conductor 202 connects the
pendulum-post 13-with the helix 130 of the

70

8c -

electromagnet, a conductor 203 connects the -

helix 130 with the helix 140, a conductor 204
connects the helix 140 with the heel 40, and
conductor 205 connects the armature with the
spring 155, a conductor 206 connects the con-
tact 152 with the negative pole of the- bat-
tery, a conductor 207 ‘connects the plate 156
with conduetor 206, and a conduetor 208, pro-
vided with a resistance 209, connects the con-

-tact 190 with the positive condiictor 201..

A shunt-circuit 210 is connected with the
coils of the electromagnet and provided with
a resistance-coil 211, which imparts t:
shunt-circuit a considerably higher resistas...e
than that of the magnect. '

_-A compensating pendulumis preferably em-
ployed in connection with this clock.. The

- pendulum shown comprises a torsional pendu- -
.Iim support or rod 220, suspended from the

pendulum-post 13 and a verRlulpm-bob 230,

to the lower end of said rod. - The pendulum-
rodis composed of ‘a flat elastic metallic strip
or wire or strands of. wire or other material
adapted to receiveand resist a torsional force.
This pendulum-rod has meauns for completing”
an electric circuit through its main body or-
otherwise and is provided with a contact-arm
221, secured at one end to said rod and pro-
jectiug at the other end between the contact-
studs 151 and 152 of the armature. As the
perdulum-rod osclllates the arm 221 touches
one or the other of said contacts, preferably
by means of an upright stud 229, secured to
the freeend thereof. = = . ‘

* The pendulum-bob 230 comprises a horizon-
tal coupling-bar 231, weights 232 and 233 ad-
justable at opposite ends of said bar, and a
spring-clip 234,suspended from the pendulum-
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 ends of the bar
enter. These weights are preferably adjust-
able on the coupling-bar to regulate the tor-
sional swing of the pendulum and to compen-
sate for variations in the clasticity of the tor-
sional support from changes of temperature.
Any suitable means of adjustment may be em-
The means shown consist of screws

85‘

(1)

95 .

100’

“whose arc of oscillation is horizontal, secured.. =
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235 and 236, which engage screw-threaded
holes in therends of the bar and serve as stops
for the wdights. ~ These screws render the
coupling-bar extensible. Thespring-clip 234
is preferably in the form of an expansible

. fork. The coupling - bar extends "through

holes in the legs of the fork, and the latter
bear against the weights and hold them apart
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 medns of said adjusting screws or
stops. To-avoid variations due to changes in

‘temperature and to secure uniform action of

the pendulum, the parts of the bob are so con-
structed as to compensate for such differences.
The coulling-bar 231 is composed of a material

which expands less for a givén increase in
temperature than the -material of which the:
weights.-are composed. For instance, the

cotipling-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 expansion. An
increase of temperature will cause an expan-
sion of the coupling-bar and weights, and the
expansion of the coupling-bar will tend to
move the weights apart, and the greater ex-
pansion of the weights 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 reqitired ex-
tent to maintain the normal relation between
the weights. * The parts of the pendulurn may
be so proportioned as to compensate for va-
riations in the length or stiffness of the tor-
sional wire due to variations in temperature.

The operation of the clock will now be de- |

scribed. Assuming the armature 150 to be
away from the electromagnet 130 140 and the

‘pendulum contact 221 touching the armatore
- contaet 151, the current takes the following

course constituting the energizing - circuit:

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 -pendulum - rod 920, thence

throughthe pendulum-post 13, thence 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, thence through the yoke 40, thence
through the magnet-cores 110 and 120, thence
through the bracket 80, thence through the

pivot of the armature, thence through the ar--

niature 150, thence through the contact-spring
155, thence through the contact-plate 156
thence through the conduactor 206 to the posi-
tive pole of the battery.
the current will leak through the spark-coil

A small poriion of

211, which is in a shunt around the magnet.
The electromagnet being thus energized Ly
the passage of the current through 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 diredtion of
the arrow-head 1, construed as in perspec-
tive, through the arm 221, attached to the pen-
dulam-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 thie
movemnient of the armature, except to receive

its impulses therefrom, the momentum im-
parted to it on the previous outward move--

ment 6f 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 thé swinging of the
armature. After the resistance of the rodand

70
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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 swing away from the
armature-contact 151 over against the arma-
ture-contact 152, and the circuit is then closed
through the latter. ~ The current then passes
through the following course constituting the
releasing - circuit—to wit, from the positive
pole of the battery 200 through the conductor
201, 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 pendulum-Rod 220, thence through,

the arm 221 thereon, thence through the stad 1

1586, thence through the conductor 206 to the
negative pole of the battery. Thecourseof the
current through the magnet is thus reversed,
and the polarity of the magnet- thereby

' changed, whereby its. residual magnetism - is

wenkened or neutralized. The spring 160
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 coma to a stop against the 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 releasing-circuit and

125

130
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permitting said spring to rest against the con-
tact 157 ‘on the plate 156 of the ehergizing-
circuit. preparatory to the re-formation of
said energizing - circuit - by -theé sithsequent
swing of the pendulum. This swinging of

‘the armature toward the left imparts through

the arm 221 on the pendulum-rod 220 a ro-
tary impulse to the pendulum in the direction
of the arrow-head 2, and after the torsional sic-
tion of the pendulum bas overcome the mg-
mentum of the prévious impulse the arm 221
swings away from the stud 152 into contact

with the stud 151, whereby the circuit 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 contacts thus oper-
ates as a pole-changer with reans 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 armatiire, as &
much weaker current issufficient to neutralize
the residual charge than that necessary for
energizing the magnet for“throwing up the

armature. The resistance 211, which is 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 Tmagnet is
opened, thus avoiding sparking at the con-
tact. : S

It will be seen from the foregoing that for
every swing of the pendulum there is a move-

ment of the armature, and this movement of

the armature will always give the rendolum
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 tooth, . 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 to perform in-controlling:

the clock, and consequently the frictional er-
ror is reduted to a minimum, being reduced
practicelly to the resistance of the air.’

I 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,
clock. L .- .

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 after each effective action.of the mag-
net and the torsional pendulum being per-
mitted to oscillate in both directions of rota-

will give good results in a small

tion after the circuit is reversed, whereby the

intgrvals between the closings of the circuit
are prolonged, itfollows that the current con-

‘sumption is very small. As a matter of fact

gt is scarcely measurable. As the pendulum
1s separate from the driving mechanism proper

764,397

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 irregularities of the mechanical devices’

constituting a part of said mechanism.
1 claim as my invention— ,
1. 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 pendulam, said pendulum being

.provided with an electric contact for eontrol-

ling said electromagnetic driving mechanism
and being free to rotate independently of the
movement, of said armature. . o .

2. Thecombination of a clock-train, an elec-
tromagnetic clock -train - driving mechanism,

and a torsional pendulum separate.from said .

driving mechanism and comprising a torsional
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 projection serv-

ing as a circuit-closer for said electromag- -

neti driving mechanism. .
3. 'The combination of s clock-train, a clock-
train-driving mechanism therefor comprising

70

75
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an armature, an electromagnet for actuating

said mechanisma, alternate reversing electric
circuits for energizing said magnet, and areg-
ulating torsional pendulum independent 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.

4. The combination of ;& clock-train, an
electromagnet, 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 armature, an electric circuit for
passingareduced electric current through said

95

I00

10§

magnet in a direction reverse to that-of the -

- energizing-circuit to eliminate residual mag-

netism, mechanical me#ns for swinging said
armature out of contact with, said magnet, 1

pendulum, two contacts adapted to be en- -

gaged by said pendulutn for closing the re- -

spective circuits at alternate beats of 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-clock-train, an

electromagnet, an armature movable intocon~

tact with said magnet, mechanism operated by
said armature for driving said clock-train, an
electric circuit for energizing said magnet to
attract said armature, an electric cireuit for
passing areduced electric current through said
magnet in a direction reverse to that of the

120

125

energizing-circuit 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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arenits and engaged by said pendulum for I

. closing either circuit, and automatic means

»n

10

adapted to instantly break the.energizing-cir-

“cuit on the closure. of the armature against
- the magnet. e

-6. The combination of a :clock-train, an
electromagnet, an‘armature mgvable into con-
tact with said magnet, mechanism operated by
said armature for driving said clock-train, al-
ternate reversing electric circuits, mechanical

means for swinging said armature out of con-

tact with said magnet, a torsional pendulum

- provided with an electric contact, two con-
~ tacts mounted ‘on said ‘armature and adapted

15

" mounted on said armature’ and composed of

20

- pendulum. " ;
25

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

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

with said magnet, mechanisin operated by said
armature for driving said clock-train, an elec-

" . tric circuit for energizing said magnet to at-

30
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tract said armature, an ‘electric circuit for
_passing a reduced . electric .current through.

said magnet in a direction.reverse to that of
the energizing-circuit to  eliminate .residual
magnetism, Taechanical means: for swinging

said armature out of eontact with said mag-

net, a pendiulum provided with an’ electric
contact, two coutacts mounted on said arma-

ture 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 circuits, and a-device adapt-
ed-to séparate said parts 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

the return of the pendulum. ,

- 8. The combination of 4 clock-train, & driv-
ing mechanism therefor, an electromagnet for
actuating said mechanism, alternate reversing
electric circuits for energizing said magnet,
pole-changing contacts separate from the pen-
dulum, and connecting with said circuits, re-
spectively, and a regulating torsional pendu-

lum provided with an electric contact adapted’
to operate in connection with said pole-chang-

ing contacts to open, close -and reverse said
circuits. e .

9. The combination of a clock-train, a tor-
sional pendulum, an arm fixed to said pendu-

lum and constituting an electric contact, an’

armature provided with two contacts between
which said arm projects, means for moving
said artagture in one direction, an clectromag-

" :10. The combination of

b

net for moving it in the opposﬁe direction,
intermediate devices betwéen -said -armature

and clock-train, and alternate:electric circuits.
.connected respectively with. said armature-

coptacts and including the coils 6f said elec-
tromagnet. oo e

a‘clock-train, a tor-
sionzl pendulim, an arm fixed to said pendu-
lum, an armature provided with two.contacts
between which said arm projects, means for
moving said armature in one direction, an élec-
tromagnet for moving it in the opposite direc-
tion, means connected with said armature for

| actuating: said clock-train, and alternate re-

65
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versing electric circuits connected respéctively .

with said armature-contacts and including the
coils of said électromagnet. L

11. The combination of &plock-tram, a tor- :

sional pendulum; mechanism for actuating said

train and imparting impulses to said . pendu-.

lum,” an’ electromagnet. for operating said
mechanism, electric: circuits controlled - by
said pendulum for energizing said magnet,

R : + and'a shunt-circuit connected with the magnet-
7. The comibination of aclock-train, an elec- '
' tromagnet, an armature movable into contact |.

coils and including a resistance. = .

12. The combination of a central arbor car-
rying a minute-hand, a sleeve on said arbor
carrying an hour-hand, a train between said

8o

85 .

9.

arbor and sleeve, alarge ratchet-wheelon-said -

central arbor, a torsional pendulum, a con-
tact-arm connected with -said pendulum, an
armature provided with two contacts between

which . said arm projects, means for moving-

said armature in one direction, an electromag-
net for moving it in the opposite direction, a
pawl’connected with said armature for actu-

ating said large ratchet-wheel,and electriccon-

95

100

nections adepted to close the circuit through -

the-electromagnet by way of eitherof said ar-
mature-contacts.- - - . L
" 13. The combination of a central arbor car-

rying a minute-hand, & sleeve on said-arbor -
 carrying an hour-hand, a train between said -
‘arbor and sleeve, a large ratchet- wheel on .

1085 -

said central arbor, a torsional pendulum, a. -

contact-arm connected - with said pendulum,

110

an’armature provided with two contacts be- -

tween whichi 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, a stop for

‘magnet by way of eitlier of said armature-con-

- 14. The conibination of s clock-teain, & driv=

113

_said armature, and electric connectionsadapt-
L ed to close the circuit; through the electro-

ing mechanism thercfor, an electromagnet for -
actuating said mechahism, clectric means for:. -
energizing said magnet, and'a pendulum com-

prising a pendent torsional rod provided with
a contact-arm, a horizontal coupling-bar sus-
pended from said rod, and weights adjustable
on said bar, the rod and weights being comm-

1'2,5.



" prising a pendent torsional rod provided with
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- energizing said magnet, and a pendulum com-

- & contact-arm, a spring-clip attached to said

30

- - able stopsat its opposite ends, and weightsad-
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. said spring-elip and provided with adjustable
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> & horizontal har supported by said spring-clip
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- between -aid elipand stops; the weights heing
© miore sensitive to the
-than the hay,

.ing mechanism therefor, an electromagnet

‘& contact-arm,

+~39%_Thecombination of a clock-train, a driv-

‘ectuating said mdchanism, electric means for

764,

pused of metais having different cxpansibili-
tics whereby the pendulum autewatically ad-
justs itself to, ditferent temperatures, '
15. The combination of a clock-train, a driv-
ing mechanism therefor, an electromagnet for
actuating said mechanism, electric means for.
energizing snid magnet, and a pendulum com-

& contact-arm, a spring-clip attached to said
rod, a horizontal coupling-bar supported by
said spring-clip, and weights adjustable on
said coupling-bar between said clip and stops.

16. The combination of a clock-train, a driv-

for actuating said mechanism, electric means
for energizing said magnet, and a penduluin
comprising a pendent torsional rod provided
with a contact-arm, s spring-clip attached to
said rod, a horizontal coupling-barsupported
by said spring-clip and provided with stops at
its-opposite ends, and weights adjustable on
said coupling-bar between said clip and stops.
17, The combination of a clock-train, a.driv-
ing mechanism therefor, an electromagnet for
actuating said mechanism, electric means for-

prising a pendent torsional rod provided with

rod, a horizontal coupling-bar supported by
said spring - clip, and provided with adjust-

justable on said
clip and stops. - _

18. The combinationofa clock-train, a driv-
ing mechanism therefor, an electromagnet for
actuating said mechanism, electric means for
energizing said magnet, and a ndulum com-
prising a pendent torsional provided with,
a spring-clip attached to said
rod, a horizontal coupling-bar supported by

coupling - bar between said

stops, and weightsadjustable on said coupling-
ar between said clip and stops, the weights
being more sensitive to changes of tempera-
ture than the bar, whereby the expansion or
contraction of the bar is offset by the contrac-
tion or expansion of the weights, the expan-
sionof thie bar tending to separate the weights
and the expansion of the weights causing them
to gpproach each other and the contraction of
each having the opposite effects respectively.
Aing mechaiiism therefor, an electromagnet for
energizing said ‘magnet, and a pendulum com-
prising & pendent torsional rod provided with
& contact-arm, a spring-clip attached thereto, .

and provided with stops at ity opposite ends,
rnd weights adjustable on stid coupling-bar

changes of temperature
whoereby the expansion ot con-

o

-ing in said bracket, s minitte-hand on said,

truction of the bar is.offset by the contraction

597

or expansion of the weights, the expansion of
the bar tending to separate the weights and

65

the expansion of the weights causing them to

approach each other and thé contraction of
each having the opposite effects respectively.

20. The combination of a clock-train, an
electromagnet, an armature movable into con-
tact with snid magnet, mechanism operated by
said armature for driving said clock-train, an
electric circuit for encrgizing said magnet to
attract said armature, an electric circuit for
passing a reduced electric current through
said magnet in a direction reverse to that of

70

75

the energizing-circuit to eliminate regidual

magnetism, mechanical means

a pendulum provided with an electric contact,
two contacts- 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 armature. S
21. In an electric clock, the combination a
back plate, a bracket secured thereto, an elec-
tromagnet snpported on said bracket, an arma-
ture hinged to said bracket and provided at its
long end with contact:studs and with a pawl,
a spring connected to the short end thereof, a
central arbor, & ratchet-wheel sttached to said
arbor and engaged by said pawl, a torsional
pendulum provided with a. contact-arm en-
gaged by said contact-studs of the armature

in the o4cillation thereof, and electri_c circl_lit.s

connected with said studs, ;

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

for:swinging -
said armature out of contact with said magnet,’

8o
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i0

which: said contact - spring engages on the -

movement of the armature in one direction,
and electric connections forming alternate cir-
cuits passing through said spring and plate re-
spectively. . -

23. In an electric clock, the combination of

a back plate, a dial-plate, a recessed bracket se-
cured to said back plate, a central arbor ex-
tending through said plates and having a bear-

arbor in front of the dial-plate, an hour-hand
sleeve surrounding said arbor, a train con-
necting said sleeve with said arbor, a ratchet~

Iic

wheel disposed on said arbor buck of said back .

plate, an electromagnet supported on said
bracket, an armature hinged to said bracket

adjacent to said electromagnet, a pawl on said’

armature engaging said ratchet-wheel, a pen-

dulim engaged by said armature, and electric:

cirenits controlled by said pendulum. .
24. In an clectric clock, the combination of
a clock-train, a torsional penduluny, electro-
magnetic means for propelling the clock-train
and, maintuining motions of said pendulum,
the circuitsof said electromagnetic means be.

125
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" ing adapted to be alternately closed by the

movement of said pendulum and opened inde-
pendently of said pendulum.

95. The combination of a clock-train, adriv- |

ing mechanism therefor, an electromagnet for
actuating said mechanism, electric means for

- enérgizing said magnet, and a pendulum con-

1o

trolling said electric means and comprising a
pendent torsional rod provided with a contact-
arm, and means mounted on said driving
mechanism and engaging said contact-arm for
actuating said pendulum. -

26. The combination of a clock-train, a tor-

7

sional pendulum, an electromagnet, an arma-
ture for said magnet provided with means con-
necting divectly with said clock-train for ac-
tuating it, and also provided with means for
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:

Isasc O. HorroN,
Taomas A. CONNOLLY.
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