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UNITED STATES

PATENT . OFFICE.

CHARLES E. EMERY,

OF BROOKLYN,

NEW YORK.

METHOD OF AND APPARATUS FOR RATING TIME-PIECES.

SPECIFICATION forming part of Letters Patent No. 451,181, dated April 28, 1891.

Application filed May 2, 1890, Serial No, 350,256,

(No model.)

To all whom it may concern: |

Be it known that I, CHARLES E. EMERY, of
Brooklyn, Kings county, New York, (office
New York city,) have invented certain new
and useful Improvements in the Method of
and Apparatus Used for Rating Watches and
Clocks; and I do hereby deolare that the fol-
lowing is a full, clear, and exact description
theleof reference being had to the accom-
panying drawings, malung part of this speci-
fication.

Section 1. The principal object of the in-
vention is to produce a timing or time-com-
paring apparatus so delicate in its action that
it may be determined in a few minutes

whether a balance or pendulum is running |

faster or slower than a standard, even if the
variation in rate be only a few seconds day,
so that changes necessary to adjust the rate
may be made promptly, the eompauson re-
peated at once and adjustments again made,
as may be necessary, all as part of one con-
tinuous operation without waiting to run
the watches or clocks at first for hours and
finally a- day at least between each adywt-
ment, as is required at present.
Seetlon 2. Afurther object of the invention
is to provide means whereby in oneapparatus

the watches and clocks may be promptly

compared under different temperatures and
pressures and the former in different posi-
tions and the moredelicate corrections due to
these conditions be also made at onee, requir-
ing only a sufficient number of movements
actually undergoing test to give time between
the 0pelatmns on each for the metal of the

balances to assume the tension and shape due

to the change of condition.

Section 3. To secure thedesired delicacy of
the time- compmmfr apparatus, which we will
term a “comparator,” it is necessary to be
able to observe plomptly the slightest varia-
tion in the motion of the balance or pendulum
undergoing test from that of the standard
with whlch it is being compared. The point
to be observed on the balance or pendulum
undergoing test will be called the “object-
point % and the point on the moving standard
with which the motion of the obj ect- -point 1s
to be compared will be called the *compar-

RO

| called “ points of reference.
b

ably located on the rims of the standard bal-
ance or equivalent and of the balance under-
ooing test, so that the axes of both balances
Wheﬂ at rest and thepoints of reference are
in the same plane called the ¢ plane of refer-
ence.” Similarly the points of reference of
pendulums would be fixed when they are
hanging vertically opposite each other, so
that the plane of reference will run through
the points of suspension and points of refer-
ence. In either case the points of reference

~during operation cross the planeof reference

when the balances or pendulums are moving
at their highest velocity. |

Dection 4 The 1nventions embodmd he1 eln
provide means for optically viewing a slowly-

moving or stationary image of the points of

reference when the latter are actually mov-
ing at their highest velocity, whereby any

change of the relative positions of the two

may be detected at once as readily nearly as
if such points were actually moving in rela-
tion to each other with only their difference
of velocity. This is accomplished somewhat
on the principle used in equatorial telescopes

to keep the axis of the telescope practically

fixed on a givenstar,notwithstanding the mo-
tion of the earth. As thesurface of the earth
moves from west to east, the telescope 1s
caused to swing around a polar axis from east
to west with plactlcally the same angular ve-
locity. The same details and method of op-

eration would evidently be applicable if the
star were moving rapidly and the earth were
stationary. Toapplythis principlein viewing
minute objects, like the points of reference
referred to, the observations are made
through a mirror which receives such motion
that the angle of incidence of 1ts surface 1in
relation to such points when practically co-
incident and the angle of reflection from
such surface to the eye or line of sight will
be the same or approximately the same, in
which case the image of the moving pomts
will appear Statlonmy or moving so slowly
that the relative motion of the two can be ac-
curately determined.
swung on an axis independent of that of
either balance, when preferably the line of

These points jointly will be . sight would bb in tne plane of the motion of

T

“and are prefer-

The mirror may be
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the points, or the mirror may be carried by
one of the balances, when preferably the line
of sight would be in the direction of the axis.

The latter mode of operation will first be de-

scribed in full, and may be illustated by sup-
posing an observer situated at the center of
the platform of a curriculum in rapid revo-
lution and looking radially outward through
an opera-glass. The view of objects off the
platform would be indistinet on account of
the relative velocity, although the observer
was changing angle slowly; but if the glass
were directed at the uplifted hands of two
children riding side byside at the outer edge
of the platform, where the actual motion
would be- rapid, the slightest movement of
the hand of one in relation fto that of the
other could be observed because the optical
axis of the glass would be moving at prac-
tically the same velocity as the children, and
the difference of movementof the hands could
as readily be distinguished as if no other
movement were taking place. If theobserver
should put an inclined mirror in his chair at
the center and then lic out on the stationary
roof of the structure and look through his
opera-glass downward in the mirror through a
central opening in the roof, he would still see
the image of the hands of the children and
could watch their relative movements as well
as if actually on the platform. Any particu-

lar point—tor instance, the finger-nail of one

fingerof one of the children—could be brought
in focus, when the image of it would appear
absolutely still to the observer, although the
pointitself was moving rapidly through space.
All the parts surrounding the central point
in exact focus would appear in the image to
revolve around the image of the point, but so
slowly that the relative movements of parts

" near could be watched as closely as if there
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ber of positions.

were no other motion than such relative
movement. Objects off the platform would
appear confused, as before; but if another
platform were revolving at the same speed
and with adjacent sides in the same direc-
tion alongside 1t objects on that would ap-
pear stationary at the moment of passing
and the relative change of position of points
on the two platforms which came nearly
opposite at the moment of passing could be
observed. In the same way the motion of
the points of reference on two watch-bal-
ances may be observed at the time they are

moving at nearly the same speed past the

plane of reference by looking downward at

an 1mage of the same in an inclined mirror

over the axis of one of the balances and mov-
ing with it. This principle is applied in a
number of ways and with balances in a num-
Combinations of lenses and

mirrors are provided, so that the slightest
variation in the position of the points of ref-
erence when crossing the plane of reference
may be detected, and by observations of suc-
cessive vibrations it may be seen whether the
object-point has moved ahead or has fallen

able with the complete form.

451,181

behind the comparing-point. The delicacy
of this method of operation is phenomenal.
If the watch beat five times per second and
the balance move through three hundred

-and sixty degrees at each beat, the main ve-

locity will be five by three hundred and
sixty degrees, or eighteen hundred degrees
per second; but since the velocity is zero at
the close of each vibration the maximum ve-
locity, or that at the time the points of refer-
ence pass the plane of reference, will be about
three thousand degrees per second, and if an
ordinary observer can surely see a variation
of ten degrees in the position of the points of
reference this will correspond to an error of
one three-hundredth of a second. If there-
fore a variation of ten degrees be discovered
in one second, since there are eighty-six
thousand four hundred seconds in a day,
this error would correspond to (eighty-six
thousand four hundred divided by three hun-
dred equals) two hundred and eighty-eight
seconds or 4.8 minutes per day; but if it re-
quired one minute to discover the same vari-
ation of ten degrees it would indicate an
error of only one-sixtieth of two hundred

and eighty-eight seconds or 4.8 seconds per-

day, or, if discovered in two minutes, te
2.4 seconds per day. Close observers would
be able to discover a variation of five de-
orees, and would therefore be able to detect
an errorof 2.4 seconds a cay in a. single min-
ute. Such observations are well within the
requirements for temperature and position
adjustments. Inthe more delicate operations
the balances would require to be in place in
the movements, so as to secure and retfain
very high velocities. . A similar method of ob-
servation can be applied to balances when
vibrated by hand; but more time will- be re-
quired for very delicate adjustments, though
the length of the springcan be fixed in a very
short time within such limits that the exact
adjustment can be obtained withtheregulator.

Section 5. The 1nspection of the points of

reference when in motion is accomplished

optically by a combination of lenses and mir-
rors, which, with the movement to be tested
and the standard, are in the complete form of
apparatus preferably inclosed in a small case,
through which air of different temperatures
may be forced in making temperature adjust-
ments,and whichis so connected with the sup-
porting and operating mechanism that it can
be turned in different positions to test the
movement for position. These tests are pref-
erably made with the balance connected in
the movement, which latterismountedin a box
adapted to form a drawer, which can ordina-
rily be kept in oneof aseries of drawer-cases,
and there maintained at any desired temper-
ature between the periods of comparison with
the standard. In the specifications various

forms of mechanism are shown, some adapted

for the complete adjustment of a watch, oth-
ers to accomplish parts of the results obtain-

In some cases
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a vibrating standard in the form of a balance | lar view of a fragment of a modification of

resembling that to be tested is used, and 1n
others a revolving standard is employed 1n
which the point of comparison comes into
view for every double beat of the balance to
be tested. In all cases provision i1s made to
cut off the view of the points of reference
during the portion of the double beat in
which motionisin a wrong direction. Adapta-
tions of the same apparatusareapplicable in
rating pendulums. The invention involves a

great number of details, which can best be.

set forth in connection with the description.

Section 6. In the drawings, Figure 1, Sheet

1,1s a plan view, partly in section, of a com-
parator-case with a movement :seeured in a
small drawer in such case. FKig. 2, Sheet 1,

18 a longitudinal section throu n‘h the case and

drawer and through portions of the compara-
tor mechanism. Iig. 3, Sheet 2, 15 an eleva-
tion, on a smaller scale, of a complete appara-
ratus embodying an external side viewof the
case shown in the previous figures. Fig.
4, Sheet 2, is a similar elevation of a modi-
fication of the parts shown In Fig. g, with
a different form of apparatus forsecuring an-
cular adjustment and adapted for the use of

a series of comparators operated by thesame |

mechanism. Fig. 5, Sheet 2, is a view, on a
still smaller scale, showing the general ar-
rangement of the elements when such a se-
ries of comparators 1s used. Fig. 6, Sheet 3,
is a plan view, partly in section, of 'mother
form of comparator-case in whlch an object-
mirrorrevolves entirely arounda watch-move-
ment; and Fig. 7, Sheet 3,18 a vertical central
section through same with side view of some
details. Tig. 8, Sheet 4, shows a general ar-
rangement, on a small scale, of apparatus for
circulating and regulating the temperature of
the air used in making the comparisons for
temperature adjustments. FKig. 9, Sheet 4,
shows apparatus for antomatically regulating
tho-temperature. Fig. 10, Sheet 3,18 a view
of an apparatus for varying the angular ve-
locity of a driven shatt in different parts of a
revolution, to be used in connection with the
revolving comparatorabove referred to. Fig.
11, Sheet 3, is a vertical elevation of the slot-
ted disk shown in Fig. 10. Ifig. 12, Sheet 3,
is a vertical elevation, partly in section, of a
vihrating apparatus with vibrating standard
balance, showing one application of the prin-
ciples of the mventlon to simple apparatus
forordinary vibrating purposes. Figs.13and
14, Sheet 5, are respectively a vertica,l eleva-
tion, partly in section, and a plan view of a
modified apparatus for the purpose last above
stated. Tig. 15, Sheet 5, 1s a vertical eleva-
tion, partly in section, of a modified appara-
tus, also forthesame purpose; Fig. 16, Sheet 5,

a transverse view, looking from the left, of the

principal supporting-frame of the apparatus,

‘shown in Fig. 15. Fig. 17, Sheet 5,18 a ver-

tical elevation, partly in section, of a frag-
ment of a modification of the apparatus
shown in Fig. 15. HKig. 18, Sheet

T || ' .,,l G +r

the apparatus shown in Fig. 15. IFig. 19,
Sheet 4, is a diagram plan view; and Fl O
Sheet 4, an eleva,tlon partly in SELthll of

still another modified for*m of apparatns for

the purpose set forth in the description of
Fig. 12. Fig. 21, Sheet 4, is a plan view of
the balmlbe-br].do'e of the same. Fig. 22
Sheet 4, is a plan VieW; and Fig. 23, Sheet 4,
a vertical elevation, partly in section, of the
principal parts of a modified apparatus for
the purpose set forth in the description of
Fig. 12. Ifig. 24, sSheet 4, 1s an elevation,

p&rtly in section, of a modified apparatus for

the same purpose. Fig. 25, Sheet 1, is a plan
view, and [igs. 26 and 27 Sheet 1 , are re-
speciively side and front elemtious, partly
in section, of a vibrating apparatus for com-
paring balances with a cut-off operated by a
pendulum. Fig. 28, Sheet 6, is a vertical ele-
vation of a comparator-case for pendulums,
combined with means for operating a cut-off.
Fig. 29 is a side elevation, and Fig. 30, Sheet
6, a plan view of the same. Iigs. 31 and 382,
Sheet 6, are respectively front and side ele-
vations of modifieations of the cut-o appa-
ratus shown in Figs. 28 and 29, Fig. 33, Sheet
0, is a diagram 1llustrating a method of oper-
ating cut-off disks and comparing-points from
a prime mover. Fig. 34, Sheet 1, shows de-
vices for the same purpose as the above in
connection with a comparing-chamber and
with apparatus for transmitting regular mo-
tion from a prime mover; Fig. 35, Sheet 7,

‘an outline view, with parts in section, of ap-

paratus for regulating the air-pressure. Fig.
36, Sheet 7, is a diagram showing the changes
necessary in the angle of a vibrating object-
mirror to keep in view objects moving in a
plane at right angles to its face. Fig. 37,
Sheet 7; 1s a fragmentary front view, partly
in section, and Fig. 38, Sheet 7, a side view,
partly in section and partly 1n outline, show-

ing a combination of parts adapted for the

use of a vibrating object-mirror not carmed
by a balance.

“Section 7. The following are the names and
designating letters of some oif the prmclpal
details of the apparatus, viz: a comparing-
point a, an object-point v, a comparator-disk
I, a standard balance t, & balance for com-
parison u, a standard pendulum W, a pendu-
lum forcomparison X, a cut-o
a mirror at the center m, an eye-piece I, a
lens therein e, a drawer to contain a watch-
movement for comparison D and D', a com-
parator-case for a watch-movement E and E’,
a watch-movement as a whole I3, a compar-
ing - chamber for clocks U, equahzmn* a1r-
chambers O O’ 0%, cases for eontalmnwwatch—
movement drawers I I{" K2 and pipes on com-
parator-cases for eirculating alr /£, In addi-

tion to the above the following terms and

designations will be used to express mechani-

cal movements as a whole adapted for a par-

ticular purpose, as described in sections re-

5,1s a simi- | ferred to, viz: a “regulated prime mover” R,

"I

'V, (section 21,)
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(Sec. 16;) an “angular adjusting apparatus” | slowly, and viee versa. ‘These variationscan,

S, (See. 10;) “apparatus for varying the an-
oular velocity ” T, (Sec. 18.)

Section 8. In FKigs. 1 and 2, Sheet 1, 1 rep-
resents a wateh-balance mounted, preferably,
in connection with the entire movement B3, of
which the plates 0 b are shown and are se-
cured by clamps or other means in a fixture
¢, which in turn is fastened securely in the
bottom of adrawer, (designated asa whole D,)
of which d is the bottom plate, ¢’ the end
plate, and > the handle. The drawer D moves
from left to right upon the bottom Dbetween
the sides and under ledges in a comparator-
case (designated as a whole E.). F is a com-

parator-disk carried by a spindle f, the disk
‘being provided ata point on its circumference

Wlt}l a comparing-point ¢ and carrying at its
center an inclined mirror m. L is an eye-
piece, and ¢ a magnifying-lens, with axis ar-
ranged 1n the line of the axis of the spindle

” f and of the comparator-disk I¥. The object-

30

40

45

50

55
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point in this case is represented by the screw

v, which, as shown, stands opposite the com-
paring-point ¢ when both are at rest and in
a vertical plane passing through the axis of
the balance and of comparator-disk ¥. The
comparator-disk ¥, carrying comparing-point;
., 18 to be revolved once for each double vi-
bration of the balance and the points of ref-
erence are made to pass the plane of refer-

ence at substantially the same velocity either

by adjusting the position of the comparing-
point ¢ 1n relation to the center of the com-
parator-disk I or by the use of an apparatus
T forvarying the angular velocity of the disk.
(Sec. 18.) If, under such circumstances, the
balance u and the comparator-disk F be put
in motion, the image of the comparing-point
¢ (seen throughlensein eye-piece L) will,when
in proper focus, appear stationary, though the
comparing-pointitselfismovingataveryhigh
velocity, and momentarily during each double
beat the object-point v will also appear sta-
tionary or moving at such reduced speed as
to be seen. In the particular form of appa-
ratus shown 1n this figure such object-point
v will approach and recede from the compar-
Ing-point a, so as to change 1ts relative angu-
lar velocity, and will therefore appear once
during each double vibration to rapidly ap-
proach the comparing-point a, dwell slightly,
and then as rapidly recede in a cusp- shaped
path like that shown by a person’s foot when
viewed from below in walking on a grating;
but an observer can detect durin g succeeding
vibrations whether the points of the cusp
traced by object-point v coincide with or
oradually moveto the right or to the left com-
pared with comparing-point a. Iorinstance,

1if the comparator-disk If be moving regularly

to the left and object-point v appear gradu-
ally to move to the left of compamnﬂ‘-pomt a
the balance will be running fast, and 1£ ob-
served point v should appear to be gradually

moving to the right with reference to com-

Por

as previously explained, (Sec. 4,) be promptly
detected and adjustments made to vary the
rate of the wateh until the balance keeps
time with the standard within a predeter-
mined limit of error.

Section 9. The illumination of the compar-
ing- pomt a and object-point v is secured by
a 11_0*1113 in the direction o, preferably pro-
vided with a condensing mirror or lens, or
both, direeting the rays upon a condensing-
mirror o/, from which the rays are reflected
and condensed upon the points of reference
¢ and v when they pass the plane of refer-
ence. Anyothersystem of condensing lenses
or mirrors or other means of illumination
may be adopted. To prevent the light from

illuminating-mirror o’ from falling upon the

mirror 1 when the latter 1s turned toward
the former, a disk 7 is placed just above the
plane of revolution of mirror m, but with a
sector removed on the lines 3’ 9/, Fig. 1, cor-
responding to the angle in which 1t1s desired
to see the points of reference a and v.
Section 10. The hollow spindle f of com-
paring-disk I is operated by a spindle ¢, se-
cured to a wheel G through a central rod A,
provided with a driven pin A/, ranning in a
longitudinal slot in the driving-spindle g, and
a driving-pin /1%, engaging with a spiral slot
f7 in the spindle f. The wheel G is operated
by a pinion I through a spur-gear on its
edges when in the position shown in full
lines, and through an attached bevel-gear,
when, as hereinafter described, (Sec. 11,)
the whole apparatus is revolved through
ninety degrees, so that the wheel G takes the
position shown by the dotted lines G’. I is
a lever arranged with pinsand rollers to en-
gage between collars 7° A% on rod /i, and by
moving the rod /i longitudinally with the le-
ver between the positions H I1’ the pin /° will,
by its operation in the spiral groove f/,change
the angular position of the spindle £ of the
comparator-disk F relatively to operating-
wheel G, and with 1t the angular position of
the comparing-point a, and evidently this
change of angle may be made either when
the parts are stationary or when the compar-
ator-wheel I is in motion. - In operation the
pinion I would be given a motion from a reg-
ulated prime mover R, (Sec. 16,) such as
would impart by the means shown to the disk
I one revolution for each double vibration of
a standard-balance. If,”however, the com-
paring - point ¢ in starting an observation
pass the plane of referenceat a differenttime
than the object-point v, the disk F may while
in motion be angularly adjusted by operat-
ing lever 1, as desecribed, so thatboth points
of reference will pass the plane of reference
at the same time when the lever I, beingleft
in that position and held by a Spr'mc-‘ or catch
the comparison can at once proceed, as above
described. (Sec.8.) In¥ig.4,Sheet2,isshown
a modification of the a;bov &ppm*atus. In this

paring pomt a the balanee will be running ! case the spindle fof the comparator - disk 1s
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made continuous with the spindle of the ywheel | the object-point v w ill be at the eenter of ‘rhe

(x, which, as before, receives motion from a
pinion I,and the lower end of thespindle 202 of
pinionlreceives motion from a bevel-gear 36
thereon, which in turn is moved through an-
other bevel-gear 57 at the left by a bevel-gear
38, carried on a spindle 203, which may be
connected with spindle 27 of the electric mo-
tor, KFig. 3, Sheet 2, or,as shown in Fig. 4, with

a bevel-gear 39, operated by any regulated.

prime mover. The bevel-gear 38 at the side
runs loosely on a pin provided with a handle
200 at the left and secuared at the right in a
central cross 201. This cross is pivoted to
and can freely revolve with handle 200 and
bevel-gear 37 upon the ends of the upper and
lower Spmdles 202 and 203, the bevel-gear 37

remaining in all positions in mesh with the

bevel-gears 36 and 338. The handle 200 can
be secuired by a set-serew 204 upon a station-
ary arc 205. This arc is in this case a com-
plete circle, which is secured at the right in
jaws attached to frame C’, the circle being
shown in section at the left in the shank of

-handle 200 and at the right in the jaws on the

rame. T'he parallellines show the continua-
tion of the same circle beyond the section.
By means of this arrangement, (marked as a
whole S,) and which in this form will be recog-
nized as a modifieation of the familiar* 3:1011-
in-a-box,” the angular position of any point
on gear 36 may be changed in relation to that

of any point on driving-gear 38 by simply

swinging the handle 200 around on the cen-
tral spindles 202 and 203 as far as practicable
without interfering with the frame C’, which

“action 1s evident if we suppose gear 38 to be

held stiil ané
course it wi

gear 306, and if all tlle oears are in motion an
addl‘uonal movement will be transmitted by
handle 200, as well as if 38 were at rest. The
change of the angular position of the bevel-
gear 36 1n relation to the driving bevel-gear
38 will also be transmitted through pinion 1
to wheel G, driving the comparator-disk I,
and by properly proportioning the gear-
wheelsthe comparator-disk I may bechanged
in angle through an entire revolution by op-
erating the handle 200, though this would re-
guire that the pinion I berelatively larger in
relation to wheel  than shown in this par-
ticular view. This apparatus, as w*ell as that
operated by the lever Il in TKig. 2, bheet]
(Sec., 10,) wiil be referred to herein as “an
cgular adjusting apparatus” (designated as a

the handle 200 moved, when of

whole S) and embodied as an element in sev-

eral combinations.

Section 11. The customary position of the
compamtor—ease E 1s shown in Fig. 3, Sheet
2, in which the rate of the ba,la,nee would be
tested with the movementon the flat with the
face or “bezel down,” as shown in Ifig. 2, Sheet
1. To test the rate on the flat “ bezel up,”’ it
1s simply necessary in this particular appa-
ratus to withdraw the drawer D and turn it

over, as the parts are so proportioned that | vided with drawer-openings of proper size to

lamp for illumination,

11 through gear 38 revolve the

drawer in cither flat position of the move-
ment. To provide for testing in vertical
positions, the case K, as shown in Fig. 2,
Sheet 1, 18 secured to a %pmdle 1, Wthh
swivels in an eye in the end of a curved sup-
porting- -arm J, which, as shown in Fig. 3, Sheet
2, SWINgs throuo‘h an arc of ninety dewrees 1n
COl‘IG‘%pOHd]I]G curved brackets in the top of
a frame C, provided with screws or other
means to secure such curved arm J in either
extreme position. In the position shown the
spur-teeth on wheels I and G are in gear; but
when the arm J is swung around 1ts center
(at the junction of the pltch circles of the
spur and bevel gears) through an arc of
ninety degrees the bevel-gear teeth on pinion
I engage mth those on G in the position of

the dotted lines, the spindle 2, supporting

comparator-case E becomes homzont&l, and
the spindle of the case may be turned in 1ts
bearing in the boss on the end of curved arm
J, SO that the position of the movement will
correspond with pendent up or down or right
or left, the customary positions used in test-—
ing watche&, in vertical positions, and com-
parison made in either position without other
adjustments except as to the location of the
which must be ad-
justed for each p051t1011 unless hung on the
apparatus or in the form of a gas- ]ut or elec-
tric light with connecting flexible pipes or
wires. T'he provisions for circulating air,
hereinafter described, can readily be fmdapted
to all the changes of pOSlthl]
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Section 12. TO provide for temperature ad- -

justments air-nozzles & i are provided on the
comparator-case K, in one of which air,either
hot, cold, or of medmm temperature, may be
blown throunh a condueting-hose and pass
out of the other' either thounh a conducting-
hose orinto the room. bueh an opemnﬂ-——_—far
instance *—may be in the handle ¢ of the

drawerD. Insomecases, however, 161s better

not to blow the air directly on the movement,

‘but rather to produce and maintain the de-

sired temperature by conduction through the
metal of the drawer. TFordelicate movements
the drawers may be made practically ailr-
tight and the balances viewed through glass,
or in any case the case and seasoning-cham-
bers may have hollow walls, between which
fluid of any kind at a regulated temperature

may be circulated to produce and maintain
the desired temperalure in the case and
chamber. In adjusting the temperature it is
proposed to maintain “the movement at the

desired temperature by circulating air of that

temperature through the case K, When by ob-
serving the rates at two extreme tempera-

tures and any intermediate temperature de-

sired the balance may be adjusted to corre-

spond and tested again and again until made

satisfactory. In pmctme it is proposed to
erect near the apparatus three or more cases
of drawers K, K, and IKK*, Fig. 8,Sheet 4, pro-
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- receiver drawer D, Fig. 1, Sheet 1, and to pro-
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vide a sufficient number of drawers to cn-

urely fill the openings, also one spare one to

contain the movement actually undergoing
test. The cases of drawers are to be main-
tained at the different temperatures it is de-
sired to employ—forinstance, severally at40°,
70°,and 100° Fahrenheit. In Fig. 8, Shect 4,
M and M’ represent pumps or fan-blowers,
one M drawing air over ice in a chamber N
through an inlet N% the other M’ drawing air
over a stove or heating-coil in a chamber N’
through aninlet N2 The outletsof the blow-
ers are connected by suitable pipes and

branches provided with valves n 2/ with

equalizing-chambers O O’ O which are sev-
erally connected by discharge-pipes p p’ p?
with the cases of drawers I{ KK’ K2 and such
cases are provided with outlet-valves ¢ ¢’ ¢~
In operation cold air discharged by the
blower M and hot air discharged by the
blower M’ can by regulating the valves n »’
be mixed in any desired proportion in the
right-hand compartments of the chambers O
O’ 0% and be passed through screens or de-
flecting-plates to the main portions of the
chambers, and from there be conveyed
through the pipes p »” p* to the several cases
of drawers K KX’ IX% It is proposed to make
the partitions between the drawers of cases
in skeleton form, so that air blown in the
cases can circulate over the entire surfaces of
the drawers and finally escape by the outlets
q ¢’ q°. For instance, O may be thehotroom

connected to case I and-sufficient hot air ad-

mitted {o maintain both at a temperature of
100°. Similarly room O’ and case of drawers

K’ can by properly mixing the air be kept
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comparator-case I.

at a temperature of 70° and room O? and
case of drawers K* can by supplying a suffi-
cient quantity of cold air be maintained at a

temperature of 40°. The hot air discharged

-at g orcold airat ¢°® may in turn be conducted

through a hose fo the inlet % of the drawer E,
Kigs. 1 and 2, Sheet 1, and return from outlet

k" of such drawer through a hose to the sue- .

tion of the proper blower to prevent waste of
heat or ice, or the return may be omitted and
the circulating air be allowed to escape into
the room through one of the branches & on
This case may receive
airat an intermediate temperature of, say, 70°
by connecting the same with outlet ¢’ or to
any point on the pipe p’ leading from cham-
ber O'. Evidently, also, the desired tempera-
ture of comparator-case E may be obtained
by direct connection to such one of the rooms
O O7 0% as ismaintained at that temperature

~or to any of the pipes or connections leading
thererefrom. '

Section 13. The temperature of the air cir-
culated through case E, Fig. 1, may be ascer-
tained by inspecting a thermometer / of any
kind inserted in such case. To prevent dis-

comfort in handling the comparator-box E,
. Fig. 1, Sheet 1, Fig. 3, Sheet 2, and to prevent
too rapid change of temperature due to ex-

|
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posure to the air, such box or any of the ap-
paratus desired may be covered with non-
conducting material—for instance, in the
space inclosed by the dotted lines surround-
Ing box K in Fig. 3, Sheet 2. -
Section 14. The temperatures may be main-
tained at the desired point in the chambers
O O’ O*byautomaticapparatus of customary
form—such, forinstance,asisused in hatching
devices. One method of doing this is shown
in Fig. 9, Sheet 4, in which n* represents one
of the valves n n’. A simple butterfly-valve
n° is provided in the same pipe, and may be
operated through an external arm by a crank
on a shaft 20, which is given a tendency to
revolve at the top from right to left by any
motive forece—for instance, the weight 24,
shown connected to a drum on shaft 20. An
arm 21 on this shaft 1s detained 1n the posi-
tion shown by the armature 22 of an electric
magnet 23, so that in the position shown the
valve 7% is closed. 24 represents a bimetallic
plateorthe end of the curved tube (filled with
fluid) of a metallic thermometeroranyequiva-
lent device in which motion is caused by
change of temperature, such device being dis-
tinguished herein in generalasathermometer
or bimetallic thermometer, though no scale
1S required if adjustment be made with an or-
dinary thermometer. In the arrangement
shown 24 moves in onedirection for heatand
in the other foreold. Inonecase,through the
electric connections indicated, it closes an
electric circuit to move the armature of elec-
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tro-magnet 23, thus releasing arm 21 and al-

lowing shaft 20 to revolve half a revolution
until arm 21 thereon is detained by the arma-
ture 26 of an electro-magnet 25, and thereby
opening valve n° and in the other case clos-

Ing an electric circuit to electro-magnet 25

and causing armature 20 to release arm 21
and permit the motive force to close valve n?
again. DBy placing a bimetalliec thermometer
24 in each of the equalizing-chambers O O’
O?a number of combinations may be made to

adjust the temperature of each as desired.

For instance, in the hot-chamber O the valve
n, admitting cold air, may be nearly closed,
and the valve n/, admitling hot air to that
chamber, be operated by apparatus similar

to that described, governed by a bimetallic

thermometer. A similar arrangementwould
answeralso for the equalizing-chamber O for
the intermediate temperature; but evidently
this temperature can be maintained in sum-
mer, when the temperature is higher than
707, by simply admitting cold air through
a valve n under the control of a thermometer
to keep the temperature down, when Dy
placing the ice-chamber well above the point
where the cold air is to be delivered such air
will fall by gravity and circulate throughout
the apparatus without a blower. In winter,
when the normal temperature is lower than

that desired, the temperature can be main-

tained by simply admitting hot air under the
control of a thermometer through a valve
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n’ to keep, the temperature up, and if the | the work-bench of each operator on this class

heating devices are sufficiently below the
point where the hot air 1s to be delivered
1t will cirenlate without a blower. In either
case the air can be drawn through the appa-
ratus by a heated chimney. Regulation of
heat may also be made by shutting off a gas-
jet or closing the damper of a furnace heat-
ing the air to be circulated. Similar meth-
ods of operation may be employed when the

~out-door temperature available is extreme for

elther of the other equalizing-chambers. Or-

dinarily to maintain the low temperature in

chamber O° it would be found most conven-
lent to admit a small quantity of warm air
by regulating the valve n” by hand and then
operating the valve n, admitting cold ailr
through apparatus governed by a thermome-
ter in the chamber coupled and arranged so
that as the temperature rises cold air will be
admitted and as it falls will be excladed. In
other cases evidently two Dbimetalli¢c ther-

mometers may be used in each chamber, one

connected to the hot-air inlet and arranged
with suitable apparatus to admit hot air when
the temperature fails below a certain point,
the other thermometer arranged to govern
the cold-air inlet and to adiit cold air when
the temperature rises above a certain point,
and if the two thermometers are set with a
slight difference the temperature will be main-
tained at some mean point. The arrange-
ment of equalizing-chambers O O’ O* would
be used also in connection with the testing
of clocks for temperature, the pipes p p’ p°
being led to cases or rooms in which the
clocks are located, as described hereinafter.
The general arrangement herein described
for circulating air at a regulated tempera-
ture through comparing-chambers or other
fluid at a regulated temperature through hol-
low casings surrounding such comparing-
chamber,though in detail verysimilar to ap-
paratus used for heating and cooling rooms
for other purposes, introduces, when applied

to the regulation of clocks and watches, as

described, a novel system of great advantage.
Heretofore watch-inovements have been put
alternately in hot and cold chambers, {from
which such watch-movements were necessa-
rily removed to the work-benches of the op-
eratives or adjusters in various parts of the
building, or at every point where watches
were adjusted furnaces and refrigerators were
necessarily located. "With this arrangement
there need be but one general arrangement
for heating, and in connection therewith ap-
paratus forrefrigerating the circulating fluid,
all of which can be located in or near the
room supplying the power and be attended to
as part of the general apparatus, like the en-
gine, the heating apparatus, the electric-light
apparatus, &e., and from such apparatus for
circulating fluid at a regulated temperature
pines be conducted to any part of the build-
ing where it is desired that testing operations

nets 32,

of work—Tfor instance, to each comparator
of a secries shown in fragmentary view in
Fig. 5, Sheet 2, and a more detailed view of
one of which is shown in Fig. 3 on same sheet.

Section 15. In operation all the drawers

would be in place in the several cases K K’ K?

‘and one spare one be provided, so that if ad-

justments of movements running in the cold
were being made in a particular comparator
the drawerremoved from the comparator-case
E would be put in place of oneremoved from
the drawer-case 53, -which latter would be put
in the comparator-case and the movement
tested. The comparator-case would at that
time be connected with the case of drawers
from which the movements were being taken.
This operation would be repeated for each
temperature desired and adjustments made
between the trials. If movements were sent

away foradjustments, necessarily spare draw-
ers or stoppers would be put in place of those

removed from the drawer-case. |

Section 16. Inthelower partof Iig.8,Sheet

2, is represented an electrie motorfor operat-
ing the comparator-disk through the gears 1
and G previously described. The spindle ot
the pinion I runs through alongbearing con-
nected rigidly to the upper part of frame C,

and such spindle conneects in a yoke 26 with

a hollow governor-spindle 27, provided with
a lower bearing in the cross-barof the frame.
The yoke 26 is secured to spindle 27 and car-
ries governor-arms 28 28, provided with short
arms turned inward and connecting with a
sliding sleeve 29, which sleeve, through a pin
moving in a slot in spindle 27, connects to a
regulating-spindle 75, extending through the
oovernor-spindle 27 and below the bottom of
the same and bearing upon the short end of

a lever 29, which at the other end is provided

with a metallic point 30 to open and close an
electrie circuit. 31 31 are fixed electric mag-
nets, and 32 32 electric magnets revolving

yéy )48)

with spindle 27. 83 33 are brushes insulated
from the frame, with their free ends bearing

on a commutator 34 on spindle 27, arranged

in customary ways to make and break the
current passing through the revolving mag-
The current from the electric bat-
tery 76 passes through the coils of fixed elec-
tro-magnets 31, thence through the left-hand

brush 33 tothe commutator 34, thence through

the coils of the revolving electro-magnets 52,
and out upon the brush 33 at the right to the
point 30 on lever 29,and theoperation issuch
that when the speed of the apparatus slacks
the bhalls 28 28 of the governor will fall to-
ward the center, lifting the governor-spindle
28, so that the point 30 will be depressed and
come in contact with fixed point 35 and. close
the circuit, when the electric engine will in-
crease its speed until the balls 26 again move
out and break the circnit at 30. The height
of the point 35 is made adjustable to permit
slight variations of speed by varying the
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of suspension. In the lower part of IMig. 34,
Sheet 1, 1s shown an apparatus to be con-
nected to a prime motor and used as a sub-
stitute for the electriec motor shown in Figs.
s.and 5, Sheet 2. ) is an inclosure for the

governing apparatus corresponding to that.

similarly designated in Fig. 5. In TFig. 34
there is, as in Fig. 3, a governor with balls 28,
mounted 1n a yoke 206, secured to a hollow
spindle 27. Theballs are provided with arms
turnedinwardlytooperateacentral rodorspin-
dle 75, and the yoke 26 is connected to a shaft
70, which may be connected to any apparatus
1t 18 desired to operate—for instance, that
shown in Fig. 34 or the spindle of pinion I in
Fig.3. In Xig: 34 the spindle 27 is continued

downward and arranged to turn freelyinside

a sleeve 80, secured to a bevel-gear 81. The
sleeve 80 of gear 81 1evolves in a bearing
in a frame 79. The bevel-gear 81 is kept in
motion at a speed which should at all times
slightly exceed that to be given the governor-
balls 28 by a prime motor of any kind from

which motion is to be transmitted in any me--
chanical way—for instance, through a bevel- .

gear 32. A disk 83 is earried by adjusting-
nuts 84 on central spindle 75, and is by a
splined or square rod and hole arranged so
as to turn therewith and yet permit longi-
tudinal motion from the adjusting-nuts S4.
The upper part of spindle 75 carries a driv-

‘Ing-pin 7§, running in a siot in the hollow

spindie 27 of the governor. In operation,
when the speed of the governor is reduced
the balls fall, pulling up the central spin-
dle 75 and bringing disk 83 in contact with
the under face of the bevel-gear 81, which
imparts a certain degree of motion by frie-
tion to the disk, spindle, and governor until
the latter is brought up to speed or a trifle
higher, when by the expansion of the balls
28 the disk 83 is released from contact with
wheel 81. In practice the balls will generally
maintain a position so that the pressure of
the disk 83 on bevel-wheel 81 will be just
sufficient to drive the governor to speed.

T'he shaft 70, operated by the governor, may
carry vanes 77 to act on the air and produce
a slight resistance to steady the apparatus,
and, 1f désired, a fly-wheel like 44, Tig. 5,
oheet 2, may also be used. FEither form of
apparatus above described will be found con-
venisnt for obtaining motion at a regulated
speed, though any other regulated prime
mover—such as a steam-engine with a deli-
cate governor—may be employed. Suach an

.apparatus 18 referred to in general herein as

a “regulated prime mover,” and designated
as a whole R.

Section 17, Ifig. 4,Sheet 2, also shows a part
of a modification of the driving apparatus of
a revolving comparator, designed to operate
several machines from the same prime mo-
tor. The wheel 39 may connect to pinion I
and comparator-disk I either through the

Jack-in-the-box arrangement shown in Fig. 4,

| nected directly to the spindle of the pinion I

in Fig. 3, where the angular adjustment is
differently provided for. Asshown in Fig. 4,
the bevel-gear 39 15 operated by a gear 40 on
a shaft 41, corresponding to the shaft of the
same number in Fig. 5, which, as shown, op-
erates a number of machines, of which frag-
mentary views are shown. The shaft 41,
through bevel-gears 42 and 43, is operated by
a vertical shaft carrying a governor regulat-
ing any form of prime motor—for instance,
the electro-magnetic engine shown in Ifig. 3.
44 is a fily-wheel to assist in keeping the speed
uniform. Thegovernor apparatus,independ-
ent of the type of prime mover, 18 preferably
arranged in aseparate room Q keptatuniform
temperature—{forinstance, in the basement of

a building, or provided with connecting-pipes

45 45, connected with the apparatus for eircu-
lating air. (Shown in Fig. 8,Sheet 4.) In this
way a seriesof comparator-disks may be oper-
ated simultaneously at the desired speed from
a prime mover, the governor of which 1s ad-
justed for temperature by running in air of &
uniform temperature.” A uniform air-press-
ure may, if desired, also be maintained by
connecting the chamber Q with apparatus for
securing the same. (Sec. 24.)

Section 1S, Themaximum velocity of an ob-
ject-point on a balancenecessarily varies with
the amplitude of vibration, for the reason that
long and short arcs are made in the same
time.
pared with another balance with the same
amplitude of vibration, the velocities of the
points of reference across the plane of refer-

If the balance undergoing test be com-
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ence will be the same, whereas when a re-

volving comparator is used the velocity of the
comparing - point, without special provision
to the contrary, will be constant independent

1C 5

of the amplitude of vibration and maximum

velocity of the balance which is being com-
pared with 1t. To overcome this difficulty,
means are provided to vary the angular ve-
locity of the comparing-point asit passes the
plane of reference. Such point must neces-
sarily make an entire revolution in the time
of the double beat of astandard balance; but
1ts angular velocity may vary in different por-
tions of 1ts revolution. This can be accom-
plished by placing anywhere in the driving
connections an apparatusfamiliarin the arts,
like that, for instance, used on some machine-
tools and 1n some forms of sewing-machines;
but as 1n the present case the variation in an-
gular velocity must be adjustable at will while
thespindlesand wheelsarerevolving,amethod
of accomplishing the object isshown in Figs.
10 and 11, Sheet 3, in which 59 and 60 are re-
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volving shafts in the same line, shaft 59, car-

rying a disk 61, provided with a slot 62, in
which runs a crank-pin 63 on the end of a
short shaft 64, connected to shaft6Q by a uni-
versal joint 65 and supported at 66 in a ball-
joint bearing adjustable transversely in re-
lation to the disk 61 by a slide 67, operated

or evidently its spindle 203 may be con-|in any customary way—for instance, by ¢
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screw provided with a hand-wheel 68. The
effect is that when the center of the shatt 64
is made to coincide with that of 59, the
crank-pin 63 and attached parts not only
make the same number of revolutions in a

eiven time as the disk 61, but have the same
‘angular velocity throunghout each revolution.

~ When, however, shaft 64 1s thrown to one

10

15

3¢

side, so that the crank-pin travelsin the path
shown by the dotted lines, Fig. 11, the crank-
pin 63 will be movedquite rapidly whennear
the outer boundary of thedisk in the position
63, Fig. 11, and quite slowly when in the op-
posite position (designated 69) near the cen-

ter of the disk.. Apparatus for varying the

angular velocity is designated, as a whole, ],
and so referred to in various combinations.
An equivalent for the same, applicable to a
vibrating pointof comparison,is described in
Section 29 and similarly designated I
Section 19. When an apparatus 'l for vary-
ing the angular velocity is employed, if the
balance be swinging througha verysmallare
atthe time of comparison,the comparator-disk
may be adjusted to run at a correspondingly
slow velocity across the plane of reterence,
and when the balance is swinging through
long arcs in the same time the comparing-
point may by the use of the apparatus be
oiven a greater velocity at thetime of the ob-
servation. The apparatus T can be applied
in Figs. 1 and 2, Sheet 1, by simply lengthen-

. ing out the spindle f of comparator-disk K
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and applying the apparatus between the arm
J and case E, so that the variationin angular
velocity will be made in a fixed relation to the
comparing-point ¢ and not modified by the

means of securing angularadjustment . In

such case a bent arm should beextended up-
ward from the arm J to carry an additional
bearing forspindle fnear the comparator-case

-E, when the two bearings wiil correspond to

those on shafts 59 and 60 in Fig. 10, Sheet 3.
The apparatus T, for varying the angular ve-
locity, can. be conveniently applied anywhere
in the operating connections of the form of
comparator shown in Iigs. 6 and 7, Sheet 5,
yet to be deseribed, providing it be put be-
tween an angular adjusting apparatus S (Sec.

10) and such comparator. When such appa-

ratus T is used to transmit motion to a com-
parator-disk,theconnecting-gearingshouid be
arranged to run at the same or a multiple ot
the speed of the disk,and in general the com-
paring-disk T should either make one full
revolution for each double vibration of the
balance or a number of revolutions in the

same time. So, also,a comparing-point ¢ may

be on a balance making a number of vibra-

tions during the double vibration of the bal-

ance to be compared, so long ineither case as
the view is cut off by a cut-off apparatus V,
yet to be described, (Sec. 21,) at all times ex-
cept when the comparison is being made.
‘Section 20. Figs. 6 and 7, Sheet 3, show a
modification of the comparator illustrated 1in
Figs. 1 and 2, Sheet 1, designed to overcome

. il UM || BT

| an objection to that form of comparator, duo
to the fact that since the axis of the balance

w and of the comparator-disk F do not coin-
cide in Figs. 1 and 2 the velocity can only

that point. In Figs. 6 and 7 the balance w
the plates b b are shown, and the latter at-

which, as shown, ig arranged with its bottom
protruding eccentrically through the top of a
circular comparator-case L', and secured

The holder D’ is, however, provided outside
of case B/ with a handle d? and guides d4 so
that such holder may be turned upside down
S and pushed into a drawer-opening, (the same

as the holder D, Figs. 1 and 2, Sheet 1,) and

tached plate  when the operation in rela-
tion to such holder D’ and its attached watch-
movement I3 will be the same generally as
that for the drawer D, Figs. 1 and 2. The
case E’, Fig. 7, is attached to a hollow sleeve
7', with which it may be revolved in & bear-
ing in a boss on the frame J’. The holder D’
is so set in the case E’ that the axis of bal-
7. Within the sleeve 2" runs a hollow spin-
“dle f*of a comparator-disk I¥’, which is pro-
vided with a comparing-point a, correspond-
ing in size and in distance from the center
with the serew v, forming the object-point on
the balance ©. The comparator-disk EF’ also
carries an arm 46, provided at the end with
a mirror 47, set in the same axial plane as
comparing-point a, which wmirror receives an
image of the points of reference ¢ and v and
transmits it to a central mirror m, also car-
ried by the comparator-disk F’, which re-
flects the image through the hollow spindle
directly to an eye-piece in soie cases, but
generally upon a third mirror 49, where 1t 15
viewed by a magnifying-glass ¢ In an eye-

may form parts of a multiple magnifying-
olass or of a compound microscope. 'T'he
sleeve f*is operated by an attached bevel-
gear 52, operated by a second bevel-gear 53,
the spindle 54 of which is to connect to a
regulated prime mover R, (Sec. 16,) running
at the proper speed through angular adjust-
ment apparatus S, (Sec. 10,) and apparatus
for varying the angular velocity T, (Sec. 18,)
as desired. As shown, spindle 54 has a bear-
ing in a stationary sleeve 55,upon which is
pivoted the arm J’, in which the sleeve 4" of
the comparator-case K’ 1s journaled. The

tached to the arm J’, the result being that the
that the case K/ will carry the face of the

watch-movement B up or down tomake tests
“bezel up” or “bezel down;” or the case E',with

be the same at one point of the revolution of
the comparator and approximately the same
for very limited angles on either side of

to be tested is set in a movement B, of which

tached to the bottom of a eircular holder D',

thereto by clips 206 or other suitable means.

the opening in drawer-case closed by an at-

ance-wheel w0 is in line with that of the sleeve

eye-piece L, with attached tube carrying mir-
ror 49, is shown pivoted at 56 In an arm 57, at-

70

75

30

90

95

102

IOS.

I1O

piece L. The several mirrors 47, m, and 49

115

120

125

130

arm J’ may be turned around the sleeve 55, 80 .
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sleeve ¢/, may be swung around in eye 50 of | interfere with the illumination attheinstant
frame J’ to make tests pendent up, down, | of observation. As before, tubes & and & are
right orleft. So, also,comparator-case E'may | provided for the circulation of air at an y 70
~ be partially revolved with sleeves’ in bearing- | temperature desired in making temperature
5 boss 50 to secure angular adjustment of the | adjustments. | |

- object-point v to the comparing-point ¢, in- Section 21, Many modifications of these
stead of using the angular adjustment appa- | elaborate forms of apparatus are available to -
ratus S (Sec. 10) tobring the comparing-point | perform a part of the several operations re- 75
to the object-point. This method of adjust- | ferred to, in some of which the com paring-

to ment byswinging the comparator-case is not | point makes a full revolution, as has been de-
ot general application as it will change the | scribed, and in others has a vibrating move-

- vertical positions of movement when spindle | ment, as if located on a standard balance.
2" is horizontal, but the swinging comparator- | In the latter case, however,it isdesirable that 8o
""" case is the equivalent of apparatus S when | the comparison onlybe made with the balances

€5 spindle 2" is vertical on either plan shown in | moving in one direction to avoid confusion,
Figs. 6 and 7 or in Figs. 1 and 2. In either | and the means used to accomplish this are
of the positions of the comparator- case B/, | available even in connection with ordinary
Figs. 6 and 7, the eye-piece L. may be set at | vibrating apparatus, and when applied over- 83
various angles by swinging itonpivot 56. In | come one of the principal difficultiesin teach-

zo theoperationof the apparatus shownin Figs. | ing operators to vibrate balances. No con-
band 7 the object-mirror47 revolves around | fusion occurs with the form of apparatus
the pendent movement and in full view of | shown in Figs.1and2, for the reason that the
the balance when not obstructed by the watch- | comparator makes a full revolution for a QO

| movement or other means, as explained here- | double vibration of the balance, and the ob-

25 1nafter. The plane of reference is fixed near | ject-mirror m receives an image of the bal-
the center of the least obstructed space—for | ance only during motion in one direction and
instance, as shown, between the balance- | the view is cu* off during the Teturn move-
bridge and the horn of the back plate of move- | ment, for the reason that the mirror is di- 95
ment—and since the object-mirror 47, carried | rected away from thebalance. In Figs. 6 and

30 by comparator-disk I/, turns on an axis co- | 7 the balance would be in sight when not ob-
incident with that of the balance the image | structed by the parts of the movement, were
In mirror 47 of the object-points @ and v is | it notfor the sereen» shown, which cuts off the
nearly stationary for a larger arc, and com- | view except in the vicinity of the plane of 100
parisons can be more readily and closely | reference. It is proposed in all cases to pro-

35 made than with the apparatusshownin Figs. | vide equivalent means forcutting off the view
1 and 2. itisdesirable, however, tolimitthe | during one vibration,sothat the operator will
view to a portion of therevolution of the com- | only see the points of reference during the
parator-disk when the balance is moving in | other vibration. A method of doing this when 105
one direction and with nearly maximuin ve- | two balances are employed, which illustrates

40 locity. This is accomplished by means of a | particularly the principle involved, is shown
movable ring 7, resting on a ledge in thecom- | in Figs. 25, 26, and 27, Sheet 1, in which, for
parator-case EK’, such ring being provided | instance, ¢ is the standard balance provided,
with a pendent apron ¢, which intercepts or | as is customary, with a hatr-spring, and w the 110
cuts off the view of the points of reference a | balance to be adjusted to run with the stand.-

45 and v, except through an arc 77 7%, where the | ard balance by varying the length of the hair-
pendent apron 1s cut away. The gap thus | spring. Starting the balances together, so
left mnay be adjusted by turning the ringr; | that contiguous screws are movingin thesame
but, as illustrated, the comparator-arms are | direction, ordinarily if v run faster than # a 11 5
supposed to be moving at the bottom from | serew on the same forming the object-point

50 right to left, so thatthe object-mirror 47 con- | which is caused at first to coincide with one
tains a fair view of the balance as soon as it | on 1, forming the comparing-point, would be
passes the balance - bridge and follows it { at the left during a vibration in one direction
around to the plane of reference, supposed to | and at the right during a vibration in the rzo
be where the object-point v is shown in Fig. | other. As all the movements are very quick,

35 6, and the end of the screen or apron 7! can | thiscausesthe greatest confusion to beginners
be adjusted so that the view will be cut off { and some people never caun learn to vibrate.
soon after passing this plane and before the | By, however, providing a screen or “cut-off,”
velocity of the balance is reduced materially. | consisting of a plate V, plane or curved, which 12 5
Thisform of apparatus has many advantlages; | is automatically thrust in the line of sight,

6o but there isan objection to the numberof mir- | during the vibration in one direction and re-
rors necessarily employed, which absorb a | moved so that the sereiws can be seen during
great deal of light. 'The illumination is se- | the vibration in another direction, the diffi- _
cured through an opening 0* by means of a | culty is removed and less skillful operators 13c
lamp_and condensing lens or mirror, as is | may learn to vibrate balances. In the plan

65 found most convenient for use. The arm 46, | shown the plate V'is curved and connected
carrying mirror 47, may be curved in the | by a rigid arm with a pendulum 73 under the

horizontal plane, so that its shadow will not i table timed_to vibrate the same as the stand-
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ard balance. A hook 74 on cut-off piate 72
may be made toengage with a fixed eateh 75 to
keep the plate V out of the way while fixing
a balance in position; but after starting the

balance the catch 75 may be released and the

pendulum will start its V’lblatIOHS, when, if
the operator is sufficiently skillful in makmﬂ
the start, the points of reference will only be
seen when moving in one direction and the
view cub off when moving in the other. The
evident objection to this arrangement is the
skill required to start the pendulum exactly
right after first overcoming the difficulty of
starting the two balances alike.
di: ﬁculty Isovercome by operating the cut-of
plate V by a motor giving the required num-
ber of vibrations per minute through an ap-
paratus S for producing angular adjustment,
(See. 10,) by the use of which the phases of
the movement of the cut-off can be made im-
mediately to so correspond with those of the
balances that the points of reference willonly
be seen when moving in one direetion. Ap-
paratus for this purpose will be hereinaiter
described (Sec. 29) in connection with an
application of the same principle in compar-

ing two pendulu ms or & pendulum and a bal-

ance.
Section 02. A pendulum may be rated for
time, temperature, and barometer on the prin-

ciple stated herein by vibrating it in connec-

tion with a standard pendulum or equivalent

‘in a case, room, or other inclosure, through

which air may be circulated to give the de-
sired temperature and pressure. In IFigs. 28,
29, and 30, Sheet 6, U represents a case for

this purpose containing a standard pendulum-

and one to be observed, and provided with
pipe connections & and £’ for circulating air.

The case may be enlarged to a room in which

clock-movements complete may be set up, and

astandard pendulum or a disk or point mov-

ing synchronously with such pendulum be
caused to vibrate opposite the pendulum of
each movement. A face view of a standard
pendulnm W is shown in FKig. 28 and a side
view in Fig. 29. At the rear of the standard
pendulum W is hung the pendulum X to be
rated, which can be put in place and removed
through a door in the rear of the case. The
standard pendulum W is preferably provided
with an opening through ifs eentel, as shown,

in which issecured a comparing-point a, mov-
ing close 1o the ball of the pendulum ‘{, and
upon the latter a mark v is to be made as an
object-point. An image of the points of ref-

erence a and v 1s formed in an object-mirror

87, secured to the standard pendulum, which
mirror reflects the image upward to another

mirrorm, set oppositethe center of motion,and

the image therein is viewed through an eye-
plece L, provided with a mag mfymg-glass e, as
in other cases. Alamp for illumination is Pro-
Theraysarereflected
and concentrated by a condensing-lens o’ on
the points of reference. A pane of glassto ob-
serve the operations from the front is repre-

The fir St |

Fig.
‘illuminating - beam, and thereby darken or

"movement in one direction.

sented at 86. A thumb-piece 89, operating a,
rock-shatt carrying a bent wire 8§, is used to
start the two pendulums together. Kvidently
asthe two pendulums vibrate an 1image of the
comparing-point ¢ and mark on pendulum or

object-point v will be seen in eye-piece L, the

point in focus on the same appearing station-
ary and points at a distance appear to be

11

70

15

moving slightly in radial lines around the

same, so that any variation in movements in

the two can be readily detected, except that
the point which is faster will be at the right
of the other during the vibration in one di-
rection and at the left during the other, in-

troducing the same kind of confusion referred
to in Seetlon 21 with reference to vibrating

To obviate this diff]

balances.

culty a cut- off

YV is provided in the form of a disk attached
to an arm swinging on an arbor 90, which

also carriesa fork 91,operating in connection
with a pin 92 on the arm 93, carried by a
spindle 94, receiving motion through a erutch-
rod 95 from the standard pendulum. 96 96
are small weights, which act as would their
equivalent, a small weight above the center,
to counterpoise the cut-oif disk and to shift
the center of gravity, sothatthecut-off V will
remain in either direction when shifted b
the pin and fork. The cut-off V is so ad-

width of fork and other parts so proportioned

that as the pendulum when moving to the

right passes mid-position the pin 92 will, as
shown engage with the fork 91 and swing the
cut-o Toppomtethe point of suspension, Whew
it will remain until the pendulum returning
from the right has passed the center of its

movement to the left, when the pin will again -

engage with the other side of the fork and
shift the cut-off V back to the position shown
by the full lines, where it will remain while
the pendulum completes its movement to the
left and passes its middle position in moving
to the right. The effect is that the cut-off V
1s interposed in the line of sight between the
piece L and mirror m, catting off the view as
the pendulum passes mid-position in one di-
rection, but is swung away, leaving the view
unobstructed asthe pendulum passesthe cen-
ter in the other direction. The cut-off may
be arranged to cut off the line of sight peri-

odically either where the same runs horizon-

tally, as shown, or where it runs vertically to
the other mirror. An equivalent effect can
also be produced when artificial illumina-
tion 18 used, as shown in this case and in
1, by having cut-off plate V cut off the

in effect cut off the line of

sight during the

A modification
is shown 1in Ifigs. 81 and 32, same sheet, in
which a disk V’, mounted on an arbor 90,
1s given a tendency to move to the right by
a train or other means represented by a cord

8o
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cruteh- 10(1 95 fmm the rod of the standard
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an ordinary escape-wheel.
provided with openings 99, so arranged in con-
nection with intermediate spaces in the face
of the wheel that the image in mirror m will
be seen from eye-piece L as the pendulum
moves in one direction and the view of such
image be cut off as the pendulum moves 1in
the other., The operation ison the same prin-

ciple as described in relation to watches.

The pendulums being started together, it will
soon be seen whether pendulum X is vibrat-
ing faster or slower than W, and at normal
temperature the height of the ball on X would
be shifted to ehann‘e therate. Dycirculating
hot and cold air thronwh pipes k and & the
rafes at different temper tures may also be
observed and devices for securing compensa-
tion of temperature (not shown) adjusted to
correspond with the observations. Similarly,
if the pendulum X be erected in connection

with a movement and compared, adjustments

for barometer may be made by changing the
pressures of the air admitted at or & at con-
stant temperature. Hvidently a balance
shown in dotted lines at 2, Fig. 29, Sheet 6,
may be rated by comparing it with the motion
of the comparing-point a, or the balance may
be the standard and the point a or equivalent
be carried by the pendulum to be rated.
Section 23. A series of pendulums may, if
desired, be hung in a large box or room and
rated with comparing-points moved synchro-
nously with a standard by an external force,
which may also operate the cut-offs. Iig. 03.
Sheet 6, shows an arrangement for this pur-
pose. U+ shows a corner of the room. 100
represents a shaft operated by any regulated
prime mover R, (Sec. 16,) and through a
‘““jack-in - the - box ” gearing or any .:Lﬂﬂ‘lllal
adjustment Elpp&l“atllb S (Sec 10) opemtes
through driven wheel 109 and shaft 102, di-
rectly or through bevel-gears, the crank-disk
103, which, by means of a connecting-rod 104,
bell-cranlk 105, and jointed rod 1006, operates
the lower ends of dummy comparator-pendu-
lums W’ W/, provided with comparing points
¢. A connection 107 leads off atright angles
to 104 from the same or a similarly-set crank
103 and moves a rod 1038, which carries cut-
off targets V V, which are moved in front of
the comparing-points a as the comparator-
pendulums W’ W7 swing in one direction and
to one side as such points are swung in the
other direction. This arrangement 1is de-
signed for- direct comparison without. the
mirrors shown in IFig. 29, same sheet. If
such mirrors be used, the dishs YV would sim-
ply be operated mechanically across.the line
of sight in the position of V, IFig. 29, or at any
point where the line of sight would be inter-
rupted thereby—ifor mstance on a line be-
tween mirrors m and 87, or in this or other
applications, so as to obstruct the illumina-

tion from mirror O’ or equivalent. This mech-

anism is intended to be operated i1n connec-
tion with the pendulums of ordinary clock-

451,181

This wheel V/ i3 [ lums W/, and the comparator-point a of the

particulardummypendulumthenin usewould
on commencing the comparison be made to
coincide with an object-point mark on the
pendulum of the clock being compared by
means of an angular adjustment apparatus
S, the comparison made, the rate adjusted by
the operator or an attendant, and another
pendulum operated upon while the first is at-
taining a steady rate. A somewhat similar
arrangement is shown in Fig. 34, Sheet 1,1n
Whlch a rotary motion is given to a series of
cut-oifs or comparators from a prime motor
below upward through an angular adjust-
ment apparatus s, shown in the j&ck-in-a-box
form and provided with a rod 102, (to be con-
nected at right angles to the position shown,)

carried along the face of the cases, so that it

can be operated at any point. DBoth ecompara-
tors and cut-offs may be included in the ap-
paratus as before. At 190, Fig. 34, a clock-
dial movementis shown operated by the com-
parator-gearing, which should indicate the
same time as a standard clock. In this fig-
ure pendulums which may or may not be
erected with clock-movements are shown ar-
anged in different rooms, one of which may

‘be used as a hot room and the other as a cold

room, alternately, £ being the air connection S,
as in other cases,

Section 24. To provide for testing clocks
and, 1f desired, watches under different, baro-
metuc COIldltIOHS the comparator-chamber
may receive air y ‘ﬂth a plenum of pressure
from a chamberkept under constant tempera-
ture by connection to the outlet of a blower
M or M’, Fi
chambercan bearranged to receive a reduced
pressure or partial vacuum by connection to
the inlet of such a blower, each connection
being provided with a valve for automatically
regulating the outflowin one case and the in-
flow in the other. The valve first above re-
ferred to may operate on the principle of a
check-valve loaded to the pressure desired,
and the valve in the second case be provided
with a weight tending to open it, but which
will permit it to shut when the pressure is
reduced below the point required. In such
an apparatus the actual pressure will vary
with the atmospheric pressure at the time;
but this may be overcome by operating the
valves referred to by a large aneroid barome-
ter placed within the pressure-chamber. A

speclal arrangement for regulating the press-

ure is shown in Fig. 85, Sheet 7, in which U3
represents a section of a chamber in which
the pressure or any other tests desired are
made, such room being arranged to receive
any desirable number of clock or watch
movements, of which 228 represents a clock
with pendulum 229.
room 1s represented the special machinery
for regulating the pressure. O’ represents
one of the rooms shown in Fig. 8, Sheet 4,
maintained at a constant temperature, the air

movements placed behind the dummy pendu- | from which, under the pressure of the blow-

g. 3, Sheet 4; or the comparator-
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ers M and M/, is conducted through a pipe

200 to the port 214 of the chamber of the valve
222, If the pressure from the blowers M and
M.’, Fig. 8, 1s insufficient, another blower 210,
Kig. 35, Sheet 7, may be employed to draw
the air from the chamber O’ and deliverit to
214. 211 represents a suction-blower. dis-

charging into the air, which, through a suit-

able pipe,is arranged to produce suction in a
port 215 of the same valve 222. Thisvalveis
so arranged that ports 213 and 214 are closed
at the same time. 213 is opened into the
chamber U°® by an upward movement of the
valve, and 214 opened into the same chamber
by a downward movement of the valve. 217
represents an aneroid barometer of the mul-
tiple-diaphragm type, the internal vacuum
being balanced by weights 218, and in part,
through an adjusting-screw, by a spring 219.
The barometer, as shown in outline, operates
the short arm of a lever 220, which, at the end
of the long arm, is articulated to connection
221, operating the valve 222, In operation,
weights 218 and spring 219 may be adjusted
so that the valve 222 will stand in mid-posi-
tion at any desired pressure within the limits
of the apparatus, (shown by a mercurial or
other barometer 225 in same chamber,) when
1f the pressure in chamber U® rises the dia-
phragms of barometer 217 will be compressed,
thereby raising valve 222 and putting the
chamber in communication with the suction-
blower 211,80 that the excess of pressure will
escape. .1f, on the contrary, the pressure fall,
the diaphragms of barometer 217 will not sus-
tain the load imposed by weights 215 and
spring 219 and the valve 222 will descend and
air be admitted through port 214 to restore
the normal pressure. It the blowersbe capa-
ble of producing a suction or pressure vary-
ing two inches from that of the atmosphere,
comparisons may ordinarily be made in ¢cham-

‘ber US, between the limits of about twenty-
-eight to thirty-two inches of mercury, which

is more than will customarily be required
in practice. Inorder to insure a draft of air
from the chamber O at all times, a certain
amount of air is to be admitted to chamber
Us through a pipe 215 or equivalent, regu-

lated by a cock, and a certain amount, of air |

is also to be drawn out of chamber U°through
a pipe 216, also regulated by a cock, which
pipe is carried to an extreme point in the
chamber, so as to insure circulation, when evi-
dently at all times, even when the barometer
inside the case isset. to exactly the same press-
ure as the air outside, the pipes 215 and

216 will produce circulation to maintain the

temperature, for the automatic arrangement
will require the blower 211 to draw oul
through pipe 216 and port 213 as much air at
least as is forced in through 215. A very
small barometer 217 may be used to cause

the movements of the lever 220 or other con-

D)

et g

necting part to operate the valve indi-
direetly—for insiance, by means of a screw

operated by a prime mover through the fa-

il

‘miliar “mill-governor;” or the lever 220 may

touch electric points, so that the valve 222

will be operated by electricity, as in the mech-

anism shown in Fig. 9, Sheet 4, (Sec. 14.)
So, also, a float 224 may be placed in the short

leg of a mercurial barometer 223, connected

electrically to a battery to form a “ground”

and, through an arm 225, touching one or the
other of the adjustable contact-points

did el

227, complete electrie circuits through mag-
nets, (substantially in the same way as the
thermometer24in Fig. 9, Sheet 4,) and thereby
operate the valve 222, Fig. 35, in the same
way that valve #°is operated in Kig. 9; or

‘the mechanism in Fig. % may simply operate

the clutehes of a mill-governor, which through
a screw or equivalent operates the valve 222

‘more gradually. TFor tests of pressure above
the atmosphere evidently the blower 211 may

be omitled and the discharge from port 213

be directly in the air, and for tests below the

pressure of the atmosphere only blower 211
is necessary, and air can be drawn through
214 from any source. One blower can evi-
dently at different times be arranged to pro-
duce either suction or pressure at the point
desired, or any form of pump may be used
instead of either of the blowers described or
shown in either of the figures. It isevident,
also, that the blowers M and M/, Iig. S, Sheet

oY

70 -

75

8o

0C

95

4, may be omitted by connecting the pressure .

side of a single blower to both the nozzles N*
and N2 the suction of such blower being con-
nected with the external air. -
Section 25. Parts of the several operations
possible with the complete forms of appara-
tus shown in FFigs. 1 to 6, inclusive, Sheets 1,
2, and 3, may be accomplished with special
machines embodying such portions of the
prineiples as are applicable to the operations
desired to be performed. - Figs.19,20,and 21,
Sheet 4, represent poising apparatus,? being a,
standard balance,and v a balance of which the
hair-spring is to be made the right length to
cause the balance to vibrate with the standard.
In Fig.20 asmall collaron the staff of thestand-
ard-balance ¢ carries through a bent arm a
mirror m above a narvow bridge 110. Anim-

age is made in this mirror of the comparing-

point @, attached also to the standard bal-
ance, and of an object-point v on the balance
w, which image is viewed through an eye-
piece L, being magnified by a lens ¢°, which
may be a prismatic lens, as shown, if’ desired
to bend the line of sight-to one side for con-
venience. The standard balance in this case
carries a pin 112, operating in connection
with a fork on a lever 113, to vibrate a staff
114, provided at its upper end
115, carrying a screen or cut-off V in the line
of sight to mirror m; or, if the mirror be omit-
ted and the points of reference be viewed di-
rectly, the cut-off may, as shown in dotted
lines in Figs. 20 and 22, Sheet 4, be extended
to V3, so as to move over the space between

the balances and obstruect an opening in a

cover-plate 116, through which the points of
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reference on the two balances may be scen
direct if caused to movo through very small
arcs.

u are placed at the same level and the points
of reference viewed through an object-mirror
117 and a mirror m at the center. Both mir-
rors are carried by an arm 118, pivoted over
the axis of the standard balance and operated
through a connection 119 by a regulated prime
mover R (Sec. 16) through an angular ad-
Justment apparatus S, (Sec. 10.) 1. repre-
sents a fragment of an eye-piece, and V a cut-
off operated through a rod 120 from the same
prime mover. KEvidently the mirror m in
Fig. 20, Sheet 4, may be operated in the same
way as the corresponding mirrorimin Fig. 23,
same sheet, or vice versa, and the cut-off in
either case can be operated the same as in
the other. The vibratory motion of the arm
119 and the proper movement of the cut-off
V may be secured through the intervention
of an apparatus like that already described
in relation to the adjustment of pendulums,
and such an arrangement is shown in con-
nection with Fig. 33, Sheet 6. In this case
rotary motion is imparted by a prime mover
R (Sec. 16) through an angular adjustment
apparatus S to the crank-disk 103, which
gives motion in manner previously described
to rod 106 to operate standard object-points
and to rod 108 to operate independent cut-
offs. The rod 106 may connect directly to
rod 119, operating one or more arms 118,
corresponding to arm of same designation in
Kig. 23, or rod 106 may be articulated to and
operate a swinging lever 142, Fig. 33, pro-
vided with a slotted epening in which a pin
in the end of connection 420 may be raised
or lowered to vary the amplitude of move-
ment, and through connection 119 the angles
through which arms 118 are swung. (See
Sec. 28.) The cut-off rod 108 may directly
or through a lever shown operate a rod 120,
carrying cut-off disks Veorresponding to those
similarly designated in IFig. 23, Sheet 4.
vection 26. In TFigs.-13 and 14, Sheet 5, ¢
and « are the two balances, as before. A
light arm 126, attached to the standard bal-
ance ¢, carries an object-point « opposite the
screw v, forming the comparing-point of the
balance u. The arm 1206 carries also at the
center of motion a mirror m, in which an im-
age of the points of reference is formed and

viewed through the inagnifying-glass ein eye-
piece L. 128is a screen to cut off light from

the sides and is notched to receive a cut-off
Y, which isoperated by an arm on a staff 114
by means of a lever 113, as in Fig. 20, Sheet
4. A feature of this construction is that the
balance to be tested is placed in a drawer W7,
which carries a block surmounted by a bent
narrow bridge 129, which rests at one end on
a round support 130, at the other on the point
of a set-screw 131, and is held down by a
spring-button 132.. 133 is a lever operating
a rod 154, with end bent down and operating

A modification is shown in Fig. 23,
same sheet, in which the two balances ¢ and

Ing apparatus S, (See. 10.)
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in connection with a stationary point to form
a pair of jaws 135 to take the place of a stud.
By operating the lever 133 the rod 134 is

‘moved, opening the jaws and releasing the

hair-spring, so that it can be shortened or
lengthened and subsequent observations
taken on another screw, or the collet turned
a little on the staff to bring the comparing-
point opposite the object-point at the position
of rest.

The base-plate W earries the stand-

70
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ard balance ¢ and bridge 109 of same, also

cut-off staff 114 and an arm 127, support-
ing the eye-piece L. The balance u being
carried by the drawer W7, the latter can be
pulled out of the machine and a new balance

put in place without disturbing the parts

above mentioned, the spring-catch 132 releas-
ing or securing the bridge by a single move-
ment, and end shake being regulated by set-
screw 131. Fig. 18, same sheet, is a modifi-
cation of devices shown in Fig. 13, in which
the light arm 126 has two branches, one car-
rylng an object-point a below the comparing-
point v on the other balance, the other carry-
ing an object-mirror n, which reflects the im-

~ages of the points of reference to a field-mir-

ror m at the center, where it is viewed as be-
fore. The operation in either case would be
substantially the same as deseribed in rela-
tion to other figures. -

Section 27. Fig. 15, Sheet 5, is still another
modification, in which ¢ and 1w are the bal-
ances, as before, the latter being horizontal,
so that the spring may be conveniently held
by fixed or hand pliers, and the other verti-
cal,so that the line of sight may be at a point
Iintermediate between thetwo.
carried atthecenter of motion by a revolving

spindle 137, operated by the gearing shown
or in any mechanical way from a regulated

prime mover R (Sec. 16) and angular adjust-
The 1mage of the
points of reference 1s viewed by a magni-
fying-glass ¢ in an eye-piece I, as in other

cases, though in this case the magnifying-

glass 18 arranged so that it may be adjusted
to and from the mirror tosuit the eyesight of
the observer. The operation of the mirror
m 18 like that of the mirror m in Fig. 1,
Sheet 1, with the advantage that the motion

of the two balances 1s more nearly concentric

and the departures from the line of sight are
the same for each, so that there will be less
difficulty in determining their angular de-
parture fromeach other. T'o keep the points
of reference a longer time in the field, the
mirror 7 18 made cylindrieal transversely to
the plane of reference, the effect of which
is that the lateral components of the move-
ments of the pointsof reference (to and from
the eye of the observer in the drawings) are
reflected to the magnifying-glass in the eye-
piece without distortion; but the components
showing the departure of such points from
the plane of reference are reduced in the im-
age on account of the convexity of the mir-
ror, and the field of the latter is thereby in-

™ is a mirror .
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creased.
moving angularly through ninety degrees, so
as to appear opposite thecenter at 139, would
without this provision have shown a motion
5 through the projection of the semi-diameter

of the balance and be out of the field with
proportions shown; but on account of the con-

vexity of the mirror its image will bereflected
at the point 140 nearer the center of the mir-

10 ror than a correct projection, and therefore

in the field. A similar movement of the com-
paring-point « will be also transmitted nearer
the center on the other side of the mirror,
where 1t will be seen in the object-glass. A

15 modification is shown in Fig. 17, same sheet,

in which the standard balance ¢ is omitted
and in place thereof an object-point ¢ is car-
ried by an arm 138, attachéd to spindle 137,
which also carries the mirror. Upon the

- 20 Jower end’of the spindleis placed a rock-arm

118, which is to be connected to a regulated
prime mover R, (Sec. 16),
cating movement, and there is to be provided
1n the connections an angualar adjustment

25 apparatus S (See. 10) to bring the phases

of the motion of the points of reference to-
gether. Instead of using lever 118, rotary
motion may be imparted tc the spindle by
gear-wheels—such as 144 145 in Fig. 15—by

30 makmn* the frame insuch shape as to permit

the Object-pomt ¢ and carrying-arm 138 to

make an entire revolation. Forconvenience
of adjustment the mirror m, Tig. 15, is ce-
mented to a plate 146, forming the cap of a

35 hemispherical piece 147, which fits in a simi-

lar segment-of a Sphete 149, formed on the
end of the spindle 187. A screw 148, bearing
through a hemispherical washeron the spheri-
cal head 149 of the spindle, attaches dircetly

4o to the cap-plate 146, and by slightly slacking

‘the screw the mirror may be rocked in any
direction for angular ﬂd,]ustment but with-
out changing the optical axis, as the center
of the Sphere 1s at the center of the face of

It1s proposed to use this method
of admstment wherever praotleable n ad-

justing mirrors of any form used inany form.

of the apparatus.
Section 28. Another plan of arranging the

5o optical apparatus to show the image of the

points of reference practically at rest, corre-
sponding closely in operation to the illus-
tration given in Section 4, in reference to
viewing the heavenly bodies, is illustrated in

55 the dmﬂ"ram Fig. 36, Sheet 7. In this fig gure,

a’ o a repr esent three positionsof an ObJPCt-
point, an image of which is to be reflected
from a mirror m, 80 as to be seen by the eye
held stationary at or in the direction 300.

6o Bearing in mind the prineciple that the angles

oL 1nc1dence and refiection must be equal if
the axis of vision or eye 300 be situated ninety
degrees from the central point ¢’ with relation
to the center of the mirror 1, the mirror

65 would, at an angle of forty-five degrees, or

with its face substantially in the line 301 301,

glving a recipro-

For instarce, the object-point « in | and when the object-point is at ¢, if the face

of the mirror be adjusted so that the angles
of incidence and reflection will again be the
same or with its face substantially in theline
302 802, the image o' will again be reflected
to the eye, and if the object-point be at o’
and the mirror be moved so that the angles
of incidence and reflection willagain be equal
or with its face substantially in the line 3503

15

7°

75

303, the image will also be reflected to the

eye as before. It appears, therefore, in this

| case, as well as in relation to the mirrors m

previously described, that the image of & mov-

30

ing body viewed through a mirror can be

kept in the axis of vision by changing the

angle of the mirror coincidently with the

motion of the body, 80 as to maintain the an-
oles of incidence and- reflection in relation
to the surface of the mirrorequal at all times.

Ingeneral,under conditions lastabove shown,
-the change in the angle of the mirror will be

only one-half of that made by the object in
reference to the mirror, whereas in the cases
previously described, where the line of sight
coineides with theaxis around which the mir-
ror is rotated, the angle of movement must
be the same as the anﬂ'ulm‘ change in the po-
sition of the object, thouﬁ*h in both cases the
angular velocity of the rays from the object-
point to the mirror is the same, and the dif-
ference in the angular movement of mirror
required is simply due to the difference in
the direction to which the image is reflected.
In both cases the general principle of op-
eration is the same—viz., the image of the
moving pointsof reference is optically brought
to _re&,‘r, or nearly so, whereby the difference in

the motion of the two can be readily observed.

An application of this method of operation 18
shown in FKigs. 37 and 38, Sheet 7, in which,

as before, ¢ is the standard balance and « the

one to be compared with it, the latter being
shown with staff and ha,u*-spnno* SO cmpported

that the latter can be conveniently oprated

upou to change its length. The rocking

mirror 1efened to 1is de&gnated m, and 18

connected to and preferably, but not neces-

sarily, arranged in line of the axis of a spin-
dle 204, operated by a rock-arm 305 through
a connection 306. The mirror m is armnged
at such angle and given such motion that the
image of the points of reference will be re-
flected through an eye-piece I, which, for
_convenience, is erected with its axis in a
plane passing between the two balances, but
sufficiently at one side of the plane of 1*efex-
ence to give a clear view of the mirror. The
eye-piece L in this case is shown (see Fig. 38)
asprovided with two glasses—viz.,a magnify-
ing -lens and an adjustable concave lens—
which together practically form an opera-
olass, thlouoh which the image in the mirror
may be seen at a greater dl%tfmee than with
an ordinary maﬂ'mf ying-glass, it being under-
stood that in all cases the. particalar form of
optical apparatus would be adapted to the

reflect the image of the point «® to the eye, | conditions by an expert.
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-viewed,andif such adjustment be insu.
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_connecting-rod 314,

Section 29. As shown, the connection 306,
operating mirrorm, is provided with a handle
021 and articulates with a block 307, which
may be slid up and down in a slot in an arm
303, vibrating on a fulerum 313, and operated
in any emwementwa}--——-formstance through
an arm 510 and connection 311—Dby a erank-
pin in a disk 103, which corresponds to the
disk, similarly designated in Ifig. 83, Sheet
6, and 15 to be Onelated by a regulated
prime mover R, (See 16,) through an angu-
lar adjusting appm*atus S, (Seo 10,) as in
othercases. Thesameoran equivalem crank-
pin is arranged to operate an Independent
cut-off throug cghsuitable connections. Forin-
stance, the parts shown in skeleton--viz., the
bell-crank 3515, connect-
ing-rod 316, and arm 317, vibrating on a ful-
crum sols—may operate a cut-off arm 319,
carrying at its upper end a cut-off disk V.,
arranged to obstruct the line of sight between
the eye-piece L and mirror m durmﬂ- the vi-
bration of the points of reference in one di-
rection and to move out of the way during
the other phase of the double vibration. In
general, however, a moving cut-off disk may
be m‘*mded by-simply contmctmﬂ the open-
ing in the bed-plate or any intewening disk,
so that only about half the balance can be
seen from the position of the mirror. The
stationary limiting edge of the opening will
then appear to move cmd cut off the line of
sight during about half the vibration, the
same asat 7*in Fig. 6, Sheet 3, or at 4’ mlun 1,
Sheet1. The operatlon 18 pl‘eclsely the same
asinothercases. YWhenthe mirrorisadjusted
properly,theobject-points will, atleast during
the central portion of their vibration, appear
at rest or so nearly at rest that their relative
positions and any change therein may be ob-

served and corrections made accordingly.

To provide for changing the amplitude of

the angular vibrations of the mirror so that

the relative velocity of the rays forming the
image will be the same substantially as that
of the points of reference, the spindle 304
has a bearing in a lever 320 or equivalent,
whereby by operating a handle 321 thereon
the mirror may be raised and lowered while
1t 1s being vibrated. The handle 321 should
be provided with some form of spring friction
or cateh to hold it in any desired position.
This arrangement varies the angular velocity
of the rays formmﬂ' the image by changing
the distance at W]llCll the moving obgeet 1S
ficient
an a,ctual_adj ustment of the angular move-
ment of mirror can be made by varying the
height of the block 307 in the slotted arm 308,
it being understood that the block would be
provided with friction apparatus to hold it in
any desired position. 307 is asleeve or turn-
buckle connecting the two parts of rod 306
by right and left hand threads, and can be
oljemted to change the length of such rods
slightly, thereby varying the angle of the

451,181

it can be done by changing the angle at which
it is mounted, as with mirror m, I'ig. 15, Sheet
5. The whole apparatus above described for
varying the amplitude of movement 1s desig-
nated T, the same as the apparatus for vary-
ing the anﬂular velocity, (Seec. 18,) for evi-

dently the two devices perform the same

function in adjusting the angular veloeity of

the mirror to that of the points of reference
when crossing the plane of reference, so that
the image appears to be at rest, one form be-
g mmplv adapted for a wbmtmn compara-
‘cor the other for a revolving one.

Section 30. The general methods of opera-
tion last above described in relation to Figs.

37 and 38 may readily be applied to any one

of the forms of apparatus previously de-
seribed by simply arranging the mirror in

each case s0 as to reflect the image in a plane

at right angles to the axis of motion and
changing the position of the eye-piece accord-
ingly. The object-point may be either on a
rotating standard or a vibrating one, and in
any case the object and comparing points
may be so near each other as to form an im-
age in the same mirror, or so related that
cach will form an image in an independent
mirror, and the two images be reflected di-
rectly or indirectly to the same eye-plece, as
in the mariner’s sextant. Instead of vibrat-
ing the mirror m, it may, by suitable connec-
tions to spindle 304, be revolved, in which
case the desired velocity atb the time of cross-
ing the plane of reference can be adjusted
within certain limits, when the connections
permit, by operating the handle 321 to vary
the distance of the mirror from the object;
or such adjustment may be made by the
use of the form of apparatus for varying
the angular velocity T, (shown in Tig. 10,

Sheet 3, Sec. 18,) located at some point in .

the transmitting connections. The vibrating
mirror descrlbed in relation to Figs. 30, 07
and 38 may be readily applied in comparing
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pendulums in any of the modified forms sug-

cested.. The simplest adaptation would ap-
pear to be to the form of apparatus shown in
Fig. 28, Sheet 6, in which a mirror may be
secured to the spindle 94 with its face parallel
to the axis of the same and reflect an image
of the (,ompa,rm -points ¢ and v, to the rmht
or left in IFFig. 28 or to the top 1n Ifig. 29, by
arranging compariﬂ o-point v so that it can be
seen from above and clearing the way under-
neath, or applying the mirror a litttle to one
side of spindle 9:4 to the crutceh-rod 95, where
the vertical motion will create little disturb-
ance, in which case the effect will be exactly
as if Fig. 36 were inverted. So,also, thespin-
dle 94 and attached mirror may be below the

points of reference, as 1n Ifig. 38, and still be

operated by the crutch-rod. Of course any
form of magnifying-glass—such as the opera-
glass combination—ecould be applied 1n the
line of sight, and it would be necessary to
catse the crutch-rod to engage with the pend-

mirror m more delicately and promptly than | ulum at such distance as £ cause the mirror
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operating the mirror
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tovibrate through anangleaboutone-half that | on the principles stated in relation to Figs. 1

moved through by the pendulum, when the
mirror is at such distance from the object-
point that the amplitude of movement ot the
object-point and of the incident ray from the
same to the mirror will be substantially equal.

Section 81. The object-point ¢ In Figs. 57
and 38 may be operated from a regulated
prime mover—in fact, the same one used for
In any convenient way,
and the cut-off V may be operated as shown
in Fig. 88, or by a motion derived from the
apparatus cm*rying the object-point ¢. Ior
instance, if in ¥ig. 23, Sheet 4, mirrers m and
117 be considered as omitted and in said fig-
ure and in Fig. 38, Sheet 7, 118 in the former
represent a su:le view and i m the latter an end
view of a lever, which for this operation is to
be considered attached to the staff of a bal-
ance ¢t beneath it, then such balance be-
comes a comparator-disk corresponding to If
in Fig.1,Sheet1,and may be vibrated through
an arm 118 by a connecting-rod 119. With
the arrangement of parts shown in Fig. 38
this vibration may be secured by operating
the rod -119 through connections shown in

~dotted lines—viz., a double-ended lever 403,
articulated at the top to 119, provided with

a fulerum-spindle at 402 &nd articulated at
the bottom at 401 to a link connecting it to
the bottom of thelever 505 at 400. Ball-joints
or equivalent bearings will be required at
the ends of the top link 119. In this way it
will be seen that the comparator-disk carry-

ing the object-point ¢ and the swinging mir-
ror m will be vibrated together, and this vi--

bratory motion may be applied 1n the ar-
1*anfrement shown by connecting the end of
ad;justa,ble rod 306 to 401, instead of 400, to
any other lever Secured to the fulern m-spin-
dle 402 of lever 403, or to any combination
of machinery connected therewith. Again,
referring to Fig. 23, Sheet 4, if the lever 118,
when connected to balance ¢, then forming a
comparator-disk, be also provided with a
roller and pin 112, operatmu in connection
with a fork in lever 113, asin Figs. 19 and 20,
same sheet, such staff 114 may also cary a

~cut-off disk, which, when the arrangement is
applied to K I‘]D 38, may obstruct the view from

the eye-piece L. to mirror ,m at any con-
vent point—for instance, through a disk 2,
attached to an arm located in the same plane
as the fork on line 404 404.

Section 32. The general arrangement ot

“Lppa,ra,tus shown in Figs, 37 and 38, Sheet
7,in Fig. 24, Sheet 4, and in Kig. 15, Sheet 5,

can be adapted for use in acase snmlm‘ to E
TFigs. 1 and 2, Sheet 1, or E’, Figs. 6 and 7
Sheet 3; either when the object pomt 18 10-

tated or vibrated by a prime mover, or when

the balanceof a watch-movementis etm)loyed

as a standard, by so arranging the operating

connections that mirror M, opemtmn‘ on the
principle shown in FKig. 3() will have the
proper motion in 1‘61:11‘.10]1 to the pamts of ret-

- erence eom*eved to it through swinging joints

Ty

tobeentirely universal. e mot:
convemently applied by articulating connee-

and 2, Sheet 1, and Figs. 6 and 7, Sheet 3.
The arrangement deseribed in Section 31
will be found convenient for such applica-
tion, in which the vibrating mirror and com-
parator-disk carrying the object-point are vi-
brated from the same prime mover, as in
such case there can be arranged outside of
the case Eor E/,in connection with a Tegu-
lated prime mover R (Sec. 16) and angu-
lar adjusting apparatus S (Sec. 10) the ap-
paratus T for varying the amplitude of the
vibratory movement, as described with rela-
tion to Ifig. 38 (Sec. 29) and Kig. 33, Sheet

6, (See. 18,) and the vibratory motion be

imparted to the spindle 402, IFig. 33, Sheet 7,

through the arrangement of joints and spin-

dles shown etther in Fig.

_ 2,Sheet 1, or Fig. 7,
Sheet 5.

Such an application ean be under-

1 stood by an inspection of Iigs. 37 and 38,

Sheet 7, without further increasing the num-
ber of figures. The modified apparatus for
operating the standard balance or comparse
tor-disk and the mirror coincidently, de-
seribed In section 31, may be inclosed in a case
corresponding to L, I F1frr 1, with sides located
substantially on the dotted lines 405, Fig. 38,
Sheet 7, when the balance u, Fig. 07 would

‘preferably be inserted ‘in a watch-movement

secured in a drawer D, IFigs 1 and 2, and be

|
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put in from the right in Fig. 37, which would

be from the front in Fig. 08 All the moving
parts would then be opemted by a connection
torock thespindle402,givine vibratory motion
to the levér 403. This can be done by making

such r%pindle 402 correspond with an extension

| of 4 F

f1g. 7,Sheet 3, in connection with whlch
if the case were attached to the sleeve 2/, as
in said Fig. 7, it could be revolved with it en-

100

105

tirely around in ‘one plane and through arm

J’ revolved entirely around sleeve 55 in an-
other plane at right angles to the first, so as
The motion could be

tion 306 in Fig. 38 to an arm on the. spindle
54, Fig. 7. The connection of such arm to the
Spindle 54 would necessarily be made through
a cluteh or set-serew, permitting an angular

' movement of the spindle within the arm when
the case K isrevolved, since the revolution of

the case would neceqsarﬂy throw the vibrating
levers out of adjustment, and readjustment of
the arm-vibrating spindle 54 to a mark or
equivalent on s_ai-d spindle would be required
for each position.
not -serious, can be avoided by putting the

whole of the apparatus T for varying the am-
plitude of movement, Fig. 38, (Sec. 29,) within

the case, or so that 1t will be included within
dotted lines 405 406 of that figure. Thespin-
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This adjustment, though
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dle of the erank-disk 103, FID. 38, would then .

be econnected. like f*, Fig. 7, bheet 3, and ro-

tary motion commau nicated through the swing-

ing joints and sleeves shown in said Tig. 7.

With this arrangement the change in angle

due to revolving the case could be readily
corrected by an angular adjusting apparatus
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S, (Sec. 10,) located in tlle wnnectlons to the | as before, the latter being placed above the
An

duvmn -shatt 54, Kig. 7, Sheet 3. 1t should
be understood that while such mlgular aG-
Justing apparatus S is not available to keep
vibrating levers in relative position while the
case is being rotated, if they be used as above,
still its useis Pssent;.al after adjustment of the
levers in order to bring the phases of the vi-
brating comparing-point to correspond with
those of the object-point on the balanc,(, to
be tested.

Section 53. Fig. 24, Sheet 4, shows a modi-
fied poising apparatus in which the position
of the mirror may be readily modified to suit
elither general method of operation. In these
ﬁn*ureq tand ware, as before, the two balances.
The image 18 formed in a mirror m and viewed
through-an eye-piece L, the axis of which is
to coincide with the center of the mirror,
whether mounted at the angle shown or oth-
erwise, as referred to hereinafter. The mir-

ror m 18 secured at the center to and revolved

or vibrated by a spindle 145, (shown in this
cas¢as parallel to the balances ,) and may re-
ceive motion throu gh the bevel-wheels shown
or through a rock-arm from a regulated prime
mover R (Sec. 16) through an angular ad-
justing
of the eye-piece L be arranged in the line of
the axis of the spindle 145, or horizontally in
the drawings, the operation will be on the
same principle as that shown in most of the
figures—forinstance, Figs. 1 and 2, Sheet 1—
and i the mirror be turned so that its surface
will coincide with or be parallel to the axis of
thespindle145and the eye-piece belocated ina
cross-plane passing between the two balances
the operation will be as shown in Figs. 37 and
38, Sheet 7. With the eye-piece located as

shown in Fig. 24, Sheet 4, the operation is a :

combination of the two ﬂ'enera,l methods. The
image of the pointsof _refel ence in the mirror
mwill be reflected along the surface of a coune,

“the axis of which corresponds to that of the
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spindle 145, and the angular velocity of such
spindle and mirror may be adjusted by an
apparatus 'I' to bring the image of the points
of reference at rest, or nearly so, when pass-
ing the plane of reference, the same as in
other cases. When thre mirror isrevolved, as
provided for in the illustration, the appa-
ratus T for varying the an frnlar velocity
would be 1n the form shown in Kig. 10, Sheet
3, (Sec. 18;) but if instead thereof the mirror
be vibrated the amplitude of the vibrations
should be varied by an apparatus T of the
form shown In Figs. 37 and 3§, Sheet 7, and a

cat-off in this case would also be required..

Similarly the genéral arrangement of parts
shown 1n Kig. 15, Sheet 3, is well adapted for

the various methods of operation desembed
in relation to Fig. 24, Sheet 4.

Section o4. I‘l,:. 12, Sheet 3, shows still an-
other modified poismﬂ* apparatus, in which
the position of the mirror may be readily modi-
fied to suit either general method of observa-
tion. In this figure ¢ andw are the balances,

apparatus S, (Sec 10.) If the axis |

a mirror.,

P Moo
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other, where it 1s comement of access.
ob] ect- point ¢ iscarried by the standard bal-
ance t, near the comparing-point v, such ob-
ject- pomt a arranged at right le]”'lGE) to the
arm of the balance, and the hair- -Spring of
such balance made permanently conical, s

that the points of reference may be seen from
below through one of the openings in the bal-
ance. As-shown n, an 1mage ot the points of
reference is formed in the mirror m, carried

by the standard balance, reflected to station-

ary mirror 500, and observed through a mag-

nifying-glass ¢ in an eye- piece L, when the

70
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operation will be the same as in many of the

other figures, particularly Fig.
The method of opemtmn descmbed in rela-
tion to Figs. 37 and 38, Sheet 7, (Sec. 28,)
would be apphed to I‘w 12, Sheet 3, by ar-
ranging a mirror with its fa,ce commdent with
or parallel to a spindle carrying the same
and having its axis located subqta,ntla,lly in
the line of that of the eye-piece L, as shown
in said Fig. 12, in which case the image would

13, Sheet D.

90

be obselved from the front as the ﬁum‘e 1s

drawn.

Section 35. A prism may in many locations
95

be substituted for a mirror m, and may be
made achromatic when the dlbpersmn 1s suf-
ficient to affect the clearness of the image. A
prism in the form of a right-angled trmnﬂ'le
may be substituted dlrec,tly for a mirror by
placing the hypotenuse in the position of the
face of a mirror.
of ¥ig. 20, Sheet 4, may be substituted for the
mirror m in that ﬁfrure when the rays pass-
ing through one plane Slde of the prism will

De re lected from the hypotenuse through the
other and the action be nrecisely the same as.
that of an ordinary mirror.

When the angle

IO0
Ifor instance, m’, at the left

105

through which the rays are to be dwerted 1S

00111para,t1vel,}T small, as 1s the case with the
mirror min Ifig. 12, Sheet 3, and Fig. 13, Sheet
5, the pmlclple of refl action may be broun‘ht
into play. For instance, a prism m? (Shown
in a detached view to thellnht 1z Iig. 13) may
be substituted directly for the mirror, the dot-
ted lines showing thedirection of the raysand
corresponding to su(,h linesin the main figure.
In both of the above
would have the same motion unpamted toitas
IFor instance, the prism m/7, :
left of Fig. 20, wounld be attached to the stalt
of the balance t by a fixture similar to that
carrying the mirror m, and prism o’ in Fig.
13, Sheet 5, would be attached to the stand-
ard-balance ¢ by an arm 120, like tlmt shown
in conneclion with the mirror m. Greater
angles of diversion may be obtained by a com-
bination of prisms. Inadetached view at the
right of Fig: 20, Sheet 4, a fixture similar to
tlmt carrying the mirror 7t in the main figure

isshown SUpportmn two prisms together, (desn

1gnated m?®) arranged with an cmfrle on- one
._—1,d jacent to oneon the other. - In thls arrange-

ment the rays of light from the points of ref-
erence, supposed to be at the right, will first

applications the prism .

at the
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be deflected nearly parallel Wltll the base or | ing the motor until the (,ompm'mo point met

upper right-hand face of the first prism, then
nearly parallel with the line joining the cen-
ters of the two prisms, then diagonally up-

ward nearly in line with the base of the left-

hand prism, and finally emerge substantially
in a vertical line to the eye-piece, which, as
in Fig. 20, may be directly over the axis, or

the rays be diverted by a stationary prism e°,

which prism may either be non-magnifying
and the image be magnified by a lens in the
eye-piece L or may be a combined prism and
magnifying-glass. The effect of the double
prism m? is to ecause the rays to bend on the

sides of-a polygon, so as to appearin the small
view to follow on the are of a circle.
“view m® is not intended to show the exact

The

angles or number of prisms required, but only
to illustrate the principle. A prism such as
deseribed or a combination of prismsis hereln
considered the equivalent of a mirror m when
combined in substantially the same way and
producing substantially the same result.
Section 36. Referring to Ifig. 3, Sheet 2, it
is'evident that the electric motor shown at
the base may connect directly or through an

annular adjustment apparatus to the spindle
of the comparator without the adjustablearm

J or any moving joints whatever, and then
the whole apparatus, including the compara-
tor-case E and the motor, be changed 1n posi-
tion as a whole or swung around supporting
universal joints attached to any parts of the

system which do not carry through themany

moving parts, and in this way the watch-
movements be run in different positions. In

- such case it would be necessary only to pro-
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vide flexible wires for running the motor and
lexible pipes for carrying the supply of air,
which could be carried through the joints, if
desired. Similarlytwo watch-movementsmay

- be placed in the comparator-case, one as a
standard, the other to be eempared and the

case prmflded with means for viewing a sub-
stantially stationary image of the moving
poinis of reference, when the case with the
movements and other apparatus as a whole
can be changed in position as desired. The
method of operation in either of the above
cases, so far as the rating of watch-movements
is concerned, would be the same as if the ap-
paratus were used in the exact form shown in
the figures. - |
Section-37:. When the motor 1s of a kind
like an electric or friction motor that can be
checked by overloading, the angular adjust-
ment apparatus S may be omitted in the form
shown, and the phases of the movements of
the comparing and object points be brought
together by simply applying friction to any
of the connections driven by the motor. For
instance, in Fig. 3, if the connection from
wheel G to comparator - disk be continuous
and the spindle i be omitted, the lever H

could be operated to press against the bottom
- of the wheel G and produce friction, retard- *

1n result.

the object-point, when by releasing the fric-
tion the former would again run _to speed.

Evidently, also, the movement of the lever I
could at the same time break the circuit op-
erating the electric motorto facilitate the op-
eration. In such suchcase 1f the comparing-
point were but little behind the object-point
it would have to be thrown back nearly a full
revolution, which would make no difference

last above deseribed would, so far as the rat-
ingof time-piecesis concerned, be the same as

if the special mechanism S deseribed in Sec-

tion 10 were provided.
Section 38. The different forms of appa-
ratusabove deseribed, though differing in ap-

19
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The general method of operation

pearance and somewhat in detall, may be

classified together, from the fact that all con- 85

tain one or more of the several distinguish-
ing features, which are necessarily eombmed
tocrether to form a ecomplete apparatus.
w111 be observed that, for instance—
Ifirst. Mostof the formsof mechanism shown
in the different figures embody in general a
time-comparing appara,tus, called herem 3]
““comparator,”’ provided with means to hold
a balance or pendulum to be tested, upon

which any distinguishing feature or a simple

mark may form an object-point, provided,

also, with a moving comparing - point with .

proper operating apparatus synchronized
with a standard clock to which the move-
ments of the balance or pendulum under test
can bereferred, and provided, also,with means
for producing and viewing a substantially
stationary image of the movmg points of ref-
erence.

Second. .In most cases devices above re-
ferred to are used by which an image of the
points of reference is optically brought fo
rest, or so nearly to rest that the difference
in the motion of the two may be observed
even when both are moving at their highest
velocity, such means involving the use of a

It
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moving mirror or prism preferably at or near

the center of motion of a balance, disk, or

arm, also of subsidiary mirrors, prisms, or

lenses, or other optical apparatus to facilitate

115

obtaining a fair view under different con- -

ditions and to magnify the image to permit

close observations.

Third. In general there is used some. form
Of cut-off by which the comparison may be
confined to one pha%e of the vibratory move-
ment.

icial illumination are necessary. - |
Fifth. Angular adjustment apparatus isin

‘most cases provided, whereby the comparing
‘and object points may on beginning an ob-

servation be caused to pass the plane of ob-
servation at thesametime even whenin rapid
movement.

Sixth, Means are usually prowded to mod-

) | Hl! |F I .

120

Fourth. In conneetlon with the comparator
in its most complete form methods of arti-

12§
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ify the velocity of the eomparm -point tocor- | ing angular adj_ustment, and that T, (Sec. 18,)

respond approximately to that of- the object-

~point when passing the plane of reference.

IO

Seventh. In the use of the comparator as a
whole means are mnecessarily provided by

which it may be arranged and supported in
- different positions, so as to ascertain the posi-
tion errors of the watch-movement under

comparison. To accomplish this the com-
parator 1s preferably mounted on a series.of

- universal joints which may be made hollow

5
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- ments may in a sense be seasoned or accus-
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“1n each case to produoe such result.

and any motion brought from an external

source by means of revolving or vibrating

shafts be conveniently carrled through the
same. The method of operation is, however
the same when motion is not ]JI‘O]Jﬂ‘ht from an

external source and_the_comp&mto rasa whole
18 changed in position. |

Eighth. Provision is also made for com-
parisons under different conditions, as to
temperature and pressure, which requires
that the comparator be in an Inclosed case
provided with pipe-connectionsfor receiving
air or other fluid under the proper ten"lpel.:t-
ture and pressure. |

Ninth. The watch -movements in. ﬂ*ene"al
are severally attached tosmall dl“lWBI‘S' which
may be kept in a case of drawers ma,intained
at the proper temperature, in the same way
as the comparator-case, so that the move-

tomed to the change of condition before com-
parison. -

Tenth. The mamtenance of the tempera-
tureand pressure involvesapparatus for heat-
ing, cooling, and circulating air, and for reg-
ulating the same.

Eleventh. Thegeneral resultis that a watch
or clock movement may be rated for time,
temperature, barometer, and position as re-
guired by merely running it in connection

with a comparator fora very short time, mak-

ing the necessary adjustment, per mitting the
movement to again run until 113 attains a uni-
form rate, and then making any further ad-

justment found necessary, all as part of one

continuous operation, without the delays and

without requiring nearly the great number

of movements undergoing tett that are neec-
essaryin ordinary pmctic'e where each move-
ment must berun adayor more between e&eh
adjustment.

Section 39. The pl‘GSE‘I’lt a,pphea,tlon in-

cludes general combinations of devices for
performmﬂ' the several operations above re-
ferred to and one arrangement of mechanisin

Alter-

native arrangements of various detalls are

oiven to aid in understanding the various

prmmples involved, many of which will form
the subject of oth(,r applications. In group-
ine the elements of the claims the compara-

tor as a whole is considered independent of

the particular way of operating the compar-

“ing-point, whether by a balance or mechan-
“ism within or exterior to the comparator-case

{

for changing the angular velocity, are con-
sidered as forming the same elements in the
general combinations, whether applied to a

rotary comparator or a vibrating one, the re-

sult accomplished—viz.,the bringing together
and equalizing the velocities of the compar-
ing and object points in starting an observa-
tmn——-belnﬂ* the same in each case. It will be
observed that when the comparing-point is
either revolved or vibrated by external mech-
anism the cut-off is preferably operated by
the same mechanism. Iorinstance, with the
revolving comparator in Iig. 1 the cut-off is

7C
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made by the mirror turning away from the

points of reference.
ror runs behind a screen, theréeby forming a
cut-off, and in Fig. 38 the cut-off, though in-
dependent in form, 1s operated from the same

revolving spindle 103 as the mirror m, which

In Fig. 3 the object-mir-

spindle also moves the comparator-disk in

several of the forms of apparatus described.

1t will also be observed that the apparatus

required to operate this cut-oft is kept in the
same form when a vibrating balance is used
as a standard, and that bUCh cut-off-operat-

1ing apparatusis also of great value when com-

bined with ordinary Vibratin gapparatus with-

out special-optical dttfmhmentb of the kind

herein provided for. -
Section 40. The word “balance,” as used

in the claims hereof, is intended to include a

complete balance and hair-spring with means
for holding the same,so that the balance will

keep in vibration after once being started,

the same as a pendulum vibrating under the
influence of gravity. The word “standard”

is used in theclaims in a general sense foin-

clude either of the devices herein desecribed
for carrying a comparing-point—such, for in-
stance, as a balance provided with a compar-

ing -point ‘and hair-spring or a comparator
disk or Iever carrying a comparing-point and

moved by some etternal force—it being un-
derstood that means for holding the same so
that they will be operative
all cases.

What I claim as my invention, and de‘m'e to
‘secure by Letters Patent, 15— |

1. In combination, to form comparator or
time-comparing apparatus for rating time-
pieces, a comparing-point carried by a mov-
ing standard, a balance to be rated, provided

with an ob]eet -point, means for holdmﬂ‘ the
standard and balance, and optical appamtus.

to form and transmit to the eye of an ob-
Server

as and for the purposes specified.

2. In combination, to form a compa ‘ator or
time-comparing :-szpm*atus for rating time-
pleces, a comparing-point carried by a mov-
ing standard, a regulating memberof atime-
piece to be rated, provided with an object-
point, means for holding the standard and
pendulum, and optical apparatus to form and

~and the apparatus S, (See. 10,) for produc- | transmit to the eye of an obsel’-verasnbstan-

are included in.
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a substantially stationary image of
the movmn points of reference, sub%&mtmlly.
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tnﬂly stationary image of the moving points | point from the prime mover, all arrangel and

of reference, substantmlly as and for Lhe pur- -

poses speelﬁed

- 3. In ecombination with a cmnparatm pro-

vided with a comparing-point carried by a
moving standard, a balance to be rated, pro-

vided with an object-point, means for hold-

ing the standard and balance, and optical ap-

paratus to form and transmit to the eyeof.an |

observer a substantially stationary mmﬂ‘e of
the moving points of reference, a cut-off de-
vice to cut oif the view of the points of refer-
ence in one direction, and suitable mechan-
1sm for operating such cut-off, substantully
as and for the purposes specified.

4. In combination with vibrating balances

t and u, a cut-off V and suitable appamtas

for operating the same, substantially as and
for the purposes Speelﬁed.

5. In combination with a comparator for
rating time-pieces, provided with a compar-
ing-point, and a balance to be rated, carrying
an object-point, and with optical apparatus
to form and transmit to the eye of an ob-
server a substantially stationary image of
the moving points of: reference, a disk or

“equivalent earrying such comparing-point, a

regulated prime mover R, and suitable con-
nections for operating such disk from such
prime mover, substantially as and for the
purposes spf‘clﬁed

6. In combination with a. comparator for
rating time-pieces, provided with acomparing-
point, and a balance to be rated, carrying an
object-point, and with optical apparatus to

form and transmit to the eye of an observer

a substantially stationary image of the mov-

ing points of reference, a disk or equivalent.

carrying such comparing-point, a regulated
prime mover R, a cut-off 'V, and suitable con-
nections for operating such disk and cut-off

~from such prime mover, substantially as ELHC]

50
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for the purposes Speelﬁed

7. In combination with a comparator for
rating time-pieces, provided with a standard
carrying a comparing-point, and a balanee to
be rated, carrying an object-point, and with
optical apparatus to form and transmitto the
eye of an observer a substantially stationary
image of the moving points of reference, a
regulated prime-mover R, a ecut-off V, and
smtable connections for 0pela,t1nﬂ such cut-
off from such prime mover, substantially as
and for the purposes speeiﬁed.

8. In combination, a balance to be tested,

provided with an object-point, a standard

disk or equivalent carrying a comparing-
point, and an apparatus S, arranged and op-
erative to secure angular adjustment of the
comparing-point relative to the object-point,
substantially as and for the purposes spem-
fied.

9. In combination, & balance to be tested
a standard disk or equivalentcarrying a 00111-
paring-point, a regulated prime mover'R, and
an angular adjustment apparatus S 1in the

connections for operating the comparing-

a standard carrying .
‘ulated prime mover R, a cut-off V,an an n‘ular 3

operating substantmlly as and for the pur-
poses specified.

10. In combination, a balance to be tosteﬂ

a standard disk or equwalent carrying a coin-
paring-point, a regulated prime mover R, a
cut-off V, an mwula,r adjustment apparatus

S, and suitable conneetmns for operating such
disk and cut-off through suchangularadjust-
ment apparatus from such prime mover, sub-

stantially asand for the purposes spemﬁed

11.. In combination, a balance to be tested,
' a comparing-point, a reg-

adjustment &ppm*atus S, and suitable con-

‘nections for operating such cut-oft through
suchangular adjustmentapparatusfrom such
- prime mover, subqtﬂntmllv as &nd for the pur-

poses Speuﬁed

. In COHlblIlELthll with Vibl‘mmﬂ balances:
! and u, a regulated prime mover R, a cut-off
YV, and sm‘mble apparatus for operating such

cut-off by such prime mover, Subst.;mtmlly as
and for the purposes. spe(nﬁed |
- 13. In combination with vibrating b,,t,l.fmeef:

t and u, a regulated prime mover R, a cut-oft
'V, an angular adjustment apparatus 5, and

suitable .prpm:;Ltm; for oprrating such cut-oft
by such prime mover through such angular

‘adjustment apparatus, subsmntmlly as and

for the purposes specified.
14. In combination with a comparator for
rating time-pieces. provided with a compar-
ing- pomt and a balance to be rated, carrying
an Ob,]ect -point, and with optical &ppamtus
to form and transmit tothe eye of an observer
a Substantiallj stationary image of the mov-
ing
carrying such ,compm'mf"-pomt, a regulated
prime mover R and apparatus T for Vm'ying
the angular velocity, and suitable connec-
tions for operating such disk from such
prime mover through such apparatus T, sub-
stantially as and for. the purposes speclﬁed
15. In combination, a balance to be tested,

- points of reference, a disk or equivalent
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a standard disk 01'equwalent carryingacom-.

paring-point, a regulated prime mover R and
an angular ad Justment apparatus S, and an
appamtus T for varying the angular Velouty,
arranged in the connectionsfor opemtmﬂ‘the
comparing-point from the prime mover, sub-

stantially as and for the purposes Speelﬁed

16. In combination with a comparator for
rating time-pieces, provided with a CoOmpar-
mﬂ'-pomt and a balance to be rated, carrying
an object-point, and with optical &ppam’ous
to form and transmit to the eye of an observer
a substantially stationary image of the mov-
ing points of reference, a dlsk or equivalent
carrying such ¢ comparing-point, a regulated
prime mover R, a cuf-off V, an ang alar ad-
justment apparatus S and appare atus T for

varying the angular velocity, and suitable
connections for opelatmw such disk and cut-
off from such prime mover through the appa-
ratus S and T, substantially as fmfl for the
purposes spemﬁed
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17. In combination with an eye-piece and | with a prime mover, a

- the points of reference of an apparatus for
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-rating time-pieces, a moving mirror or equiva-

lent a,nd mechanism. for opel ating the same,
all arranged to transmit to the eye- plece a
view of the points of reference when in mo-
tion, substantially as and for the purposes
Speelled

18. In combination with an eye-piece and

the points of reference of an apparatus for
rating timme-pieces, a mirror located at or near
a center of movement, and operating mech-
anism arranged to impart tosuch mirror such

movement in relation to the points of refer-

ence that a substantially stationary image of

_such points of reference when passing the

plane of reference will be transmitted to an
eye-piece, substantially as and for the pur-
poses specified.

19. In combination with a comparator for

rating time-pieces, provided with means for

holdms:._,r a balance or pendulum to be tested,

and provided with a standard balance, nend--

ulum, or equivalent carrying a comparing-
pomt and provided, also, with a regulated
prime mover R for opemtlnn such st..fmdfu*d
means for adjusting the relative angular po-
sitions of the object and comparing points,
and a handle /n for operating such means

when the parts are in motion, substantially

as and for the purposes apemﬁed

20. In combination with an object-point on
a balance or pendulum to be tested, and with
) (*011’11)&1*111@-13011113 on a moving standard, a
mirror or prism so arranged in relation to
such comparing-points and an eye-piece and
receiving such motion from or coincidently
with the motion of one of such points that
the mirror will maintain the angles of inei-
dence and refraction between the mirror and
the points and the mirror and a stationary
eye-piece substantially constant during the
period of observation, thereby producmw a
substantially stationm} image of the moving
points of reference, qubsmntmllv as and f01
the purposes spemﬁe(]

21. In combination with a comparator for

rating time-pieces, provided with a balance

or pendulum to be tested, carrying an object-
point, and provided with a standard carrying
a comparing-point, and provided with a vi-
brating mirror for use in optically viewing an

- 1mage of the points of reference, a crank 103,

55
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connected with a prime mover, a slotted lover
308} an adjustable radius-arm 321, and neces-
sary connections for operating the mirror
fr'om sald prime mover through said cranlk
and slotted lever and connectlons, substan-
tially as and for the purposes specified.
22. In combination with a comparator for
rating time-pieces, provided with a balance
Or pendulum to be tested, carrving an object-
point, and provided with a standard carrying
a comparing-point, and provided with a vi-

-brating mirror for use in optically viewing

an 1mage of the points of reference, and pro-
Vlded WIth a cut-off V, acrank 103, connected

451,181

slotted lever 308, an
adjustableradius-arm 321, and necessary con-

nections for operating the cut-off V and mir-

ror from said prime mover through said crank
and slotted lever and connections, substan-
tially as and for the purposes specified.

23. A comparator for rating portable time-
pieces, in combination with aninclosing case

and with jointssupporting the same, and with

external operating mechanism connecting
with the comparator through such joints, sub-
stantially as and for the purposes specified.

24. In an apparatus for rating time-pleces,
and in combination with a comparator pro-
vided with a moving standard and means to
receive a movement of which the balance 1s
to be rated, a fixture to receive such move-
ment, so constructed that it may be secured
in the comparator-case and may be used as a
drawer in a seasoning-case, substautially as
and for the purposes specified.

25. In an apparatus for rating time-pieces,
and 1n combination with & comparator pro-
vided with a moving standard and means to
receive & movement of which the balance is
to be rated, a fixture to receive such move-
ment adapted for ready connection with a
comparator-case, and provided with a suait-
able handle, by means of which the move-

ment and fixture may be transferred without

directly handling it from a comparator to a

c¢hamber maintained at constant temperature,

substantially as and for the purposes speci-
fied.

26. In apparatus for rating watch-move-
ments, a case of drawers provided with open-
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ings for separate movements,in combination

with attached pipes and blowers for circulat-
ing air at a regulated temperature through
the case and about the movements, substan-
tially as and for the purposes specified.
27. Incombination, a pendulum or balance
to be tested, a standard carrying a compar-
ing-point,optical apparatus to form and trans-
mit to the eye of an observer a substantially
stationaryimage of the moving points of refer-
eunce, an 1nelosing case, conducting air-pipes,

and apparatus for circulating air of a regu-

lated temperature or pressure through such
case, substantially as and for the purposes
specified.

28. The method of rating time-pieces for
temperature, which COHSlStS 1n bub;]eet ng
them sevemlly or in multiples to the differ-
ent temperatures desired in inclosures con-
veniently located and maintained at the de-
sired temperature by the circulation of fluid
at a regulated temperature from a central
plant, and comparing such time-pieces with a,
standard or standards at convenient locations
separated from but connected in a system
with the apparatus for producing such tem-
peratures, substantially as and for the pur-
poses speciiled.

29. The method of rating time-pieces for

barometric changes, which consists in sub-

jecting them severally or in multiples to the
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different pressures desired in inclosures con- |

veniently located and maintained at the de-
sived pressure by the circulation of fluid at a
regulated pressure from a central plant, and
comparing such time-pieces with a standard
or standards at convenient locations sepa-
rated from but connected in a system with
the apparatus for producing such pressures,
substantially as and for the purposes speci-
fied. 2

50, In eombmatlon with chambers for mix-

ing air of different temperatures to be circu-

lated mechanically for rating time - pieces,
a regulator receiving its initial movement
from the temperature of the air circulated,
arranged and operated substantially as and
for the purposes specified.

sl. In combination with a chamber to re-

‘ceive time-pieces 1o be compared with a stand-

ard and rated under different ailr-pressures,
means for supplying air at a different press-
ure from that of the atmosphere, a valve for

regulating the movement of such air, and a.

barometer for directly or indirectly operating
such valve, combined, arranged, and operat-
ing to maintain a regulated pressure in such
chamber Substantlally as and for the purposes
specified.

32. In combination, a balance or pendulum
to be rated, provided with an object-point, a
standard provided with a comparing-point,
and a mirror or equivalent for condensing
light from a suitable source upon the points
of reterence when passing the plane of refer-
ence, substantially as and for the purposes
spemﬁed

50. The method of rating time-pieces under
dlfferent temperatures and pressures, which
consists in comparing the same with a stand-
ard inclosed therew1t1 in a chamber main-
tained at the desired temperature and press-
ure by the circulation of fluid, substantially
as and for the purposes spemﬁed |

34. The method of rating time-pieces for
temperature, which COIISlS’Lb in accustoming
the same to such temperature in a room or
equivalent and transferring the same to a
comparing device maintained atsubstantially
the same temperature, substantially as and
for the purposes specified.

L

"’H

The method of rating the balance or
pendulum of a time-piece, whwh, consists in
comparing the motion of a point on the same
with that of a point on a moving standard
through optical apparatus designed and ar-
ranged to form and transmit to the eye of an

23
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observer a substantially stationary image of -

such points when in rapid motion, substan-
tially as and for the purposes specified.

36. The method of rating a watch-balance
for temperature, which consists in subjecting
the same to different temperatures and com-
paring for each temperature the motion of a
point on the same with that of a point on a
standard by observing an image of such points
optically transmitted to the eye so as to ap-
pear to be at rest or so nearly so that the rela-
tive movement may be ascertained, substan-
tially as and for the purposes specified.

37. The method of rating a watch-balance
for posifion, which consists in placing such
movement in different positions and compar-
ing in each position the motion of a point on
the balance with that of a point on a stand-
ard by observing an image of such points op
tically transmitted to the eye so as to appear
to be at rest or 80 nearly so that the relative
movement may be ascert&ined, substantially
as and for the purposes specified.

838. The method of producinga substdntmlly

stationary image of the points of referenceon

a balance or pendulum to be tested and a

moving standard, which consists in arranging

and operating a mirror, prism, or equivalent
optical apparatus to so divert the rays form-
ing the image that the latter will appear sub-
stantially stationary when it reaches the eye,
substantially as and for the purposes spem-
fied.

39. In time-comparing apparatus,the meth-
od of bringing together the phases of the
movemen_tb of a balance or pendulum with
those of astandard by angular adjustment of
the standard while in motlon substantially
as and for the purposes speclﬁed

CHAS. E. EMERY.
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