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The Schedule referred to in these Letters Patent and making part of the same,
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Lo allwhom it may concern : quicker-curve. The part A% which lies near the axis
Be it known that I, CArvIN KLINE, of Brooklyn, | of the entire spring, Lias a carvature in the reverse

in the county of Kings, in the State of New York, | direction. -

have invented certain new and usefnl Iinprovements |~ My spring is adapted to be mounted in the ordinary

in Pendent-Springs or Hair-Springs for Chronome- manner, one end being fixed, with or without adjust-

ters and other time-keepers; and I do hereby declare ability, to the escapement-shaft, or to a collar fitting

that the following is a full and exact description thereof. tightly thereon, and the other end being fixed adjust-
My invention relates to'the form in which the spring |.ably in the usual styley not represented.

Is bent, either Defore or after the tempering. Itin- | Ihe portion A4, which corresponds in curvature and )
SUICS & more equable action in all parts of the metal, | In position with the main body A, should be suffi-
aird when properly carried out it gives almost or exactly | ciently long to allow adjustment forward and back-
perfect isocehronism, | ward in the stund. It stiould, also, in ecase 1t is in-

It has long been a desideratum to so adjust watches | tended to apply the ordinary regulator, be made snifi-
and time-keepers generally that, however the foree of clently Tong to allow, also, for that.
the main-spring may vary, or however the friction or | The conneetion of the stud and the regulator to the
other resistance may chan ge irom the -evaporation or portion A4, may be in the ordinary manner, the same
hardening of the lubricating material, or from the ac- | as if the peculiarly curved portion A! A2 A3 Was not;
cumualation of dust or the like, the amount of oscilla- present, and need not be minutely deseribead..

tion of the balance or escapement-shaft may vary |- Shifting the spring forward and backward in the
without in the least degree changing the tim= in which | stud has two entirely distinet effects. One is the
1t completes a vibration. | - ordinary effect, to make the watel 2o faster or slower,
- I will proceed to describe witat I consider the hest generally, in all conditinns, This may, however, be .
means ofrcarrying out my invention, and will after- counteractéd by correspondingly changing the time- L

ward designate the points which I believe to be new | screws.  Another effect is to change the condition
therein, The accompanying drawing forms a part of | with regard to iscelironism. | | |
this specifieation. - | | 1t is important to understand that with my im-
Figure 1.is a top view of helical, or what 13-gen- | proved spring the spring must not be moved back-
eratly known as the chronometer: style of spring, con- | ward or forward in the stud to make the wateh oo
structed- according to my invention 2 - faster or slower; The changes in that respect, to wit;
Figure 2 is a section-on the line S S, infig. 1; | the general change of the watel, so that under all
Figure 3is a top view of o flat spring, so-called, the | conditions it will go faster or slower, must be made
style commonly used i-n.ihmlemte-—prii:edfwa.tﬂl1es, con- | by serewing in and ont the time-serews.
structed according to my in vention; and | These screws are not represented, but are perfeetly?
IFigure 4 is section of the same on thelineTTin fig. 8, | familiar to makers and adjusters of watcehes and
It will be understood that all the other parts of the chronometers. The screws -are fitted into the pe-
mechanisin may be as usual, and that my spring is | riphery, and there is usually quite a number. Serew-
attached to a fixed stud at one end, and to the vibrat- | ing In one or more of these serews las the effuct of
ing shaft at the other, and that neither of the fasten- contracting the effective diameter of the balance-
ings Is represented. - - [ wheel, and making the wateh or chronometer go
Similar letters of reference indicato corresponding | faster, Serewing out one or more of these serews

parts-in all the figures. will make the watel go slower; | _

A 18 the main body of the sprine. The manuface- I will describe the adjustmient for isochronism of a
ture of the wire and its tempering way be condueted | first-class chronometer., |
in the ordinary or any suitable manner; I prefer to in putting togethier the parts of a chrenometer

give the spring, prior to the hardening, the exaet having my improved spring, I mount the spring with
torm which it is to maintain when at vest. The usual | the stud about in the middie of the nortion AY and
method may be followed in coiling, with the excep- | firmlv secare it there.  Now when the ehronometer
tiou of a portion near the end. - has runoa dittle while, T adjust the time-serews until
Lhis portion I will designate. A A AP A% The | it keeps goou time under ordinary conditions. T am
Fst pars, A4 is bent to agree with the curvature of | veady now to commence adjustment with vegard o its
the mwain portion A. . The intermediate portions, A | isochronous condition. |
A* A% extend across the spring, but not in a right L test the chironometer in this respect by any of the
line. The curvature of the parts A' A%is in the same ordinary means. I will assnme that the wateh is run

direction as-that of the main portion A, but is & | Tor a time iu densely comipressed air. - The inereased
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resistance due to this cause. reduces the amount of

motion of the balance-wheel. If the watch is in per-
- fect adjustment with regard to isochronism,. this fact
will make no difference in its rate of running

The intent of my invention is to effect tiuis great
desideratum. Sometimes it will be found on a severe
trial that the chronometer is perfectly isochironous ou
the first trial, but usually the reducing of the extent
of the vibrations will change.its rate. In such case
I adjust the spring forward and backward in the stod,
and such adjustment has the effect to change its con-
dition in regard to isochromism. - |

I may repeat, that the adjustment will, of course,
also change its condition with regard to 1ts ordinary
rate of running. But this, it will be understood,

must be’ compensated for by a readjustment of the

-

time-serews. It is now important only to attend to
the isochronous condition.
been shifted forward or backward enough to make
the chronometer perfectly isochronous, the time-screws
may-be afterward adjusted to make the time faster
or slower, until it is just right. |
~ Springs will vary, however exactly they
and tempered, and some speeimens
adjusted further forward or backward in the stud to
induce a given amount of change in regard to the
sochronous condition,  In some instances very little
change may be imluced by a considerable adjustment,
and in others even the efteet will be the reverse of
that usually observed. Ovdinarily, lLowever, thie
shortening of the spring will tend to make the chro-
nometer go slower witly the short vibrations, 1 should
commence with the spring-adjusting on that theory.
If the spring required adjustment the gther way, on

are shaped

discovering this fact. I adapt my adjustinent thereto, |

and it will be well in- sueh cases to record the fact to
aid in future adjustments. . In~ease- the spring be
fonnd not susceptible of adjustment in this manner,
it should be rejected and another of my springs sub-
stituted and submitted to the same process of adjust-
ment. | |

It is unnecessary to state that the testing for
isochronism may be conducted with -almost equal fu-
cility by putting the chronometer in a vACUIIN O Pat-
fial vacuam, in which case the extent of the vibra-
tions of the balance-wheel will be increased. A
chronometer may be subjected to both tests, it pre-
ferred. In pragtice, usually, the changes due to an
rvaporation or loss of the lubiicating material and
hardening of the same in very cold weather, or (e
accnmulation of dust and analogous resistants, ali
tonid to diminish the extent of the vibrations, and i
' this condition whieh it is especially iimportant 1o
provide for; but-a waich or chronometer having my
spring, when onece properly adj asted, will be absolutely
isochronous ander either condition; that is to say,
whether the balanee-wheel vibrates toa lesser extent

or te o greater extent than that to which i is originally

intended to work.

Tt will, of eourse, he understood thab the adiust-
ments of the chronometer for time, and :or eXPANSIoNs
and coniractions by Leat and eold, may be repeated

may require to be

When the spring bas |

stiffness in that portion of the

~the main portion of the spring.
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before and after the .m]justments.whidh I have de-

seribed for isochronism, and this may be repeated any
number of times which is found to be expedient to
seeure the very highest possible degree of perfection
in thiz final result. )

T have given as definite instructions as I am able
in regard to the practical carrying out of my invention,
and have demonstrated by experiment its success. It
may not be necessary to lay down any theory in re-
gard to ifs action. . | |

1 am not prepared as yet to demonstrate the rea-
sons for the advantages due to the chief novel feature
of my spring, to wit, the reversed curve therein; but

‘1 have proved by trial that it has decided advantages.

1 believe thas it contributes, by the novel manner in
which it presents the material to induce a positive
spring, so that the
elasticity of the reversed portion and of the quickly-
curved portions adjacent is not fully availed of in the
short vibrations of the spring, and, therefore, the
spring is practically short for the short vibrations.

When the vibrations are increased in extent, the
spring winds and unwinds so much as to draw upon
the elasticity of the short curved portions Al A? A
and under these conditions the spring is longer |

Instead of setting the spring in a stud with a pin,
as nsual, I prefer resting it in a clamp having its jaws
curved to exactly correspond with the curvature of
the adjustable portion A* of the spring. But this 18
not absolutely essential, and it may be preferred by
most construectors to fit it in the usual stud, as above
described. S

In order to be exactly understood in regard to what
‘s liere termed the reversed curve, it may be remarked
ghat the portion A' A* A of my spring is curved in
two directions; that is to say, the parts Al and A’

“are enrved in one direction, the same as the rmain por-

tion of the spring, and the part A®is curved in the
opposite direction, and that the curves of all these
parts A' A* Alare quicker, or on smaller radii, than
| I believe that the
proportions and relations represented are the best
which are possibly attainable.

- Although the relative radii of the curves may be
aried within woderate lits, I deem 18 absolutely
essential to success that the curves be reversed; that
is to say, that the curve A® be in the opposite direc-
gion to these adjacent thereto.

T elatm—

The adjustable pendent -spring for time-keepecis
herein deseribed; having a reversed corve of smail
radins, with a sufficient length of spring beyond it, as
shown by A% to allow the adjustment 1o be made on
material having the ordinary earvature, all substan-
tially as and for the purposes herein set forth.

In testimony whereof, I have lhereunto set my
name in presence of fvo subseribing witnesses.

| CALVIN KLINE.

Witnesses ;
War, C. Duy,
TIOMAS D, DTETSON,
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