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HAROLD WIITING, OF

ELECTRICAL RDEVIC

Hiorming part of Liette

Application |

To all whom it mey concern.

Be it known that I, HaAronD WHITING, a
citizen of the United St wes, residing at Cam-
bridge, in the county of Middlesex and Com-
monwealth of Hlassachuselts, have invented
a new and useful Improvement in lectrieal
Deviees for Synchronizing Clock-Pendualums,
of whieh the following is a specifieation.

My invention relates particularly fo an im-
proved electrical apparatus by which the pend-
ulums of one or more sceondary clocks, au-
tomatically aectuated, may be controlled by
and compelled to V‘bl e synehronously with
the vibrations of the pendulom of some stand.
ard elock or regulalor,

The oliject of my invenbion is {o combine,
in a simpie and eheap mechanism, as has
never yet been dene, even in the most compli-
cated devices,the following advantages: First,
complete SC“II wion of said mechanism {rom
the elocks io \\hx(,h] may be mp]‘l(\d so thab
it can be a red or detached without echange
in the (,ons,imdmn of sald clocks; sceond,
independence of the strength of the battery
emp](Wﬂd thivd, perfect %\n('h:mnsm of the
controlling - 7,,011(,h1ll1,n with that controlled,
independent ol the arc of oscillation; fourth,
sueh adjustability that the -relation of the
phase of the secondary pendualom to thab of
the primary may be altered at willy Tifth, in-

a
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dependence of false time-signals; sixth po“ er

of correcting the largess 1)os>1b1 error which
can Le corrceted by such amechanism, where-
by the clock is rendered as independent as
possible of o continuous interruption of the
time - signals; seveuth, the minimuam of frie-
tion in the parts which may be operated by

the clock. I attain this objeet . Ly the use
of a mechanism construeted as illustrated in
the accompanying drawings, in which—
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Tigure 1 represents a g(,n(.l“n view of my

“apparatus as abi: Ldleu to a-standard and one

(4

secondary cloek: . 2, the 'lm\‘, bub with a

different method oi attachment to (he second-

ary cleck,
Bimilarletters refer to similar pa

out thie drawings. .

In the fignres

of the sim,dfz“d (‘Iock

1()

risthrough-

I7 represents the pendnlum
or regulator; P, the
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pendnium of the s ccondmy ¢lock, whieh is to
be compelled to vibrate synchronously with .

uand A" are two contact-picees of platinum,
of which % is ecarried on the block ¢, which is
mounted on the stand 3, and 2" on one end of
the tlat steel spring ¢, the other end of which
is fastened *pernmn(,ml v to the screw . The
spring e is connected, near the vontact - plece
i, with the pendnlum I* by means of the spi-
ral spring ¢. The spring ¢ is adapted to al-
ways maintain tension onthespring ¢ through

all points of s sw n.ﬁ, and should have suf '

o be permanently strained
by following the \.'i:)mtloh of P, and should
be of ag great stiffuess consistent with
the compensation ol its accelerating effect on
B by lowering the bob of 12, without exceed-
ing the limits of the serew ovdinarily provid-
od for that parpose.

The spring ¢ is best made {rony three to four
inches in length, and must be of suflicient
clasticily, as compared with the spring ¢, to
allow a play of 27 from one-sixteenth to a
quarter of an ineh when the pendualum P is
in vibration, provided no stops checked its
It must also be of suflicient strength
to be able to bring the contaet-picces & and 7/
into contact at any desired pointof the pend-
ulom P's swing.  The length of the time of
between b and &° may then be regu-
lated by increasing or diminishing the tension
of the spring « by turning the serew d, to
which 1t i% firmly fixed, to the left or right.

In order that the effect of the spring ¢ upon
the penduh m P may be constant, a stop, b, i
phocu in the stand B, so asto reduce the plav
of 7/ to as small an avc as consistent with the
conmplebe breaking of the electric circuit. I
preler in some eases to make thisstop and the
platinunt contact-piece 2/ adjustable, so that
the size of this are may be slightly increased

or diminishe'l, as d(\\ll‘ d. As the spring.e
returns to the pendulum I* in its return swing
substantially the same energy as was expend-
ed instretehing it, any tendency of my eircuib-
closing device to stop the pendllh1 m 1’ is prac-
tically obviated. Subjeet to the (ualifications
seb forth, the stand I3 can be plaeed in any

ficient elasticily not
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taching spring e to the pendulum P, and can
obviously be attached or detached at pleasure.
. My device for. controlling the secondary
clock’s pendulum P’ may be constracted as
follows: The eleetro - magnet M, which is
mounted on a stand which can be fastened in-
side the clock-case—as, for example, against
the side O L, as in Fig. 1—has an armature of
soft iron, O, carried on the vibrating lever D,
which leveris pivoted ati. Twostops, mand
7, each of which is provided with a check-nut,
to Iceep it in place, are situated in any man-
ner convenient for controlling the play of D—
as, for example, in Figs. 1 and 2. Two other
stops, p and ¢, of some elastic material, are
fastened to the thumb-screws # and #, placed
in the sides of the clock, and, passing through
two eyes, v and ¢/, also placed in the sides of
the clock, are attached to D as near its center
of percussion, 4w, as possible. 'Their tension
may be increased or diminished by means of
the thumb-screws » and +". A spring, T, is
arranged to draw the lever D away from the
electro-magnet M when the armature C is re-
leased by the breaking of the electrie cireuit,
and should be strong enough to do so no mat-

- ter in what part of its swing the pendulum P’
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may happen to be. The tension of the spring
B may be increased or diminished by means
of the thumb-serew %, to which it is attached,
and which thumb-screw should be provided
with a check-nut to keep it in place. A spiral
spring, I, connects the lever D with the pend-
ulum I, and the distance from %, where such
spring is attached to D, to the pivot ¢ must be
-enough greater than from Cto ¢ that the maxi-
mum play of D at & shall benearly equal to that
of P" at its corresponding point, I. "The de-
vice must also be so arranged that the mo-
tion of the points k and I, at which spring
F' is attached, shall be as nearly as possible
in the same straight line. Instead of attach-
ing the lever D to the pendulum -rod, as in
Fig. 1, it may be attached by spring I to one
arm of the anchor N.of the escapement, as in
Fig. 2. 'When this method of attachment is
used, I place my device on top of the eclock-
case, a section of which is represented by Q
R’in Fig. 2, using D in the form of a straight
or bent lever, (the latter is used in Fig. 2,) as
most eonvenient. The control is constructed
in other respects as hereinbefore described,
with the exception that the elastic stops p and
q are omitted, and the lever D shortened, so
that the maximum play of &, when spring F
is attached, is nearly equal to and in the same
direction as that of 7, the corresponding point
of the clutch N. Two adjustable buffers are
also placed in each secondary clock, so that
by advancing them the length of the are of
oscillation of P’ may be limited. Such buf-
fersmay be constructed like X and X' in Fig.
1,in which s and " represent curyed springs,
made of flat steel, which are firmly fixed to
the serews £ and ¢. £ and ¢ are mounted on
the stands « and «/, which are fastened to the
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back of the clock-case, and are sufficiently

“high so that the springs s and s’ can be made,

by turning the.screws ¢ and ¢, to engage the
pendulum P, and cut off a portion of itsswing.

In practice my device for controlling the
pendulum of the secondary clock or clocks
can be made out of an ordinary telegraphic
sounder by attaching the lever carrying the
armature by means of a spring, F, to the pend-
ulom rod or anchor, as hereinbefore de-
scribed.- It will generally be found, however,
that when the control is attached as in Fig.
1 the lever will require to be elongated by
the addition of a light arm, so that its point
k, when spring F is attached, may have the
necessary play. The same may also be done,

70

75
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if necessary, when the attachment is made as -

in Fig. 2. The accelerating effect of spring F
upon P’ may be compensated by lowering the
bob, and spring I should not be so strong that
its effect cannot be compensated withoutlower-
ing the bob beyond the limits allowed by the
serew ordinarily provided for that purpose.

In compensating for the effect the bob should ¢

be lowered sufficiently that the natural vibra-
tions of the pendulum P’ with the spring at-
tached may be nearly synchronous with those
of the pendnlum of the standard clock or reg-
ulator. The spring F must be strong enough,
when my device is in operation, to give the
pendalum P’, previously at rest, an oscillation
of one degree in the course of half an hour.
It must also be elastic enough to allow the
pendulum P’ to vibrate easily, no matter in
what position the lever D, to which its other
end is attached, may be, and should be ad-
Jjusted so as to always maintain a state of ten-
sion on the pendulum P’

Subjeet to the above qualifieations, my de-
vice may be placed in or on any part of the
case of the secondary clock most convenient
for attaching it to the pendulum rod or an-
chor, as may be desired, and the spring F
may be made of sufficient length for such con-
nection.

Instead of a long lever, D, and spring T, I
may use any other form of deviee by which a
vibrating arm communicates its vibrations

through a spring to the pendulum P'—as, for

example, aspringy arm,upon which thearma-
ture C may be mounted.

The operation of my invention is as follows:
One pole of the battery A is conneeted with

_either the contact-piece 7 or /', and the other

contact-piece is connected with a main line,
with which the control for thesecondary clock
is connected, and which can bereturned to the
other pole of the battery directly or through
the ground. The Dbreak-cirenit and control
can each be fitted with serew-cupsorswitches,
so that this connection can be made or broken
at pleasure. " As the circuit is closed by the

swings of P, the electric current passes thirough
the electro-magnet M, and makes it attract the
armature C. 'When the cirenit is broken by
the return-swing, C is released, and the spring
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B draws the lever I back to its former place.
Thus a periodic vibration of the lever D is
produced which causes periodic changes in
the tension of the spring I, which changes will
control the vibrations of the secondary pendu-
lam ', and compel it to vibrate synchronously
with P, Therelative position inits phase that
P’ will maintain with P depends largely upon
the length of the eontact, and whether the con-
trol is aftached as in I'ig. T orin Iig. 2. When
the contact is made and broken at cqual in-
tervals, and the control is attached as in Iig.
2, the pendulum P’ will be compelled by the
control to vibrate in suech a manner that it will
be met by the changes in the tension of the
spring F at that limit of its swing in which
the action of the control will inerease rather
than diminish the arc of oscillation. ‘When
the contactis made orbroken but fora moment,
the effect of the increase of tension is thesame
as & blow, and the position in whieh 1" will
be met by the change will be its central point,
the pendulum vibrating in one direction or
the other, according as it isthe makcor break
whiclh is momentary. When the attachment
is made as in Iig. 1, the length of the lever D
and the use of the elastic stops p and ¢, in-
stead of the stops m and », combine to produce
a secondary elteet, through the inertia of the
lever and spring, which will carry the point
k beyond its place of rest, and thug ecanse it
to recoil thereto, producing the effect of o
double blow in opposite directions on the
penduluam. This secondary cffect will main-
tain the vibrations of 1”in sueh o manner that
it will tend to be miet by the changes in ten-
sion of spring IMat thelimit of its swing. When
I desire to have I’ vibrate so as to maintain
the same phase as I, T arrange my contact-
breaker so that the cirenit shall be made and
broken at eqnal intervals, and place my elas-
tie buffers N and X’ so as to Hmnit the are of
oscillation of P’ When P and I are vibrat-
ing together, and the contact is made and
broken at equal intervals, the change in ten-
sionofspring Fwill ocecur when P’ isat its zevo-
point.  This, ordinarily, will tend to retard P;
but as soon as P’ falls a little behind the aec-
tion of the control will inercase its arc of os-
cillation. "If, now, I cut off this increase by
my elastic bulfers, " will be accelerated and
compelled to maintain its vibration, so that
it will continne to be metb by the changes in
tension of spring I at very nearly its eentral
point.

By changing the length of contact between
hand 2, the mode of attaching the control, as
in Figs. 1 or 2, by using the break-cirenit as
a shunt instead of as a key, and by the use of
the elastic buffers X and X, as hereinbefore
explained, I can maintain the secondary pend-
ulum P’ in any phase of its vibration in re-
lation to the phase of the primary pendulum
P, I may desire.

The effect of any control applied directly to
the pendulum of a secondary clock is to reg-

ulate the vibration of said pendulum so that
it will always maintain a eertain phase in ref-
erenee to that of the pendulum of the primary
clock; hence it 18 obvious that no greater
error than the time of one swing can be cor-
rected. Asthespring I is adapted to always
maintain a tension onthesccondary pendulum,
its periodic change will correct this full error,
as cannot be done by devices in which the ef-
fect of the magnetism is not felt through all
portions of the pendulum’s swing.

The amount of each of the pulls upon the
pendulum P’ of the sccondary clock is de-
pendent wholly upon the stiffness of the
spring I and the amplitude of the vibrations
of the lever D. 1t is therefore a constant

_quantity, which can be enlarged or dimin-

ished by means of the stops m and n or p and
g. So long therefore as the battery is strong
enough to produce a vibration of the lever D,
the amount of this pull is independent of the
strength of the battery. The pendulum P ean
also be fitted with my pendulum-control; and
when so fitted can be connected with and con-
trolled by any time-cireuit in which the cur-
rent is interrupted at intervals, which may be
any oven multiple of the time of vibration of
P; or my controlling device may be used
alone in connection with such a time-cireuit,
to control the vibrations of the pendulums of
one or more ordinary clocks. I prefer, how-
ever, to use my pendalum-control in combina-
tion with my circuit-breaker and elastic but-
fers in all cases when it is desived to have the
vibrations of the pendulum of the secondary
clock take place in the same time and direc-
tion as those of the pendulum of the standard
clock. Care must be taken, however, when
the Iever D is pivoted, as in the drawings—
between C and k—to place the circuit-breaker
and control on the opposite sides of their re-
spective penduiums, and on the same sides
when € is on the same side of the pivoti ask,
for otherwise P and P’ will swing in exactly
opposite dircetions.

Any number of my circuit-breakers can be
used on either or both sides ol the same pend-

ulum, and eitherinseriesorin multipleare, the”

only limit being the number the pendulum is
able to operate. I prefer to malke use of two
or morein multiple are when I desire to make
the contact absolutely certain, and in series
to obtain a short contact twice in cach swing.
Thus, for example, when I wish to synchro-
nise a clock beating half-seconds with a stand-
ard clock beating seconds I usc a eciveuif-
breaker on each side of tlic pendulum of the
standard clock, and arrange them to make and
break the circuit with every swing.

Any number of secondary eloeks ean be con-
trolled by the standard clock by fitting them
with a device for controlling their pendualums,
ashas been described, and connecting such de-
vices in the ordinary fashion with the main
circuit. )

My pendalum-control can also be used in
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cerfain cases to maintain, as well as control,
the vibrations of the pendulum to which it is
attached by fixing the escapement, by means
of ratehets or otherwise, so that it cannot move
backward, in which case the spring or weight
for actuating such clock may be dispensed
with; but wherever the circuit is liable to in-
terruptions I prefer to actnate the secondary
clock by a weight or spring, whereby the clock
is rendered independent of such interruption.

Tam aware that a vibrating lever andspring
has been used as a part of a prior device (pat-
ent to Hall, No. 11,723, September 26, 1854)
to drive a clock by means of electricity; but
the mechanism has been so constructed that
the vibrations of the pendulum eontrol the in-
terruptions of the electric current, and not the
interruptions of the current the vibrations of
thependulum. Themaintenance ofthe motion
has been the sole object, and the mechanism
has been arranged so as to eliminate any pos-
sible effect of the electricity in accelerating or
retarding the pendualum, and hence, without
essential modification, such apparatuns is in-
capable of acting as a control,

I do not claim the combination of a vibrat-
ing lever and spring, broadly.

‘What I do claim as new, and desire to se-
cure by Letters Patent of the United States,

1. The combination of a battery, electrie
circuit, a primary clock independently actu-
ated and controlled, means, substantially such
as described, for making and breaking said
electric cirenit by means of the vibrations of
the pendulum of said primary clock, one or
more secondary elocks independently actuated
by a weight, spring, or other device, one or
more electro-magnets included in said circuit
and placed, respectively, in said secondary
clocks, an armature and vibrating armature-
lever applied to each of said magnets, aspring
connecting each of said levers with the pendu-
lum of the secondary clock in which its mag-
net is placed, and elastic buffers X and X,
placed in one or more of said secondary clocks,
80 as to limit the oscillation of its pendulum,
all substantially as described.
2. The combination of a battery, an electrie
circuit, a primary clock independently actu-
ated and controlled, means, substantially such
as described, for making and breaking said
electrie cirenit by the vibrations of the pendu-
lum of said primary clock, one or muore sec-
ondary clocks independently actuated by a
weight, spring, or other device, one or more
electro-magnets included in said cireuit, and
placed, respectively, in said secondary clocks,
an armature and vibrating armature-lever ap-
plied to each magnet, and a spring connect-
ing each magnet with the pendalum of the sec-
ondary clock in which its respective magnet
is placed, all substantially as described.
3. The combination of a stationary contact-
piece, a movable contact-piece, a spring car-
rying such movable contact - piece, and so
adapted that its action will tend to keep such

movable contact-piece in contact with the

other contact-piece, and a spring connected to
said first spring, and so adapted that when
attached to the pendulum of a clock the vi-
brations of said pendulum will open and close
said contact, all substantially as described.

4. The combination of the pendulum of a
clock, spring e, spring ¢, serew d, contact-
pieces & and ¥, block a, stop b, and stand B,
all substantially as described. ,

5. The combination of a battery, an electrie
circuit, means by which the current in such
cireuit is interrupted or varied at intervals
determined by an independent primary clock
or regulator, one or more secondary clocks
independently actuated by a weight, spring, or
other device, one or more electro-magnets in-
cluded in said cireuit and respectively placed
in each of said scondary clocks, an armature
and vibrating armature-lever applied to each
of said magnets, and a spring connecting each
of said levers with the pendulum of the clock
in whieh it is placed, all substantially as de-
seribed.

6. The combination of a battery, an electric
circuit, means by which the current in such
circuit is interrupted or varied at intervals
determined by an independent primary clock
or regulator, one or more electro-magnets in-
cluded in said circuit, an armature and vibrat-
ing armature-lever applied to each magnet,
and means by which the vibrations of each le-
ver are communicated through a spring to the
clock - pendulum or other vibrating body to
which its respective magnet is applied, there-
by regulating the vibrations of the same, all
substantially as deseribed.

7. The eombination of an electric circuit,
means by which the current in such cireuit is
established and interrupted or varied at in-
tervals determined by an independent pri-
mary clock or regulator, one or more electro-
magnets included in said eirenit, an armature
and vibrating armature-lever applied to each

magnet, and méans by which the vibrations of.

each lever are commuicated throngh'a spring
to the clock-pendulum or other vibrating hody
to which itsrespective magnetisapplied, there-
by regulating the vibrations of the same, all
substantially as described. '

8. The combination of a battery, an electric
circuit, means by which the current in such
circuit is interrupted or varied at intervals
determined by a primary clock or regulator,
one or more secondary,clocks independently
actuated by a weight, spring, or other device,
one or more electro-magnets included in said
circuit and placed, respectively, in said clocks,
an armature and vibrating armature-lever ap-
plied to each magnet, a spring connecting
each lever with the pendulum of the clock in
which its respective magnet is placed, and
elastic buffers X and X, placed in one or more
of said secondary clocks to limit the arc of
oscillation of their respective pendulums, all
substantially as deseribed. :

9. The combination of a battery, an electric
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circuit, means by which the current in such
circuit is interrupted or varied at intervals
determined by an independent primary clock
or regulator, an electro-magnet, M, included
in said cireuit, an armature, G, and armature-
lever Db, retracting-spring K, serew I, stops
m and #, and p and ¢, and spring ¥, eonnect-
ing said lever D with pendalum-rod of an or-

o

dinary cloek, in which magnet M is placed
as a device for controlling the pendulum of 1>.
said elock, all substantially as described.

HARCLD WHITING.
IWitnesses:

SaML. C. BENNETIT,
Rorerr T, BABSON,




