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To all whom it muay concern :

Be it known that I, HENRY .. BAILEY, a
citizen of the United States, residing in Brook-
lyn, in the county of Kings and State of New

s York, have invented certain new and useful |

Improvements in Electric Synchronizing De-
vices for Clock-Pendulums, of which the fol-
lowing is a specification. | |

- My invention relates to the class of appa-

10 ratus employed for the purpose of retarding
or accelerating the movements of clock-pendu-
loms, as may be required to maintain their
vibration In unison with a standard regulator.
Heretofore it bas been customary to employ

15 for this purpose a series of electro-magnets,
one electro-magnet being placed at each pend-
ulum, and to periodically transmit short im-
pulses through the same. The electro-mag-
nets thus vitalized act upon soft-iron arma-
20 tures carried by the pendulums, and serve to
accelerate or retard them, as may be required.
To this end the magnets have been so placed
that they act at the limits of vibration of the
pendulums, and they are vitalized at the mo-

25 ment the pendulums, when beating in unison,
are at those limits. Should any pendulum

become too slow, the magnetic attraction is |

exerted before it reaches the limit and the
pendulum is accelerated. Should it become
30 too fast, the attraction is exerted as the pendu-
lnm 1s leaving the magnet, and therefore its
movement is retarded. In systems organized
upon this prineiple the period during which
the magnet can act is very limited and a con-
35 Slderable time 1s required to correct a pendu-
lum; moreover, should the error of the pendu-
lum be considerable, the distance through
which the magnet is compelled to act becomes
so great and the time is so limited that its
go effects are insufficient to bring the pendulum
into unison. |
The object of the invention is to provide
means for correcting a pendulum, whatever its
error may be, and for acting upon the pendu-
45 lum through a longer period than has been
possible heretofore, the correcting influence
exerted being for a time in some manner pro-
portional to the error to be corrected.
The invention consists in organizing the ap-

|

The regulating or controlling clock is provid-

ed with means for completing an electric cir-

cult periodically for a determinate time, and

then causing it to remain open for an approxi-

mately equal time. In the circuit thus con- =g
trolled there are included one or more elec-

tro-magnets, one being applied to each con-

trolled pendulum. These magnets are located

at points intermediate between the limits of

the vibrations of their respective pendulums. 6o
Lt is designed that the armatures carried upon
the several pendulums shall be acted upon
continuously during half their beat and then
allowed to move freely during the remaining
half-beat, or else that they be acted upon dur-
ing approximately the whole of each alternate
beat. Considering that the magnets become
vitalized when the pendulum is at its central
point and 18 moving in the direction of the
magnet, then an accelerating force will be ex-
erted until the armature is opposite the poles,
and from that point a retarding force will be
exerted until the pendulum reaches its limit.
An accelerating force will then be again ex-
erted until the pendulum is again opposite
the poles, and, finally, a second retarding force
will be exerted until the pendulum has re-
turned to its central point, where the circuit
will be interrupted. Itwill be readily under-
stood that the first accelerating force will be
exactly compensated by the retarding force,
and that the first retarding force will be ex-
actly equivalent to the following accelerating
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~torce, so that no variation in the beat of the

pendulum will be occasioned. Supposing,
now, that a controlled pendulum becomes too
slow, then the circuit of its magnet will be
completed before it has reached its central
point, and the first accelerating force is ex-
erted through a greater period of time than
when beating in unison. The force exerted
while the pendulum is swinging from the
poles of the magnet to its limit will be equal-
1zed, as before, by the force exerted during
its swing from the limit to the poles. When
the pendulum passes the poles upon its re-
turn-swing, the retarding force is exerted, as
befere, but the period during which it beats
1s shortened by as much ag the first accelerat-
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50 paratus in substantially the following manner: | ing force was prolonged. Two factors, there- 100




fore, combine in this instance to correct the
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pendulum—- viz., thé prolonged accelerating
force and the shortened retarding force.

In practice I have found that the controlled
pendulum will adjust its swing so that the
points at which the cireuit is closed and in-
terrupted are approximately constant so long

-as the position of the magnet aund the length

of the pendulum are unchanged.

Should the pendulum become 0o fast, then
the duration of the accelerating-force is less-
ened and that of the retarding force is in-

creased.

Instead of acting upon the pendulum dur-
ing each alternate “half- beat, it may be desir-
able In sonme instances to Vltallze the electro
magnet during each alternate beat.

may be closed during each alternate second.
If the pendulum tends to be slow, there will
be a proportionate accelerating impulse 1m-

- parted to each alternate beat, and 11 it tends

23

to beat fast then a correspounding retarding
influence will be exerted each alternate beat.

Various methods of applying this invention
will readily suggest themselves, but those

-~ which I now consider the most desirable are
~ illustrated in the accompanying drawings, in

30

which Figure 1 is a diagram illustrating the
oeneral organization of apparatus and cir-
cuits,. and Figs. 2, 3, 4. 5, 6, and 7 are theo-

" retical diagrams 1llustrating the application

35

0f the varying forces.

In the drawings, A rE-presents any suitable
form of regulating-clock organized to alter-
nately complete and interlupt an electric cir-

~cuit, and to cause the dvration of the comple-

40

tlon% and Interruptions to be approximately
equal. In this instance there is shown a
clock-movement constructed with two electro-

“magnets, A’ and A% included in conductors 1

| and 2, ]eadmﬂ* froma,hattery,o Alewr B,

43

- to a similar spring,
‘D there 1s. C&II‘IGd 2 Cross-arm,

carries tne resl)ec,twe armatures, ¢’ and «’, of
the magnets. A conductor, 3, leads from the

magnet A’ to an insulated impulse spring, ¢,

and a conductor, 4, leads from the magnet A
¢’z Upon the pendulum

. connected with the battery O by a eonductor |

1. Each spring carries a contact, ¢ and &
and these are respectively applied to two SI mi-
lar contacts, d’ and d* upon the arm d. The

movement of the pendulum causes either the

contact d’ or d’:to strikeits corresponding con-
tact, ¢’ or ¢, and the corresponding electro-

- magnet thus becomes vitalized. When the
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~spring ¢* acts through the contacts ¢ and d*to |

thus tipped i1n the opposite direction.

magnet: A’ is vitalized, the armature o« is
drawn down and an insulated lifting-pawl,
b*, carried upon the lever, raises the spring
¢’.  This spring remains under tension un-
til the swing of the pendulum in the oppo-

‘site dlrectlon brings the point ¢* against the

point €, when the point d’ leaves the point

¢. The circuit is thus transferred from the
magnet, A’ to the magnet A% and the lever is

The

1ts impulse.
' a circuit will be completed through the mag-

lum carries an armature, m,

d, which is
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| impel the pendulum back, and meanwhile the

spring ¢’ is raised preparatory to imparting
It will be understood thus that

nets A’and A*alternately, and thatif'the pend-

ulum D be a second-beating pendulum, then
the circuit through each conductor will bhe

complete during one second and interrupted
during one second.

It is designed that a synchronizing-magnet
of a controlled pendulum shall be included in

| the conductor 2, for instance, and that it shall

thus be vital ized each alternate second. There

may be any desired number of these controlled
_ Considering the con-
| trolled pendulum to be organized to beat sec-
Thus it

the pendulum beats half seconds the circuit.

by a single regulator.

onds, then it is designed that the cirenit

through the conductor 2 shall be completed

at the moment the pendulum reaches some

. particular point in its vibration-—say central

point, #—and shall remain complete until it

| recurns to that point, baving passed beyond
The magnet may be located at' go
any pomt between the limits o v* of the swing

of the pendulum, preferably, however, aboub-

the magnet.

30

mldxmy between the central point, x, and one

limit, ¢

through a suitable slot in the plate.
arcs described by the pendulum.

upon by the electro- maﬂ‘net

This apparatus may De emploj ed not only
for synchronizing pendulums which are actu--

‘ated by other means, but the pendulums may: ros

be both driven and synch ronized by this meth-
od.

Its location may be var 1ed some-
'wha,t and for this purpose 1t 1s preferably car-
ried upon a plate, N, along which it is adjust-
able by means of a ‘st - serew, 7/, extending
The
plateis preferably curved to correspond to the
The pendu-
which i$ acted

Itisevident that apendulum oncestarted
will, if it reliesupon the impulses to maintain:
its movement, tend to fall behind a little at’
each beat; but the accelerating impulse given 110
to 1t will serve to compensate for this, so that

“its vibration will be maintained, and these vi-
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brations will necessarily be Synchl onous with

the master-clock.

Referring now to the themetlca,l dla rams

exerted until the armature is at the point 2, Op-
posite the polesof the magnet.

of the pend nlam is reached.

"I
it will be uuderstood that the circuit becomﬁ :
ing closed when the pendulum D is swung in-
the direction of the arrow % and is at ther
point z, for instance, an accelerating forece is
120
Theu a retard--
ing force is exerted until the limit %' of the are’

‘Then an attrac-

tive force is exerted until the pendulum again

reaches the pointz, whereupon a retarding force -

(25

is again exerted until the point x is reached. -

It isevident that theseforces in effect equalize
each other, provided the circuit be completed
and interrupted when the pendulum is in the-
same piace, which will be the case when it is

It

in unison with the controlling-pendulum.
however, the pendulum be slow, the circuit
will be eompleted before 1t reaches the point

'[30

o in its swing toward the. man‘net and will-be . "~
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- swinging toward the left, it will be open at
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was closed, but tending to beat faster than
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broken before it reaches that point upon the |
return swing. The point at which the pendu- |

lam stands when the circuit is interrupted

will be on the other sideof the point a, but at

a distance from it equal approximately to the

distance of the point at which the pendulum

was when the circuit was closed, as indicated

by the full line in Fig. 3. The prolongalion

of the attractive force and the shortening of

theretarding force combine to bring the pendu-
Jum into beat.

When the pendulum is fast, the effect is
similar, but the reverse, the attractive force
being shortened and the retarding force length-
ened, as indicated in Fig. 2.

It 1s not necessary that the duration of the
1mpulses be exactly equal to the intervals be-
tween them, for the pendulum will in prac- |
tice be maintained in synchronism even if

1

these differ considerably, it being essential only |
thatthe time during which theimpulses last be
greater than the time required for the pendu-
lum to swing from the electro-magnet to the
nearest limit and back again to the electro-
magnet.

The method of synchronizing when applied
to pendulums beating in approximately the
same time as 18 occupied by each impulse is
somewhat more complex.

In Fig. 4 a diagrammatic representation is
made of the relation of the circuit to the beat
of the pendulum, tending to beat in a very lii-
tle less than half the time during which the cir-
cult 18 closed—that is to say, to pass a given
pointtwice while the circuitisclosed,andto do
the same while the circuit is open. Thus if
the circuit be closed a second and then open
a second, and the pendulum be adjusted to
beat half-seconds, then if we suppose the cir-
cult closed when the pendulum is at 2" and

the second return of the pendulum thereto;
but 1f 1t 18 fast, then the cireuit will be closed
at apoint, 2°, and remain closed until the pend-
ulum has reached that point a second time
and passed it to y’—thatisa distance dependent
malinly upon the degree of its fastness—for it is
evident that if the pendulum were adjusted
to beat exactly half-seconds the circuit would
be opened at precisely the point at which it

half-seconds it will have passed that point.
From #” to 3* represents the distance through
which it swings, while the cireuit is closed
after the point «” is passed before the circuit
18 opened. This line represents the amount
of retardation which it is necessary to give
the pendulum at each alternate vibration to
keep 1t in unison. Should the pendulum be
a slow pendulum, then it will be necessary to
accelerate it at each alternate vibration, and
the diagram, Fig. b, illustrates the operation
in such a case. The pendulum beingslow, the

circult will not remain closed until the pend-
ulum has reached the point 9% at which the
circuit became closed. The section of the
line between the points 2* and y* will then rep- |

resent the accelerating force imiparted to the

pendulum each time the circuitis closed, which
18 not counteracted by a corresponding re-
tarding force. A corresponding acceleration
will therefore be imparted to the pendulum
at each alternate vibration.

It will be noticed that the correetion 1s ap-
plied to the pendulum upon the side of the
magnet nearest thelimit ofits vibration toward
which the pendulum is swinging when the cir-
cult is first closed. Should the pendulum be
started so that the circuit were first closed
upon theother side of the magnet,the pendu-
lum will gradually adjust itself until a par-
ticular point at which the circuit is closed 1s
reached, and afterward this will remain con-
stant. This will be more evident by consid-
ering the diagrams in Iigs. 6 and 7. lIn Iig.
6 the circuit becomes closed when the pendu-
lum is at the center of its beat and is swing-
ing toward the left hand. Considering this
to be a fast pendulam, the additional impulse
represented by the line #° 4’ will be an aczcel-
erating impulse. The pendulum 1is caused
thereby to swing still faster, and 1t will be ab

{ a point, «', (see Fig. 7,) when the circuit 18

again closed. Xach successive closure of the
circult will therefore find the pendulum at a
point nearer the magnet toward which 1t 18
swinging. Iiventually the point of closure
will reach the magnet and pass beyond it. A
retarding effect 1s then exerted upon the pend-
ulum, and ultimately the condition repre-
sented 1n IK1g. 5 will be reached.

Precisely the same effect is accomplished
in the case of a slow pendulum; for, consider-
ing that the points of closing and openingthe
circuit were upon the right-hand side of the
magnet, then the pendulum would be con-
stantly retarded, causing the point of connec-
tion to change gradually, until 1t ultimately
adjusts itself to approximately the position
shown in ¥Fig. 5. |

1t may be here observed that the point at
which the magnet is applied may be any point
between the limits of vibration, excepting
that 1t must not be at the limit, for in that
position 1ts eftects would be lost.

It 1Is not necessary that the circuit be closed
for a time precisely equal to that during which
16 remalns open, bub quite a variation may be
made in this respect.

1 ¢claim as my invention—

1. The hereinbefore- desceribed method of
controlling the vibrations of pendulums, which
consists in periodically applying thereto cor-
recting - impulses directly proportionate in
their effects to the tendency of the pendulums
to vary from a fixed standard between the
repetitions of the impulses.

2. The hereinbefore-described method of
controlling the vibrations of pendulums, which
consists 1In exerting thereupon magnetically
accelerating or retarding impulses, as re-
quired, proportionate to the error to be cor-
rected between each repetition of such im-
pulses.
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3. The hereinbefore - described méthod_ of |
synchronizing.-clock-pendulums, which con-

sists 1n alternately accelerating and retarding
the same and causing the accelerating or the
retarding " influence to exceed in value, ac-
cordingly as it is desired to hasten or slow the
pendulum.

4. The hérembefme descrlbed method of |

synchronizing clock-pendulums, which con-
sists in subjecting the same to magnetic in-
fluence during its movements in two direc-
tions,and in causing the duration of its move-
ments counter to said force to exceed the du-
ration of its movement toward the foree, or

vice versa, as may be required to correct the |

error of the pendulum.

5. The hereinbefore - described method. of
maintaining pendulums in action for time-
keeping, which consists in subjecting the pend-
alum to the influence of electro- -magnetic ae- 20
tion during 1ts movement toward and away
from one of its limits and through the center
of magnetic foree.

In testimony whereof I have hereunto sub-.
scribed my name this 31sb day of July, A. D. 25

- 1885.

HENRY L. BAILEY:

Witnesses:
DANL. W. EDGFOOMB
CHARLES A. TERRY.
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