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To all whom it may concern:

Be it known that I, Cuaupe GRrIvOoLAS, a
citizen of the French Republic, residing at
Paris, in France, have invented certain new
and useful Improvements in Clock-Pendu-
lums Having Alternating Rotary Move-
ment, of which the following is a specifica-
tiom.

This invention relates to a regulating or
compensating system for clock pendulums
having alternating rotary movement.

The inconvenience of long period clocks
hitherto constructed and notably those 1n

which the pendulum has a circular alternat-

ing movement, consists in the want of regu-
larity of their working. This irregularity
is mainly due to variations of temperature
which by expansion or modification of the
degree of elasticity of the metallic ribbon
supporting the pendulum causes a corre-
sponding variation in the length of oscilla-
tions of the pendulum.

The present invention 1s for the purpose
of remedying this inconvenience and com-
prises novel means for obtaining 1sochro-
nous oscillations within the limits of normal
variations of temperature which can occur,
by making the weight of the pendulum au-
tomatically vary at its periphery. This re-
sult is obtained by displacing from the cen-
ter to the periphery or vice-versa a certain
quantity of mercury driven either by its
own expansion, or by that of a very expan-
sible liquid such as ether or alcohol 1n con-
tact with said mercury. An elevation of
temperature having the effect of rendering
the oscillations slower, corresponds to an au-
tomatic displacement of mercury toward
the center of the pendulum, with a tendency

to acceleration and inversely. 'These two

effects compensating themselves cause the
oscillations to always remain isochronous.

The invention will be better understood
by referring to the annexed drawings which
represent embodiments thereof.

Figure 1 is an elevation of a tube bent at
a right angle and provided with two bulbs,
one serving as a reservolr for the mercury
and one for the expansible liquid. Iig. 218
a plan view of the tube shown in Iig. 1 bent
round and housed in the pendulum casing.
Fig. 8 is a sectional elevation on the line
3—38 of Iig. 2. Fig. 4 is a sectional view of
a part of the tube showing a modification
thereof. Figs. 5, 6 and 7 are plan views and
Figs. 8, 9 and 10 respective sectlonal eleva-

II

|

 tionsg of other forms of construction of the

said tubes. Fig. 11 is a vertical section on
the line 11—11 of Fig. 18 showing a pendu-
lum provided with a compensator according
to the present invention. ¥Fig. 12 1s a verti-

cal section on the line 19—12 of Fig. 13 and

Iig. 13 a horizontal section on the line
13—13 of Fig. 11. TFig. 14 1s a vertical sec-
tion and Fig. 15 a plan view of another

form of construction of the invention. Kig.

16 1s an elevation of a still further form of
compensating tube. Fig. 17 is a vertical
section of a form of pendulum provided
with a tube shown in Fig. 16. Fig. 18 1s a
horizontal section on line 3'—3* of Fig. 2,
the tube being shown in plan view. Iig. 19
is a plan view of the bottom plate of the

pendulum, and Fig. 20 an end view of the

tube carrying plate.
The regulating or compensating device 1s

constituted by a thermometric tube composed

of a bulb A filled with a lIiquid such as alco-
hol, ether or other highly expansible sub-
stance or mixture rendered viscous and
adapted to be mixed with difficulty with the

mercury, and a capillary tube B containing

a certain quantity of mercury, said tube be-
ing bent vertically at one end as at C and

surmounted by a bulb D.

The dimensions and quantity of expansi-
ble liquid contained in the bulb A are so
calculated that each elevation of tempera-
ture of one degree centigrade corresponds
to the displacement of a determined weight
of mercury which will pass from the hori-

zontal tube B into the vertical tube C. By

placing said tube in the interior of a pendu-
lum casing E (Figs. 2 and 3) giving to the
tube B a curvature permitting it to run
along the interior wall of said casing while
bending its end in such a manner that the
vertical part C occuples the center of the
casing, a displacement of a known weight
of mercury from the periphery to the center
for each degree of increase of temperature
may be effected. Similarly at each fall of
temperature of one degree there will be a
return of the same weight of mercury from
the center to the periphery of the pendulum,
that is to say, an exact compensation to the
effect produced by exterior changes of tem-
perature. It is necessary to place the mer-
cury in the thermometric tube 1n such a way
that reckoning from the lowest point of the
limit of temperature chosen it will arrive

at the bottom of the vertical part C, and at
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the same tume 1t will arvive just at a point
sufiiciently near the space or bulb A con-
taming the expansible propelling liquid
without possibility of its introduction into
sald space. It is also indispensable to have
the reservoir or bulb D at the upper extrem-
ity of the vertical part C to contain all the
mercury which could be driven back if =
stifliciently high temperature is reached for
example from 40 to 50 degrees centigrade.

In cases where the coeflficient of expansion
of the metal employed for the suspension of
the pendulum could not be regulated th rough-
out the entive extent of the thermometric
scale, 1t will be possible to exactly compen-
sate the 1rregularities either by curving the
part B of the capillary tube in an irregular
tashion (TFigs. 5, 6 and 7) in such a manner
that at certain temperatures the actual move-
ment of the weight of mervcury instead of
being made from the extreme periphery to
the center will be made from one or more
nearer points.

an analogous result could be obtained by
bending in a definite fashion the vertical
part C of the tube at certain points of its
height corresponding to the desired degree
of 1rregularity, so that as in the Previous
cases the mevement of mercury is made from
a peint more or less removed from the pe-
riphery. Figs. 8, 9 and 10 eive three ex-
amples of this form.

The principles on which the present in-
vention is based being described, no difi-
culty need be experienced in giving the com-
pensators the shapes and positions most con-
venlent for their application to the pendu-
lums according to requirements.

1he compensating devices described may
combine a system of small weights H, H¢
placed between them as shown in if1es. 11,
12, and 13 to allow of regulating the move-
ment of the pendulum to a convenient do-
gree of temperature before being sold. The
said weights ave adapted to be symmetrically
displaced by mounting same on a right and
left screw-threaded rod I terminatine in a
head J for reception of an ordinary key
1introduced from the exterior of the pendu-
lum casing.

The casing F is surmounted by a hollow
ornament (& in the interior of which the
bulbs D and the vertical parts C of the ther-
mometric tubes are housed, and to the upper
extremity of said ornament the suspending
ribbon X of the pendulum is hooked orp
otherwise attached.

The employment of two conmpensators
i the same pendulum obviates the Manipi-
lations required with the employment of g
single tube to arrive at an exact compensa-
tion, since by combining two compensators
having different degrees of expansion, 1t 1s
possible to rapidly and exactly arrvive at the
cdesired result without modifying the volume

i
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or properties of the liquid contained in the
oulbs A.  The symmetry of the system 1s
thus assured and consequently the center of
aravity of the pendulim may be maintained
i the divection of the suspension ribbon X.

The regulating or compensating devices
described above may be modified by the use
of mercury alone both for use in compensat-
mg and as the expansible liquad,

N
AW

s, 14 and 15 show one form of con-

stivetion adapted for use in such eases. The
compensating devices are formed of a more
or less large number of small HErCHLY
reservolrs i in the shape of pulbs, placed
1 the interior of the pendulum casing I,
ancd each terminating in a small tube I, i
rectea toward the center of the casing and
then rising vertically as in the forps Die-
viously described. The contents of esch of
satd tubes expanding under the effect of in-
crease of temperature will cause a How of
mercury toward the center of a quantity which
will compensate the effects of cXpansion pro-
duced by the varviations of temperature.
Lhese said reservoirs IT may Le of ANY ap-
propriate shape, occupy any position and he
of a variable number according o require-
ments. |

Lhere may be a tendency with the forms
described above that during transport of the
clock or if the same is disturbed op shalen,
and at times even by variations of temipera-
ture the continuity of the merveury column
becomes breken, and expansible drops of
liquid {usually aleohol) or air bubbles are
produced between the varions divided parts
of the mercury column, and 0Wing to capil-
larity these drops or bubbles constantly tend
to travel forward in the tube, il they reach
the part of the same passing fromn the cir-
cumterence to the center of the pendulom
and interfere with the action of the com.
pensator sinee the mass moved from the
periphery to the center of the pendulum has
no longer the proper weight.

A form of the device is shown in 105, 16
to 2010 which the compensating tube is oiven
such shape as to overcome this Inconvenience
and the use of such modified form of fuhe
leads to the necessity for cortain modifications
1 the constinetion of the pendulom, which
modifications constitute a firther feature of
the present invention. The tube (Fig. 16)
comprises a bulb A containing the expansible
hquid, this bulb being connected {6 (o
strarght part B of the capillary tube by a
number of  vertically disposed bent DOT-
ttons O. The branches of the bent pertions b
1 which the expansibie Haquid travels dow.-
ward above the mercury are provided with
enlargements * having an internal diameter
of such size that capillary action is s
tendly counteracted.  The tube is similarly
formed between the portion B

| O and the bulb
D, that is to say with a number of vertically
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disposed bent portions ¢, but the enlarge- | ing atmosphere, which 1s an essential condi-

ments ¢! are here situated in the branches
of the bent portions ¢ wherein the air from
bulb D arrives above the mercury. This ar-
rangement prevents the alcohol or other ex-
pansible liquid as well as the air from reach-
ing the rectilinear part B of the tube which
is always full of mercury.

Experiments have shown that a drop of
alecohol from the bulb A and interposed in
the column of mercury cannot easily pass
one of the enlargements 6* because at these
points two columns of mercury more easily
unite and as the aleohol is of less density it
remains on the surface of the mercury.
When the temperature drops the drop of
alcohol 1s drawn by the contraction of the
mercury and returns to the bulb A. If a
part of the alcohol passes the first enlarge-
ment O 1t 18 stopped by the second enlarge-
ment and <o on, the number of drops which
pass becoming gradually less; by providing
a sufficient number of bends any introduction
of alcohol into the portion B of the tube 1s
prevented without the desired limits of tem-
perature. The same effect i1s produced 1in
the bends ¢ which prevent the air from
reaching the rectilinear part of the tube. By
these means the rectilinear part B of the tube
which leads from the periphery to the mid-
dle of the pendulum contains mercury only
and the weight carried from the circum-
ference to the center of the pendulum at each
variation of temperature is strictly propor-
tional to this wvariation. The tube thus
formed is curved in the manner shown 1In
plan in Tig. 18 and 1s arranged on a
plate M.

The bulb A rests on a support m while the
bends & engage the inner side of the curved
wall B of the pendulum casing and are
fixed by suitable fastenings to claws m?;
the straight part B of the tube connects these
bends to the bends ¢ situated together with
the bulb D at the center of the pendulum.

The pendulum is weighted by fixed weights
N and by welghts H? which are movable on
a rod I' serew-threaded at each extremity,
the threads of which are of contrary direc-
tion and cause the weights H through which
they pass to move toward one another, or
apart according to the direction 1n which the
rod is rotated. The position of the plate M
carrying the compensating tube is also ad-
justable, it being secured to the bottom of
the pendulum by screws O traversing slots o.
Finally perfect equilibrium of the pendulum
is obtained by means of weights (not shown)
which are fixed by screws traversing the
openings ¢ made adjacent the periphery of
the base E' on the side opposite to the tube.

In order that the tube inclosing the ex-
pansible liquid and also the whole tube com-

pensating device may be constantly sub-

tion for the regular action of the pendulum,
the bottom I&* of the pendulum is provided

' '“Titl'l Ope.l'li}]gS E2 (F]g. 19)-} ﬂ-]:ld ﬂle plﬂte EI

is also provided with a number of holes m?
to allow the air to easily pass to the interior
of the pendulum. Openings K* are also
made in the cover of the pendulum so as to
provide for a continuous air circulation.
Any variation of temperature can thus be
immediately compensated for.

What I claim as my invention and desire
to secure by Letters Patent of the United
States 1s — '

1. A compensating device for clock pendu-
lums, having alternating rotary movement
comprising a closed condult having a series
of substantially rectangular bends interme-
diate its ends, and an expansible liquid 1n
said conduit adapted to be displaced therein
under variations of temperature.

9. A compensating device for clock pendu-
Jlums, having alternating rotary movement
comprising a closed conduit having a series
of substantially rectangular bends interme-
diate its ends, and one end bent rectangu-
larly to the axis of said conduit, and an ex-
pansible liquid therein adapted to be dis-
placed in said conduit under variations of
temperature. |

3. A compensating device for clock pendu-
lums, having alternating rotary movement
comprising a closed conduit having a series
of substantially rectangular bends having
bulbous enlargements intermediate its ends
and one end bent rectangularly to the axis
of said conduit, bulbous enlargements at
the extremities of said conduit, mercury dis-
posed in one portion of said conduit, and an
expansible liquid disposed 1n another por-
tion thereof, said mercury and liquid being
in contact and adapted for displacement in
said conduit under variations of tempera-
ture.

4. The combination with a pendulum
adapted to have alternating rotary move-
ment, of a compensating device therefor
comprising a closed conduit having a plu-
rality of substantially rectangular bends in-
termediate its ends and disposed adjacent
the periphery of the pendulum, mercury dis-
posed 1n one portion of said conduit, and an
expansible liquid disposed in another por-
tion, said mercury and liquid being in con-
tact and adapted for displacement in said
conduit under variations of temperature,
whereby the weight of the pendulum 1s
caused to vary at its periphery.

5. The combination with a pendulum
adapted to have alternating rotary move-
ment, of a compensating device therefor
comprising a closed conduit having a plu-
rality of substantially rectangular bends
provided with bulbous enlargements inter-

mnitted to the temperature of the surround- | mediate 1ts ends, and a bulbous enlargement
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at each end, said conduit being disposed for | toward and from said periphery, whereby

the major part adjacent the periphery of
sald pendulum and havine one of its ends
bent rectangularly to its axis and disposed
at the center of oscillation of the pendulum,
mercury contained in one portion of said
conduit, and an expansible liquid contained
in another portion thercof in contact with
the mercury, and adapted to be displaced
in the conduit under variations of tempera-
ture, whereby the weight of the pendulum
1s caused to vary at its periphery.

6. ihe combination with a pendulum
adapted to have alternating rotary move-
ment, of a compensating device therefor
comprising a closed conduit having a plu-
rality of substantially rectangular bends in-
termediate its ends and disposed adjacent
the periphery of the pendulum, mercury dis-
posed 1n one portion of said conduit, an ex-
pansible llquid disposed in another portien,
sald mercury and liquid being in contact
and adapted for displacement in said con-
dutt under variations of temperature, and
adjustable weights adapted for movement

the weight of the pendulum at said periph-
ery 1s caused to vary.

7. The combination with a pendulum
adapted to have alternating oscillating
movement, of a casing, a compensating de-
vice aisposed within said casing COMPIising
a closed conduit disposed for the major
part adjacent the periphery of said casing,
an expansible liquid contained within sald
condult and adapted for displacement there-
1 under variations of temperature, whereby
the weight of the casing is caused to vary
at 1ts periphery, and said casing having
apertures whereby the surrounding atmos-
phere may have access to the compensating
clevice.

In witness whereof I have signed this
specification in the presence of two vit-
1esses.

CLAUDE GRIVOLAS.

Witnesses
DUreax B. Mason,
Liion Grivoras,

Copies of this patent may be obtained for five cents each, by addressing the “ Commissioner of Patents,
Washington, D, ¢.”
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