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S IR,
OUR MajEsTY’s approbation of my

former endeavours for improvement
in the art which I profefs, induced me to
compofe thefe Eflays ; and as Your bounty
has afforded me the leifure to purfue my
refearches, nothing could give me greater
happinefs, than the permiffion of thus
laying them at Your MajEsTY’s feet.

IT is almoft the peculiar glory of Your
MaAJEsTY’s reign, that the peace which
R the
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the fuccefs of Your MAJESTY’s arms pre-
{cribed to Europe, and the wifdom of
Your councils planned for Your people, is
adorned by Your MAJESTY’S MUNIFI-
CENT PATRONAGE of all the Arts, ufeful
as well as ornamental. The fubjeét of the
following pages partakes of both: and
their author humbly hopes that they tend
to public utility ; the only return which
Your MAJESTY requires, and the only re-
tribution he can make for Your Royal
bounty. |

. HE begs leave to affure Your Majesty,
that he fhall ever be imprefled with the
deepeft fenfe of Your MajEsTY’s exalted
virtues, as well as with the deepeft grati-
tude for the favours Your Majesty has
been moft gracioufly pleafed to extend to
him, and that they fhall be employed in his
hourly endeavours to deferve them.

WirH
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With the moft profound veneration,
he prefumes to fubfcribe himfelf,

May it pleafe Your MajrsTy,
Your MajEsTY’s Moft Faithful,

Dutiful, and Devoted

Subject and Servant,

LONDON,
Feb. 26th, 1766,

ALEXANDER CUMMING.
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H E very favourable opinion which the Author of the

following Effays entertains, and (notwithftanding all
malicious reports to the contrary) always has entertained, of -
the great natural abilities of Mr. Joun HaRrrison, induced
him to delay this publication, till Mr. HARRIsON had received
the reward of his long and unwearied application, by difcovering
the refult of his labours. That difcovery being now made, the
public from thence will judge of the merits of his improvements ;
and poffibly from a comparifon between them and the following
Theory, the Reader may be enabled to decide, how far the ca-
lumny, fo groundlefsly conceived, and fo artfully propagated
againft me, was well founded. Should any further vindication
be neceflary, I am ready, if called on by my accufers, publicly
to declare the reafons for fuch part of my former condué,
as has fo much difpleafed them, and obviate any objections to
the following performance, if fairly and candidly urged : but ne
regard will be paid to any anonymous opponent, in a contro-
verfy that has truth alone for its object.
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Parag. Line.
1. 4. Jfor conftrued, read conitrulted
7. 2. after are, infert in theory y
gﬁ. 2. fer only is the motive foree, read alone is the moving powes
70. 4+ for motive force, read moving power
g8. z. after fixed point, infere within the ball
152. 6. _for that will corroborate, read to corroborate
203. 1. jor planes, read plane
220, w———— T he laff part of :EJ firft note of this paragraph is wrong exprefled; bat.as
the firfl part comprebends the avbole meaning, the Reader may draw bis
pen through that part avkich follows, . ¢
271 8, fer being, read been
256. 2. for Pl. 7. read Pl. 5.
311.  13. Jfor pivots, read points
334. 11. Jfor upwards, read downward
12. for downward, read upwards
943 9. gbr rod, read rods
age 8. line 5. from the bottom ; for dilation, read dilatation
365. 11, for eafily, read eafie
280. 5. for therefore, read but
399.  13. _for vibration, read vibrations
424. 1.&32. for is as its thicknefs, read increafes with its thicknefs
440. 5. Jfer in the proportion, read in proportion
479. 0. afier the word expelt, infert that
526. n the firlt line of the note, for pl. 16. read pl. 15.
§ide From the beginning; vad 1f the train be continued the fame, the
~ number of leaves in the third-wheel pinion may be increafed, in
the fame proportion as the number of teeth in the horizontal
wheel, &c. :
546, 4. for any how leffened, read fendibly leened
In the conclufion, page 192. line 5. for practical theory, read a practical theory,

Whereas fome perfons feem either to mifunderftand the author’s
meaning, or are difpofed to difpute about words; it is proper here to

- mention, that

By MomenTUM, is meant, the effective poter, or force which a body
exerts before its whole motion is deftroyed ;

By Movine Power, that force which caufes motion, whether it
takes effect in whole or in part;

And by the Force imprEsseD is meant, fuch part of the moving
pewer as really takes effect.

Thus if a wheel be moved by a flream of water, the whole ftream is
the moving power @ but the force which it smpreffes depends as much
on the velocity of the wheel, as on the velocity or force of the ftream;
for if the wheel moves with a velocity equal to that of the ftream, the
latter can imprefs o force on the former, nor add to its velocity,

By Morive Force, is meant, the quantity of motion generated by
the impreffed force.

And in this fenfe the author apprehends thefe words have always
been underftood,
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TOWARDS THE

Improvement of CLOCK-WORK.
elieckasko ke by chautiacks chockackestovk ®ekoksctactoodoskvks chodneke vt s choity

GE N B RN Lo Pols AN,

T is univerfally allowed, that the moft
ordinary Clck with a royal Pendu-
I, fﬂe&ﬁarﬁ Time better than any Watch,
confirued in the manner hitherto prattifed. And,
2. That Watches are, in general, as well ex-
ecuted as Clocks. From which it is evident,
3. That Clocks derive their [uperiority from
principle : and that a due attention to their na-

tural properties, may at leaft, be the means of ¥

improving B atch-work,

B 4. The

Clocks go better
than Watches.

Watches as well
executed as
Clacks.

Clocks derive their
luwnnrﬂ}r trom
rinciple,
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Clock-work into
two general Heads.

Firft,

Second.

CLassEs.

In ordinaryClocks
particular rezard
to expence and
{implicity.

In the more accu-
rate, no expence

fhould be fpared.

Yirft enquiry,

Second.

Pendulum only
has a natural ten-
dency to meafure
the Time.

Its natural Proper-
tics in a detached
ftate.

IMPROVEMENT OF

4. The Theory of Clock-work naturally di-
vides itfelf into the two following general
Heads, viz,

. What pendulous Vibrations bave their Ifo-
chronifm leaft influenced by equal caufes ¢ And,

6. What confruttionof a Clock will leaf? alter
the Ifochronifmn of the fame Pendulum ?

7.. All Clocks may be reduced to two Clafies ;
namely, orpiNary and AccuraTE.

8. In orbinary Clocks, fuch as are generally
ufed for domeftic purpofes, particular regard
ﬂmuld be had to their fimplicity and expence.

. In Clocks that are intended for aftrono-
mical and other wery accurate Obfervations, no
expences fhould be fpared, while the perform-
ance can be further improved. I fhall therefore
enquire,

10. In the firft place, How far the perform-
ance of Clocks may ée improved, without much in-
creafing their expence.

11. And in the fecond, Z7hat is the wutmoft
degree of perfeftion, of which they feem fu/-
ceptible.

12. Since a2 Pendulum is the only part of a
Clock that has a natural tendency to meafure
Time, I fhall here mention its known proper-
ties in its fimple flate, detached from Clocks,
and defcribing circular Arc’s.

13. Fitlt, A Pendulum once put in motion,
would ever continue to vibrate equal Arc’s, if no
external caufe did tend to deflroy its motion. And,

2 14. Se-
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14. Second, AU thofe equal Vibrations would Of respurovs

VIBRATIONS.

be performed in equal times, i

15. Third, The momentum of Pendulums is
as the verfed fine of their angle of Fibration into
their quantity of matter.

16. Fourth, Pendulums of equal length,
though wunequal weight, will (cmteris paribus)
perform their Vibrations in equal times.

17. Fifth, All Pendulums alter their time of
Vibration in different latitudes.  And their
times of afcent and defcent are equally influenced.

18, Sixth, 4 Pendulum cannot reft but when
its centre of gravity is directly below its point of
Sufpenfion. :

19. Seventh, The fhorter Vibrations in cir-
cular Arc’s are performed in lefs time than the
longer . |

20. The foregoing properties are chiefly Demonttrated
demonftrated by Mr. Hucens in his Hororo- gpie%y by 3
‘gium OsciLaTorium, and tranflated into Eng-
lith in Kriv’s Introduétion to Natural Philo-
fophy, and a ftri& attention to them feems
abfolutely neceffary to - the improvement of
Clock-work.

21, If a pendulous body be made to vibrate Motion 1of,
in a refifting medium, (as air,) each Vibration

i

ey

* Mr. Hucens has demonftrated, that 29 femicircular Vi-
brations take as much time as 34 of the fhorteft Vibrations
of the fame Pendulum, independent of the influence of the

Air.
B 2 will,
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Of peNDULOUS
ViBrATIONS.
L

e

J

How they may be
rendered ifochro-
nal.

Enquiry.

Whether long or
fhort ones are moft
influenced,

Prine. Math. Prop.
28, Coroll, 2.

IMPROVEMENT OF

will, by means of fuch refiftance, become
thorter than the preceding one, till at laft the
Pendulum comes to reft ;- hence (19) thofe Vi-
brations wi/l not be performed in equal times.
22. But if the refiftances of the medium,
&c. were uniformly the fame, and a power could
be applied that would communicate to the Pen-
dulum at each Vibration as much motion as
thofe refiftances deftroy ; then would all the Vi-
brations be of equal length, and performed in

equal times.
23. But as neither the refiftances that tEnd

to deftroy the motion, or the power that main-
tains the Vibrations of Clock-Pendulums, are

perfeétly uniform ; T proceed to enquire
24. Whether long or fhort Vibrations bave

their Ifochronifm leaft influenced by thofe irre-

gzdarfﬁfﬁ.

25. Sir Isaac Newron has demonfirated ;
“ That a Funipendulous Body ¢ vibrating in a
“ refifting medium, would have its fhort Vi-
¢ brations more ifochronal than its longer ;”
That is, 77z otber words ; that the longer Vibra-
tions being more refifted than the fhorter ones,
do fooner alter their lengths, and confequently
(1g) their times of Vibrations. But
26. Let a power be any how apphed that
will communicate as much motion*to the Pen-
dulum as the y;ﬁﬁanms of the medium, &c.
do



do deftroy ; then will the Vibrations continue gf PENDULOUS

IBRATIONS.
JERE

equal and ifochronal. X

"'27. Thus, we are not to confider zhe fotal re- Total refiftance
of the Air not to be

fiffances of the air, friftion, &c. fince a power [o e,
can be eafily applied that will ballance them, fo
long as they continue uniform. And 2his power,
Jfrom whatever caufe; I call the MAINTAINING
POWER.

28. But we are to enquire, what influence any
Change, in the refiftance, or in the maintaining

ower, would have on Pendulums of equal
weight, but defcribing unequal Arc’s.

29, Let any power be applied to the pendu-
lous body B, capable of moving it from its place
of reft, to M or G; join M G, and draw ON
parallel to the line M G, and let MO, the . . .
perpendicular beight to which it is raifed, be vantge of long
divided into any number of equal parts, fuppofe nd gy Aices
five ; through the extremity of each part, draw
a ftraight line parallel to M G, till they meet
the Arc in the points L, K, I, H, and if the
power that raifes the body B to M, be alfo di-
vided into five equal parts, one of thofe parts
-will raife B to H; two parts will raife it to I;
three parts will move it to K; four parts
to L; &c.

30. Here it is to be obferved, that though Equal powers give
the power be applied by equal portions, the ﬁffg;ﬁijﬁff‘*ﬁ
{paces defcribed are unequal ; but agree 77z per- beighe,

pendicular height with the power applied.
| 31. Let

3

ol L G i) Dol
Firec. 1.
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iy ey 31. Let the Arc BG, be divided into five

————— equal parts by the points C, D, E and F,

Bl e thrﬂugg which points draw ftraight lines parallel
toM G, till they meet A B and G N'; then will

qonfrudtion of - the line G N reprefent the power neceffary to

o raife the body B, to the point G ; and its parts;

the powers n-::ceﬂ'ary to raife it, to their corre-
{fponding points in the Arc *.

Tncreafe in height 3. Now fince the increafe of perpendicular

Geale s e height is as the increafe of power applied (30),

gimeco. it follows that the decreafe in perpendicular

height, will be as the increafe of refiftance ; or
as the diminution of power : Zherefore,

33. Let there be any number of Clocks, fip-
pofe five, whole Pendulums are exaftly equal,
but whofe angles of Vibration are to each other,
as 1, 2, 3, 4 and 5; or let the bodies C, D, E,
F and G, reprefent their relative Pendulums at
the extremity of their Vibrations.

Experiment, 34. If thofe five Clocks be expofed to the
fame degree of cold, their oil will be equally
influenced, and by that means, rbeir maintaining
powers equally diminifbed :  And  confequently,
there will happen an equal diminution in the

Hluftrations

* Ttis evident, G N is divided into a fcale of verfed fines;
therefore if gravity alone oppofed the afcent of the Pendu-
lum, the powers neceffary to raife it to any of the pofitions,
C, D, E, F, G, would be as the relative verfed Sine of thofe
Arc’ss as would alfo the momentum of the Pendulym in def-
cending from any of thofe points.

Pﬁl’PEﬂ—

———————
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perpendicular height of the Vibrations of each
Pendulum (32).

35. Let thofe Clocks continue expofed to the
cold, till fome one of them is deprived of all its
motion ; it is required, Which Pendulum will
firft come to reft ? and in what degree the others
are influenced ?

36. Since all the Pendulums are equal (33),
it is obvious that the one which defcribed the
fhorteft Arc, will fooneft come to reft (13).

37. But the Pendulum C has (36) loft all its
motion, and confequently its perpendicular af-
cent: Therefore, (32, 34,) deduce from the
height of the other Pendulums D, E, F and G,
each, a fpace equal to the greateft height of
C; as reprefented on the fcale G N ; through
thofe points, draw lines parallel to G M till they
meet the Arc B G, on which, they will {how the
diminution in the length of Vibration in each
Pendulum; as reprefented in the figure, by
dotted lines. Or

38.. Deduce the verfed fine of the angle de-
fcribed by the Pendulum G, from each of the
verfed fines of the angles defcribed by the Pen-
dulums D, E, F, and G, at beginning of all
their Vibrations ; and the remainders will be the
verfed Sines of each refpe@ive Vibration, when
the Pendulum C has loft all its motion.

39. From which it plainly appears, Thas iz
Clock Pendulums, equal caufes do moft alter the
lengths of the- fhorteft Vibrations. go. It

Of PENDULOUS
VIERATIONS.

Shortelt Vibration
foonelt comes to
reft,
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Of pENDULOUS
VieraTiONS.

G o
PLATE 1
8iG. 1.

Comparative ad-
vantages in dupli-
cate proportion of
the Arc’s,

PLATE I.
Fig. 2.
Anocther illuftra-

tion.

Conftru&tion of
the Fig,

Demonfiration.

- IMPROVEMENT OF

40. Itis further to be obferved, that although
the fame caufes did fhorten the Arcs of Vibra-
tion of a/l thofe Pendulums egually, the effec it
would have on their times, would be, as the
change produced in each Vibration, to zbe
whole length of Vibration (14).

41. But equal caufes produce lefs alteration °
in the length of long Vibrations, than it does
in fhort ones (39). Therefore (40), the compa-
rative advantages of different Vibrations in Clock
Pendwlums are (cat. par.) in the duplicate pro-

portion of their relative length. Which may

otherwife be illuftrated ; thus,

42. Let any body E,; vibrate in the circular
Arc ACE, I fay that the advantages of its
longer Vibrations are to that of its fhorter ones,
in the duplicate proportion of the length of
thofe Arc’s.

43. For, join A E, and from G, the loweft
point of the Arc, draw a line perpendicular to
A E; which perpendicular divide into four
equal parts, and through their extremities draw
ftraight lines parallel to A E, till they are ter-
minated by the Arc; join E C, and parallel to
it, draw a line touching the Arc in D; then
E D will be equal to D G, and confequently
E C will be double of DC. MNow

44. Let two equal bodies E and D- defcribe
the Arc’s EC, and DC; it is evident (32),
that four times as much refiftance will be re-

quired
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quired to bring E to reft, as will deftroy the Of rexnurous
motion of D ; in the fame manner is proved, vi”“"j"”s' ;
that four times as much refiftance is neceffary ‘
to deftroy the motion from D to C, as from

h to C.

45. What is above faid of whole AI’CES, 18 Equally true of
. . " the proportional
qulﬂu)" true of their pmpﬂrtmnal parts ; for, parts as the whole,

if the whole refiftance, neceflary to deftroy the
motion of any body, defcribing a circular Are,
be divided into fixteen equal parts, it will re-
quire twelve of thofe parts to reduce the Vibra-
tion to half the length; three more parts will
reduce it to a fourth of the whole length; and
if the remaining Sixteenth of the momentum be
again divided as above, the fame proportion will
hold, tilt the Arc entirely vanifhes.

46. Therefore (by the 12th Prop. Book Fifth The refiftances
Euc.) the refiftance neceffary to produce pro- ;};:fifrff o
portional effe&ts in the Ifochronifm of Vibrations :]‘Ef:ﬁd;{;‘:g; e
of different lengths (41), will be to each other whole motion.
¢ p, as the refiftance that deftroys their whole
motion, 1. €. (32) astheir relative verfed fines :.

And therefore, .

47. In Clocks, the advantages of long Vibra- Conclufionin fa-
tions, are univerfally in the duplicate ratio of Ehig bradonic T e
Arc’s deferibed. Lo a e

48. But left it thould be obje@ed, that the.
power neceflary to maintain Vibrations of dif-
ferent lengths, will be in the duplicate ratio of
their refpedtive Arc’s ; and that the friction on,

| C _ the
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Of PENDULOUS
VIERATIONS.
i - |

X £

Further confidera-
tion,

What has been
f2id of refiftance
is applicable to
the maintaining
pewer.

IMPROVEMENT OF

the movement will increafe as the power; and
confequently, that the power neceflary to main-
tain the motion in Clocks, will bear a greater
proportion to the momentum of the Pendulum,
in long Vibrations than in fhort ones; 7 7s ze-
ceflary to cbferve 5 that,

49. Though the whole fri@ion increafes as
the weight, or power applied to a Clock, it does
not follow, that the changes, or accidental
variations in it obferve the fame law (27).

50. The zaturalfri@ion* continues uniformly
the fame while the preflure on the rubbing fur-
faces is uniform ; and if any certain quantity of
the maintaining power be conftantly deftroyed
by friction, it can no way affe the Ifochronifm
of the Pendulum ; for what could be more ab-
furd than allowing for the influence of any
power, where it never reaches.

1. Since any increafe in the maintaining
power, will have the fame effe& on the Pendu-
lum as a diminution in the refiftance of the Air;
and vice verfa (32) ; It follows that,

52. What has been faid cancunmg the re-
fiftance of the medium, &c. is equall}f applica-~
ble to the changes of the maintaining powes

(325 415 47)-

* 1 do not here mean to affert, that there are not exceptions
to what is faid of the wniformity of natural fri¢tion ; but as fuch
exceptions do not invalidate what is here faid, l‘hE}' are referved

for another place.
2 &




CLOCK-WORK

g3. I formerly obferved, (27, 28,) that the
changes only that happen in the refiftance of the
medium, &c. to Clock Pendulums, are to be re-
garded ; the fame is true concerning the action
of the Wheels on the Pendulum (50).

54. As to the irregularity of action in Wheel-
work ; their luGuations are conftant and pe-
riodical, and in the a&ion of each Tooth, cor-
rect themfelves ; fo that, if the effe@ does not
become perceptible during the aftion of any
one Tooth of a Wheel, it will not, in any num-
ber of revolutions; for the error does not ac-
cumulate.

g5. The changes that happen in the main-
taining power from the different ftates of flui-
dity in the oil, are of a contrary nature ; for
the times of their duration, and returns, and
confequently the errors arifing therefrom, are
uncertain, as depending upon external caufes ;
and they accumulate, as fhall be fhewn here-
after.

As to the Time of going without winding,

56. It is only to be regarded o faras it tends
to render the machine more orlefs complicated ;
for, in Clocks, we have power at command, and
may have any degree of influence at pleafure on

C 2 the

i1

Of pENDULOVS
VirraATIORS.
@

~

r

C]x;lligl.:s ::1}1],: ity
the maintaining
power to be re-

garded.

A&ion of the
Wheels,

Fluidity of the oil,
&c.

Does not matter
fo much in Clocks
as in Watches,
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Trur oF gomve. the pallets, without regard to the continuation of
the Clock s going : Tf.’?m

Tiweory. 57. In theory, if a we1ght of two pounds
be neceflary to maintain a Vibration of any
given length, fuppofe one degree, for Elght days ;
a weight of eight pounds will maintain the fame
for thirty-two days (one month) ; and a weight
of one hundred and four pounds will maintain
it for a year ; fuppﬁﬁng the PE]‘PEHdlCH]EI’ de-
{feent of the weight the fame in each cafe.

58. Now let us enquire which of thofe three

cafes is moft advantageous for praice.

Fricion greateft 59. By {uppofition (57) the influence, or

;g;:‘-gfg'ﬂ;; action of the Wheels on the pallets, is equal in
each cafe ; the Vibrations are equal (57) alfo ;
therefore the friction on the pallets, as alfo on
all the correfpondent parts of each Clock, will
be equal ; but the month Clock has one Wheel,
and the year Clock two Wheels, more than the
week Clock ; and each Wheel has its friction ;
confequently the frition is greater in the
month Clock than in the weekly one, and fiill
oreater in the annual Clock than either : Buz

Not hurtful to e 60. If the fri¢tion remains uniform, an ad-

performance if it - ditional power may be applied that will render

FomHiis WO the action on the Ifallets %Iiml in each Clock ;
in which cafe, the Pendulums (ceteris paribus)
would vibrate in equal times-; nor would their
Ifochronifm be any how influenced by the above
wuniform difference in fri¢tion (5o).

61. But
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61. But the influences of heat and cold on TruE oF core.
the oil applied, will tend to vary the aétion of iy i
the Wheels on the pallets, and confequently the o TR
length of Vibration (52) and Ifochronifm of the

Pendulum (19).

62. And, as this influence may reafonably be Moft hurtful in
thofe Clocks that

fuppofed equal, on the correfponding parts of ,Jonch.
thofe Clocks ; the additional Wheels muft have

their additional influence; and the Ifochroni{m of
the Pendulum is more difturbed in an annual,
than a monthly Clock ; andin it, than a weck-

ly one (53).
63. It may poflibly be faid, that for the Why 24 hour

fame reafon, a 24 hour Clock fhould go better it
than an eight-day one ; but the inconvenien-

cies attending the ufe of the former might more

than ballance its advantages.

64. If any fhould fay, that Clocks in general Sif:‘;}fjgg'“
either ftand, or have a retrograde motion in up. i
time of winding, and that this error is leaft in
Clocks of long continuation ; I anfwer, that
every good mechanic knows how to remedy this
imperfe<tion : But this I pafs, as foreign to my
purpofe. :

65. From the above confiderations it appears, SR g oas
that for an accurate meafure of time, eight-day =
Clocks are preferable to thofe of a longer conti-
nuation,

Weight



Velocity as ths
motive foree,

Times inverfely.

In detached Pen-
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IMPROVEMENT OF

Weight of the Pendulum.

66. Since the velocity generated is ¢ 2 as the
motive force imprefled : ¢ follnws, '

67. That the times of Vibration of a Pen-
dulum will always be inverfely as the motive
force *,

68. In Pendulums desached from Clocks, the
action of gravity only, is the motive force: Hence

69. The Vibrations of all Pendulums of
egual length, and defcribing egual Are’s, are ifo-
chronal in the fame latitude T

70. But when a Pendulum is applied to a
C!DCI{, the Impetus of the Wheels, together
with zbe aélion of gravity, conftitute the mo-
tive force.

71. Hence, any alteration in the a&ion of the
Wheels on the Pendulum, will alter the time of
Vibration (67).
~ 72. And the alteration that will happen in the
times of Vibration of a. Clock, will always be
to the whole time of its Vibrations, nearly as the

* The Vibrations are here {i ' '
ppofed of the fame length; or
that all the parts that conftitute the mofi F kil
the whole time thereof, R R e
t For the aétion of gravity, and the 7is Tnertie will bear

the fame proportion to eac
0 each other, whate !
matter, % 3 ver be the quantity of

alteration
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alteration in the motive force, to the whole PENDULUM.

motive force (66, 70). -
. Thus, itis obvious, that (cez. par.) the Heavy Pendulums
heavier the Pendulum, the lefs proportion will lexft anducpced.
any alteration that may happen in the aQion of
the wheels bear to its whole motive force (70),
and confequently, the {maller the alteration in the
times of its Vibration (72) *,
24. To illuflrate this farther, let us fuppofe nntration.
the acion of the Wheels egual to the action of
gravity on the Pendulum, and let this action of
the Wheels be fo applied, that it eppofe the afcent
and promate the defcent in the very fame manner
that gravity does: then, will the times of Vi~
bration be only half as long as they would, if
gravity alone aced ;5 for the welocity will be dou-
bled (66), and the length of Vibration remain
she fame. - ;
75. And if by any means the adion of the Ditto.
Wheels on the Pendulum be diminithed, fup-
pofe - the motive force of the Pendulum will
(70, 74,) be diminifhed =, which will alfo
diminifh the velocity in the fame proportion.
76. But if the weight of the Pendulum be Dito.
double the aétion of the Wheels, and their
action as formerly, be diminifthed -, it will only

jo 2

* Becaufe the ation of gravicy on. the Pendulum is unalte-
rably the fame, in the fame ;lacu,}'f h%& : unalte

make
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Weicar ortue make a difference of -%- in the velocity ; and

NDULUM,
".._

o

Ditto, '«

Ditto.

. Application.

> confequently in the time (67).

77. Let the weight of the Pendulum be qua-

. druple the action of the Wheels, then will an al-

teration of —— of the a@ion of the Wheels make
only an alteration of - of the motive force (70);
and confequently in the velocity and times.

78. Let the action of gravity be to the im-
petus of the Wheels on the Pendulum, as roo
to 1 ; then if the aétion of the Wheels as for-
merly be reprefented by 30, the whole motive
Jforce of the Pendulum will be 3030, and a di-
minution of -+ in the aé’tic}n of the Wheels,
will make an aItEI"‘ltIDH of +==, in the motive
force and velocity of the Pendulum : Hence a
Clock would ]ﬂﬁ,, one minute in 3030.

79. Thus it appears, that zbe Jame caufe that
produces an alteration of ome minute per hour,
with a Pendulum whofe weight is equal to the
action of the Wheels (74), * will only caufe an
alteration of a minute in an boxr and balf, when
the weight of the Pendulum is double the action
of the Wheels (76) 5 @ minute in two bours and,
a half, when the weight of the Pendulum is
quadruple the action of the Wheels (77) ; and an
alteration of one minute in 3030, (7wo days,

* That is, a Pendulum, on which the influences of the main-
taining power and gravity, are equal : or in which each of them
contribute equally g its motive force,

fwo
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two hours, and 30 minutes), when the weight 'ViionT orx

of the Pendulum is to the a&ion of the Wheels, “——-v—-
as 100 to 1 (78).

8o. Hence it is evident, that rhe alteration
in the meafure of time, is (czet. par.) to the whole
time, as the alteration of the motive force of the
Pendulum (70) to its whole motive force.

81. And therefore, the advantages of - Pén- Advantage of Pen-
dulums, are (cet. par.) as their weight *. it

82. I have here confidered the action of the
Wheels, as oppofing the whole afcent, as well
as accelerating the defcent: in which cale,
any alteration in it, (commencing at the extre-
mity of Vibration) would have the fame effect
with an alteration in the power of gravity;
that is, it would alter the velocity and times,
without altering the Arc of Vibration.

83. But in all Clocks ; the aétion of the Wheels, Why the ok
muft promote the defcent, more than it oppofes diminifhed. fic
the afcent of the Pendulums (or the contrary,)
and confequently, the Arc of Vibration will be
increafed or diminifthed with the a&ion of the
‘Wheels: and the times of Vibration rendered
more ifochronal than above ftated (79) ; but the
relative proportions of the changes that will

happen in the times, will nearly remain the

Alteration in the
whole time : as,&c.

* Though I have here ftated the advantage of heavy Pen-
dulums as unlimited, I fhall hereafter endeavour to fhew, why
the practice may not, beyond certain limits, agree with the the ry.

D fame,
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fame *. I now proceed to compare, the moMENTA
of Penpuruwms, differently acquired. |
84. I have in a former part of this Effay
thewn, that the advantages of long Vibrations,
bear a duplicate proportion to their Arc’s (41, 47).
85. Therefore, if there be two Pendulums,

of equal weight and defcribing equal Arc’s, and -
it be required to increafe the momentum in each.

equally ; but in the one by weight, and in the
other by increafing the Vibration, it may be
done as follows : :

86. Suppofe each Pendulum {ix pound weight,
and to vibrate one degree from its point of reft,
then will their momentum and advantages be
equal ; but if their momenta be equally increafed
(85), as above, the weight of the one, and the
angle of Vibration of the other, muft be, as 7%
the following table ; where you have in the firft
column, the increafe of momentum, and di-
rectly oppofite to it, the weight of zhe one Pendu-
lum in pounds, and the angle of Vibration of
the other, in degrees and minutes.

* The height to which a Pendulum will rife, depends on
its velocity at its loweft point; without any regard to the means
by which fuch velocity was acquired: Hence, though the action
of the Wheels on the pallets, accelerates the defcent, it in fome
meafure correds fuch acceleration in circular Arc’s, by cn'la:rgmg
the following Vibration (19). But this does not happen 1n cy-
cloidal Arc’s.

¥ 87. This



CLOCEK-WOR K.

gives thE momentum Df It:l.:.'n+ mﬁh :.I in deg. and min.
1
thﬁ fam&, or equal PEH— z 1z { | z5
& . . B
dulums, vibrating dif< i |z, )
ferent angles. Thus : | § | 33 §iv 15
88. Find the angles 7 s 3 o
. . . o
of Vibration in the laft| o 54 3
1o 6a 3 10
column, and oppofite| 2o  |izo % o e
to them in the firft,| §2 |7 S wild
you have the momen-|tee 1600 o3

ta. FEx. If the one vibrates ome degree, and
the other fen degrees, their momenta will nearly
be, as one hundred toone ;. If the one vibrates two
degrees fifteen minutes, and the other eight
degrees fifty-feven minutes, their relative mo-
menta will be, as fve to eighsy ; and their ad-
vantages in correéting the irregularitics of the
movement, are as the relative momenta (47, and
81,) that is, direétly as the weight, and in the
duplicate ratio of the Arc.

89. But to come clofer to the purpofe; let us
{uppofe that there be given a Pendulum of eight
pound weight, defcribing an Arc of zen degrees
Jfrom the lrweft point ; if it be required to make
a Pendulum that fhall have equal momentum
with the former, and only vibrate zhirty mi-
nutes from its loweft point, its weight in round
numbers muft be 3000 pounds; a weight, that
I am apt to think, the greateft admirer of fhort
Vibrations would not, without apprehenfions,

D 2 : apply
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IMPROVEMENT OF

apply to a Houfe-clock : but there appears not the
leaft rifque or inconveniency in acquiring the fame
momentum, by enlarging the Vibration as above.
go. It may be further urged in favour of
thort Vibrations, that the influence of the oil
on the pivots of the verge, is diminithed as
the angle of Vibration. But is it poflible to
imagine ! that any perfon fhould think of this,
without having firft attempted to diminifh the
influence of the oil oz the pallets; where the
cffect is at leaft two hundred times as great ?

91. Thofe who are not yet fatisfied of the
advantages of long Vibrations, may have further
fatisfa@ion, when the influences of the oil on
the pallets and the refiftance of the air are con-
fidered. And _

92. As fome may enquire, what could have
induced fo many learned, and ingenious men, zo
prefer fbort Vibrations tolong 2 1 {hall endeavour
to point out fuch arguments, as appear of greateft
weight in fupport of fhort Vibrations.

93. Firft, Becaule fhort Arc’s of a circle,
deviate little from the cycloidal curve : Zhey are
Suppofed to partake of the fame properties.

94. Secondly, Becaufe thort Vibrations are lefs
liable to communicate motion to the point of
fufpenfion. And

g5. Zhirdly, Becaufe they meet with lefs re-
fiftance from the air, and confequently are main-
tained by a {maller power; they are thought
preferable to long ones, But

R |
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But let us now enquire, whetber thefe are real
or imaginary advantages.

96. And firft, of the cycloidal properties, they
feemingly having introduced fhort Vibrations ;
1 here confine my remarks to the eftablifhed
theory only, and pafs all the imperfections of
materials or execution.

97. Mr. HuGens demonftrated, that a Pen-
dulum, vibrating in the cycloidal curve, would
perform all its Vibrations, whether long or fhort,
in equal times * ; and direély thought of apply-
ing this to Clock-pendulums, and pointed out a
method, by which the center of ofcillation of a
Pendulum might be made to defcribe a cycloid.

98. But bere, the center of ofcillation was
confidered as a fixed point; which cannot be
in a Pendulum vibrating between cycloidal
cheeks; for the Pendulum alters its length in
every part of the Vibration, and confequently
the center of ofcillation muft be continually
changing its place, and fo defcribe a curve dit-
ferent from the cycloid ; nor has any methed
been yet propofed for obviating this difhculty.

09. But, fuppofing this objection removed, what
is demonftrated of Pendulums defcribing a cy-
cloid, is by no means true, after fuch Pendulum
1s applied to a Clock.

— —

. But_ this demonftration does not include the influences of
the medium.

100. Sir

=21

SHoRT
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tion, not a fixed
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Other objeflions
to cycloidal checks
&c.
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Of suort Vi- 100, Sir Isac Newron was well aware of

o~ Mr. HuGens’s overfight in both thefe articles ;

for, when ur thews how to make a Pendulum de-

Sir Isane New- fcribe a cycloid, he fuppofes it a point.  See his
Tox awareof this priry. Math. Prop. 5o.

1o1. And when e demonftrates the cycloi-
dal properties of a Pendulum, (Prop. 51.) he
exprefsly fays, ¢ Tuat GraviTY ALONE, fhall
a& on the Pendulum ;” which tacitly fuggefts,
that when the Wheels of a Clock a& on the
Pendulum, the cycloidal properties are deftroyed.

Argument in fa- 102. But it may be faid, that if the Wheels
Vi ol geloidal of a Clock ‘are made to a& on the Pendulum,
in the very fame manner that gravity does, the
cycloidal properties may be preferved : but this
frﬁmﬁﬁﬂﬂ not  f{uppofes the a&ion of the Wheels, as invariable
: as the a&ion of gravity, which I imagine is not
the cafe in any Clock, zbat has yet been made ;
and if any alteration happen in the acion of the
Wheels, thus applied ; it will have zbe fame effec?
on the meafure of time, as an alteration in the
power of gravity.
Adtion of the 103. Nor is it poflible to make the acion of
Etﬁll ﬁf";':;;r the Whﬁel_s, in every refpeét, tﬂﬁcoincidt: and co~
refpeét with gra- operate, with gravity ; for gravity promotes the
Tlonthe Pends- gofeent in every point, and in the fame manner
oppofes the afcent; which can never happen in
the acion of the Wheels on the Pendulum ; for,
Reafon, 104. Though 7# may promote the defcent, in
the very fame manner that gravity does, it can
X never
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never oppofe the afcent, as muchgand in the fame Of svorT Vi-

manner; for in that cafe, it would counter-act Masttides.
itfelf, and ceafe to maintain the ¥ibrations : but of
this more hereafter.

105. Let us for a few minutes divelt our- Enquisy.
felves of cycloidal prejudices, and found our
enquiries on common {enfe, and the following
confiderations will naturally prefent themfelves. i

106. Whenever cycloidal cheeks are applied, Spa :';Lb:,i}_
it is fuppofed that the longer Vibrations are el oo
{lower than the fhorter ones; but though this SR ke iy

" 1s the cafe in detached Pendulums, it is quite
otherwife in thofe applied to Clocks with recoiling
pallets. For,

107. If we add, to the moving power of a Aneafy equ;i-
Clock on the recoiling principle, its Vibrations docke, o5
will become longer, and at the fame time
quicker : this is a truth of which few, if any
Clock-makers, are ignorant, and of which any
perfon in pofleflion of a Clock of the recoiling
principle, may foon be convinced ¥,

108. How

—

* It may poflibly be here faid, that though this has been gene-
rally if not univerfally the cafe, yet a certain mode and quantity
of recoil, may be eftablithed, that will give in practice, all the
properties that the cycloid does in theory : but I am apt to think
that fuch inveftigation, is much more difficult than that of the
cycloid ; and that the application of fuch theory to practice,
muft be more critical than even that of the cycloid. For,
admitting that the mode and quantity of recoil is invefti-
gated, the application to practice, will be more difficult than the
cycloidal cheeks, in proportion, as the face of the pallets is

fhortes
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108, How abfurd then would it be, to render
thofe quickeft Vibrations, yet quicker, by the ap-
plication of cycloidal cheeks ?

109. If thus, it appears, that the application
of the cycloid to Clocks, does even in zheory in-
creafe the evil: What muft they do? when we
add, the imperfeltions of execution, the elafticity
of cycloidal cheeks, together with the many changes -
that happen therein by heat and cold, and the bad
effelts that may arife from the corrofion of the
metals, &c. &c *,

r10. Icannot here inveftigate the effet of cy-
cloidal cheeks with the dead-beat, without anti-
cipating the theory of pallets, but fhalt here-
after endeavour to fhew the impropriety of any
application of them, fince the effe of the den-
fity of the air, on the motive force of the Pen-
dulum, does exaétly balance the effe@s of its_re-
fiftance in circular Arc’s: {fo far as they in-
fluence the meafure of time, as fhall be &;ewn
in its proper place. But here

fhorter than fuch cheeks: and [ fhall thew hereafter, that in
Clocks where the maintaining power is uniform, circular Vibra-
tions are preferable to cycloidal ones; and the fame objections
ftand in the way of any recoil of whatever kind.

* This chiefly alludes to fuch Clocks as have a recoil, which
has been the *cafe with moft, to which cycloidal cheeks have

‘been applied; and i1n all Mr. Hucens’s Clocks : but I fhall

fhew 1n its proper place, that the cycloidal Vibrations are infe-
rior to the circular, in a refifting medium whofe denfity is change-
able, whatever be the conflruction of pallets.

rLE. &t
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rr1. It feems no more than reafonable to
conclude; zbat fhort Vibrations derive no greater
advantages from any affinity they may be [uppofed
to have to the cycloid 3 than the cycloid poffe[fes.
112. And though all that hath been demon-
ftrated of the cycloid, had been as unexception-
able in Clock-pendulums as in imaginary ones ;
it would not follow ; that thort Arcs would have
any more of the cycloidal properties, than ftraight
lines have of the properties of fhort Arcs; and
if fuch inaccuracies are admitted as mathemati-
cal reafoning, we need not be furprifed to hear
it afferted, that there is no difterence between a
cycloid and a femicircle; we may deceive our-
felves by fuch reafoning, but cannot impofe on
nature; the {malleft part of the one, for part of
the other.

25
Of suorT Vi-
BRATIONS.
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Impropriety of
fuppofing that
fhort Arcs, &c.

113. As to the motion that may be commu- Sufpenfion.

nicated to the point of fufpenfion (g94), I have
only here to obferve, that it may be more advan-
tageoufly prevented by rendering the point of
{fufpenfion more immoveable, than by rendering
the Vibration fhorter ; fince by this means, we
may preferve the one advantage ; without lofing
the other.  Of this more hereafter.
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As to the refiflance * of the Alr.

114. I formerly have obferved (27, 28), that
we are only to confider the alterations that hap-
pen therein ; and if in this refpe& fhort and long
Vibrations are found on a level, zhe latteris to
be preferred, for reafons already given (89, 47).

115. Since the refjflance of the air {hortens
the time of afcent (17), as much as it prolongs
the time of defcent (17); let an afcent, and def-
cent, be taken together ; and any change in the
refiftance, can only affe@ their times, by render-
ing the Vibrations longer or fhorter (19). And
therefore +,

* By the refiftance of the air, we are only to underftand the
effetts of its Vis inertie, by which the motion of bodies pafling
through it is deftroyed : fuch effefis as arife, from its different fpe-
cific gravities, independent of its Vis inertie, fhall be confidered
towards the end of this Effay.

+ Sir Isaac Newton takes notice in the 2d Corol. to Prop.
27. Prin, Math. V. 2. “ That the time of defcent of a funipendu-
*“ lous body, is fomewhat more prolonged (by the refiftance of
“* the air) than the time of its afcent is contracted, i proportion as
“ the defcent is longer than the fubfequent afcent ; whichis not the
cafe in Clock-pendulums, where the time of defcent is contracted
by the aétion on the pallets : and if the refiftance arifing from the.
Vis inertie of the air, tends to render the Vibrations fhorter, and
quicker in circular Ares (19) in proportion to its denfity ; the
{pecific gravity of the air independent of the Fis inertie, tends
to render them flower, in the fame proportion. See 6 Corol. to
Prop. 24. of his Principles ; where he fays: * That the com-
“ parative weight is the motive force of a body in any heavy
* medium : and therefore does the fame thing in fuch a #on-re-
“ fifting medium, as the abfolute weight does in a vacuum.”

But of this hereafter.
116, The
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116. The ifochronifm will be leaft altered in
thofe Vibrations, that undergo the leaft propor-
tional alteration in their length (14), from any
“¢hange, in the refiftance of the air; or in the
maintaining power.

117. The refiftance that a Pendulum meets
with from the air, bears a duplicate proportion
to the length of the Vibration: and the re-
fiftance that gravity makes to the afcent of the
Pendulum, is alfo in the fame proportion. Zhere-
fore,

118. All that has been f{aid concerning the
comparative advantages of long and [bort Vibra-
tions (from 29 to 48), is equally applicable
2o the uniform refiftance of the air *.

119. And, though the whole refiffance is
much greater in long, than in fhort Vibrations ;
the change that any alteration in the denfity of the
airy will make i» the refiflance 5 will bear o lefs
proportion to the whole refiffance in thort Vibra-
tions than in long : 4nd therefore, (116, 118).

120. If no other confideration than the uni-

Jorm refiftance of the air, did take place ; Tur

_* Here it is to be obferved, that the uniform refiftance of the
air, tends to diminifh the effect of any change in the maintain-
ing power, in the duplicate proportion of the Arc of Vibration.
See Plate 1. Fig, 1 and 2. where the refiftance of the air as
well as that of gravity may be reprefented by the perpendicular
heights (1 I,F:" (1. e. the verfed fines,) fo that the former muft
have a fimilar effeét with the Jatzer in preferving the Vibration
of a more equal length, (41, 46, 47) and more ifochronal (14).

E 2 LONGER
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RESSTANCE. LONGER VIBRATIONS IN CLOCK-PENDULUMS are
‘——~———= much preferable to the fhorter; nor do the altera-
tions that bappen in fuch refiffance render them
inferior (119) *.
S Tk M 121. Some admirers of thort Vibrations, may
z::;oﬁ;:{:::;fc urge what Sir Isaac NewTon has wrote inthe 2d
to Clock-pendu-  Cor, to the 27th Prop. V. 2.of his Principia; but
s I may venture to affert, that if their attention in
reading, is equal to his judgment in writing, they
will not apply any part of what he there fays, to
Clock- pendulums :
His words, &c. 122. Hiswords are, ¢ That the fhorter of-
¢ cillations are more ifochronal, and very fhort
‘“ ones are performed nearly in the fame times,
“ as in @ non-refifting medium +.”
Nt o 123. But let it be obferved ; that what Hr has
bodies. demontftrated, is exprefsly of funipendulous bodies
1, to diftinguifh them, from fuch bodies as have a
maintaining power, and are keptin conffant mo-

2107,

-

* If a pendulum approaches near to a folid body, atthe ex-
tremities of its Vibration, the repercuflion of the air from fuch
body may tend to accelerate the defcent ; and fo contract both,
the times of afcent and defcent ; on which account, Clock-pen-
dulums fhould have fo much room as never to approach very
near to the cafe.

+ By a non-refifting medium is here meant, a medium
deprived of its Vis inertia 3 and it is alfo implied that its denfity
remains the fame : otherwife the times of Vibration might be al-
tered, even in a non-refifting medium,

1 Bodies fufpended by threads,

124. His
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124. His meaning therefore, may be expreffe
thus; fincethe refiftance of theairisin theduplicate
proportion of the velocity, the longer Vibrations
(where there is no maintaining power) muft lofe
more motion than the fhorter ones do : and when
the Vibrations become very fhort, the refiftance
is fo fmall, as to produce no fenfible effe& in the
length, or time, of many Vibrations.

125. Any one who reads with due attention, bis
demonfirations concerning Pendulums, will clearly
Jee that be did not intend they fbould be under/food
of fuch aswere applied to Clocks ; For,

126. When he gives the method of caufing a
Pendulum to ofcillate in a cycloid (Prop. 50.) he
{fuppofes it, a point ; and this fuppofition re-
moves in his demonftrations, any inaccuracies that
may be found in Mr. HucEens’s 3" who expresfly
fays Clock-pendulums are meant ; and that the
center of ofcillation is @ fixed point within them.
But of this more hereafter.

127. Moreover, when Sir Isaac demontitrates
the properties of Pendulums ofcillating in a cy-
cloid (Prop. 51.) he fays, ¢ Thar gravity alone,
““ aflsonit 3 does not this even fuggeft, that the
addition of any other power would deftroy thefe
properties ?

128. If any further proof feemed necefiary ;
that' ourR INcomparapLe Puicosornrr did not
mean, any of the demonftrations of funipendu-

lous bodies, to beunderftood of Clock-pendulums ;
and

25
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and that he was well aware of the changes that
theapplication of a Clock would caufe in the mo-
tion of a Pendulum.

129. I might further obferve ; that in the
above cited corollary (rz21) he fays, ¢ But the
““ timesof thofe (Vibrations) which are performed
“ in greater Ares are a little greater, becaufe
¢ the refiftance in the defcent of the body, &y
““ awhich the time is prolonged, is greater, in pro-
portion to the length defcribed in the defcent,
than the refiffance in the fublequent afcent, by
< abich the time is contraflfed.””* ‘This cannot
be underftood of Clock-pendulums, for it fup-
poles each fubfegnent afcent thorter than the pre-
ceding defcent, which muft terminate in reft.

130. But as foon as a Clock-movement is ap-
plied toa Pendulum, the defcent is performed in
lefs time than the afcent, becaufe the aéion of
the Wheels promotes the delcent, and renders each
Sfubfequent afcent, as long as the preceding ;
moreovER 3 what He means to be underftood of

Clock-pendulums, he expresfly mentions ; See
Cor. 2. Prop. 53. Pr. Math.

ik

[ 1

Lol

* Becaufe the refiftance, is in each, as the {quares of their
velocities : 1. e. as the fquares of the {paces defcribed : if the
{paces defcribed remained the fame, fo would the refiftances :
but this, not being the cafe; it is evident that what Sir Isaac

here fays s is by no means to be underftood of pendulums having
a maintaining power.,

2 131 1t

o |
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131. It does not therefore appear, that fhott
Vibrations derive any advantages from their fup-
pofed affinity to the cycloid 5 nor that Sir Isaac
NewToN any where meant, to recommend them in
Clacks 3 if the improvement of Clock-work, had
been his motive for writing, it cannot be doubt-
ed, that he would have thewn as much Mathe-
matical fkill and accuracy in this, as in other
{fubjects; but his views were more exalted.

132. We muft then judge of thort Vibrations,
Jolely, by the known properties of the circle ; and
when we have compleated a probable theory,
experiment will beft determine its merits

133. One reafon more, againft thort Vibra-
tions and heavy Pendulums; is, that the {pring
that fufpends the Pendulum, muft increafe in
{trength, as the Pendulum does in weight ; and
{ince all {prings alter their dimenfions, and confe-
quently their elaftic force, by heat and cold ; it
follows, Zhat

134. Such changes, muftin every {pring bear
a certain “proportion to the whole elaftic force ;
therefore, the changes that will arife in the forces
of different {prings by equal changes in their de-
gree of heat and cold, will be to each other, as
the relative forces of fuch [prings; And

135. Though I have hitherto confidered the
motive force of the Pendulum, as compofed
wholly of gravity and the action of the Wheels ;
(70), it would be abfurd, #or 20 add to them the

elaflic

3!
REsISTANCES
OF THE AIR.
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Conclufion rela-
tive to fhort Vi-
brations.

Pra&ice the crite-
rion of all theory.

Another realon,

&e,

Changes in Pendue
lum fprings.

Whole motive
force of the Pen-
dulum, &c.
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elaflic force of the above [pring, fince it oppofes

the afcent as much, and in the fame manner, as
it promotes the defcent, and therefore has a con-
ftant tendency to fhorten the times of Vibra-

fion r.

136. And the effe@ that this elaftic force
will have on the times of Vibration, will be (80)
as the elaflic force, to the smotive force of the Pen-
dulum ; And,

137. Since the alterations in this force, are,
in different iprings, nearly as their whole force,
(134), it follows, that the relative effeét that fuch
changes in the force of the {prings would have on
the times of Vibration, would be direétly as the
whole torce of fuch {prings.

138. But as the force of thofe {prings muft
increafe as the weight of the Pendulum, the al-
terations that will happen in the times, will be
(137) as the weight of the Pendulum ; and con-
{fequently when the momenta are equal, it will
be much greater in fhort, than in long Vibra-
tions (89) .

* Some chufe ftiff {fprings, as they refift mofk towards the ex-
tremities of the Vibrations, from which they acquire in fome
degree the properties of the cycloid : But any alteration in the
ation of this {pring, has the fame effeét as an alteration, in
power of gravity : which alters the tmes of Vibration, in cy-
cloidal, as well as in circular Arcs.

+ Nor will the certrifugal force of the longer Vibrations, at its
loweft points, nearly ballance this inconveniency in the heavier
Pendulums,

139. Some
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139. Some may poflibly expeé that I {hould
here mention the exa& limits for the length of

33

VinrATIONS:

J

Limits of Vibra-

Vibrations and weight of Pendulums, but though ton binted.

I have endeavoured to run a parallel betwixt the
advantages of each, I do not pretend to pre-
{cribe for the pradtice of others ; and though 7z
‘common 1 ufe Pendulums from 6 to 16 pounds
vibrating from zhree to fix degrees, from the point
of reff* 5 1.do not aflert that thofe limits are
beft ; on the contrary, I imagine that Vibra-
tions may advantageoudly be enlarged to ten de-
grees on each fide the point of reft ; but this re-
quires further improvement in Clock-work : of
which more hereafter.

140. In this enquiry into the nature of Vibra-
tions, I have endeavoured to ufe fuch reafoning
as may be underftood by every man of found
fenfe, though not pnﬁ'-::{red of the advantages of
a Mathematical education ; and 1 e:{pe& that
by having thus; as much as in me lies, increafed
the number of my judges ; impartiality will be-
lieve, that Iwifh no overfight of mine to miflead
or pafs unobferved.

141. Some further objections to cycloidal Vi-
brations are referved for an after part of this el
fay, when the different efte&s of fuch alterations
as happen in the denfity of theair are confidered.

-

* Thatis, Arcs from 6 to 12 degrees.

i3 142. Havine

Addrels to the
reader.
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- 142. Havine sHewnN, That the advantages of

v different Vibrations, in cnrre&mg the influence

of any changes that may happen in the main-
taining power are (cet. par.)in the duplicate
proportion of their repective lengths (415 47)-

243. That the conflant refiflance of  the air,
has the fame tendency to correé any irregularity s
in the maintaining power, and to limit the length
of the Vibration s zhaz the aétion of gravity has

118).
( 144. And zhar fuch wniform increafe of fric-
tion as takes place by increafing the maintaining
power, cannot influence the performance of the
Clock (50, 60).

145. That the refiffance of the medium has the
fame effeé in altering the length of Vibration,
as diminifbing the maintaining power would have
(51, 52). And confequently whaz is faid of the
former, (41, 47), is equally applicable to zbe
latter.

146. That fhort Vibrations derive no advan-
tage by being maintained by a {maller power in
proportion to their momentum, than long Vi-
brations are (48 to 51).

147. That no method is yet inveftigated for
giving the true cycloidal properties to Pendulums,
(98, 99) ; and that any remaining error is dimi-
nifhed by enlarging the Vibration (41, 47).

148. 7bat admitting all that Mr. HucEens
has demonftrated of the cycloid ; thort Vibra-

2 tions



CLOCK-WORK

tions in a circle, derive mo advantage from their

Juppofed affinity therero (112). '

- 149. That the refiffance of the air can only
alter the times of circular Vibration, 4y altering
their lengths (115).

150. That Sir Isaac NEwroN has no where
recommended fhort Vibrations for Clocks ; nor
did he intend that his demonftrations of funi-
pendulous - bodies fhould be amy how applied to
Clock-work {121 to 133).

151. That momentum may be acquired 70 &
greater degree and more advantage, in long than
in fhort Vibrations (133 to 138), and, that on
the whole, long Vibrations are inferior to fhort
ones in one article only ;3 which takes its rife
from the imperfe@ions of execution ; and may
therefore be remedied by proper care in the me-
chanic (113), as I {hall thew hereafter.

152, FrROM ALL WHICH, i may be concluded,
that long Vibrations are lefs influenced by equal
caufes, than fbort ones : which concludes the firft
part of the theory of Clock-work (5). Inow pro-
ceed to the Seconp: in which many articles will
occur, that will corroborate what has been al-
ready faid.

153. The [fubjef® of enquiry in the fecond
part of this Effay is, WHAT CONSTRUCTION OF A

Crock, tends leaft 1o alter the ifochronifm of the
Sfame Pendulum.

E 2 154. As

35
RECAPITULA-
TION. §

!’;'F

-

1

Long Vibrations
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theory, &c.
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154. As the influence of heat and cold on the
Pendulum, and the irregularities of action, with
wheels and pinions, take place in almoft all
Clocks ; I refer the confideration of them to a
{ubfequent place ; and only obferve here, zhat
in each of them, equal caufes always produce
equal effedts. S

15, The influences of heat and cold on the
ol applied in Clocks, s of @ more irregular na-
ture 5 for the qualitics of the oil, are through

time changed by the motion of the Clock, in fo

" much that egual cfﬁgrﬁfs of beat and ¢old will

Propofal,

Smaller quantity
of oil fooner de-
ftroyed by motion,
&,

have different effelts ar different times 3 which
makes it impoflible to apply a remedy by means
of, the expanfion of metals; and it would even

feem that a perfeét remedy had been defpaired

of unlefs by difcontinuing the ufe of oil: this is
alfo big with difficulties, and at the end we will
find, that we have (at a confiderable expence)
only {ubflituted a fmaller imperfedtion for a
greater.

156. I fhall Aere endeavour to thew; how
this imperfection may be much reduced, and what
conflruttion of a Clock will be leaf? influenced by i,
when thus reduced.

157. Since a fmaller quantity of oil, is fooner
deftroyed by motion, than a greater ; the effec

will be rendered lefs, and always more propor-

tionable to the caufe, by fupplying the pivots
with a greater quantity of oil, which fhould be

contained
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- contained in a metal not fo liable to corrode as
brafs *; for moft oils unlefs concentrated by cold,
contain more or lefs of faline, afcid or aqueous

arts, fometimes all the three ; which corrode
the brafs ; and the parts thus corroded, mix
with and deftroy the oil : care muft alfo be taken
not to ufe a foft malleable metal however fine,
for duft, &e. will ftick toit, and tear the pivots :

‘T have ufed hardened fteel for this purpofe, i
preference 1o any other metal.

1 58. If the fame oil be applied to any num-
ber of Clocks, equal degrees of heat and cold
will have equal effeé on the fluidity thereof in
each Clock, without regard to their moving
‘powers : Therefore, i

159. If there be any number of Clockswhofe
moving Powers are as 5, 10, 20, 40, &c. having
the fame oil applied, and equally expofed; any
change of heat or cold will equally add to, or
fubftract from, their moving powers (158) ;
fuppofe one degree of diminution in each, then
will the moving powers a&ing on the pallets, be
as 4, 95,19, 30; {o that the alteration, is to the
whole meving power in each, inverfely as the
moving powers to each other.

* The expence of diamonds or rubies, is the only reafon of
my net recommending the ufe of them. But I here treat of the
improvement of Clocks, for domeftic ufes, wherein expence
muft as much as poflible be avoided.

160, But

By

INFLUENCES oF
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160. But the immediate alteration that any
change in the moving power will caufein the
meafure of time, will be to the whole time, as
the alteration in the moving power to the whole
motive force of the Pendulum (80).

161. Every Clock continues to increafe its
Vibration 7l the refiffance of the air, &c. be-
comes equal to zhe maintaining power ; and
therefore, the momentum accumulated in the
Pendulum increafes with the maintaining power ;
and fince the momentum is increafed nearly as
the motive force of the IWheels 5 and the compa-
rative influences of the oi! diminifh in the fame
proportion (159); I¢ follows that,

162. The influences of theoil, will affeé the
going of a Clock, (cer. par.) nearly in the inver/fe
duplicate proportion of the motive force of the
Wheels (161).  And therefore,

163. Though the execution of all Clocks
thould be fuch as render their metion as free and
eafy as poflible, no advantage is gained by ufing
the fmalleft weights that will maintain the mo-
tion of the Pendulum ; bur the contrary : this
anfwers well for proving the care and judgment
of the workman, but {fo foon as that end is ob-
tained, zhe smoving power fhould be increafed in
order to improve the performance (162).

164. Example: A Clock that will go for
eight days with two pounds, will meafure time
much better, if @ weight. of twelve pounds be

| applied
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applied 3 for the momentum of the Pendulum
will by this means be increafed, nearlyas twelve
to two (161), and the influences of the oil, will
be diminifhed in-the fame proportion (160),
therefore the alterations occafioned in the mea-
fure of time, by equal changes in the oil, would
be in the former cafe, to the alteration in zhe Jat-
ter as thirty-fix to one *.

165. Thus it appears bow much thofe are mif-
taken, who ufe very fmall weights to Clocks ; for
though an increafe of weight is attended with an
increafe of friction, it only argues that the longer
Vibrations require more maintaining power in
practice than in abftra& theory (50) -

166. What has been hitherto faid of the in-
fluence of the oil, #s more particularly to be un-

derflood of that applied to the pivots : for, though

* | have admitted, that the momentum is increafed exaltly as
the maintaining power, for the fake of a fimple illuflration ; not
with any view of deceiving : and if it appears that the advantages
increafe with the maintaining power, though not in the exact
proportion here ftated, my end is obtained.

4 Italfo appears, that anincreafe of maintaining power is ad-
vantageous, even without regard to the increafe of momentum
acquired by it. Hence it is not fo great an advantage in fhort
Vibrations, that they are maintained with finaller weight ; for if
the maintaining power was as uniformly the fame, as the exertion
of gravity, it woull conftitute as advantageous a motive force :
Hence it 1s not the quantity, but the irregularities of the maintain-
ing power, that hurts the performance of Clocks: and there-
fore the moit regular is to be preferred, without regard to the
proportion it bears to the momentum of the Pendulum.

it

39
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it alfo applies to the oil ufed on the pallets, the
effect of any change in it, is much greater than
has been hitherto mentioned ; for any diminu-
tion in its fluidity tends #o0 deffrop the momen-
tum which the Pendulum had already acquired,
as well as to diminifb the maintaining power ;
here, a&ion and re-action confpire to alter the
ifochronifm of the Pendulum.

167. If the influence of the oil on any pivot
during one revolution, be exprefled by one, the
sfluence of two revolutions, will be two ; on
three revolutions, three ; &c. Therefore the in-
fluence of the oil, oz any pivet in any given time,
will be @s the number of its revolutions.

168. The {pace delcribed is alfo as the revo-
lutions ; therefore the influence of the oil will be
(ct. par.) as the [pace defcribed.

169. Thus, may the comparative influence of
the oil on each pivot in a Clock be found, if al-
lowances be made for their different diameters.
Example : Since the {wing wheel makes fixty re-
volutions for one of the minute wheel ; if their
pivots were of equal fize, the influence of the oil
on the former, would be to its influence on the
latter as 60 to 1; but allowing the pivots of the
minute wheel to be thriee as thick as thofe of
the {wing wheel, the relative influences on them,
will be as twerty to one.
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170. If it be defired to reprefent the influ-
ence of the oil on each pivot in an eight-day
Clock, it may be done as in the margin.

171. In the firft column

L
& = - ™
you have the Wheel; in g $513.
the fecond, its number of | Wheels.} 5 |55 ¢
y . - * - 'E = e
revolutions ; in the third, C R

the mean fize of both |rim, |, :
pivots ; and in the fourth, |y | 2 i
the influences of the oil: |Seconds fz0 b 1 1720
by which it appears; that zbe influence on the
pivots of the fwing wheel is nearly four times as
great as on all the other pivots in the Clock.

The influences of the oil oN THE paLLETS are
next to be confidered.—

172. Let A B G, Plate 2d, reprefent the {wing
wheel of a Clock, and H K D the pallets; if the
Pendulum bemade to vibrate, the leaft angle that
will poflibly allow the Wheel, to efcape ; thein-
fluence of the oil on' the pallets during one Vi-
bration, will be as the length of the plane F A
or C D on which the Wheel aéts (168), and the
influence during two Vibrations, will be as both
thefe planes ; therefore, if A O, is made equal
to F A and C D, together, it will reprefent the
influence during two Vibrations; but A O, is
greater than the Arc AL M, and therefore, will
bear a greater proportion to any third quantity,
and the influences are as the fpaces (168) ; there-
fore the influence on O A, will bear a greater

G proportiosn

e |

t.lj-
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proportion to the influence on the {wing wheel
pivots ; than the influence on the Arc AL M,
would bear to it : but let us here {uppofe the
influence, only as the Arc A LM, then will the
influence on the pallets, during one revolution
of the fwing wheel, be to the influence on its
pivots, as the diameter of the wheel, to the mean
dz.czfﬁﬂfer of both pivots.

53. It may here poflibly be faid, that though
thzs influence takes place at the fame time on
both the pivots, it does not fo on the pallets;
but let it be remembered, that on them, action
and re-a&ion have each an effeé? (166), butin
no other part of the movement; therefore the
leaft influence zhat can poffibly take place on the
pallets (172), will be to the influence of both

pivots of the fwing wheel ; as zbe circumference of

the wheel to the mean circumference of both its
proots.

174, We may reafonably {uppofe, that the
circumference of the fwing wheel is to that of
its pivots, as 5o to 1; in which cafe, the in.
fluence of the oil on the pallets, with the leaft
poffible vibration, will be to the influence on the
fwing wheel pivots as 5o to 1 (173): but the
influence of the oil on the fwing wheel pivots,
has already been proved equal to four times the
influence on all the other pivots (171) ; therefore,
the leaft poffible influence, that the oil will have on
the pallets, is two bundred times as great as the

influence
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influence on._all thofe other pivots : or forty times ON THE PAL-
as great as the influence on all the pivots, thofe “—u-—
of the {fwing wheel included. el B
175. I have hitherto fuppofed the Vibration as as 4or0 1. ;
Short as could poffibly allow the Wheel to efcape,
in which cafe, the influence would be the {fame;
whether the pallets were confiructed on the rucoIL-
ING principle, or that of the pEap-BEAT ; but,
176. Let us mow [uppofe, the pallets con- vy we dead-
ftru&ed on the principle of-the pEaD-3EAT, and beat.
that the Fibration is doubled, then will the Wheel
embrace the circular part of the pallet, and each
tooth will move from F to P, and from P to F
again ; before it begins to a& on the plane F A 5
therefore (168), the influence of the oil will now
be, to what it formerly was, as twice F P toge-
therwith FA, to FA;and f FP betoF A, as
two to three, twice F P will be to F A, as four
to three ; and therefore (168), the influence on the
pallets will now be, to what it formerly was (174),
as feven to three; and to the influence on all the
prvats, nearly as ninety-two to one*; and this I
take to be the general proportion of influence on
the pallets in Mr. Gramam’s Clocks, and in the InMr.Gramaw's

generality of others that go with fmall weights, ©'°% &<

PLATE IL

- -—

* Or to the influence on all the pivots, thofe of the fwing
wheel excepted, nearly as 466 to 1..

G 2 and
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and where the pallets take in twelve teeth of the

“~-— {wing wheel *,

PLATE

With a recoil.

I

177. Let us now fuppofe the above pallets, con-

Jirutted on the RecorLING PRINCIPLE 3 and enquire

what will be the influence on them 5 all other cir-
cumflances as_formerly.

178. Let AF be produced to H, and it will
reprefent the plane on which the Wheel aés;
by the conftrucion of the figure, F O, will be

greater than F A, for they fubtend equal angles -

at the center ; but we fhall here fippofe them
equal. Now, let the tooth C, efcape the pallet
C D, and the tooth M, will drop in the point F;
when the whole Vibration is performed ; that is,
when the Pendulum is at the extremity of its
Arc, the tooth M, will be at O, from whence it
muft return to A, before it can efcape the pallet.
Thus it appears, that in each Vibration the tooth
defcribes on the pallet, a {pace equal to thrice
A F ; therefore, the influence of the oil on the

i
—

* Plate 3. Fig. 3. exhibits at one view the length of the
pallet, and the diftances of the center of the verge from that of
the fwing wheel, according to the number of teeth of the Wheel
which the pallets take in, from 2 to 12: By which it appears,
that the diftance of thofe centers, is the fecant ; and the length
of the pallets the tangent, of half the angle fubtended at the
center of the fwing wheel, by fuch number of teeth,

ﬁﬂ?fgﬁ,
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_p#ﬂe;'t.f, during each Vibration, will in #his cafe
be to the influence on F A, as three to one.

179. And (174), the whole influcnce on the |

pallets will here be, o the influence on all the
pivots, as one bundred and twenty to one 5 butthe
influence with the peaT-eat has been proved,
to be to that on all the pivots, as ninety-two to
one (176); confequently, zbe influence of the oil
on the pallets, with the rEcoiL, is to the influence
with the DEAD-BEAT, (in thiscafe) as one bundred

and twenty 1o minety-two.
180. I have in the above calculations con-

fidered the influence oz the pallets only, but if
we allow for the additional influence on the pivors
with the recoil, the whole will be greater than
above ftated ; for the whole influence on the
pivots, will be as the fpace defcribed by the
point of any tooth in the wheel during fixty Vi-
brations ; to the circumference of the Wheel.

18 1. In the above comparative view, the face
of the pallet has been confidered as a plain ; but
the demonftrations will apply, fuppofing them
curves ; only obferving that in fuch cafe, the in-
fluence will be increafed in the proportion that the
length of fuch curve bears toa ftraight line joining
its extremities ; and the relative influences on all
the parts of zhgfe zwo Clocks may be reprefented
as follows.

On aN the pivots {With the dead beat — .

With recoiling pallets o SO R

4
Ow THE paL-
LETS,
e, il
To that onthe pi=
ots.

Additional on the
pivots, its propor-
tllﬂ-nl

On cutve pallets,
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The leaft poflible 40
On the pallets § Dead-beat and double Vibration — g2
Recoiling pallets and double Vibrat, 120%

182. Having thus confidered the influences
of the oil on the pallets, and fhown that it
will akways be greater (cet. par.) with a recoil
than dead-beat : 1 now proceed to enquire ; how
this influence may be diminifbed by the confiruc~
tion of ordinary paf[.e.t.r

183. An attentive view of Plate 2d may fatis~
fy us, that the dead-beat is chiefly intended 70 ¢~
move the recoil and its bad effef?s ; and that in
pallets, where friction and the influences of oil
take place, 70 advantage, is aquired by increafing:
:ﬁe ffmg of reff. Example:

If the Pendulum vibrate any angle O,
K M the {lope of the pallet thould fubtend the
whole of that angle or nearly fo, asP A : for if
the {lope only fubtends one half of the angle as:
F A, thf: inﬂuences of the oil will be increafed in
the proportion that twice F P together with F A
bearto P A ; but P F and F A together, are
greater than P A ; therefore twice P F and F A,,
will be much greater than P A ; and cenfe-
quently (x68),, the friction and influence of the

T

* It is not meant HKere to affert; that this proportion will uni-.
verfally hold 5 for it will vary in pmpﬁrtmn to the quantity of
the recoil . but will ever be greater with it thanithe dead-beat.

3 01},
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thus increafing the time of refl. i

185. As all Clocks vibrate further when the How longit tiould
oil is clean and fluid, than when it becomes "*~
dirty and glutinous, we muft always allow the Arc
of reft as P F, to fubtend an angle equal to the
oreateft change that can happen from the different
ftates of theoil ; nor thould any great latitude be
taken here, fince Clocksfhould always be clean-
ed, when their Vibration is fenfibly diminifhed.

186. Thusit were well that in conftruéting
pallets, on the principle of the dead-beat, more
regard was paid to this confideration ; and, that
the time of reft, was made no longer than is
abfolutely neceffary.

187. But we daily fee, that fome increafe the Increafe of recot,
time of reft, while others increafe the recoil, each °r#: increafeic
with intent to improve the performance: but
on the whole, increafing the time of reft, where
the influence of oil takes place, increafes the evil,
though not fomuch as an equal increafe of recoil
does (182).

188. It may here probably be urged that the PLATE IL
influences of the oil on the pallets, muft always
be greater with long Vibrations than with fhort ;
for P A, is longer than F A ; buz if this be generally
the cafe, it does not follow, that it muft remain
fo ; For,

189. In equal Vibrations, #hofe influences are ot the lengehige
as the length of the pallets. See Plate 3. Fig. 1. e

which
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Pallets fhortened.

Long pallets no
advantage.
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which reprefents the place of action of four pair
of pallets, whofelengths are as 1, 2, 3and 4 ; if
the Arc of reft, and flope, fubtend the fame
angle in each ; as reprefented by the dotted lines,
it is obvious that the influences of the oil and
frition, are in each, as the length of the pallets
from the center of motion to the point of action.*

19o. Therefore when the Vibration is enlarg-
cd, the pallets fbould be fhortened, and care thould
be taken mever to have them longer than what is
abfolutely neceflary ; for no advantage can be
thus gained, and the difadvantages are obvious
(189).

191. s Jome are of opinion, thata longer pal-
let will maintain the motion of a Pendulum, with
lefs power than a fhorter ;. I muft once more
refer to Plate 3. Fig. 1. where it will appear ;
that what is gained in power &y the length of the

pallet, is loft by the inclination of tbe plane on

which this Wheel aé?s 3 if it be propoled to make
the inclination equal in all the pallets, and there-
by to acquire an advantage in proportion to their
length, let it be remembered that if the power is
made to a& four times as firong, it will only con-
tinue to a& one fourth of the time, {o that what
is gained in power, is loft in time. Qn zbe
whole,

* And the length of the pallets, ¢. p. depends on the number
of teeth which they take i,  See Plate 3. Fig. 3. (176)-

192, Since
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192. Since the power of the fwing wbheel is
limited, any attempt to increafe its efte, by
lengthening the pallets, will be fruitlefs ; for 7
cannot efcape the pallets, however fhort ; before
it has exerted all its force thereon. Example :
Every mechanic knows that the exertion of gra-
vity, on bodies defcending by inclined planes, is
always as the perpendicular beight,and therefore,
never attempt to gain power by lengthening the
plane ; the cafeis exadtly fimilar with regard to
long and fhort pallets : for if the Wheel be ca-
pable of exerting a certain force, in a whole re-
volution, it can exert no more than one fixtieth
of that force in a {ixtieth of its revolution ; that is,
during one Vibration.*

193. It may poflibly be faid, that if the
influence of the oil was fo great as above fated,
its effe&ts on the performonce of Clocks would

49

(N THE PAL-
LETS.

L il
b il

No power can be
gainﬂd by length-
ening the pallets,

Why its'effects
not more fenfible
on the perform=-
ance.

be more fenfible than they are : To this it is an-- -

{wered ; that if 7o other imperfection took place,
this effe&t would become confiderable ; but
fince the fri¢tion on the pallets, as well as the
influence of the oil increafes as the {pace which
the teeth of the Wheel defcribe on the pallets ;
while the oil is attenuated by heat, the increafe
of fri&ion on the pallets, arifing from the increafe

* And the progreffive motion of the Wheel, in the one cafe,
may properly be compared to the perpendicular defcent, in the
other; each, being the line of direction of the power, by which,
its exertion muft always be eftimated.

H of
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Inrruexces oF - of Vibration partly compenfates the increafe of

W 4 power, and preferves the length of Vibration
more equal ¢. p. than if no frition took place, and

ok vice verfa* ‘
canmor bathanee e 194, But the effed@s of friction on the pallets
can never remedy the influences of the oil, for
the former is of @ more uniform nature, and the

latter very changeable.
il 195. Heat lengthens the Pendulum rod of «
other, &c. Clock, and fo tends to make it go flow ; the

fame heat makes the oil more fluid ; and by thus
increafing the action of the {fwing wheel, on the
pallets, tends to make 7# go fafter +.

196. Thus, do the effelts of heat and cold on
the Pendulum, together with the friction on the
pallets (193), always countera, and in man
cafes overcome, the influence of the il on the pal-
lets, &c. (193, 195); and by this means, zhe

EQ'?E‘EEEﬁJZ“;?S' whole wariation in the performance of Clocks,

vortion to the . bears a lefs proportion 7o the whole caufes, than

caufes, &, would happen if they did not counteraét each

* It is not here meant, to recommend the friction on the pal-
lets, as a defireable remedy againft any imperfection in the per-
formance : for if it be diminithed to fuch a degree, as to render
the application of oil unneceffary, the Vibration will by that
means, be increafed {o as to be lefs influenced by any alteration
in the tenacity of the oil on the pivots (41, 173, 174). It is
therefore inftrumental only, in diminifhing an evil of which it is
the caufe, and which it never can ballance; nor can its ad-

vantage in any refpect equal its hurt: as I fhall fhew hereafter.
+ Particularly with recoiling pallets.

other 3
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other ; or if each was taken feparately. ON TmE OFTHEPAL:

J

i

197. That oil is of a changeable nature, and Recarrruia-

that no perfe& remedy can be applied for its ef-
feéts by oppofition (155 194).

198. Zhar increafing the moving power in
Clocks, will diminith the relative effe& of fuch
influence on every part of the movement and
pallets (162).

199. That increafing the quantity of oil will
render its influence lefs, and more uniform (157).

200. That the recoiling pallets increafe the in-
fluence of the oil and friction on all the pivots,
as well as on the pallets : but the dead-beat does
ot (£80).

20r. That the influence and the friction on
recoiling pallets, (cet. par.) are greater than on
thofe conftructed on the principle of the dead-
beat (181).

202. That the influence of the oil and fricti~
on, is leaft on thofe pallets, where the recoil, or
time of reft, isleaft (187%) : Therefore,

203. Zhat the flope (or planes of action} of
the pallet thould nearly fubtend the whole angle
of Vibration (184), where friction takes place.

204. That the influence of the oil is greater
in pallets whofe place of acion is a curve, than
thofe that are ftraight (181).

H 2 205, That

T10N.
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20%. Zhat the influence increafes (cat. par.)

»as the diameter of the {wing wheel (172) *.

206, That the influence of the oil, and fri¢ti-
on increafes as the length of the pallets (189).

207. That no advantage is acquired by long
pallets, duz the comtrary ; and therefore they
thould be made as fhort as circumftances will al-
low (191) +.

208. That the influences of the oil and fric-
tion may be as much diminifhed in long as fhort
Vibrations (190, 172).

209. And, that the friGtion on the pallets
counteraéts the influences of the oil, duz never
ean ballance it (193, 194).

210. Thus have I endeavoured to thew, Aow
the changes that bappen in the fluidity, &c. of the
oil, do influence the performance of Clocks ; and
how far the effeét may be diminifbed witnouT
mucH ExPENCE : and if what I have here advanc-
ed proves any how inftructive to thofe who know
lefs 5 or procures a better inveftigation, from thofe
who know more of this matter ; my end is an-
fwered.

* Here the friction does not increale as the influence of the
oil ; aswill appear, when we confider the nature of the horizon-
tal wheel and cylinder.

+ This rule only applies:in pallets, where friftion takes place ;
but I fhall fhew hereafter, how a confiderable advantage may be
gained by lengthening fuch pallets, as have neither friction nor
recoil.

211. 1
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211. I mow proceed to enquire into the differ-
ent methods that have been beretofore ufed, for re-
moving the influences of the oil.—

212. When two hard bodies rub againft each
other, there arifes a refiftance which we com-
monly call friftion ; and though by experiments
of {thort duration, repeated at difterent times, we
find no fenfible difference in this refiftance ; it
increafes by continuation ; {o as in fome cafes to
equal the moving power.—

213. If a common Clock be fet a going with-
out any oil, it moves pretty freely at beginning :
in time, lofes its Vibration; and in the end, comes
to reft ; and if the rubbing be conftant, the times
in which this will happen, will be fhortened by
increafing the preflure, or relative velocities of
the rubbing furfaces *.

23, All folid bodies are heated by friction,
or attrition of any kind ; and zhe beat thus ge-
nerated is at leaft in fome degree, proportioned
to the force and velocity with which the bodies
a& on each other ; nor is it improbable, that ¢
opens the pores of metals or produces fuch other
changes in their textures, as to occafion zbis in-
ereafe of friftion 5 to prevent the pernicious effeéts
of which, orLhas been applied to Clocks ; there-

* The application of oil will immediately recover the motion 3
which tends to prove, that fuch decreafe was not folely owing to
{uch roughnefs of the furfaces, as commonly takes place.

fore
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fore, if fri¢tion be removed, by any mechanical
means, the application of 11 will become unne-
ceflary, and its influences no longer take place.

21 5. Zhus have friction pullies been introduc-
ed, and if materials and execution could be fup-
pofed perfect, and no regard paid to expence, zbe
friltion of the pivors might by their means be
fufficiently reduced for common purpofes ; nor
would I difapprove the ufe of them, unlefs a more
fimple and effeGtual remedy could be offered ;
of which more in its place.

216. The next attempt of removing the in-
fluences of oil from the pivots, we owe Mr.
Hucens, which contrivance he defcribes thus in
his Horologium QOfcillatorium, publifbed in the year
1673 ; ¢ To that Wheel which is next the
¢ Pendulum, and has its teeth cut like a faw, we
“ hung a/mall weightby a {lender chain, by means
 of which, that Wheel alone was moved, all the
“ reft of the machine anfwering no other pur-
“ pofe than the winding up that fmall weight
“ every half minute.”

217. Mr. Hucens informs us that he applied
the above contrivance, to two [pring-clocks that
were fent to fea in the year 1664, in order to
difcover the Loongitude ; and that their motion
was by zhe above means rendered more uniform
(at land) than in any of his former Clocks : he
gives a full defcription of them, with an accﬂun?

I o
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of their fuccefs, in the above cited book, from

page 16, to 21, to which I refer the curious.

218. The advantage of this ingenious con-
trivance is manifeft 7z fpring-clocks that are fix-
ed at land : for we may zhus, have the conve-
niency of the fpring (as the firft mover); and the
more uniform aéion of gravity for maintaining
the Vibrations ; but we are not to conclude, that
by this means Clock-work is perfected.

219. I have already fhewn (174) that the
leaft poflible proportion that the influence of the
oil oz the pallets, bears to the influence on a// the
pivats, in an eight-day Clock, (thofe of fwing
wheels excepted) isas 200 to 1. Therefore, this
contrivance, can only remove a 200th part of
the whole influence of the oil in an eight-day
Clock #*, ,

220. Some may poffibly think, that great ad-
vantage Is acquired by removing the irregula-
rities of a®ion in the Wheels ; without confi-
dering that this little weight muft be wound up
every half minute ; and that the fwing wheel
muft as ofz unlock the part which winds it :
thus, there arifes a periodical inequality in the
a&tion of the fwing wheel on the pallets, which
is no more innocent than the periodical flu@ua-
tions in the action of Wheels and pinions, as thall

e

* See the note to par. (176): by which it appears, that the
influence of the oil on the pallets, and the pivots of the fwing
wheel together ; 1s 466 times as great as on all the other pivots
in an eight-day Clock, though here, ftated only at 200,

be
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be further thewn hereafter. ON THE wHOLE IT
APPEARS,

221. That even in fixed Clocks, this contri-
vance {erves only to take off the imperfe&tions of
the main {pring /o as 2o render the altion on the
pallets as uniform as in Clocks wherein gravity is
the firff mover 5 and fo remove @ 200th part of
the influence of the oil on the whole movement
(174)-

222. I would not be underftood by this in-
quiry, to depreciate an invention that indicates
as much genius as fome others of more utility ;
nor wantonly to detract from the merits of a per-
{fon to whom Clocks owe their greateft improve-
ment 3 I bave ever preferred demonfiration, to
opinion, nor is the leaft difrefpe@t meant, where-
ever the former is oppofed to rhe latter.

223. When I treat of Watches, it will appear
that the advantages of the above contrivance can-
not be fo great in any PorTABLE MACHINE as
above ffated 5 and that it is more than probable,
it hurts the performance; but let us now fuppofe,
that it has all the defired effe&t, and that the in-
fluences of the oil on a// the pivors be totally re-
medied ; the influence on the pallets ftill remains ;
and confequently = only of the whole influence
on the Clock is removed (181) ¥,

* What is admitted at the clofe of this paragraph, is intirely
for the fake of illuftration ; for this contrivance has notendency to
remove or diminifh the influence of the oil on the fwing wheel
pivots, therefore its utmoft advantage is ftated (221),

224, If
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224. If any attempts have been made by the Ow rueraL-
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mechanics of the laft age, towards removing the w~isueo.

influence of the oil from the pallets, I am unac- —— ¥~
quainted with them ; and though many have

been made by thofe of the prefent, it does not ap-

pear that they have been attended with all the 1odugion:
withed for eftet; for it is neceffary, not only to

remove the influences of the oil 5 but that no other

caufe be introduced that can be produttive of fimi-

lar effels.

225. I have feen pallets of a very ingenious Pallets by Mefis,
conftruction, with Mr. Fobn Harrifon of Red- 115h o ™
Lion-Square, and with Mr. Hindley of York ;
in each of which, the frition and influences of
the oil were almof annibilated ; but if I miftake
not, in removing thefe, other imperfeltions have
been introduced ; which, however fhort of zhe

former, merit {erious attention.

226. The contrivances ufed by each of thofe , . . .
gentlemen, fo well known for their mechanical principle.
abilities, were much of the fame nature ; nor did
they differ materially in principle in any article
thatI could fee ; but Mr. Harrifon informed me ;

“ thatin his regulator, the action of the Wheel
“ on the Pendulum was the {ame with the a&ion
¢ of gravity thereon*®: nor do I in the leaft

* By which I underftood, that the adtion of the fwing wheel
on the pallets, increafed and diminifhed in every part of the Vi-
bration, 1n the very fame manner that the aftion of gravity did
on the Pendulum-ball; i. e. that the action was in every part,
as the verfed fine ‘of the angle contained between the center of
alcillation of the Pendulum, and its point of reft,

doubt
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doubt the affertion, though I have never feen
thofe pallets 5 but cannot conceive what real im-
provement can follow ; however, to the beft of
my remembrance, no fuch attempt was made in
Mr. Hindley's, but the following articles were com-
mon to both their pallets, that I did fee *.

227. Firflt, Thar the teeth of the Wheel, db
not Tub on the pallets, but continue te a& (or

prefs) on them alternately during their refpeéive
Vibrations,

* We are informed in the Phil. Tranf. Vol. XL.VIL pag. 517.
and in the Supplement to Mr. HinTon's Dict. of Arts, &c.
(SeePenpuLum),  that this manner of applying the aétion of the
“¢ Wheels to the Pendulum, prevents its being affeted by the
* different refiftance of the air :” Bu I cannotimagine, that fo ill-
grounded an aflertion, was thus publicly made with Mr. Harri-
son’s confent : when it requires but a few minutes reafoning, to
prove, that fuch an application of the maintaining power, muft
be hurtful to the performance of the Clock, by increafing the
effects, which, any alteration in the denfity of the air, would
otherwife have on the meafure of time.,

Does not any increafe of denfity (or refiftance) in the air di-
minifh the angle of Vibration? and confequently ; this accele-
rating efect on the pallets (note 226) ; how then can the Jatter
ballance the former, when the one increafes as the other dimi-
nithes ? And, admitting that this accelerating effect, did increafe
and diminith with, the denfity of the air, its effect on the meafure
of time, would be no better than above ftated : unlefs we fup-
pofe, that the time of afcent of a Pendulum, as well as the time
of its defcent, isincreafed by .the reliftance of the air: But Sir
Isaac Newton informs us, That the time of afcent is fhortened,
and the time of defcent, lengthened by fuch refiftance : nor is it
difficult, (if it was neceffary) to confirm his affertion by experi-
ment: but of thefe matters more in their proper place.

228, Se-
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228. Secondly, Zhat the one pallet cannot i’fi"ﬂf’iﬂmﬂﬂ
dlfengage itfelf from the Wheel, till the ober be- GEHL&ALDIL :
gins to act, foas to caufe a recoi/, or retrograde
motion of the Wheel ; which was much more
confiderable in thofe {capements, than in com-
mon ones.

. Thirdly, That durmg the progreffive
mﬂtmn ﬂf the Wheel, @ flender [pring is bent,
that difengages the pallet trom the Wheel, /o foon
as the recoil begins.

230. Fourthly, That when the pallet is thus
thrown from the Wheel, it is received by axo-
ther [pring, the office of' which, is to keep it in
a certain pofition, in which the teeth of the
Wheel may always find it.

231. Fifthly, Zhat during the retrograde
motion of the W heel, thofe t’aﬂ mentioned [prings
are bent, by which means they oppofe the afcent
of the Pendulum, and by their unbending, pro-
mote its defcent.

232. The conclufion concerning thofe pallets Fonclufion de-
mmufl be deferred, till the effeé? of @ RECOIL in gene- :
ral is explained ; to which I now proceed.

233. I have formerly obferved; that the
DEAD-BEAT was invented to remove the bad ef-
feéts of @ recoil (183); and fhewn 5 that the in-
fluences of the oil and friction, is greater on pal-
lets that have a recoil, than on thofe that have
none (182): I now enquire into the comparative

I2 advan-

Fl




6o

IMPROVEMENT OF

OF A RECOIL IN gd@gﬁfﬂgg; f the DEAD-BEAT, and RECOIL, when

GENERAL.
i

J

3

All pallets reduci-

ble totwocL AssEgs.

General ufes of
the maintaining
power.

Uled by fome to
render the Vibra-

tions more ifochro-
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PLATE

II.

ncither [riftion, nor influence of the oil take place.

234. All pallets whatever, muft have fome
recoily, or mo recoil : if the former ; they take
their name from thence: if zhe Jatter ; they
belong to the peap-peaT: and thus may all
paﬂeta be reduced to Two crLassEs : and what I
am now 10 obferve of thofe two kinds of pallets, will
apply WITHOUT EXCEPTION, 7 allthe variety of
conflructions that can poffibly be invented 5 fince
it wholly depends on the gquantity of recoil, inde-
pendent of all other circumftances.

235. The aé&ion of the Wheels, in all Clocks,
ferves to maintain the Vibrations ; and their
revolutions, give the number of Vibrations; thefe
are ends, which the maintaining power muft
anfwer in all Clocks ; but fome have attempted
to render the, Vibrations more ifochronal, by
giving a recoil ; and thus making the action-of
the Wheels oppofe the afcent of the Pendulum
at the extremity of its Vibration ; and they feem
to prefer this oppofition of the Wheels, to the
more wnalterable oppofition of gravity ; becaufe
the former increafes and diminifhes as the main-
taining power ; and confequently, oppofes the
afcent moft, when it has the greateﬁ tendency to
enlarge its limits : but zbis imaginary adwdﬂrﬁge
wvanifbes, when we confider, That ;

236. When the tooth -C, Plate 2. is difen-

gaged from the pallet C D, the tooth M, will
droP
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drop on the pallet H A at F, and as the Pendu-
lum continues its progrefs, the Wheel will have
a retrograde motion on the pallet 5 {fuppofe, from
F to O ; it isobvious that the Wheel will pro-
mote the defcent and lengthen the next afcent by
its motion from O to F; as much as it oppofed
and contralted the afcent by its motion from F
to O; and thus, zbe alfion from O toF, and
the refiffance from F to O, do exaétly ballance
each other, fo far as relates to the length of Vi-
bration ; And therefore,

237. A RecoiL can bave no tendency whatever,
to render the length of the Vibrations, more or lefs
equal 5 nor to maintain the motion *.

238. Itis well known that any increafe inthe
power of gravity, accelerates the motion of a
Pendulum, and fhortens its time of Vibration ;
and that zbe zimes of afcent and defcent, are
equally contracted by this increafe of gravity
(17). Hence we may with truth infer, TnaT
whatever oppofes the afcent of a Pendulum, thor-
tens its time of Vibration as much as if i bad
promoted the defcent. Therefore, any power that
both oppofes the afcent, and promates the defcent

* The effett of friftion on the pallets will be confidered fully
hereafter, and fhewn to be very hurtful to the performance, even
though it has a tendency to preferve the Vibrations more nearly
of an equal length,

: of
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of a Pendulum ; muft produce a double effe&
on its times of Vibration *

239. And zhus it appears that any change,
in the attion of the Wheels, during the time of
recoily will have a double effeét in altering the
natural times of Vibration (238), without the
leaft tendency to render ‘the length thereof more
equal (237)+.

240. If a certain imprefled force, give a cer-
tain velocity, a double force, will give a double
velocity ; a triple force, a triple velocity, &c. and
the {paces defcribed in equal times, will be as the
refpective velocities : zhat is, as the relpective
forces imprefied.

24.1. Thus if the impreffed force and velocity
of @ Pendulum be doubled, and the length of Vi-

* Here it is to be obferved ; that any power ca-opera;ing with
gravity, contracls ; and the fame power eppofed to it, prolongs,
the times of Vibration, Hence whatever power, alts during
the time of afcent, and promotes it 5 or oppoies the defcent, will
prolong the times ; and this fhould be carefully attended to: for
on this principle, the maintaining power may be applied, in
fuch manner as either to prolong or contraét the natural times of
Vibration.

+ If it fhould be urged that the recoil may render the times of
Vibrations of different lengths more ifochronal, without having
any tendency to limit their lengths 3 the mede and quantity of
recoil fhould be inveftigated with as great accuracy as the cy=-
cloidal properties ; in which cafe it will altogether be unneceflary
and improper to apply the cycloidal cheeks; nor can fuch an in-
veftigation as above mentioned, be made, before each feparate
effect that the application of a Clock has on the Pendulum, are
accurately afcertained ; and even then, it is liable to all the
fame objections with the cycloidal Vibrations ; of which in their
place. "

1 bration
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bration remains the fame, the mumber of ¥i- OF A RrcoiLIx

brations will be dowbled 3 but if the length of ik 3
Vibrations be alfo doubled, they will be perform-

ed in the fame times, as thofe of half their length

with half the velocity ; and univerfally ; if the

length of Vibration increafes, as the imprefled

force, the times will be equal; and on this ac-

eount it wauld be very improper to give a recoily

on the fuppofition that it did render all the Vi-

brations more nearly of an equal length *.

242. It may poflibly be urged by fome, that Difference in the
the refiftance is greater at the extremities of cy- [P0 /<t
cloidal, than circular Arcs ; and therefore, that lums.
no error can arife by thus increafing the refiftance
at the extremities of Vibrations in circular Arcs:
but let me beg of thofe to recollet ; that al/ zbe
demonflrations concerning cycloidal Vibrations ;
fuppofe, that the action on the Pendulum in its
defcent, is exa@ly equal to the oppofition with
which it meets in its afcent ; which is not the
cafe in Clock-pendulums ; for the velocity in
their defcent, is greater than in their afcent :
and that more, or lefs, in proportion to the
length of Vibration ; even beyond what happens ot
in detached Pendulums.

* The fame objection, with many others, ftand in the way
of correcting the length of Vibration, by an increafe of friction.
See (259, 260).

243. And
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IMPROVEMENT OF

243. And though certain properties have
been demonftrated of the cycloid ; it does not
follow, thatevery curve that deviates from a circle
poficfies thofe properties, even when gravity alone
ats : and much lefs, when any foreign power
is applied ; zherefore, the cycloidal properties in
detached Pendulums vibrating in a non-refifting
medium ; can by no means recommend a re-
coil, with thofe applied to Clocks.

244. On the whole, we may be well affured,
that in all cafes where an increafe of weight or
maintaining power, makes a Clock go fafter ;
the recoil is too great: nor can it be fuppoled,
that any, who have art enough tomake the center
of ofcillation of a Pendulum defcribe the true cvy-
CLOID AL curve, and faith enough in 11s properties;
would think of giving a recoil, to corre& #hofe
Vibrations that are (by their theory) already per-

fect *; fromwhich appears theabfurdity ofapply-

ing cycloidal cheeks with a recoil : but of this
more he:e:after.

* As the recoilis intended toco-operate with theaction of gra-
vity on the Pendulum, in fuch manner as to render its motive
force in every part of the Vibration, as the diftance from the
loweft point ; the mode and quantity of fuch recoil muft be de-
monftrated with the fame certainty, at leaft, as that of the cy-
cleid : and Iimagine that this will be much more difficult than
¢bat ; not to mention the much greater difficulties of execution
m the latter, and the uncertainty, relative to the theory of the
former when applied to Clocks.

245, I
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245. I now refume the confideration of thofe
PALLETS wherein the friction and influences of the
oil have been removed; the reader will pleafe here
to perufe from Par. (227 to 23 gl

246. Let us here admit, zhat the attion of the

fwing wheel is as uniform as gravity ; it has at

each Vibration ot only to maintain the motion of

the Pendulum, but allo to bend a finall fpring
(229) 5 therefore, whatever power is neceffary
to bend this {pring, muft be deducted from the
maintaining power : and as all {prings alter their
ftiffnefs by heat and cold ; zbat part of the ac-
tion of the {wing wheel, that maintains the Vi-
bration, can no longer be uniform, than the
air is of the fame temperature : and zbus, will the
length of Vibration be altered, and the accelera-
ting effelts of the recoil take place (239), and alter
the times of Vibration : even {uppofing the cy-
cloidal properties perfect, and the denfity of the
air invariable.

247. Again; becaufe thofe [pringsthat are bent
during the recoil (231), are liable to the fame
changes; they will produce the fame effec?, with
an equal change in the maintaining power during
the recoil (239). And,

248. However trifling thofe articles may at
firft appear, they become of more weight, when
we confider ; zhat they operate in that very part
of the Clock where they produce the greateft pof-
Jible effeét, on the meafure of time ; and that

K thefe

OF A RECOIL IN
GENERAL.
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power.
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thofe [prings are fo finall, as to be affetted by the

leaft changes in the temperature of the air 3 nor
can thofe effe@s be thoroughly remedied by a
gridiron, or any other Pendulum, fince b
teel fuch fmall changes, as cannot fenfibly affe&
{fuch thicker pieces of metal ; add to this, that
an alteration of one 86,400 part ef the time of
each Vibration, will amount to an error of one
Jecond per day 5 a 604,800 part, in the time of
Vibration, to @ _fecond per week; and a 2,592,000
part, to an error of ozme fecond per month.

249. As to the property mentioned in Par.
(226), it does not appear to me that any advan-
tage is gained by it in maintaining the motion
of a Pendulum : See Sir Isaac Newron’s IId
law of motion, where he fays, “ If any force
“ generates a motion, a double force, will ge-
¢« nerate double the motion ; a triple force,
¢ triple the motion ; wbhether that force be im-
 preffed altogether and at once, or gradually
“ and fucceffively” (237). And fo far as regards
the meafure of time, 7 is hurtful ; as will ap-
pear hereafter.®

250. And as to the ifochronifm of the Vi~
bration, when the dead-beat is applied ; I {hall
hereafter thew in what cafes, itis beft 2o apply the

* It may be proper however, here to obferve, that this method
is preferable to others, wherein the recoil (being undetermined)
may bear a greater proportion to the angle of Vibration,

1 main-
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maintaining powery gradually and fucceffively ;
and 7z which, it may more advantageoufly be
applied nearly at once ; leaving thofe who better
conceive the advantages of a recoil to give a like
inveftigation when it is ufed.

251. 1 would not be underftood to depreciate,
or totally difapprove this ingenious invention :
or to aflert, that no good performance can be
obtained when thefe pallets are applied ; on the
contrary, I think them preferable to any that I
have yet feen wherein the influence of the oil takes
place ; but a proper regard muft here be paid to

what bas been Jaid concerning the diminution of

the influence of the oil (164); for whatever be the
caufe of any change in the maintaining power,
the effect on the meafure of time, will be (cer.
par.) as fuch change, to the whole power ; this
argues for great maintaining power and long Vi-
brations,

252. If it is proved ; that the ufe of {prings
in pallets, renders the effe? of the moft perfec
maintaining power unegual (246, 247) ; that ¢
recoily increafes the ei%:& of any fuch change
(239) 5 and that any alreration in the fliffnefs of
thofe [prings that aft during the recoil, co-

operates with the action of the wheels during

Juch recoil, in altering the times of Vibration
(247) :

253. It naturally follows; that however fmall
the effect of thofe 1vrerrECcTIONS, 2be perfor-

K 2 mance
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Introdulion,

{3eneral remarks.

IMPROVEMENT OF

mance of Clocks will be improved, by totally re-
moving them (248).

254. If I have here pointed the way, to fur-
ther lmpmvemf:nt, my end is obtained ; and
when it is confidered, that I propofe hereafter to
remove every 1mpcrfeé‘tmn fo far as the nature
of things will permit ; and confequently, that
every diﬂiculty and imperfection that I now men-
tion, do in that cafe, become fo many weapons
agamﬁ me ; candour will allow, that no other
motive, than a real defire of improvement could
have induced me to this examination. |

255. Having pointed out the difadvantages
of a recoil, and obferved that the dead-beat was
invented to remove them, it may be thought fu-
perfluous to fay any thing more on that head ;
But,

256. As the imperfections and properties .::rf all
objetls, become the more obvious of being viewed
in cfgfgrﬁﬂ.f lights 5 T {hall nowendeavour to thew
the advantages of the pEap-BaT, In a manner
different from what I have hitherto done; by

‘which it will appear, that rrs c-::-mparatwe ad-

vantages, to the rRecorLinG principle, are greater
than I have hitherto ftated them.

2¢7. When a Pendulum is a&uated by :,63
power of gravity only, it riles to the fame height
from whence it fell 5 allowing for the refiflances
of the air, &c. Thercfcrc, if the action of the

-Wheels ¢ zhe defcent of a Pendulum be equal to

the
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the refiftances 7 the defcent-and afeent rogether :
the former will at each Vibration, communicate
-as much motion as the Jaster deftroys.

258. And the velocity and length of Vibra-
tion, will continue uniformly the fame while z4/s
equilibrium is preferved. - Butyt -«

259. If the maintaining power be any how 7»-
¢creafed or diminifbedy 10" will the Vibration 5 till
‘the refiftances of the air, &c. equal the maintain-
ing power ; and zhe velocity of the defcent, will
increafe with the power (25%)%. = Therefore,

260. The defcents in the longer Vibrations,
will be comparatively ‘quicker 'than thofe of the
fhorter (240), in this cafe, than in'detached Pen-
dulums +. e |

261. And fince the Pendulum in its afcent is
not any how conneéted with the acion of the
Wheels (as with a'recoil) it will afcend agreeable
to the laws of “detached Pendulums ; in which
cafe, Mr. Hucens has demonftrated that 29 of
the longeft Vibrations, are equal in time, to 34

eamr e

* But if we fuppofe the maintaining power applied in the time
of afcent of the Pendulum ; it leaves room for fome excep-
tions. But as thofe matters are fully explained where I treat
of watch pallets, Ileave the application here as no improper
exercife for the reader’s genws and attention ; as fufficient
data arc alreddy furnifhed for the inveftigation.

i This, among many other circumftances, is entirely over-
looked when cycloidal cheeks are applied,

of

269

DEAD REAT"
FURTHER CONSI-

DERED.
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ct, par;



?‘O
DEAD-BEAT.
iL ]

‘The alteration in
the time of a whole
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nifhes the effeét of
any change, &c.

~ IMPROVEMENT OF
of the fhorteft, of the fame Pendulum, indepen-
dent of the refiftance of the air*.

262. Now fince in Clocks with a prap-BEAT,
the defcent is quicker (260), and the afcent is flower
(19) in the longer than on the fhorter Vibrations ;
the alterations in the time of an afcent and de-
fcent-taken together, will bear a lefs proportion
to the change in the Jength of Vibration, than
in detached Pendulums; where the times of
afcent and deftent increale or diminifh together +.

263. And thus, does the dead-bear diminith
the natural effeét of any change that may happen
in the length of circular Vibrations ; whether oc-

cafioned by an alteration in the moving power,

or in the denfity of the air : .

264. In all that has been faid (from Par. 233)
neither friftion, nor the influences of the oil, are
{uppofed in the leaft degree to-take place ; and
therefore, the lefs they do, the better will the
theory and practice agree 5 I bave already  fhewn
(184), that in pallets where the influence of ‘the
oil takes place, fuch influence is increafed by

increafing the time of reft.

* It may here probably be faid, that in pallets where friffion
takes place ; the natural times of Vibration, (during the reft of
thewheel) will be influenced theredy : but we muft not forget,that
fuch friction, oppofes both afcent and defcent equally and thence
corredts idelf (238) ; {o far as uniform fri€tion only, is confidered.

+ On this account, the cycloidal curve as hitherto inveftigated
cannot have the defired effet on Clock-pendulums : with, or

without, a recoil
265. And
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265, And alfo (185) that the flope, or place
of acion in fuch pallets, fhould, asnearly as can Muinining

i
Desp-BEAT.
. S

be, fubtend the whole angle of Vibration ; which i gy

implies, that the maintaining power fhould be
applied gradually and fucceffroely, and this may

Jerve as a general rule, in all pallets where oil is
ufed *.

266. But the contrary fhould be obferved, of Appliedat once,

Such pallets as bave neither frifionnor influence of

the oil, during the time of ref? ; for by this means,
the influences of the oil, during the time of attion,
will be"diminifhed +.

267. Where the maintaining power is perfe@-
ly invariable, and where the ifochronifm of the

# 1 fhall fhew hereafter, that when the infuence of the oil
on the pallets is removed ; the effe€t of any alteration in the
maintaining power, on the meafure of time, will be (e p.) as
the time of action on the pallets to the whole time of Vibration 3
but this will not apply where oil is ufed to the pallets.

T In all pallets where the action of the Wheel is fufpended du-
ring part of the time of Vibration; and where the maintaining
power is not perfectly invariable ; the performance will be im-
proved by applying the action of the Wheel, in fuch manner
that one half its exertion take place in the defcent, and the
other in the afcent of the Pendulum; for without particu-
lar regard to this, the Vibrations of Clock-pendulums, whe-
ther circular or cycloidal, can never have their natural proper-
ties (2g8). This matter will be fully explained and exemplified,
when'] treat of Watch pallets, (where a ftri¢t attention to it,
becomes more neceffary) ; only obferving, that what is there faid
of the action of the ballance-fpring, is here to be applied to the
ation of gravity on the Pendulum, It will alfo appear why it

is more advantageous to apply the action of the Wheels to the
Pendulum in its alcent than defcent,
Pendu-

May be applied im
cither way.
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Pendulum  is) neither influenced by friction not
the changes in the oil j 7z matters not, whether it
be applied all - at oncey or gradually 5 1 do not
here mean, that in fuch cafe, the manner of

applymg the maintaining power will not alter
the whole time of each Vibration; . nor do I pay

any regard to fuch effect, provided it be uniformly
the fame ineach fucceeding one : for fuch ﬂﬁgﬁ:?‘m
effect, is corrected by the len th of the Pendulum.
268. It may probably bc alledged, that more
is here advanced in favour of the peap-seaT,
than agrees with the general comparative obfer-
vations on the performance of Clocks conftruted

on the principles of the dead-bear and recoil
but wHOEVER recolleé?s what has been faid, con-

cerning the maintaining power (164), fengfb of

Vibration (41), and length of pallets (189) ; will

probably agree with me, zbaz o fazr compara-

tive trial bas yet been made of the principles of the

recoil and dead-beat.

269. Is not the maintaining power always
much greater iz common Clocks with recoiling pal-
lets,than in the finef? regulators witha DEAD-BEAT?
frequently as 3, 4, or 5tox ?

270. Is not the Vibration alwa}fs much longer
in thofe common Clocks ; than in thefe conftrué-
ed with the dead-bear 2 And

271. Are not the pallets ahways much longer
with the dead-bear than the recoil 2 all which,

ARTICLES OF THE GREATEST IMPORTANCE, have
hitherto
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hitherto (it would appear) been accidental conco-
mitants of the recoiling pallets ; and every advan-
tage arifing from THEM, been imputed to the re-
coil ? whereas, all the imperfeQtions arifing from
a contrary praclice have as erroneoufly being im-
puted to the dead-bear. Thus it appears ; rhaz,

272. No comparative trial can be decifive,
unlefs where the maintaining power, length of Vi-
bration and pallets, are equal in cach Clock *: in
which cafe, the fuperiority of the dead~beat, will
become evident : And

273. If the greater number, and moft emi-
nent of the profeffion, have ufed longer pal-
lets with the peap-pear, than the recoir, they
can beft aflign reafons for fo doing ; for none
occur to me : nor does, the propriety of imitat-
ing precedents, in which neither theory nor prac-
tice feem to promife any real improvement.

2%74. FROM ALL THAT HAs BEEN saiD relative

to paLLETS, the following general rules may be
collected. |

-

73

Deap-peaT.
L

o

F

In what cafes the
advantages of the
dead-beat will be-
comeevident,

That zhe recoil in pallets, increafes the effeét of Recariuia-
TION,.

any change that may happen in the maintaining
power 5 whether friction and the influence of the
vil, Do ; 07 DO NOT ; fake place (238).

That zbis effect, always increafes as twice the
recorl (238).

et Sl

* Asreprefented in Plate 3. Fig 2.

| That
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That the friction and influences of the oil, do
alfo increafe (ct. par.) as twice the recoil (1 78) 5
and confequently,

That i is advantageous in all cafes to diminifb
the recoil as much as poffible.

That the dead-bear diminifbes the alteration
that would naturally bappen in the time of Vi-
bration of a detached Pendulum, from any change
in the length of fuch Vibration (262).

That zbe influence of the oil and friftion, is
always lefs on the dead-beat, than on the recoil ;
all other circumflances being alike (181).

That the recoil can bave no tendency to keep the
Vibrations of more equal length (237). There-
fore,

That in all cafes whatfoever, the DEAD-BEAT
is preferable to the recorL ; And that

The ufe of [prings in pallets, tend to vary the

 maintaining power (246); and alfo, have the

effec? of A REcOIL (247); and therefore, never to
be admitted.

275. Having thus thewn ; zbat the dead-beat
diminifbes the natural effect of any change in the
length of Vibration ; when neither friftion, nor
the influence of oil take place during the time of
reft : 1 now come to fhew the manner of con-
ftru&ing pallets, wherein zbe PrACTICE will agree
with the Turory : and as a fuperficial view of
thofe matters, may leave fome doubt, whether
a diminution of friction on the pallets, may not be

hurtful
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hurtful to the performance : that matter {hall be
confidered in the notes*.

75
PALLETS M-
ROVED.

—

276. Plate 4. reprefents the conftruction of New Palics.

fuch pallets; Fig. 1. is a front view of the pal-
lets and the fwing*wheel : the pallets A, B, C,
have their planes of ation, conftruéted as in com-
mon pallets : (See Plates 2d and 3d) ; they are
fcrewed to a hollow brafs cylinder O P, which
ferves as a verge or axis, and moves on two {mall

ivots as common verges do: to one end of the
cylinder, is fcrewed, the crutch F, Fig. 2. by
means of which, the pallets A and C, commu-

nicate motion to the Pendulum.
277, d d

—————

* There are two means, by which the length of Vibration in
Clocks may be altered, independent of the denfity of the air:
and the effect whichthe frictionon the palletswill haveon the per-
formance, will in fome meafure depend, on which caufe, affeéts.

Firft, The length of Vibration may be altered in Clocks, by
altering the weight that maintains the motion; and in this cafe,
the friction (or total refiftance) on the pallets, c. p. increafes, as
the angle of Vibration : on which account the length of Vibra-
tion, will not bear fo great a proportion to the weight applied, as
if no fuch friction took place. But admitting, that the friftion,
in fuch cafe, does diminith the effect of any alteration in the
maintaining power : as an alteration of the above kind, can never
happen by accident: and as every fuch increafe of the maintain-
ing, power, muft be made with intent to enlarge the Vibration,
it follows : that the friftion on the pallets muft, in {fuch cafe, be
hurtful, as tending to diminith the deffred effeét.

Secondly, admitting the weight that is applied to a Clock, to
remain invariably the fame, its effeét in lengthening the Vibra-
tion, will be increafed or diminifhed according to the fluidity, 8cc.
of the oil ; which is conftantly Auctuating, according to the de-

L 2 oTee

PLATE 1V.
Fic. 2.
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1277. dd and e-e, are detents, that move
concentric to the brafs cylinder, on fmall axles
within the cavity thereof, (See Fig. 2.) and fufpend
the Wheel {o as to allow the Pendulum to move
without friction, or influence of the oil, on
either pallets or pivots during the whole time of
reft.

278. Thus ; when the tooth i, efcapes the pal-
let A, the tooth k, drops on the detent ¢, and is
- - {ufpended,

gree of heat and cold to which it is expofed. And the effe& of
the oil applied to the pallets, in lengthening and fhortening the
Vibrations, has already been fhewn to bear, to that, on allthe
pivots, at axmean ; the proportion of 8o, to 1, (176). There-
fore it appears ; that in this cafe, by removing the friction, and
the influences of the oil on the pallets, we diminifh the altera-
tions that are fo frequently occafioned in the length of Vibra-
tion, by the influences of heat and cold on the ¢il, to one
eightieth of what they are, where friction takes place : and this
becomes the more deferving of attention, that there feems no
other means of removing this evil,

It is alfo to be remembered : that as this friction on the pallets
diminifhes the effect of the maintaining power, in enlarging the
Vibration (whether long or thort) it muit, on that account alfo,
be hurtful to the performance (41, 46, 47). Add to this; that
it tends to correét {uch alterations, as happen in the Jeng#h of Vi-
bration, owing to the different denfities of the air, more than it
does thofe anfing from any other caufe whatever; and this is
hurtful to the meafure of time, as thall be thewn hereafter ; when
the different means, by which any alteration in the denfity of the
air do affect the times of Vibration, are confidered. From each,
and all, of the above confiderations it appears 3 That the friction
on Clock-palkts can in no refpect mend the performance of
Clocks ; but on the contrary, does by its unavoidable confe-
quences, give rife to fome of the greateft caufes of error, that
take place in Clocks ; and thofe, incurable by any other means
than the removal of fuch friction on the pallets (155).

—
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fufpended, while the pallet C, proceeds towards

(n) the bottom of the tooth, and returns, (in the .

direction of the dotted Arc); joins itfelf to the
detent 3 difplaces i ; and thus receives the tooth
k on the plane of a&ion ; and fo, maintains the
motion of the Pendulum ; and when the tooth k
has efcaped the pallet, C, the toothm, will drop
on the detent d, &c.

279. Fig. 2. is a {e@ion of the hollow cylin-
der ; (along the line g h) and reprefents the pal-
lets, crutch, and axles of the detents,

280. Fig. 3. a view of part of the cylinder,
pallets, and detents (7 the direfiion of the line g h,
Fig. 1 and 2.) and fhows how the detents are
brought into the fame plane of action with the
pallets.

281. Fig. 4. thows how the planes of action
A and G, are {erewed to the pallets : the {fmall
hole in the ftalk, ferves to fcrew and unfcrew
them,

282. Fig. 5. reprefents part of a Wheel that
will admit of Vibrations of any length.

- 283. Fig, 6. Section of dittoat the line, a b :
N. B. In all thofe figures, the fame leiters refer to
the [ame pieces.

284. The detents {hould be fitted very clofe-
ly to the pallets, but zbe contal? fhould not be very
extenfive, left the effe@s of ;‘a&eﬁve attraltion
become {enfible ; And,

28z. The
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2835. The greateft care is to be taken, that
ncither detents nor pallets have any degree of
magnitifm. And

286. Thus may the fri¢ion and influences of
the oil, during the time of reft of the {wing
wheel, beremoved ;5 without any of the difad-
vantages that attend the application of [prings®.

287. But though this confiruétion of pallets,
does much enlarge the Vibration, and diminifh,
the natural effe&t, which any alteration in the
length of Vibration would have on the meafure
of time in a detached Pendulum (263) ; as well
as remove 2 of the influence of the oil on the
Clock (174) 5 it cannot be faid totally to remove,
the effe® of every imperfe&tion of the move-
ment. Therefore,

288. I fhall next defcribe a conflruction of
pallets, that not only removes the friction and
influences of the oil, during the time of reft ;
but alfo during the motion, of the {wing wheel ;
Jfo far as they can any how influence the Vibrations

——

* Such pallets I finifhed in the year 1763, fora Clock which I
had the honour of making for the King ; for journalizing all the
changes that happen in theheightof the Mercury in the Barometer,
‘Which it does in fuch manner, that a perfon who has not feen a
Barometer for the whole year, may by infpecting its Dial, know
with the greateft eafe and certainty, not only what changes have
happened in any particular day of that year ; but alfo, every one
change that exceeds the 100 of an inch, which happens in the
whole year ; with the day and hour, as well as, the particular
smanner in which each, did happen.

I ﬂf
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of the Pendulum : thefe pallets, do alfo corre&t
all the irregularities of action in zhe main [pring,
wheels and pinions ; or amy other irresularity
that can poffibly happen in the movement, from
any caufe whatever : though the caufes of fuch
irregularities {hould altogether efcape the atten-
tion of the artificer.

289. Plate 5. reprefents fuch a pair of pal-
lets, and the fwing wheel ; where,

A, B, C, is the wheel,

D E, the pallets,

H I, two fmall weights that are fixed on the
fame axles with the pallets, one to each;

F G, the detents, which are firmly attached
to each other, as well as to the crutch ; by means
of,

P P, a hollow cylinder of brafs, which ferves
as an axis to the detents ; and to which they are
{crewed : as well as; L, the crutch, which only
{ferves to unlock the detents. -

M, a weight that exactly ballances the detents,
and crutch, by means of which, they retain any
pofition that is given them; n, o, are pins at-
tached to the Pendulum, (See Plate 7.} and by
means of which, the balls I and H, do by their
gravity, maintain i£s motion.

zgo. Plate 6. Fig. 1. reprefents thefe pallets
&ec. in the direGion of M L : and alfo anfwers
to the above defcription,

Flg. 2
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Fig. 2. a fection of the hollow cylinder P P,

“—~—=" at right angles to its axis ; reprefenting the brosit

of the collar to whichthe detents, or crutch, are
fcrewed.

291. All the other ﬁgures of this Plate, re-
preﬁ-:nt {eparately, the pieces bﬁlnngmg to thofe
p‘lllﬂl’ﬁ and are lettered the fame, as in the fore-

going defeription ; except W W the axles of the
pallets ; And

292. Z, a fe&ion of thofe pieces that are fit-
ted into the ends of the brafs cylinder, and in
which the pivots of the axles W W move ; the
fmall hole that is next the pivot ferves occa-
fionally to take this piece, out of the cylinder (into
which it muft be very trul}' fitted ;) the other
two holesare for pinning it, in its place ; the {mall
picces B B Q5 E, {under Fig. 2 Plate 6 .) are
fide vie@__vs Df the lower ends of ‘the pallets and
detents that are marked with the fame letters.

293. Plate 7. Fig. 1. is a front view, of the
wheel, pallets, detents, and upper parts of the
Pendulum ; the parts of which that have been
defcribed in the former Plates, are here marked
with the fame letters, nor do the pallets reprefent-
ed in this Plate, differ from thofe in Plates g and
6. in any other refpe@, than that in thofe, the
pallets are placed over the wheel 3 and in thefe
under it.

294. Fig. 2. Plate 7. is a fide view of Fig. 1.
where, V’s, reprefent part of the Clock-frame, S’s

36 upper
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upper part of the Pendulum ; to the lower end of Patiers me-

which, the other part is attached by means of a Skl s
{crew, in fuch manner that each of the {prings
T T, fhall bear half its weight—Q, R, are two
{crews that move with the Pendulum, and by
means of which, the detents F and G are alter-
nately unlocked when the Pendulum comes to

the extremity of its Vibration.

The Operation of thofe Pallets.

295. Let us firft conceive the Pendulum at
reft 5 and that the pallets, detents, crutch, and
pins n, o, remain in the pofitions in which they
are reprefented in Plates 5. and 7.

296. If the Pendulum be moved towards the
detent F, Plate 7. the pin, n, will rife towards
the arm that fupports the little weight H ; and
the fcrew R, muft be fo adjufted, that it will
unlock the detent F ; and allow the Wheel to
advance at the fame inftant that the pin, n, feels
the weight H : in which cafe, the pallet D, will
be difengaged from the tooth A, and the weight
H allowed to defcend with, and prefs upon the
pin, n; and by this means, maintain the motion
of the Pendulum,

297. No fooner does the Pendulum begin its
motion toward F, than the pin, o, is relieved from
the weight I 5 for the pallet E, refts againft the
tooth, C, and prevents the further defcent of I

M and

Their operation,
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and thus, the acion of the pallet E on the whez/,
diminifhes 7#s preflure on the detent F, fo as to
allow it unlock with the greater eafe, which
done ; the whee/ advances, and by w5 aétion on
the pallet E, continues to raife the weight I till
the detent G ftops 7#s motion.

298. And, when the tooth C, comes to reft
on the detent G, the weight I, will remain 4#
ref? till the Pendulum comes to the extremity of
its Vibration towards G ; when the pin o, will
feel the weight I, and the {crew Q_unlock the
detent G, and allow the {mall weight I, to de-
fecend with, and prefs upon the pin o, and by
that means, promote the defcent of the Pendu-
lum ; mean time that the wheel raifes the weight
H, for pramoting the following defcent.

299. Thus are the Vibrations of the Pendu-
lum conftantly maintained, by the alternate de-
fcent of the little weights H and I; and fnce
thofe weights, begin each defcent from abfolute reft
(298) ; it follows ; that the power, or velocity
with which they are raifed, can by no means in-
Sfluence the effel? of their defcent ; And therefore,

300. However great the irregularities of ac-
tion, iz the main [pring, wheels and pinions, &ec.
whether arifing from the influences of bheat and
cold on the metals, ail, or [ri€tion, &c. if there
remain power, fufficient to raife the weights H
and 1 the maintaining pewer of the Pendulum,
will be as invariable as the natural allion of gra-

4 ity
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ity : and by that means, all the effeéts of any Rt sua e
imperfe@ion in the movement, of whatever kind, “—nr—
are totally avoided *.
ft ﬂ:ru&‘ f The pradlice
g01. Nor does any part of the con e
thofe pallets tend to diminith the advantages
thus acquired 5 which muft be the cajfe wherever

rings are ufed (274).
- 352. Th-:':{rgh(l have hitherto reprefented the Obfervation rela

weights H and I, as fmall balls fupported by yeighs.
flender arms ; I here take notice, that they fhould

be made of bars of fteel, of the fame fhape and
dimenfions with the Pendulum rod 5 that heat,

and cold, may equally affe&t them, and that the

fame provifion may remove their influence in

both.

303. The only article that feems wanting of The only imper-
Mathematical accuracy in thofe pallets, is, that pau::';,’ eqn h_:vi
any change in the acion of the wheels may tend 2o fenfible effect
to alter the fri¢tion on the detents ; but if the time.
fame precautions are here ufed, as in common
Clocks, having pinions of eight ; and the face of

the detents be made of hardened fteel or dia-

* Since the Arc of Vibration increafes, till the refiftance of the
medium is in each Vibration equal to the maintaining power
(259):itfollows; thatoith an unifermmaintaining pewer, Vibrations
performed in a medium of uniform denfity, would be invariably
of the fame length; in a medium of fluttuating denfity, the
lengths of the Vibration bear an inverfe proportion to fuch den-
fiy : and that, in either cafey the total refiffance of the medium
to the Pendulum will remain uniformly the fame,

M 2 mond,



Bq, 7
PALLETS IM-
PROVED,

| P J
i i

Farther ufe of this
conftruétion.

IMPROVEMENT OF
mond, and the teeth of the wheel of tempered

fleel ; any effect that can arife from this caufe,
can by no means become perceptible either in
the length of Vibration, or meafure of time (297).
But,

304. I avoid faying too much in defence of
an article that candour will fcarce call in quef-
tion 3 and defpife the attacks of prejudice, where
1 have it in my power to give experimental proof
of my affertions * : but he who produces a more
perfeét conftruction of pallets, is fully intitled to
find fault with this ; nor fhall I be backward in
making my publick acknowledgments to him
who at once pointsout zbe difeafe and its cure, in
any part of this theory. :

q05. It is further to be obferved, that by
means of the fcrews Q_and R, the alterations
that any change in the denfity of the air will

* It is extremely eafy to know the effect that any accidental
alteration in the aétion of the wheels, could have on the meafure
of time ; with fuch pallets: for if the maintaining power be de-
fignedly altered %, 1, +%, or s, fuch alieration will produce the
fame effect, as if it had been accidental ; and as it may be con-
tinued for any given time, and its whole effeét be accurately ob-
ferved, we may with great certainty from fuch effect (if it be-
comes fenfible) eftimate the effets of fuch {maller changes as
may probably happen in the preflure of the wheel on the de-
tents, by the influences of the oil on the pivots.—The refiftance
which fuch frition makes 'to the Pendulum, in unlocking the
detents, may be reduced to any degree at pleafure, by rendering
the ball M {o much lighter than the crutch and detents, that
their excefs of weight 'may be made to co-operate, in any de-
gree with the Pendulum, in unlocking the Wheel.

I pmduce



vy

€L 0¥ K- O R KL 1

-produce 1 in the length of Vibration may -be ac-

curately afcertained.
06. I make no farther attempt to improve

the theory of Crock-MovEMENTS ; but now pro-
ceed to enquire bow far the adwaﬂmge: already
acquired may yet be loff 5 and what are the moff
effe€tual means of preferving them.

307. THE THREE FOLLOWING caufes may yet
tend to alter the true times of Vibration in
Clock-pendulums.

Firlt, Any change in the elaflicity, or weight of
the body to which the Pendulum is [ufpended.

Secondly, Zbhe influences of émf and cold on the
Pendulum-rod. And,

Thirdly, Any alteration in rl:g action qf gra-
vity.

208. As thofe caufes tend to alter the times
of 'Vibration, independent of any imperfection
in' the movement; they fhall be confidered fe-
parately, and in the above order.

309. When the cenTER of MoTION, OF POINT
of suspension of a Pendulum, is confidered as
a fixed point; izs center of gravity will defcribe
a true Arc of a circle; whole radius. is, the dif-
tance of the center of gravity from the point
of fufpenfion.

85
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how at liberty to change its place,, the times of
Vibration will thereby be altered.
311. Example,
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311, Example. PLATE VIIL. If a pendu-
lous body B, vibrate round an smmmoveable point
A, its center of gravity will defcribe a perfec?
Arc of a circle as BBB, whole radius is A B;
but if the point of fufpenfion moves at each Vi-
bration, fuppofe from A, to a, on either fide;
the center of gravity will defcribe a different
curve, as C B C, which may here, for the fake
of illuftration, be confidered as a true circular
Arc : let the center of this Arc be found #hus ;
round the point B defcribe any circle, and alfo
round the points C, C, defcribe Arcs cutting the
faid circle any where, as at the pivvots“"e, €, €, €,
and, through thofe points of interfection, draw
lines towards A, and they will pafs through the
points a, a, and meet in D, which will be the
center of the Arc CBC ; and confequently the
times of Vibration in the Arc C B G, will
be the fame, asif D B, was the length of the
Pendulum, and the point of f{ufpenfion im-
moveable.

312. And thus it appears, that any motion
of the point of fufpenfion, will alter the times
of Vibration, more than an equal change in the
length of the Pendulum would do; iz zhe pro-
portion of A D, to aa. _

313. All forts of wood attra@t and imbibe
moifture, and by this means alter their degree

of elafticity ; and confequently, if a Pendulum
be
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be fufpended thereto, the motion of its point of Or Tae Sus-

fufpenfron, will vary with the clafticity of the P
wood ; and the times of Vibration will alfo be
altered (312) ; and this effed, will always be con-
iderable in the meafure of time, wherever the
Pendulum is fufpended in the common manner,
or is any how dependent on the cafe; for its ela-
ficity is liable to change by every change in the
moifture, &c. of the air.
314. The changﬁ:s that ha_PpEtl in the wt‘i:ght Further reafons,
of the cafe, will alfo concur with the former, in
altering the times of Vibration : for it is certain,
that in moft Clocks, the cafe, &c. are moved by
the Pendulum at each Vibration ; and it 1is no
lefs certain, that the fame power will move a
lighter body (cat. par.) further than a heavier ;
therafore, the heavier the Clock-cafe, the fhorter
fpace will the Pendulum move iz ; and zhus, will
any change in the weight, as well as elafticity of
the cafe, alter the wotion of the point of [fufpen-

Jion, and confequently the times of Vibration
fzza)t.io U

* Were it neceffary to fatisfy the reader, that the cafe and
Clock are generally moved by the Vibrations of the Pendulum, I
would recommend to him the ufe of a {mall pamphlet, by Ms.
Yobn Ellicott, intituled ; An account of the influence, which two
Pendulum.Clocks were obferved to have upon each other, &¢.
And of Hugens’s Horologium Ofc. pages 18 & 1g. in each of
which he will meet with inconteftible proofs, that the point of
fufpenfion is not fixed, but moves with the Pendulum.

315. What
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315.- Whatis above faid . of wood, "is appli~'
cable in a lefs degree to 'brick, freeftone; or any
fubftance that imbibes moifture : and for this
reafon; LEAD, and MARBLE feews the fitteft fub-
Srances for fufpending Clock-pendulums to : and to
render fuch fufpenfion perfe@; a block of either,
of at leaft 4 or 500 weight, fhould be built as
compadtly as poflible in a wall, and the Pendu-
lum {ufpended near its middle ; for by this means,
the point of fufpenfion would be rendered much
more immoveable, and the times of Vibration
more ifochronal (312).

The influences of HEAT and coLp on the PENDU-
LUM ROD comes next irn courjfe (308).

319. In all that has been hitherto faid, the’
length of the Pendulum has been confidered as
invariably the fame, buz the contrary bappens in
praétice : for beat dilates, and cold contraéis
all metals ; by which means, the fame Pendulum
is longer in fummer than in winter.

317. Various expedients have been 'thought
of for correéting this imperfe&tion ; all of which
that occur to me, except one, depend on the op-
pofition of expanfion, to expanfion ; in fuch
manner, that the one fhould fhorten the Pendu-
lum as much as the other lengthened it: and
the contrary.

318. The only method that does not depend
upon the above principle, is by making the Pen-
dulum rod of the ftraighteft grained wood ; zhe

longitudinal



L |

C L OCK-WORK

longitudinal expanfion of which is {fo very {mall,
that it anfwers fufficiently for ordinary purpofes,
and is equal to any ozher, in Clocks wherein the

 influences of the oil take place on the pallets (193,

195) *.

319. All the ways that have been, or can be
uled, for applying the expanfion of metals, may
be reduced to two general Crasses ; namely,

320. Such as po; or Do NoOT ; move with the

Pendulum.

321. Thofe that do #0t move with the Pendu-
lum, are either attached to the frame, or cafe of
the Clock ; and {o conftrued as to raife the Pen-
dulum-{pring betwixt two cheeks juft as much
as the whole rod is lengthened ; and the con-
trary; by which means, the diftance of thofe

* If I was to adopt any principle or contrivance, on the re-
putation of its inventor, it would be this; it being invented,
and often applied with good fuccefs, by my late Noble Patron
Arcuiparp Duke orF Areviin, whofe fuperior abilities and
penetration, might with many, juftify a conduét in direét oppo-
fition to thofe rules which HE conftantly obferved in philofophi-
cal enquiries : and if the fullet conviction of His abilities;
joined to the moft grateful fenfe of that goodnefs, to which,
(under Providence) I may juftly be faid, in the firlt place, to
owe every blefling which I do, or can enjoy ; are not arguments
{ufficient, for adopting without further inquiry or experiment,
a contrivance worthy of the greateft philofopher of his age:
furely none other have reafon to imagine that any indignity is
mi:ané, when the merits of their inventions are minutely exa-
mined.

N cheeks
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Inrruzxez oF cheeks from the center of ofcillation, is always

HEAT AND COLD

L A
B

Inconvenience,

Ditte;

Ditto,

Immoveable ther-

mometers too {low

in their effect.

preferved the fame.

322. Here it is to be obferved, that as the
{pring is to move freely up and down, between
thofe cheeks, it is apt to have fome fhake in its
Vibration, whieh is no defireable circumftance
where great aceuracy is required,

~ 323. Secondly,That every change in the tem-
perature of the air, that influences this Thermo-
meter ; alfo alters the length of that part of the
Peﬂdulum*{’prmg that a&s in the Vibration :
confequently its ftiffnefs will be altered, which
will vary the time of Vibration (137).

324. Thirdly, Since this Thermometer remains
in its place without motion, any change that hap-
pens in the temperature of the air, will not
affe@ it, /o foon as the Pendulum rod ; which is
in c-:mﬂa,ut motion, and by that means, makin
continual approaches to particles of air, whofe
temperature have undergone no change from
their former propinquity to it ; or if they have,
again recover the fame temperature, before
the return of the Pendulum rod: and thus #
appears,

3285. That any Thermometer that is immove-
able, can never be [o_foon influenced by the changes
of beat and cold, as the Pendulum rod: and
therefore the evil muft take place for fome time,
before the remedy is applied ; this is univerfall
true of all the Thermometers of 2his clafs (321).

325. Haw
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326. How different is the cafe in the Mercu- ON THE Pevpy.

r1aL Penpurum ? for as the cylinder of Mer- il
cury mioves quicker through the air, than the

inean motion of the Pendulum rod, 1t will be il
Joomer heated and cooled by the air, than the Pen- lums wo quick,

dulum vod ; and if we add to this, that no body **

in nature of the fame denfity is fooner heated

and cooled than Mercury ; it will appear that

this Mercurial Thermometer, is as much too

quick, as the other is too {low : and confequently,

327. That reither the Mercurial Pendulum, A ncidier, con
(326) nor any Thermometer that does not move with perfel,
the Pendulum (325), can have a perfe& effe@.

328. From what bas been faid it appears, that Propertics necet-
in order to make a Thermometer perform pro- Sy 19 AL e
perly, it thould be made of the fame metal with
the Pendulum rod (326). |

329. Secondly, It thould confift of bars of the Dit.

{fame exa& dimenfions with the Pendulum rod ;
and each of its parts, thould in every refpeé have
the fame expofure to the air with the correfpond-
ing part of the Pendulum rod.

330. And laftly, Each part of the Thermo- Dito.
meter fhould be extended, or comprefled, with
the very fame degree of power with which the
correfponding part of the Pendulum rod is ex-
tended or comprefled : #or can any Thermome-
ter ever perform to the utmoff exalnefs of which
their nmature admits, without very particular re-

N 2 gard
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gard is paid to each of the above articles, (328-to
331). | e
231, Zhe GripiroN Pendulum, and Mr. Ev-

vicoTT’s, correfpond with thofe particulars more

tully, than any other conftrudion with which I

have met ; on which account, 1 fhall attempt a

more particular examination of them ; and to

the beft of my judgment, point out the advan-

tages and imperfections of each : {o far as it can

tend to improvement,

Of the Gridiron Pendulum *.

132. The expanfion of brafs, is always al-
lowed to exceed that of fteel, generally in the
proportion of 5 to 3 ; on which fuppofition, if
any piece of fteel by the application of a certain
degree of heat, expands - of an inch: a piece of
brafs of the fame length will, with the fame heat,
expand -~ of an inch ; and, fince the whole
length of brafs expands - and the expanfion
through the whole is fuppofed uniform ; if it be
divided into five equal parts, each part, will have

* It may feem unneceflary here to fay, that Mr. John
Harrifon is generally repuged the inventor of this ingenious con-
trivance ; and that, if Mr. Ellicott’s name is oftener mentioned,
in defcribing the following invention, than Mr. Harrifon’s, in
this; it proceeds from no partiality : but becaufe Mr. Elli-
cot’s invention is known only by his name,

expanded
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expanded . of an inch; therefore if we take Ox Tue Pexpu-

LUM ROD,
away : of its whole length, the expanfion of the ———-
i

remainigg + will be - of an inch : but the ex-
panfion of the, whole bar of fteel, is alfo - of

b3 Proportion of the

an inch (by the hypothefis), zherefore, the ex- yaf and fteel
panfion of abar of fteel, is equal to the expan- wies
{ion of a bar of brafs of & its length. . And un:-
verfally,.

333 When the length of the bars, is inver/ely
as the expanfion of the relative metals; the whole
expanfion in each bar, will be equal : and con-
fequently may be applied to ballance each other ;
this being the foundation of the gridiron. 1 now
come to the application |

334. Let A B Fig. 1. Plate 9. reprefent the pLATE Ix.

length of any given Pendulum to which a grid- e
iron is to be applied ; bife& A B, in C, and make
BD, D E and E F, each equal to A C or C B, .
then, A F, will be to B F, (that is, HG,) as 3
to 33 therefore (332) if A F be fteel, and H G,
brafs, their expanfions and contraétions with an
degree of heat and cold will be equal : and if G
H, be firmly attached to AF at their extremity
FG; and AF be fufpended by the point A 3
A F, will expand upwards, as. much.as G H,
does downwards ; ‘and the points A and H will
always keep the fame diftance from each other ;
confequently

335 If
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335. If a Pendulum be conflrutied whefe point
of fufpenfion is A, and its center of ofcillation H,
it can neither be lengibened nor [horiencdy by any
change of bheat and cold ; And, thus

336. It appears (334), that whatever be the
length of a Pendulum; three half lengths of
fteel, and as much of brafs, muft be added, in
order to have as much expanfion upwards as
downwards : and when the whole length of bars is
thus afcertained, they may becut into fuch feveral
lengths as may beft fuit the purpofe, and evade
the inconveniencies of having any part of them
below the ball of the Pendulum *: g

337. Alwaysobferving, rhat the expanfion of
the fieel tend downwards, and that of the brafs
upwards; in which cafe, they will ballance
cach other, without regard to the number of
picces into which they are cut; for the effedt of
the whole, confifts of the effetsof all its parts :
Therefore,

338. If the fteel bar A F, Plate IX. Fig. 1.
be cut into three unequal lengths, and the brafs

* Here it is to be obferved, that the fcrew by which the
length of the Pendulum is adjufted ; fhould a& as near as pof-
fible to the center of gravity of the ball: by which means any
expanfion of the ball can no ways alter the diftance of the cen-
ter of ofcillation from the point of fufpenfion: and this may
be effeéted by means of a long focker attached to the mit at
the bottom of the Pendulum, and pafling up through the ball, to
its center of gravity ; wuere, it mufl act on the fcrew, and fup-

port the ball.
bar
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bar H G into two; and thofe five pieces be ap- Ov THE Peaou-

lied and conneéed with each other, as in Fig, e e
2. the brafs will expand upwards as much as zhe
Jleel does dowards, and the center of ofcillation B,
always keep the fame diftance from A, the point
of fufpenfion ; nor will the expanfion of the little
crofs pieces that conneét the bars, be of any ef-
fe@, itacting laterally only.

339. Though in theory five bars only, are necef= Why more wires
fary for conftruding a gridiron (338) ;5 #ine are e dics
requifite in praélice; in order that the bar to
which the Pendulum is immediately fufpended, be
equally fupported on each fide : to prevent fuch
tremulous motion or bending of the bars, as might
otherwife take place ; Se¢ Fig, 3. where it ap- PLATE 1Ix
pears by infpeétion that the correfponding bars
on either fides the center, co-operate in fuch
manner, as to move both ends of the crofs bars
equally, and by that means, prevent fuchbending
of the upright ones, as muft otherwife happen by
the weight of the ball B ; nor do thofe addi-
tional bars, zbus applied, any how increafe the
expanfion.

340. Fig. 4. reprefents the manner of con-
neéting the bars in a gridiren ; and is drawn of
the fize commonly ufed for royal Pendulums ;
the bars could not be reprefented here at full Drawing at ful
length, and are therefore broke in the middle ; .
the letters with which the round bars are marked
{ferve to denote the metal of which each is made ;-

1 and
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and that part of the middle rod which is above
the piece E, ferves only for keeping the three
bars on each fide thereof, in the fame plane with
the two outfide ones ; it alfo anfwers a ﬁ:e pur-
pofe at the lower end of the gridiron, and is
pin'd in the crofs piece E, only ; and moves freely,
but without fhake, in the pieces C, D, F and G.

341. I have always prefered the fufpenfion
by two {prings, to that with one ; and have here
reprefented, zbe piece to which the [prings are at-
tached, together with the piece G, to which # is
{crewed, i feveral different views; all the other
crofs pieces, arealfo reprefented feparately, and
marked with the fame letters as in the Pendu-
lum. .

342. The upright bars, or wires, are gene-
rally connected towards the middle by one or
more crofs pieces, that ferve ftill further to pre-
vent any tremulation that might arife from their
elaftic flexibility ; thofe pieces are pin’d to the
two extreme bars, and allow the other feven to
move freely, yet without thake, in their holes.

343. In all that has been hitherto faid, z4e
expanfion of brafs bas been fuppofed to bear to that
of Jleels the exali proportion of five to three ; and
that all dimenfions have been accurately laid down

agreeable thereto; but, left on trial, the con-.

~trary fhould appear, the gridiron may be adjuft-

ed, by fhifting the crofs picce F, upwards or
downwards, for which purpofe, feveral holes
are

i |
S
B
.lll 1
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are made in the upright rod, that correfpond
exadtly with thofe in the piece F. See Fig. 4.

3444 It is further to be obferved in conftruct-
ing gridirons ; zhat round wires are much pre-
ferable to {quare bars, even in theory, and inde-
pendent of all practical advantages ; as there is
a more equal and free admiffion of air to each
wire 3 in order to promote which, the wires
Jhould never fland clofe to each other; and thus
it appears :

345. Tuar gridirans compofed of [quare bars,
clofely fitted to each other, do in fome degree
partake of the inconvenience of immoveable Ther-
mometers (325); though not to fuch a degree,
as where hollow cylinders are ufed.

I Now coME to the theory of Mr. ErLicorT’s
PenpuLum, the defcription, &c. of which are here
Ziven in bis own words.

346. “ Plate 10. Fig. 1. reprefents the Pendu-
lum : in which a b, isa bar of brafs made quite
faft at the upper end by pins, and held conti-
guous at feveral equal diftances, by the fcrews 1,
2, &c. to the rod of the Pendulum, which is a
bar of iron ; and {o far as the brafs bar reaches,
is filed of the fame fize and fhape, and confe-
quently does not appear in the figure; but a
little below the end of the brafs bar, the iron is
lett broader, as at dd, for the conveniency of
fixing the work to it, and is made of a {ufficient

¢ length

g"r

/

On Tue PeExnu-
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length to pafs quite through the ball of the Pern-
dulum to ¢. The holes 1, 2, &c. in the brafs,
through which the fhanks of the {creWs pafs
into the iron rod of the Pendulum, are filed as in
the drawing, of a fufficient length to fuffer the

‘brafs to contraé& and dilate ﬁ'e&l}f by heat and

cold, under the heads of the {crews; e eee, repre-
ferit the ball of the Pendulum ; f f, two flrong
picces of fteel, or levers, Whnfe ner centers,
or pivots, turn in two holes drilled in the broad
part of the Pendulum rod, and their outer ones
in a ftrong bridge, or cock, fcrewed upon the
fame part of the rod, but omitted in the draught,
becaufe when put on, it covers this mechanifm ;
gg are two fcrews entering at the edge, and
reaching into the cavity near the center of the
ball, The ends of the fcrews next the center,
are turned into the form reprefented in the
drawing, which, prefling with the weight of the
ball againft the longer arms of the levers, caufe
the thert ends to prefs againft the'brafs Bt b.
Things being in this fituation, let us fuppofe,
that the rod of the Pendulum, and the brafs an-
nexed to it, grow longer by heat, and that the
brafs lengthens more than the iron of the fame
length 5 then the brafs by its excels of dilation,
will prefs the fhort ends of the levers downwards
at b, and at the fame time neceflarily lift up the
ball, which refts on the long ends of the fame
levers'at f f, to any proportion neceffary: and

provided
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provided the ends of the fcrews do prefs 'ﬁpon Ow TrE Penou=

the levers at a proper diftance from the centers, ¢ mihaci
the faid ball will be always kept at the fame dif- 1, Epicote's Pen-
tance from the _Pﬁiﬂt_ of fufpenﬁqn, notwith- dulum defcribed,
ftanding any alteration the rod of the Pendulum

may be liable to from heat or cold. = What this

diftance ought to be, may very nearly be deter-

mined, if the difference of expanfion between the

iron and brafs bars is known ; for the proportion

the thorter arms of the levers ought to bear to

the longer ones, will always be as the excefs of

expanfion of the brafs is to the whole expanfion

of the iron, as may be thus cafily demonftrated.”

Plate 10. Fig. 2. ¢ Let the linec ab, drawn PL%EEz X.
perpendicular to the line e f, reprefent a bar of st
iron; the line e d, a bar of brafs ; the pricked
line b g, the expanfion of the iron bar by any
particular degree of heat ; the pricked line d h,
the expanfion of the brafs bar by the fame de-
gree of heat ; let the line g i, be drawn parallel
to the line e f; then will i h, reprefent the dif-
ference of the expanfion of the two metals :
through the points h, g, draw a right line cutting
the line e f, as in k ; this line may be fuppofed
to reprefent one of the levers turning upon its
center at g; h the point where the brafs bar
acts on the fhorter end of the lever, and k, the
point where the ferew acts upon the longer end
of the lever, which being the place where it in-
terfecs the line e f, it is evident the ball of the

O 2 Pendulum
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Pendulum will be as much raifed by the lever, as
HEAT AND ColLD

it would have been depreffed by the expanfion of
theiron ; but the triangle i h g, is fimilar to the
triangle bg k ; and therefore, as i h, the excefs of
the expanfion of the brafs, is to b g, the whole
expanfion of the iron, fo will h g, the fhorter
arm of the lever, be to g k, the lohger arm of
the levery Quueitdd”

‘ Atc, Fig. 1. is placed a ftrong double fpring,
whofe ends prefling againft the under edge of
the ball, hinder it from bending the brafs bar
by its forcible motion thereon, at the point b,
which, when the ball is of a confiderable weight
it might otherwife be very liable to do. The
defcription here given is exaltly agreeable to the
original contrivance : and the only alteration I
have fince made in it, confifts in placing the
{crews g g, within the ball of the' Pendulum.”

347. I fball not attempt any further explana-
tion of the above contrivance, which its author has
defcribed in a very clear and diftin& manner ;
nor does any error appear to me in his demon-
{tration, #f the fuppofitions on which it is partly

founded are allowed 5 butit is neceflary, ot only,

that all mathematical demonftrations, be founded
on data that are ftrictly true ; bz alfo, that they
comprehend every circumftance that can any
how affec the refult ; iz which cafe only, the
theory and practice can agree.

348. It
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348. It is obvious, that the above demon- Ox ruePrxou-

ftration fuppofes the Pendulum rod perfeltly in- Fibsbiin il
flexible, and that all the parts move without fric= MrElicowsPeos
tion 3 in which cafe, the operation muft be per- ¢m examined:
fectly fmooth and uniform : But
349. If the Pendulum rod be in any degree ojegion.
flexible, and fri¢tion take place in any part of
the contrivance, the operation cannot be per-
fectly fmooth, and the irregularity of the mo-
tion, will increafe with the frition and flexibi-
lity of the rod. Example, |
3so. If two rods of different metals be firmly mniuraton.
attached to each other at one end, but at liberty
to move freely and without refiftance on each
other, rowards the other end, they will expand
and contra& uniformly and without the leaft
tendency to bend : as in Plate 11. Fig. 1. PLJ} TE XL
351. But if thofe rods be conneéted with re
each other, 7ot only at their extremities, but
alfo at feveral intermediate [paces ; and have dif-
ferent expanfions, they will form themfelves
into a circular Arc, as in Fig. 2. Plate 11 : and
the refiftance which thofe elaftic rods make to the
bending, ducreafes as the [fpaces to which they
are bent. 'Therefore,
352. If fuch rods be firmly attached to each
other, at one end only; and by a limited power at
the other ; they will, on any change of heat orcold,
continue to bend, till the ftiffnefs of the rods
(351) does {omewhat exceed the uniform limited
, power
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s aser period, the rods will fuddenly {lip on each other
M. Eflicotes Pen- a1 become ftraight ; this limited power being
dulamexamind: 6 Jonger able to ballance the refiftznce of the
rols : and zhus will zbey bend, and move alter-
nate'y, by means of the changes of heat or cold ;
and the {paces to which they bend, will always
depend on the proportion which the limited
power that conneéts the 7ods, bears to zheir tift-
nefs. '
PLATE XL 353. Let two fuch rods be fulpended, at one
- end, and a weight applied to the other, asin
Jerks rendered  Fig. g. Plate xx. And tbis weight, as well as the
froquente <" fiiffnefs of therods, willtend to oppofe #heir bend-
ing, and the oppofition which 7# makes, increafes
as the verfed fine of the Arc intowhich the rods or
bars are bent (See the dotted lines in the Fig.)
and the application of this weight will render the
bendings Zfs, and wmore freguent ; {o as more
nearly to approach an uniform motion.
Application of the 554, Now if we confider zhe friftion on all
preceding theory. i :
the parts of fuch a Pendulum as reprefented in
Plate ro. as a limited power, that conneéts the
lowerends of the brafs and fteel bars; (for they can
have no relative motion till this fri¢tion is over-
come) the bending of the rods will (ceet. par.) be
: proportioned to it (352, 353) 5 fo that by dimi-
Double fpring) — mifhing the friftion, the motion is rendered micre
applied, 3 . 3 . . 3
uniferm 5 of which, the ingenious inventor, was

4 {o
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fo well aware, that he judicioufly applied the OX TnE Pexou.
double fpring below the ball. - Pt

355. But this {pring muf} not fuftain the whole iy Enico spen-
weight of the ball; and therefore, though the ““?“f_“ examined.
friction may be very much diminifhed, it can ne- Eﬂﬁ"ﬁﬂfﬁihg
ver be totally removed by the application of a by theapplication
fpring 5 nor can we be abfolutely certain that the ** i
{crews g g, Plate 10. Fig. 1. bear equally on the
levers ; if they do not, it muft incline the ball to
one fide, fo as to rub at the upper parz, againft
the bars; which will generate a friction of fuch
a nature as muft ever be attended with jerks*.

356. Since the friGtion on the levers is at leaft
nearly uniform, and the refiftance, which the
weight, and ftiffnefs of the rods make to the
bending, is of an accumulating nature (352,

353)3 it follows, that when the rods are ftraight,

* In fome cafes, friction generates frition ; as when a wetted
finger is moved forward along a fmooth table, as reprefented in
PLATE X. Fig. 3. it will always move by jerks; but if
moved backwards, it {lips fmoothly : the cafe will be fomewhat
fimilar here, if ‘the levers fhould not beat an equal preflure
from the ferews that fupport the ball.—In a Pendulum which I
have now making, with the improvements here propofed ; the
{pring which fuftains the ball, is made of a helical form (likethefe
in fmall portable flill-yards,) fo that it moves with the greateft
freedom, and by means of a fcrew at the bottom of the ball,
(within which, is the fpring): its aftion may be increafed or
diminifhed at pleafure, fo that the levers fhall fuftain any af-
figned part'of the weight, Init, I have alfo fomewhat altered
the manner of adjufting the levers from that in Mr., Ellicott’s ;
by which means, the length of the Pendulum is léfs liable to be
altered, by fuch adjultment, '

the
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IsrLuence of - the refiftance to the br:ndin% totally ceafes; nor
HEAT AND COLD
———— can it be fuppoled to take place, before the rods
Mr. Ellicow's Pen- are fomewhat bent ; nor will the bending ceafe,
cHftsine. ' oY dhis refiftance is _fo much increafed, as to ex-
Jerks mut eake  ceed the friftion (354); confequently while there
place whie e s a fridtion, there muft be a bendmg, and this
bending muft produce an irregularity in the me-
tion ; which, however {mall, or Imperc»i-puble,
it may be to our fight, in any experiment, muft
ftill render the effe@ lefs perfe&, than if the mo-
tion was more uniform ; and therefore, fuch a
.conftruétion as does not admit of a probability of
{fuch irregularity of motion is certainly to be pre-
ferred *,
357- Having endeavoured to point out the
Propofal for reme- chief mcc:-nvemcnces, that I imagine Mr. ELLi-
dying the fore- :
going inconve-  COTT'S Pendulum in its prefent ftate liable to;
mienices, dec, I {thall next endeavour to obviate zhem, or an
others that occur to me, fo as to give it all thofe
advantages of which the conftrution feems
peculiarly [ufceptible : nor have I the leaft
doubt of meeting with His approbation, if I

* It is probable that any improvement of Mr. Ellicott’s Pen-
dulum beyond its prefent ftate, might anfwer no great end in
improving the performance, while the influences of the oil, or
any other imperfections of the movement, can tend to difturb
the natural tendency of the Vibration: but when all thofe evils
are rf:movfd, thefe merit attention; and the effect of re-

moving them will, I doubt not, then become fenfible in the
performance of theClock.

{ucceed
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fucceed in the improvement of a contrivance O THE Pexpu-
which He fo candidly laid before the public; nor “———~—-
do I imagine that malice itfelf, can confirue this My. EliicowsPen-
examination into @ breach of friend/bip, whenit is dulum examincd.
declared that my approbation of the contrivance
induced me to it : and if I {pare not the inven-
tions of thofe whom the public efteem; and I
always wifh to reckon among the number of my
friends ; 72 proves, that I adbere to my refolu-
tion of preferring demonftration to opinion ; and
that no difrefpet is meant wherever the one is
oppofed to the other. '
358. If three bars of metal (one of brafs and Three bars of

* two of fteel) be firmly connected at one end, and &
held together by any determined power towards
the other end ; any increafe of heat will expand
the brafs bar more than the fteel ones; and if
it were connected with one of the fteel barsonly,
they would be bent, ‘as in Fig. 2. Plate r1. but
here, it being connedted with a fteel bar o7 each
fide, they endeavour, by means of the limited
power which conneés them, to bend it; each
operating its own way, by which means they
countera¢t and deftroy each other’s effect, fo o bending.
that no bending can iz rbis cafe take place: but
the leaft change in their expanfions, will alter
the relative pofitions at their extremities, and the
motion will be uniform and regular, unlefs the
refiftance be fo very great, as actually to com-
prefs or ftretch the bars, which I am apt to be-

P lieve,
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lieve, can never be the cafe in a Pendulum that
is executed with difcretion. ~ Therefore,

359. In Pendulums with levers, two bars of
fteel and one of brafs fthould be ufed, as repre-
fented by Fig. 7. Plate 11. the {fcrews that con-
ne&t the bars, are made to allow the oze of brafs,
to move freely between thofe of fteel; and the
rods are kept at a fmall diftance from each other,
fo as to give a free admiffion of the air to the
brafs bar, that iz may be heated and cooled az
the fame inflant with the fteel omes; which muft
have a more perfeét effeét, than where the brafs
is affected by its. communication with the fteel :
nor is even this trifling circumftance unworthy
of notice, when we recolle&t what is faid in
paragraph (24.8).

360. From what is above faid (358), it might
at firft fight be thought, that, with this addition,
little or no regard needs be paid to the quan-
tity of friGtion : or whether the levers bear an
equal weight ; but let it be obferved, that though
the bending of the bars, is by this means pre-
vented in the diredtion wherein it naturally takes
place in the higheft degree, an unequal bearing
on the levers would tend to bend the bars edge-
ways; and though fuch bending muft be very
trifling, even when compared with what has been
heretofore confidered, the effeé cannot be hurt,
and may be rendered more perfe@, by removing
as much as in our power, even the probability of
any jerk or bending, however {mall.

I 361. Plate
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361, Plate 11. Fig. 5. reprefents one of the O TH® Pevoue

fteel bars with the ébrafs bar and levers; on “——-r——
which ## is made to a&, (by means of the piece wmr. EllicotvsPen-
b,) in fuch manner, that each fball bave equal *" BapLayeds
preffure, notwithftanding anyinaccuracies of exe-

cution, &c.

362. N° 1. (under Fig 5. Plate 11.) repre-
fents the lower end of the brafs bar, together
with the cylinder ¢, and piece b, each feparately; Improvements.
and N° 2, and 3. are different views of the
levers.

363. Fig. 6. Plate 11. part of one of the fteel
bars, to be{crewed to the bars Fig. 5. as repre-
fented by Fig. 7. the large opening in it, ferves to
{hew, the endsof the levers with the piece b, &c.
From what has been faid, it appears, that Mr.
Ervicort’s Pendulum, can no more be rendered
perfe®, with two bars, than the gridiron can
with five (339); nor can the effect be perfeétin
any Pendulum with /evers, where each does not
bear an equal weight (360); and confequently,
any Pendulum conflrufted with one lever, can
never have a perfe effe@.

364. From what is above faid it is not to be
underftood, that this Pendulum in its prefent
{tate, is as imperfect as a gridiron of five bars
(339)» though it does ina lefs degree, partake of the
Jame inconveniency : but when three bars are ufed, 1n favour of Mr.
and the bearing on each lever, rendered equalj Pllicow’s Pondu-

F.2

Remark,
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gzt oo equal that of the gridiron Pendulum j wizh the

Of Mr. Ellicotes  {Uperior advantage of being much more eafily,

Pendulum. and accurately adjuffed, than any gridiron Pendu-
lum that I have feen ; not to mention fome
{maller advantages (329).

Obje&ion to it. 365. The objection that will moft probably
be yet made to Mr. Ellicors’s Penduluim, is, that
it is regulated by raifing the Pendulum {pring
through a {lit, &c. by which means the length
of the {pring is altered, in regulating the length
of the Pendulum : but, though this is allowed
to be an imperfettion in the conftruction of

Anfwered. Clock-thermometers [323), it is not of equal mo-
ment in this cafe; for when the Pendulum is
once got to vibrate true time, zbe length of its
Jpring is no more altered : befides it is eafily to
{fubftitute other methods of regulating, that fhall
in no degree be liable to this objeétion.

Further remarks. 366. As to the increafe of refiftance that may
take place owing to the cavity in the ball ; I fhall
endeavour to fthew hereafter, how the refiftance
of the air may be diminithed with this, and all
other Pendulums, by altering the fhape of their
balls.

Objection to the 767. If in the gridiron Pendulum, the éba//

giican. be fupported by the lower edge, the whole ex-
panfion zhereof will tend upwards ; and its con-
traction, downwards ; nor can the effe@s of heat
or cold, on fo thick a body, keep pace with

thofe




¢rL0OC K-W O R K. 109
thofe of the Pendulum rod ; therefore in this cafe Ov THE Pexpu-

the effe®t of a gridiron is lefs perfect than Mr. St
Ellicott’s 3 but this may be corrected by ﬁlp— Of M. Ellicott’s
porting the ball, by its center of gravity. On e
THE WHOLE,

368. The only material difference that I can Mr. Ellicott’s ea-

difcover in the advantages of thofe ingenious ﬂfi::-’;';:;; Hilrlxd
contrivances, in their moft improved ftate, ‘sz, efect.
That Mr. EvLicott’s is by much the eafieft ad-
jufted * 5 and that, when the air bas free admiffion
between its bars, they are more equally beated and
cooled, than even thofe of the GripIRON ; in which,
the bars at the extremities, are fooner affected by
any changes in the temperature of the air, zhan
thofe towards the middle : fo that the effe¢t muft
be m0ff perfec? where all the bars are mgf? equally
heated and cooled (329). |

369. I {hall now endeavour to bring into one
point of view, the fubftance of what has been
faid relative to the influence of heat and cold
on Pendulums.

That wooden Pendulum rods may anfwer for Recarirvias
Clocks wherein the influences of the oil take place "™
on the pallets (318).

* Mr. Ellicott’s Pendulum may be adjufted to the greateft
nicety, without f{topping the Clock many feconds, or running
fo great a rifque of altering the former length of the Pendulum,
as n all the gridiron Pendulums I ever faw,

That,
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IvervENc OF - That, before the influence of the oil is remov-
R odin Cs’ask:{ their perfarmm{ may be burt, by
totally remedying the influences of beat and cold
on the Pendulum, particularly with recoiling pal-
lets (1935, 196).
That, no Thermometer that remains immouve-
able in its place, can perfetly remove the influence
of heat and cold on the Pendulum rod (325).
That, the Mercurial Pendulum is too foon af~
fefted by the changes of heat and cold; and there-
fore can never have a perfeét effelt, in remedying
their influences (326).
That, the cribpiroN, and Mr. Erticort’s
methods for removing the influences of bhear and
cold, are the beft that have yet appeared (331).
That, no Pendulum can be conflruéled with
one lever, [o as to have a perfelt effett (363).
That, zhe bars are more equally beated and
cooled in Mr. Evricort’s than the GripIrRON
Pendilum (368).
And that, zhe former is much more eafily ad-
jufled than the LATTER (368).
Pendulum_with 370. Which two laft properties, do for general
levers, preferable. yfe give the preference to the conftruéion with
levers. If I have in this examination commit-
ted any overfight or error 5 the manner wbich
bas been obferved through the whole, /lays them

epen to the detection of thofe who reafon with more
propriety.

371. Some
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371. Some may exped, that the method of O T=E Penpo-
determining when fuch Pendulums are accu- fahraniuel i
rately adjufted, fhould be heregiven ; but where
time admits, a due attention to the perfor-
mance of the clock, is the beft means, as it

includes every circumftance that can affeé.

372 As to the fﬁd?ﬂgﬂ that may 6ﬂﬁp€# in the Cuavces
acrion of cravity (307); they only take T SCTSH
lace from a change of latitude, and muft be cor-

rected in the length of the Pendulum,

373. Having fbewn above, how to render Introducion tothe
the maintaining power perfestly uniform (300), fpges.of denfity
the point of {ufpenfion immoveable (31 5), and the
length of the Pendulum snvariable (316 to 373) ;

{uch changes as happen in the DENsITY of 2he air,
feem ‘now, the only remaining caufe, that can
alter the fength, or time of Vibration,

374. I therefore proceed to enguire into, the Enquiry.
comparative effeéts that fuch changes may have
on the times of Vibration performed in cycloidal
and circular Arcs, when no other caufe tends to
alter their times.

375. If a Pendulum was made to ofcillate in
an exhaufted receiver, free from refiftance of any
kind, its Vibrations would continue egua/, and
ifochronal (14),whether performed in the cycloidal
or circular cutve : And,

76. And if the attion of gravity, on fuch {Abilute ervity,
Pendulum, was altered, fo would its times of Vi- motive force,

bration
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Pawary  of 0 bration (wy) 5 for:in thisseafeythe abjolute gra-
et gLy 0f the Peﬂdﬂ!m s dts ‘motive famz. 1530h
Alteration in the 377- Norwould any alteration .in the adion
altion of gravity  of gravity, alter  the length of the Vibrations ;

will not alter the

length of Vibra- for, zbe oppofition to its afcent, increafes and di=

g - minifhes as izs power of defcent. :
o b And, the velocity of Juch Pendulum will be as
45 the meolve

force. its motive force ; and #s times, inverfely as the

| velocity ; 1. e. inverfely asits motive force.

Comparative - 378. But when a Pendulum vibrates in any
weight, the mo- . . . = . .
tive force, heavy medium ; its comparative weight, is the

motive force ; i. e, the weight of its bulk of the
medium, being deduéed from its abfolute weight,
the remainder only, is its motive force *.  Zhere-

Jore,

In a non-refifting ~ 370. An}r alteration in the denﬁt}r of the

medium, eyeloidal medium, will alzer the motive Sforce (378); and

s au s if fuch medium be confidered as non-refifling, it

evel. . . 3
will not alter the length of Fibration (377) 5
confequently every alteration in its denfity,
would by altering the motive force, caufe equal
alteration in the velocities and times, of fuch Vi-
brations as were performed, in cycloidal or cir-
cular Arcs. But,

Mot bt ates 380. Airy being a refifting medium ; s 7e-
[fflance will increafe. &c. as its denfity, as will
the effeét of fuch refiftance, in deftroying the

* See 6th Corol. Prop. 24. of Sir Isaac Newron’s Prin-
cip. Math. Vol. 2.

motion
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motion of the Pendulum 5 and contrafling its
Ares of Vibration : therefore, thofe alterations
that bappen in the refiffance of the air (confider-
ed feparately) do mor affedt the zimes *.

a81. But, the fborter Vibrations in circular
Apres are performed in /s time than the longer
(19) : therefore, any increafe of refiflance of the
air, will, by contra&ing fuch Arcs, alfo fhorten
the times of Vibration : and #his effec? will always
be, as fuch denfity of the air (300) +.

382. Now, fince any increafe of denfity in
the air, will, independent of its refiffance, pro-
long the times of cycloidal, as well as eircu-
lar Vibrations, iz proportion to fuch increafe of
denfity (378) 5 and as the refiffance of the air 7s
always as its denfity, and contraéts the Arcs of
Vibration #z the fame propertion; it follows, that

FL g
CycroibAL AND
cIircuLan Vi-
BRATIONS COM-
PARED,

)

The alteration in
the length of Vi-
bration, as that
in the denfity of
the air.

Circular Arcs

correct the eftells
of fuch changes
as happen in the
denfity of the air,

in circular Ares the refiflance of the air, con- °

tra@s the #imes of Vibration (19), as much, as
the diminution in the motive force of the Pendu-

lum, from f{uch change of denfity, prolongs them
{378): And, the contrary.

* See notes (238, 19).

+ The refiftance of the air does fomewhat more prolong the
time of defcent, than it contralts the time of afcent of a Pen-
dulum ; and this’ difference will increafe, or diminifh, with the
total refiftance of the air in each Vibration : but the total re-
fiftance to Clock Pendulums, is as the maintaining power (300) 3
therefore, the fermer will be uniferm, when the latter is o
and will in fuch® cafe, egually affeét the time of each Vibration
which awiferm effeé? 1s corrected in the length of the Pendulum.

Q_ 383. Hence
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383. Hence, a Clock-pendulum, having its
motion continued by a maintaining power per-

CEP o Jeltly uniform (300), and at liberty to enlarge its

All the times of
Vibration in
Clocks rendered
tlochronal.

Circular Vibration
better than cy-
cloidal,

Are of Vibration, in proportion to the diminu-
tion of denfity in the air; and the contrary ; will
have all its Vibrations in circular Ares, ifochro-
nal (382); which wowld not happen in the cy-
cloidal curve; in which, all the Vibrations of
whatever length, are ifochronal in a medium of
uniform denfity only, (379, 380). And thus it
appears, that in Crock-PENDULUMS, Fibrations
performed in the Arc of a circle are much Jfupe-
rior, to thofe performed iz the cycloid, when the
maintaining power is uniform,and the denfity of
the medium fluétuating®,

CONCLUSION.

Having thus endeavoured to inveftigate fepa-
rately, the effeét of each caufe, that I imagine
can influence the performance of a Clock ; and
compared fuch effe&ts, with their caufes, in the
prefent ftate of Clock-work : I am therefrom in-
duced to expeé fo much amendment in the per-

* What is here objected to the cycloidal curve, is equally ap-
plicable to the fri¢tion on the pallets ; the moft perfet mode of
a recoil, or any caufe whatever, that has a tendency either to
render the Vibrations of more equal length than is here pro-
pofed ; or to accelerate the Vibrations more, in proportion to
their length.  And if the nature of pallets is not (o fully confi-
dered in this Effay as the reader could wifh, it will be further ex-
plained in the next,

4  formance,
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formance, from the improvements already pro-
pofed, aswill render any further enquiry into
the nature of pendulous Vibrations, of no mate-
rial fervice to the immediate improvement of Clock-
work ; but if my leifure, was equal to my incli-
nationof eftablithing a pra&ical theory of Clock
and Watch-work, and rendering it of general
utility, I would not defift, before I had made
fuch number of experiments, as would not only
illuftrate, but confirm, the truth of every im-
provement propofed in this Effay : but pru-
dence forbids an attempt, that requires fo much
time, expence, and application.

End of the Firft Effay.

11§
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284. T BEING UNIVERSALLY ALLOWED, zhat W ATCH-WORK,
Watches are as well executed as Clocks, %
but wmeafure time worfe ; it naturally follows,
that the defec arifes, more from the imperfec- Errors arifc from
tions of principle, than execution. A s
385. I SHALL THEREFORE ENQUIRE,
Wherein do W atches differ from Clocks Enquiries.
What defeét will arife from each difference 2
How 2 and in what degree 2 may thofe defetts
be remedied 2

386. Thearticles wherein Watches differ from watches differ
from Clacks.
Clocks are, n e i

First, That in Clocks ; the motion is ge-

nerally maintained by weight ; bur in W atches
by Jprings.—

SECONDLY,
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'CLocKs GO BY
WEIGHT,

e

Firlt inconve-

nigncy of Springs.

Second Ditto.

How remedied.
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Seconpry, That in Clocks, the motion is regu-
lated by a Pendulum 5 duz in W atches, by a Bal-
lance and fpiral Spring.—

THirbLY, Clocks are not capable of beginning
their own Vibrations ; é&ur W atches are.

Fourtrnry, Clocks are larger zbhan W7 atches.
And,

FrrruLy, Clocks are fixed in their: p]ace;'

but WWatches are portable.

387. The above five articles, being all that
occur to me, wherein Watches differ from
Clocks ; I {hall enquire into the effe® of each

article feparately, and how it may be moft effec-
tually removed.

Clocks go by weight, &c.

388. The firlt inconveniency of Springs, is
that their action is not uniform, but diminifthes
as they unbend : but this is totally remedied by
the application of a well adjufted Fuset.

389. Heat and cold, contra& and dilate all
metals 3 and confequently alter the elaftic force of
Springs in fuch manner, that their exertion is not
the fame at all times ; but in a ftate of flu&ua-
tion, depending on the temperature of the air, or
the degree of heat or cold to which they may
occafionally be expofed.

390. But this evi/, however bad, is not in-
curable ; for the {fame caufe always producing the

fame

r-'-:r."-' '-ﬁ
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: . . : WaArTcHEs BY
fame effe@, iz may with certainty be remedied ATErE

by an oppefition of expanfion ; of which more ——-n——
when I treat of Thermometers.

391. I have thewn (155), that the influence
of heat and cold on the oil applied to the pallets,
was of the moft pernicious nature, as no remedy iﬁf‘z;ﬁ;'ﬂ’l"sgiggs
could be applied by oppofition ; the fame is appli- hurtal. :
cable to the oilapplied to the main Spring; for the
coils of the {pring lying in many places in contac
with each othér, any change in the tenacity of
the oil, may confiderably alter the exertion of
the Spring on the Fufee ; and confequently the
action of the wheels on the pallets.

g2. But the ufe of oil on main Springs may Rendered unac-

‘be difcontinued, by tapering zhes more towards <7
the inner end ; by which means the exterior
coils being thickeft, will fooneft unbend ; and

the exertion of the Spring will become progref-

five from its outer, to inner end, and one coil

only act at a time ; which will prevent all rub-

ing, and render the application of oil entirely
unneceflary.: hence s a&ion may (390) be ren-
dered fo uniform, that the greateft effe& of any
remaining irregularities, cannot be perceived in

the performance of a Watch.

393. It may poflibly be obje@ed, that the Objedtion tota-
thicknefs of fuch Springs may render their tem- pering Springs.
per lefs perfe@ at the external, than the internal Anfwered,
end ; butitfhould alfo be remembered, that the
exterior parts of all Springs are bent round

larger
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larger cylinders, than the interior, and therefore,
require lefs perfed elafticity 3 and if due care be
taken that Springs be made as broad as the fpace
admits, and no pa,rt of their power mizﬁpplicd 5
am apt to think that no {enfible inconvemiency
or difadvantage will attend the neceflary thick-~
nefs : but even admitting, that thicker Springs
are more liable to break, than thinner ones ;
that which gives the mc}ﬂ perfe& performance
while it lafts, is in many cafes to be preferred.

7394. When I examined the properties of Mr.
Hucens’s method of removing the effeds of any
irregularities of action in the main Spring (216,
to 223), I propofed refuming that fubjed, in
order to enquire, whether that ingenious contri-
vance would have az egual effe? in porTABLE
MACHINES, as it was there allowed to have iz
Spring Clocks that remain in their place (221).
The reader will pleafe to remember, Tuar

395. Thechiefadvantage acquiredinzbe forsmer

cafe, was owing to the fwing wheel being mov-

ed by a fmall we{g.‘!':f (210) 5 which wonld have a

direbt contrary effeft ina portable machine, of what-
ever conftrucion: for the a&ion of the wmght on
the {wing wheel, would no longer remain uni-
form, but dE,pcnd in a great meafure on the di-
rection and velocity, with which the machine
was moved.

396. Example. If a heavy body falls freely,
it will defcend nearly fixteen feet in a fecond of

4 time :
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time : but if two bodies fall together, and with
equal velocities, they will be relatively at reft ;
nor can the one, have the leaft tendency to draw
or propel the other: and thus, is the aéion of
the fmall weight on the fiving wheel diminifhed,
in proportion to the velocity with which the
whole machine defcends ; and the contrary; by
which means, Mr. Hugens’s method of winding
up his Marine-clocks every half minute, intro-
duced greater irregularities in their maintaining
power (while at fea), than could arife from all
the other imperfections of Spring Clocks taken

together.
g7. Let us then fuppofe, a Spring or Springs,
fubftituted for the weight 3 # #s oebvious, that
every inconveniency arifing from the motion of
the whole machine, will be removed ; but thofe
Springs, being as fubje to the influences of
heat and cold, as the main Spring, - will be no
improvement in this refpeé ; for if any degree
of heat or cold thould alter the exertion of thofe
{mall Springs on the Ballance wheel, fuppofe ——
part of their whole force, it will affe& the times
of Vibration, as much, as if the main Spring
had aced on the Ballance wheel, (without the
interpofition of fuch fmaller fprings) and un-
dergone an alteration of a == part of its
whole force: for in either cafe, there isan alte-
ration of = partof the whole maintaining power ;
and it was thewn formerly (80), that zke altera-
R 2 tion

123

WATCHES BY
SPRINGS.

L ’
v 8

Springs fubflituted
for weights.

No advantage:
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tion in the meafure of time depends, (¢. p.) on
the alteration in the maintaining power : there-
fore the performance of the Watch, will be no
ways improved by the above means. 4nd,

398. If this method of frequent winding up,
does in portable machines, remove the influence
of heat and cold on the main Spring : it intro-
duces another effe&, that is, 7z every cafe equal
to it (397), and fuperior in many; for, thofe
Springs that propel the Ballance wheel, being {o
much more flender and expofed than the main
Spring, are influenced by many fuch changes of
heat and cold, as have not fufhcient duration to
affe@ the main Spring ; and therefore, if we only
regard the influence of heat and cold on the
Springs, this method is hurtful.

399. I have already thewn (392), how to
evade the ufe of oil on the main Spring; and
if the influence on all the pivots, thofe of the
Ballance and its wheel excepted, be removed
by the difengaging all the wheels but one ; it
has been already fhewn, that fuch parz of the in-

Sfluence of the oil, is to its whole influence, ever

in Clocks ; only as one to 199, (221) : but it will
{till bear a much lefs proportion to the whole,
in Watches, where the influence on the Ballance
pivots, and pallets, become much more confide-
rable on account of the greater angles and num-
ber of Vibration, as well as the greater num-
ber of wheels.

400, But
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400, But admitting, that a 200th part of the
influence of the oil, thould be removed by this
means, a much greater advantage might be gain-
ed, by applying fuch part of the a&ion of the
main Spring as 7s in the above cafe lgft 5 for by fuch
means, the influence of the oil would be dimi-
nifhed in the inverfe duplicate proportion of the
maintaining power (162): for, if a fifth part of
the ac&ion of the Spring be thus loft, the effe& of
the influence of the oil (on the meafure of time),
with the remaining four fifths, will be to its
effe@, with the whole aétion of the Spring, as
25 to 16 *; from which it evidently appears,
that {o far as relates to the influence of the oil,
the advantage gained, by applying zbe whole ex-
ertion of the main Spring 2o the pallets, is, to the
advantage gained, by dilengaging the wheels,
nearly as 200 to 3.

gor1. It has been already fhewn (398), that,
{fo far as it regards the influence of heat and
cold on Springs, this contrivance is hurtful ;
that, fo far as relates to the influence of the oil, it
hasno better effect (400); and that, unlefs the pe-
riodical fluGuations, in the acion of the wheels,
have a fenfible effe& on the meafure of time du-

e

* For it appears that by increafing the motive force of the
wheels, as 5 to 4, the influence of the oil is diminifhed as
16 to 25, that is, fomewhat more than a third: but by difen-
gaging the wheels (however frequent) only a 2ooth part of
the influence can be removed.

ring
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ring the ac&tion of one tooth, it never increafes
(54): and even admitting, that fuch periodical
fluctuations in the maintaining power, were
hurtful ; thofe that happen, by unlocking the
winding up part, in the above cafe, are not lefs
{o, than thofe of the wheels and pinions.

402. There does not then appear, the fmall-
eflt thadow of improvement, by thus difengaging
any number of the wheels, in portable machines t?
any kind : on the contrary ; by rendering thofe
periods of winding, more frequent, than will
require the Springs that propel the Ballance
wheel, each as thick as the Ballance Sprigg, the
performance muft be hurt* ; and in 3o hour
Watches whofe Ballance Springs are of a proper
ftrength, the above rule, will not even admit
of detaching one fingle wheel, much lefs, of
winding up every half minute ;5 zberefore, we
may to good purpofe iz all portable machines{ave
that labour, which this method of difengaging
the wheels would occafion.

403. The method which I have given (300)
for rendering the maintaining power in Clocks
perfectly uniform ; would in portable machines
be liable to the fame inconveniencies : Jence it
would appear, that in this refped, Watch-work
muft ever be inferior to Clocks : though, by a

* This article will be explained, when Thermometers are
treated of,
due

Y
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due attention to what has been faid in the for-
mer Effay relative to the maintaining power,
and a judicious application of a Thermometer,
the adtion on the pallets, in Watch-work, may
be made to difturb the times of Vibration, as little
as it generally does in Clocks. Buz,

104. He who prefers experiment to demon-
ftration may reccive no {mall {atisfaction, relative
to the errors that arife from all the imperfe&ions
of MaIN Sprines, even in their prefent ftate, by
comparing together the performance of two
Clocks ; the one with a weight, zhe other, with a
Spring : and I will venture to affert from trials
I have made ; zhaz, if the maintaining power,
angle of Vibration, and weight of the Pendulum
&c. be made equal in two fuch Clocks ; their
performance will prove ; that a very fmall part
only, of the errors of W atch-work, is owing to the
imperfections of the main Spring 5 even where no
Thermometer is ufed to counteralt it*.

* Does not the fame heat that lengthens the main Spring
and chain, render the oil on the pivots more fluid, and increafe
the diameter of the Fufee ? by which means, it feems to me more
than probable, that the exertion on the pallets is rendered more
uniform, than if the ation of the main Spring was fubjec to

no alteration from heat or cold: for thofe contrary effeéts tend
to correct each other,

CLocks
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WATCHEs BY
SPRINGS.
| B

b

J

Experiment, and
Conclufion,



128

Plan of enquiry.

Firft property of
the Pendulum,

Equalled in the
Ballances

Second Property
of the Pendu-
lum,

IMPROVEMENT OF

Crocks are regulated by a Pendulum;

WATCHES by a Ballance and Spring.

405. In order to inveftigate this matter pro-
perly, it is neceflary carefully to compare the
Ballance and its Spring, with a Pendulum ; and
enquire, how far they fhare the fame proper-
ties : in order to which, I fhall here recapitulate
the general properties of the detached Pendulum,
as {tated in the foregoing Effay; that it may the
more clearly appear, in what refpets zhofe of the
Ballance, do either agree with, or differ from
them.

FirsT Property of a Pendulum.—

406. That, if once put in motion, it would
ever continue to vibrate, if no external caufe
tended to deftroy its motion.

The cafe is fimilar sn the Ballance; for the
Spring in unbending, would communicate as much
motion to the Ballance, as would enable it, (by

means of its vis viva) to bend the Spring as much

in a contrary direftion. Hence, it would vibrate
without diminution, &c. _
Seconp Property of the Pendulum.—
407. Allits equal Vibrations would be per-

formed in equal times,
The

i
-



WA TCH-W O R K 129
The fame would bappen with the Ballance and Crocxs RECY-

LATED BY A

Spring : becaufe the motive force and Jpace de- Rriodius,
[feribed, remained unalterably the fame (4.06).
Tairp Property of the Pendulum—

408. Its momentum (in circular Vibrations) Third property of
is as the verfed fine of its angle of Vibration, :
into its quantity of matter : but it increafes fﬂﬂl?—
what quicker, towards the extremities of cycloi-
dal Vibrations ; in which, the exertion of gravity
on the Pendulum, is conftantly as its diftance
from the point of reft *.

- In the Vibrations of the Ballance, the exertion of

the Spring, is alfo conflantly, as the diftance of _
the Ballance from its point of reft +5 and there- 4 berfect in tie
fore its Vibrations, naturally have the properties

of the cycloidal Pendulum, ofcillating in a medium

of unalterable denfity} ; and their momenta and

velocities, at different diftances from the point of

reft, &c. are to be eftimated in the fame manner.

FourtH property of the Pendulum.—

409. Thofe of equal length, though unequal Fourth property of
weight, will (¢. p.) perform their Vibrations the Pendulum.
_in equal times.

Lféﬁﬂgﬁ? all Ballances wherein the vis inlita and Eqvalledinthe Bala

firength of the Spring have the [ame proportion ; lance,

s

* See Sir Isaac Newron's Prin. Prop. 53.

1T Sce Dr. Hook’s Theory of Springs.

I For fuch changes as happen in the denfity of the air, do
not alter the motive force of the Ballance, as they do that of
the Pendulum (379). :

S will
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will (c. p.) perform their Vibrations in equal
t1mes. -
Fieru property of the Pendulum. —

410. They alter their times of Vibration in
different latitudes : (becaufe gravity is altered
without the vis infita)+t.

A Ballance will alfo alter its times of Vibration,
if the firength of its Spring be altered 5 without
altering its weight or fize *. ;

411. In the vibrating Pendulum ; grawvizy is
made by means of the wis infita, to countera&
stfelf : the Ballance Spring is alfo made to coun-
terad 7¢felf in each Vibration, by means of the
vis infita of the Ballance ; and #hus, by having
the effect changed into the caufe, in each Vibra-
tion ; we have, in the vibrating Pendulum, and
in the Ballance and Spring, the moft perfe&

- equilibrium of action and re-a&ion, that nature

can produce : what can be more equal than any
power to itfelf 2 412. Thus

%+ In the Pendulum, gravity is the motive force; and in
Ballance, the Spring: the wvis infita is the refiftance in each :
and the contrary : therefore, when the motive force is in each,
as the refiftance, the velocities and times muft be equal. Hence
it alfo happens that (¢. p.) the Ballance meafures the fame time
in all latitudes.

* Here, by altering the weight, is ftritly meant, altering
the @is inertie ; for the Vibrations of a Ballance, whole center
of gravity coincides with its center of motion, have not the
leaft dependence on gravitation, otherwife it would alter its
times in different latitudes, as well as the Pendulum.

T For this reafon the vibrating Pendulum and the Ballance
and Spring will always meafure time better than fuch as perform

1 whole
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412. Thus we find; zhat the Ballance and
Spring, are in full pofleflion of all thofe proper-
ties of the Pendulum, on which the ifochroni{fm
of the Vibrations depend : the wis infita, hav-
ing the fame effe& 2 each ; and zhe Spring pro-
ducing that effec in the Ballance, that gravity
does in the Pendulum. Therefore,

413. All that has been faid in the former Ef-
fay, relative to, zhe length of Vibrations (41,
47) 5 weight of the Pendulum (79, 80); guan-
tity of maintaining power (161, 162); influences
of the oil (163, 164) ; and confiruction of pal-
lets, (189, 239, 263) ; is as applicable to
Watches, as Clocks*, and need not here be
repeated : but as the feveral articles wherein
Watches differ from Clocks (386) require fome
confiderations in the improvement of the former,

whole revolutions : and where the centrifugal force is made to
correct the velocity : for in this cafe, any alteration in the mo-
tive force will require a new adjuftment of thefe two powers,
which cannot take place till the change of velocity make fuch
an alteration in the centrifugal force as can overcome fome {mall
degree of friction ; therefore the motive force may remain for a
confiderable time, either too great or {mall, for the refiftance, to
render the revolutions ifochronal; and here the moft trifling
error may, by conftant accumulation, become great (248) :
whereas in the’common Pendulum, there is 2 new adjuftment of
the motive force and refiftance, at the point of reft of each Vi-
bration ; where the effect is always changed into the caufe.

* Obferving always, that what is faid in the One of the
mode or quantity of the exertion of gravity on the Pendulum,
is to be underftood in the Qzber, of the exertion of the Ballance
Spring.

S 2 that
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that were totally unneceflary to the latter ; I
fhall endeavour to point out, in what cafes, thofe
additional  improvements co-operate with, or
countera@, thofe already propofed.

414. It has been already obferved (403), that
the maintaining power can never be rendered fo
uniform in Watches as it may in Clocks : but
admitting the natural ifochronifm of the Ballance
(408), pallets may be {o conftrulted, as to cor-
reé the e¢ffef? of any changes of the maintaining
power 3 by prolonging one half of the ime of V-
bration, as much as the other is contraded :
which will have the fame effe® on the mea-
{ure of time ; as rendering the maintaining power
perfeltly uniform. '

415. But let us now enquire, whether there
are any probable reafons, why the Ballance may
not have the fame advantages, in practice as in
theory.

416. In the theory of the Ballance (408),
the action of the Spring was confidered, as an in-
nate property of the Ballance ; whofe exertion
was in every part of the Vibration, as the dif~
tance of the Ballance from its natural pointof reft :
but no regard was paid to the effects that might
arife from the wis infita, or fhape of a Spring,
afling in a {piral direction.

417. If all the matter of the Ballance Spring
was colleéed into a circle, concentric with the
Ballance, its vis infita would have a fimilar ef-

fe&
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fe& to zhar of the Ballance ; and would tend to
promote the action, in the one half of the Vi-
bration, as much as it oppoled it, in the other;
and confequently, no part of the exertion of the
Spring would be loft, or deftroyed by izs means.
But from the {piral form of the Ballance Spring,
the vss infita of all its parts, have contrary ten-
dencies, and fo deftroy each other’s effeéts; fo
that it cannot promote the bending as much, as
it retards the unbending : and thus is a part of
the exertion of the Spring loft in each Vibration,
which muft prolong the times. Buz

418. The part loft of the exertion of the
Spring is, (¢. p.) as the mean motion of all the
particles of the Spring taken together: hence it
muft increafe with the angle of Vibration ; and
{uch prolongation of times as it occafions, muft
be greater, in the longer Vibrations than the
fhorter ; and this I imagine is the cafe, in de-
tached Ballances wizh Springs of equal thicknefs.
But

419. Ifthe Spring be rendered thinner towards
its inner end, the mean motion of its parts, will
bear a lefs proportion to the angle of Vibration ;
and confequently, the longer and fhorter Vibra-
tions will thereby be rendered more ifochronal ;
and the [ame is true of all the other means, by
which, the mean motion of the Ballance Spring
may be diminifthed (418). Buz

420, As
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420, As the Spring muft have fome degree of
motion in any Vibration whatever the above
confideration a/ome, can never render the Vi-
brations truly ifochronal (418).

421. But the longer Vibrations are rendered
quicker in proportion to the fhorter, with taper-
ing Springs, on account of their mode of a&ion,
as well as the diminution of the wvis mertie.
Thus

422. If any power be applied to a Ballance,
which tends to bend its Spring, the thinneft part
thereof will be fooneft bent ; therefore a taper-
ing Spring will begin to bend at its inner end,
and as the refiftance of its thinner parts increafe
(408), the thicker parts are bent: by which
means, the exertion of a fpiral tapering Spring
in bending, is at leaft in fome degree, progrefive
[from its thinneft to its thickeft end; and in un-
bending, zhe contrary.

423. It is evident, that the mode of exertion
of a tapering [piral Spring, is different from zha#
of a ftraight Spring of egual length, and taper,
where the power is applied at right angles to the
Spring *.

424. But

% The exertion of any power applied at the inner end of ata-
pering Spring, on any part of fuch Spring, may be reprefented
by two lines meeting at fuch part of the Spring; the one at
right angles, the other attangent to it : from which it is evident,
that fuch part as is reprefented by the line attangent, can have

no

H
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424. But the exertion of a Spring is, (¢. p.)

as its thicknefs ; therefore (422), the exertion of

a fpiral tapering Spring, will increafe more in
proportion to the fpaces to which it is bent, than
that of a Spring of equal thicknefs.

425. Hence, the longer Vibrations of a Bal-
lance will be guicker in proportion to the fhorter
ones, with tapering Springs, than thofe of equal
thicknefs : Therefore,

426. There muft be a certain degree of ta-
pering of the Ballance Spring, that will 7ender
~ the Vibrations as ifochronal, as if the Spring was
of equal thicknefs, and deprived of its vis inertie
(417). And this I am alfo induced to believe
by obfervation, as well as theory : and moreover,
that, by tapering the Ballance Spring beyond the
due pitch, the longer Vibrations of the detached
Ballance, may be rendered quicker than thorter
ones. |

427. And though itmay be impoflible todeter-
mine by calculation, theexad fhape that willgive
the above property ; it may not be fo difhcult,
to manufaGure many, that will have the fame

no effet on the bending that part of the Spring, but ads like a
cord in bending fome other part of it, at the diftance of a quar-
ter of aturn from that point: and thus may a weaker partof a
{piral Spring be made to bend a thicker, without being fo much
bene itlelf as if the Spring was ftraight: and this accelerating

-

effect of a tapering Spring will increafe with the fize of the col-
ler to which it is attached,

property,
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property, when fuch fhape has been once found :
and it may be afcertained by trial, whether fuch
property is fufficiently perfect before they be ap-
plied to a Watch.

428. And thus it would appear, that even in
practice, all the properties of the cycleidal Vi-
brations of the Pendulum in a medium of uni-
form denfity may be given the Ballance and fpiral
Spring. TZherefore,

429. The great difparity in the performance
of Crocks and Warcues, cannot be owing to
the former being regulated by a Pendulum, and
the /aszer, by a Ballance and {piral Spring : e
therefore come to confider, the third article where-

in W atches differ from Clocks.

CLOCKS are not czrpaéle of éegfﬁﬁiﬂg
their own Vibration : but W ATCHES
are.

430. If the action of the fwing wheel was
greater than that of gravity on a Clock Pendu-
lum ; fuch Clock would begin its own Vibra-
tions : but as no Clocks do, we may juftly in-
fer, that in all of them, the a&ion of gravity
has more influence on the Pendulum, than the
action of the wheels has. '

431. Al Watches begin their ownVibrations,
becaufe the action of the wheels is equal to that

of

|
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of the fpiral Spring on the Ballance when the Vatcuss sy A
wheel efcapes the pallets (486).. And therefore sexine.
Watches are, in this refped, only on @ par with —
Clocks having fuch light Pendulums that they
would begin their own Vibrations (413). :
432. Let fuch a Clock be made with an equal fg‘rﬂi‘;:’"gc‘i‘f”’“"
maintaining power as in Watches, and ##s perfor-
mance will prove, that no {fmall part of the im-
perfedtions of Watch-work, is owing to roo finall
maintaining powers (164) ; and the ftill {maller
proportion, that the momentum of the Ballance
bears to zhem (80, 81, 413, 487).
33. It is univerfally allowed that the lighteft Nlafiration,
Pendulum has all the natural properties of the
heavieft : but will any affert, that one of an
ounce weight, will (¢. p.) have the fame eftect
in correcting any irregularities of the maintaining
power, as one of many pounds : and is not the
cafe exallly fimilar with a Ballance and Spring 2
413) ™. ‘
: 434. 1 fhall hereafter have occafion to en- The advantage in-
quire into the feveral ways of augmenting the E:.Zf;:hw;}h o
momentum of the Ballance, when 1t will appear, Ballance Spring,

. : : &e.
that in every cafe, the advantage increafes with

il

* I fhall, in an after part, confider the improvements that
muft yet be made, before the momentum of the Ballance can be
much augmented in Pocket-watches, with one Ballance, further
than by augmenting the maintaining power and angle of Vibra-
tion, and diminifhing the angle of fcapement.

i f the
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The Wheels
thou!d be made
light, &c.

equally in all cafes *.

435. Having here pointed out, ome of the
greateft canfes of error in the performance of
W atches, T now come to the fourth article;
wherein zbey differ from Clocks.

Crocks are larger than. W ATCHES.

436. Here alfo; Clocks have the advantage
of portable machines, wherein the fize s limit-
ed : as they admit of ffronger maintaining powers,
and greater momentum in the Pendulum.

437. For the fame reafon ; @ Larcer Warcn
will perform better than a fmaller : for, though
the maintaining power may bear the fame pro-
portion to the weight of the Ballance in each ;
the influences of the oil will always bear the great-
cft proportion to theleaft maintaining power (161
to 164): therefore, the greateft care is to be
taken, to acquire in all Watchesasgreat a main-
taining power as circumftances can admit :
which of courfe increafes the momentum of the
Ballance, by which means a double advantage is
gained (162, 490).

438. As to the wheels 5 zbey, only ferving to
tranfmit the aétion of the main Spring to the Bal-

* Since all that has been faid relative to the exertion of the Bal-
lance Spring is equally applicable to the exertion of gravity on the
Pendulum (413) ; itfollows, that the more the Arc of Vibration
of a Pendulum approaches a ftraight line, i. e. the fhorter the Arc
(See Plate 12. Fig. 2.) the worle the performance of the Clock.

lance,
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lance, and to mumber its Fibrations ; thould be Crocks ars

made no larger or heavier, than is abfolutely ne- ﬁﬁcﬂa e
ceflary, to perform their refpecive offices with .
fafety ; and the judicious mechanic may difplay

his {kill, by duly proportioning the ftrength of

each wheel, and the feveral parts thereof, to the

- preflure it has to {uftain.

439. Some are inclinable to think, that Theadvantage of
great advantage is gained by having large wheels, ' Vs ™
as they may be executed with greater accuracy :
but when the theory of wheel-work, and the
proper methods of execution, are thoroughly un-
derftood, this imaginary advantage will vanifh.

440. But, the difadvantages of large beavy Dindvantages of
wheels, are of more weight, for heavier wheels re- feavy Wheebs
quire thicker pivots, which increafes the influence
of the oil in proportion to the fize of the pivots ;
and the friction, in the proportion to the fize of

“the pivots, and weight of the wheel, jointly ;
which diminifhes the maintaining power: as
does alfo, the wisimertie of the wheels ; which
increafes as their weight, and is to be overcome
at each Vibration of the Ballance,

441. On the whole it appears ; that, the more Conclufion, &c.
Watches approximate Clocks in point of main-
taining power, and momentum of the Ballance,
the more is their performance improved (413) :
and that, though an increafe of external fize is
neceflary to acquire thofe advantages ; it is not
always a certain proof of their being acquired.—

p I now

N
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I now come to the fifth article, wherein Watches

differ from Clocks.——

CLockS are fixed in their place, but
W ATCHES are portable.

442. As the above difference gives rife to an
error in Watches, to which Clocks are only in a
very fmall degree liable; I fball endeavour to
fhew, by what means any EXTERNAL MoTION of
a Watch does influence its times of Vibration :
what kind of motion has the greateft influence :
and by what means thofe influences may be
Evaded or corrected.

. Plate 12. Fig. 1. reprefents a machine
mtended to illuftrate this theory EYPEI’II’HE’IH&H}’

A BCD, is a {quare board, or frame, on
whlch moves round a hollow fucket (through
which theverge or axis of the Billlzhoe pafles).

E F G, a round board, or plate of metal, to
which is attached the one End of a {piral Spring :
the other end of which is fixed to a fmall collet
near the center of the Ballance N O, in every
refpe® in the fame manner as the Ballance
Spring is applied in Watches.

L M, a {cale fixed to the board E F G, and
{ferves to thew the relative motion of the Ballance
therewith ;- by means of a mark made on the
Ballance (when at reft) oppofite the middle of
the fcale : hence, as this mark recedes from, or

I approaches -
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approaches the middle ‘of the {cale ; the Bal-
lance is faid to recede from, or approach, its
POINT OF REST.

I K, is a {cale on the board A.BC D, hav-
ing holes in it correfponding with the divifions
of L M ; by means of a fmall pin occafionally
put in either of thefe holes, the board E F G,
(when. difengaged from the catch H), may be
made to move any number of {paces, and with
different velocities, by the a&ion of a weight or
weights, {ufpended to the end of a fmall. pliable
cord, which is applied round. the circumierence
of the board E F G, and pafles over a pulley at B,

444. Now if the board E F G, reprefent the
frame of a Watch; and N O, the Ballance : and
the former be made to move any number of
{paces on the fcale I K ; the influences of fuch
motion on the Ballance, with Springs' of "dif-
ferent ftrength, Ballances of different weight,
and motions of different angles and velocities,
will be given on the fcale L M; for it matters
not, whether the ballance of a Watch deferibes
a certain number of degrees on the'frame 5 or the
frame moves the fame, and the Ballance remain
at reft ; for in either cafe, zheir relative motion is
the fame, and will allow one tooth of the wheel
which a&s on the Ballance, to pafs at each rela-
tive Vibration 5 and the time thewn by a Watch
depends on the number of fuch teeth, that elcape
the . pallets, whether owing to the gbfolute, or
relgtive motion-of the Ballance. e

445. 1

'Ii!.‘l
INFLUENCE OF
EXTERNAL MO=-
TION.

T

Ufe of the ma-
chine.

One tooth pafles
each relative Vie
bration,
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445. I fhall therefore here fuggeft, a few of
e many experiments, that may be made with
this machine, to illuftrate the influences of ex-
ternal motion, |

E’xPerimﬂnt.

446, Let the fpiral Spring be taken from the
Ballance, and the Index F, be made to move any
number of divifions on the fcale F K; the Bal-
lance will retain its pofition by means of its vis
inertie ; and fo be made to defcribe as many
fpaces on the fcale L M, as the Index F, does
on the fcale I K *,

Application.

447. This experiment fhews, that any exter-
nal motion of a Watch, will (c. p.) have the
greateft influence pofiible on its performance,
when no Spring is applied to its Ballance (444) 3
for in this experiment, the influence of external
motion (thewn on the {cale L M), is equal to
the external motion, on the fcale I K.,

Experiment.

448. Let the point N, of the Ballance, be
brought to the middle of the fcale, and the whole

# Itis here to be underftood, that the motion be not very flow 3
for in that cafe, the friftion on the pivots might occafion the
Ballance to move with the fcale, and preferve its relative pofition.

2 machine

- ;MI'H' -
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machine be moved in a ftraight line, with any
velocity, or in any direction, the relative pofi-
tion of the Ballance and frame, will be no wife
altered by fuch metion.

Application.

449. This experiment thews, that re&ilineal
motions do not influence the times of Vibra-
tion (442): but itis here underftood, that cvery
point of the machine, as well as its center of gra-
vity, defcribes a ftraight line 5 for in fuch cafe
only, will the machine keep parallel to its firft
pofition, on which alone the property de-
pends *.

Experiment.

450. Let a long beam of wood be fixed at
right angles to an dxis, round which let it move
on pivots : if the above machine be attached to
the beam, atany diftance from the axis, in fuch
manner, that the plane of the Ballance be paral-
lel to the axis of the beam, the relative pofition

of the Ballance with its frame, will not be altered
by any motion of the beam round its axis, what=

* Though rectilineal motion does not of itfelf any how ins
fluence the times of Vibration : it mhay, by increafing the frics
tion on the Ballance pivors, alter the fength of Vibration, and
by that means introduce the effe@ of any imperfection of the
Ballance Spring and pallets : but in Watches whege thefe are per-
fect, fuch friction will not alter the times.

Cver
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Ineruexce of _ever be the angle or velocity of fuch motion, or:
EXTERNAL MG- ¥

TioN. the diftance of the machine from the axis: +

k W _" . 211

Application.
What curvilineal 451. This experiment fhews, that no curvi-
motions do in- . . . .
Bl i II'I:IEELI motions, tllE.Lt do not in f?me_'degree, n-
&c. cline to the dire@ion of the Vibrations of the

Ballance, can influence its times of Vibration ¥,
Experiment.

452. Let the foregoing experiment be re-
peated, with the axis of the Ballance parallel to
that of the beam; and the relative motion of
the Ballance on its fcale, will always be® as the
angle defcribed by-the beéam, without regard to

* Therefore a Watch carried on fhipboard cannot have its
times of Vibrations influenced by any motion, or motions,
whofe axils are parallel to the plane of the Ballance. Hence the.
beft pofition for a Watch that is carried on fhipboard, is to have
the plane of its Ballance nearly parallel to the decks: (unlefs
fome internal defect, arifing from the execution, {hould render the.
performance more imperfect in this than in its other pofitions.)
It is alfo to be obferved, that the beft place in a fhip for laying
a Watch in, is near its center of gravity; for here the agitation
is the leaft. It may poflibly here be enquired, From what in-
ternal defects a Watch does meafure tinre differently, in its dif-
ferent pofitions ? But fuch enquiry being entirely foreign to the
general theory of Watch-work, (the defeét arifing folely from
imperfections of execution) I fhall only here obferve, that if a
Watch is adjufted in fix pofitions, at right angles to each other,
it will meafure equal time, in all the other pofitions into which
it can poflibly be put; they being all compounded of the for-
mer.

the
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. : InFLUENCE oF
the place of the machine, whether at the center, EXTERNAL MO-

extremity, or any intermediate part of the beam. zio.

. )
" 5

Application.

453. This experiment fhews, that the in- Efeas of curvi-
fluence of any curvilineal motion, even in the OCRUEIEN s
direction of the Vibrations of a Ballance, does
only take place (¢. p.) in proportion to the angle,
which it would make the Ballance defcribe
round its own axis (44.6) ; which is always equal
to the angle moved by the beam *), without re-
gard to the diftance of the machine from the
axis, or center of motion: and thus we fee, Why Watches more in-
the Vibrations of a Ballance are much more di- fuenced in the

pocket than on

fturbed in the pocket, or in a carriage, than on thipboard.
{hip-board.
454 The refult of the fourth experiment may Cirvilineal motion
alfo be expreffed thus : The influence of any ex- derc.
ternal motion, on the times of Vibration of a
Ballance, is, (c. .) as the deviation which fuch
motion occafions in the parallelifm of the ma-
chine from its former pofition ; which alfo (by
29 of 1ft of Euclid), is always equal to the angle
defcribed by the beam. See Plate 12. Fig. 3.
455. The following experiments all tend to Enfic force of the
prove, that the influence of external motion, is, 3Prins diminifhes

. Sl 0 2 : Y} the influence of
in all cafes, diminifhed, by the application of a external motion.

* See Plate 12. Fig. 3.

U Spring
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Spring to the Ballance ; and that, in proportion
to the ftrength of the Spring ; #be Ballance re-
maining the fame.

Expcrim&nt.

456. Let a Spring be applied to the Ballance,
as reprefented in the Fig. and the index F, be
made to move any number of divifions on its
{cale (as in former experiments) ; the motion of
the point N, on the fcale L M, will be dimi-
nithed by the exertion of the Spring; and with
Springs of double and triple, &c. ftrength, it will
yet be diminithed (¢. p.) to a balf and a zhird,
&c.

457. But a Spring of double or triple, &ec.
ftrength, would make the fame Ballance vibrate,
double, triple, &c. the number of Vibrationsin
the fame time ; therefore, (456) the influences
of external motion ¢ .:}Eﬁﬁg!e Vibrationof a Bal-
Jance, will be diminifhed with the time of its
Vibration. Hence, alfo

458. In all Watches having egual trains, the
influence of external motion is, ¢. p. the fame,
without regard to the ffrength of their relative Bal-

lance Springs: for in each, the weight of the

Ballance, muft have the fame proportion to the
ftrength of the Spring (409), and an increafe of
the former awugments the influence of external
motion, in the fame proportion, that an increafe

of
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of the latter diminifbes it : as may be proved ex-
perimentally, by applying rings of different
weights to the Ballance, (by means of the fmall
holes at N and O,) fo as to double or triple its
weight with the fame Spring. .

459. And though fome of the foregoing ex-
periments are made on Ballances that have neither
the adtion of a Spring or wheels, to give them
motion (446, 448, 450, 452), and all theothers
on Ballances atreft (456, 4.58,)where the external
influence always generates motion in the Ballance,
which is not the cafe with a Ballance that per-
forms its Vibrations during the experiment ; for
its motion will be increafed or diminifbed, as it
happens in the fane, or a contrary dire@ion with
the external motion.  Buz,

460. The relative influence on a fingle Vi-
bration, would be the fame as above flated,

-whether the Ballance was at reft, or vibrating,
" “at the beginning of each experiment : or whe-
ther the external motion happens to oppofe, or
confpire with, that of the Ballance: See Sir
Isaac Newron's II. law of motion®, '.
461. Having thus laid a foundation, for di-
minithing (443, 449, 454); as well as eftimating,
the influence of external motion, on a fingle Vi-

* Hence thofe Watches whole Ballances, when at reft, are
leaft liable to be difturbed, or begin their Vibrations by the in-
- Auence of external motion, have their Vibrations alfo leaft in-
Auenced.

U 2 bration »
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bration : 1 now come to confider 75 effe&t on
many.

462. If a Watch be fo placed in a fhip, that
the axis of the Ballance lies parallel to the axis
of the fhip’s greateft motion ; and zbe angular
miotion of the fbip be equal, 20 the angle of Vi-
bration of the Ballance, and performed in the
fame time : if thofe two equal angular motions
happen to gppofe each other, the former will de-
ftroy the latter (452, 453), and the Watch come
toreft. Bur,

463. If the angular motion of the Ballance
had been double that of the fhip ; the latter
could only have deftroyed one half of the former
(453). And therefore,

464. The influence of external motion will
be (cet. par.) in the inverfe proportion of the
angle of Vibration of the Ballance to the angular
motion of the thip (462). But the angle of Vi-
bration increafes, with the maintaining power ;
therefore, the influence of external motion is di-
minifbed by increafing the maintaining power
(463).

465. If one Vibration only, be performed du-
ring one motion of the fhip ; it will be accele-
rated or retarded (460) in the above mentioned
proportion (464) : but if zwo Vibrations be per-
formed, each will receive half the influence, that
is, the one will be accelerated as much as the other
is retarded (460); and confequently, bozh be per-

formed

14
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formed in the fame time, as if no external caufe
had influenced them : Zhus,

466. Vibrations of half the duration have a
duplicate advantage ; for the fame caufe, will
only produce half the effe&t (452), and they alfo
have a double chance of correéing each other
(465) : add to this, that if the whole caufe did
take place, its effe¢t would be diminifhed by the
fuperior ftrength of the Spring (456). Hence,

467. The influence of external motion, on the
performance of a Watch is diminifbed, at lea)t in
the inverfe duplicate proportion of its train : (or
number of beats in a given time). And there-
fore

436 8. If two Watches be made in every refpe&
alike ; only that the one fhall vibrate fve, the
other fix times in a {fecond, the relative influences
of external motion on thofe Watches will be,
inverfely as the {quares of their number of Vi-
brations : #hat is, on the former, to the latter, as
36 to 25: Hence ¥,

149
INFLUENCE OF
EXTERNAL MO-
TION.

i, 3
—

Thofe of half du-
ration have dupli-
caté advantage.

The total influ-
ence of external
motion in the in-
verfe duplicate
proportion of the
train.

Application.

469. We may realonably entertain hope of Infereace.

diminifhing the influence of external motion by
fuch means, (and without any additional parts)
to fuch a degree, as will {carce leave a chance of
a Watch with one Ballance, ftopping in the

pocket.

* It is here fuppofed that the angles of Vibration are equal
in fuch Watches..

470. And
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470. And this merits the more ferious atten-
tion, that it {cems the only means of m.trm’wmg
Srong Ballance S prings and beavy Ballances, into
Pocker-watches 3 for until the chances of ftoping
(or {etting) in t'.‘hc: pocket, are much more dimi-
nithed than at prefent® ; we muft continue the
practice of HALF-TIMING ; that is, rendering the
exertion of the wheels equal or nearly fo to that
of the fpiral Spring, on the Ballance, az besinning
of its Vibrations : the difadvantages of which, and
the advantages that may be gained by a contrary
practice (468, 4.69) will appear more evident,
b}f perufing what is faid in the former Eifay ﬁ'ﬂm
(70 to 79) ; which is equally apphmbla here
(413). |

471. Idoubt not, that fome will here remark,
that every Vibration has its friction, &c. and con-
Jequently, that by increafing the number of Vibra-~
tions in a given time, the friGtion and -influ-
ences of the oil are alfo increafed, and the per-
formance thereby mwuch hurt, and the parts
{fooner impaired.  But,

472. Thus mentioning rhe dreaded evil,
may here convince, that it has not efcaped no-

* Thus it appears, why the Ballance Spring, in all Pocket-
watches, is made nearly of the fame ftrength with the action of
the wheels : for if a Watch having a ﬂmng Spring, and heavy
Ballance, happens to fet in the pucku by means of any fudden
jolt, it muft continue at reft, ull again put in motion by its
wearer, or {ome other motion equally violent.

tice :

-
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tice: and before this Effay is concluded, I fhall
endeavour to fhew, not only, that the train may
be increafed to the degree already propofed (468),
but even doubled, without increafing the zozal
irvicence of the oil, or friction, beyond what now
tsles place in the beft horizontal Watches with
commeon trains: not to mention the diminution
tnat a due increafe of maintaining power may
oc:afion in the effe@ of fuch influence of t =
cil. (413. 161 to 164.)

473. Having now pointed out the means
that appear to me, the moft fimple and advan-
tageous, for diminifhing the influence of external
motion in ALL PORTABLE MACHINEs ; and the only
means by which it can be diminifthed in Pocket
Watches, with one Ballance 5 to fuch a degree as
to admit of .« general reformation of principle
(470), % #l now mention the means that have
been hcretofore ufed for this purpofe; left I
{hould be accufed of having here invidioufly paf~
fed thes *» filence.

474. Dr. Hoox about the year 1658 applied
to Watches, rwo egual Ballances, fo conneéted
that they thould vibrate equal angles, buz in con-
trary direffions ; by which means the oze muft
always be accelerated as much as the other is re-
tarded, by the influence of any external motion ;

and thus, their wean motion could never be alter-
ed by any external influence.

475 If
4
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Its inconvenien-
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IMPROVEMENT OF

475. If the experiment (446) be made with
the machine reprefented in Plate 13. Fig. 1.
cach Ballance will have the fame relative motion
with the frame ; and thofe parts of their circum-
ference that are neareft each other will have
equal relative velocities i contrary direttions (as
reprefented by the darts) and the Ballances are
fuppofed equal alfo : therefore, if their circum-
ferences be any how conneéted, thofe equal and
contrary motions of the Ballances will correct
each other *

476. The above very ingenious contrivance,
proves its author to be intimately acquainted with
the laws of motion, and quick in their appli-
cation: but here the pradice falls thort of the
theory ; for when the Ballances are conne&ed by
means of teeth, there arifes a refiftance, which,
however {mall, when applied in this 70/ delicate

part, will tend to diminith the momentum of the

Ballances; and if the leaft irregularity of action

* I have feen a Watch, made in the year 1715, with inten-
tion to difcover the longitude, (as appears by an infcription on
it) in which, amongft feveral laborious contrivances applied,
were two Ballanccs ; each of which had on its axis a pinion,
and both of them were moved by the fame wheel, on whofe
axis were the pallets (fee Plate 13. Fig. 3.): by which means
both Ballances were made to move in the Jame direfion, and
confequently (475) rendered as liable to the influences of ex-
ternal motion, as one Ballance. This thews, how general rules,
or even the beft principles, may be mifapplied, when their
elements are not properly underftood.

g thould
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fhould take place near the extremity, or vertex
of the Vibration, it muft be attended with the
moft pernicious efte&t.  Buz,

477. In order to diminifh the above incon-
veniencies, the Ballances were connected by
means of two {mall wheels, fixed on the arbors
of the Ballances, as reprefented by Fig. 2. Plate
13. *and though fome ingenious means have
been ufed, to evade theirregularities of action in
fuch wheels, I pafs them here, as alfo attended
with their inconveniencies, and in every refpedt,
lefs fit for general ufe.

478. Mr. Hucens has, in his Marine-clocks
* already mentioned (216), ufed & different method
of removing the influences of external motion ;
by preferving the parallelifm of pofition (454) :
but though this might, if perfectly attained, have
the defired effe& on the Vibrations of a Ballance,
where the centers of gravity and motion coin-~
cide ; it would by no means have the fame efle&
on the Vibrations of a Pendulum (where they
do not) ; but the Pendulum can never be ren-

* It is not improbabie that this method and manner may,
with fome further improvements, be yet applied to good pur-
pofe in Pocker-watches 3 in which cafe the weight of the Bal-
lances, and ftrength of their Spring, (or Springs) may be in-
creafed at pleafure. But it feems not clear, that diminithing
the fze of thofe wheels that connect the Ballances, to any
great degree, is advantagecus, fince by fuch means each rooth
muit fubtend the greater angle at the center of the Ballance;
and confequently be the more liable to the inconveniency men-

tioned in Par. 476
X dered
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only fit for large
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dered fit for any portable machine, even at fea,
for reafons too many to be here mentioned,
as no material advantage occurs to me that would
follow.

479. Mr. Joun Harrison of Red Lion Square,
has, in each of his three large machines for mea-
{uring time at fea, united both thofe methods of
diminifhing the infiuences of external motion;
and difplayed great mechanical abilities, in di-
minifhing the friGtion, and making the centers
of gravity and univerfal motion of the whole
machine, more nearly to conicide than in Mr.
Hucens's Clocks : but I aveid any remarks on
the properties, &c. as there is reafon to expet a
full account of all his ingenious performances
will be foon made public.

480. Having thus mentioned the different
methods that may be ufed, for diminithing the
influences of external motion (468, 474, 478):
I fball conclude with a few remarks on their rela-
tive advantages.

481. Mr. Hucens’s method, from its nature
and fize, can never beapplied to Pocket-watches ;
and therefore its ufe is wholly confined to fuch
machines as are cartied on fhip-board : nor can
its effe&t in thofe be perfe@, unlefs the center of
gravity of the whole machine coincide with its
center of univerfal motion, and the fri¢tion of its
fufpenfion be totally annihilated : 72 which cafe,
though the whole machine would have no ter-

4 dency
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dency to vibrate, i would retain any pofition,
which by accident it had got : and thus, a new
inconvenience and error in the performance
might arife, owing to the machine going in an
unufual pofition ; (probably upfide down); nor
can the friGtion of {ufpenfion ever be removed
to fuch a degree as to prevent this inconvenience :
if it could, THE LONGITUDE might be afcertained
without any meafure of time. Let us then con-
{ider the effect of rendering the center of gravity
fo much lower than the univerfal center of mo-
tion, as would regain the former pofition of the
machine, if by any means loft. It is obvious that
by fuch means, the influence of any motion of
the fbip, would be diminithed during éts time of
continuation 3 but the effe’s of fuch motion
would be continued while the machine retained
thofe Vibrations, of which the fhip’s motion
was ‘the firft caufe (4.53)*; from which it would
feem, that a diminution of fri¢tion continues the
effect for feveral Vibrations, if it diminifhes it in
one: hence, itismore calculated to diftribute the
influence of the fhip’s motion among many
Vibrations, than to deftroy it +.

* And every Vibration of the machine will have the fame ef-
fe€t, as if the fhip had moved an equal angle (453).

1 This method of preferving the parallelifm of the machine
may in fome cafes be ufed, to remove the rifque of fome parts of
the machine being difplaced, bent, or broke. But this fup-
poles very great imperfection in the conftrucion.

X2 482, Dr.

155
INFLUENCE OF
EXTERNAL MO=-

TIOMN.
k J

i

Diminution of
friction more cal-
culated to diftri-
bute than to de-
ftroy the effeét,

&ic.



156
INFLUENCE: OF
EXTEENAL M{=
TION,

‘_-'__""d"'_-"

IDr. Hook’s me-
thod incomparable
in theory.

Increafing the
train, preferable
to any of the other
methods, fo far as
e nature of ma-
terials will admit,

IMPROVEMENT OF
482. Dr. Hook’s method, with a double Bal-

lance, would moft certainly have all the defired .

eftect ; if the inconveniencies alread y mentioned
could be removed (476) ; in which cafe, itwould
in every refpe& be fuperior to Mr. HuGens’s :
for it would totally remove the influences of any
external motion ; by which means every advaz-
tage of a heavy Ballance and flrong Spring might
be introduced, even into Pocket-watches.

483. The method propofed for diminifhing
the influence of external motion by increafing the
train (468), is entirely free from the inconveni-
encies of Dr. Hook’s (476); and if the influence
of the oil, on the Ballance pivots, be increafed in
the former, as the number of Vibrations; it is
doubled in the /zzzer, by having twice the number
of pivots : and when we confider, that by fhort-
cning the time of Vibration, the influences of
the external motion is alfo reduced (4606) ;
that if the time remained the fame, the in-
fluences would be diminithed, as the weight of
the Ballance to the firength of the Spring (456) ;
that when two Vibrations are performed during
one motion of the thip ; zbe one correcis theother
(465) : and hence, that it is, zhe odd Vibrations
only, that are influenced ; and that, in the in-
verfe duplicate ratio of its time, to that of the
external motion (464, 4635), that the more fre-
quent (or quick) the Vibrations, the more com-
meafurable do the times of two Vibrations become

to
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to the time of one motion of the fhip ; and if
we add to this, that by thus diminifhing the in-
fluences of external motion, we alfo diminifh
the proportion that the maintaining power bears
to the whole metive force of the Ballance ; we
fhall fee good reafon for preferring this, to any
other method, /o far as the nature of materials
and oil will admit.

484. Having thus endeavoured to fhew, how
external motions influence the times of all por-
table machines ; and what are the advantages,
&ec. of each method of diminithing fuch influence *;
T wext enquire into the advantages that may be
gained by the different ways of increafing the
momentum of a Ballance.

* It has already been obferved, that when any external mo-
tion oppafes that of the Ballance, the utmoft effect it can have:
is to ftop the Watch. On the other hand, if it increafes the.
moticn of the Ballance, its utmolt effeét will be, to make the
Ballance BaANK 5 1. €. to make it ftrike againft the limits of its
greateft Vibrations : for by this means feveral fubfequent Vibra-
tions are fo much accelerated as to become very fenfible to the
ear. But this evil may be very much diminithed, if not anni-
hilated, by making the Ballance communicate its excefs of mo-
tion to {maller ones, which have no concern with the meafure of
time, and againit which the main Ballance is made to bank, as
reprefented by the 4th Fig, of Plate 13th, where the fmall {piral
Spring ferves only to keep thofe Ballances to a certain pofition,
in which the other may always find them,

IOf
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Of the Momentum of the Ballance.

485. Since the exertion of a Spring is as the
{pace to which it is bent (408) ; i fﬂ!f&w.f, that
lf no other force a¢uate the Ballance, its motive
force will be, in all its Vibrations, as the length
of the Vibration ; and ::antquently, the [fpaces
defcribed, and the motive force, will be expref-
{cd by the fame numbers:

4.86 And if iz half-timed W atches the thorteft
Vibration, zhat can allow the wheel to efcape the

pallets, be exprefled by one: the maintaining

power will alfo be exprefled by one (470),and the
motive force of the Ballance, be equally compof-
ed of the a&ion of the wheels, and Ballance
Spring. But,

487. If the Vibration be increafed by the ac-
tion of the wheels accumulated in the Ballance,
as 2, 3, 4, 5,6, &c. the exertion of the {piral
Spring will increafe in the fame proportion (4.85);
and the maintaining power (remaining the {'ame)
will nn]y conftitute +-, =, =, =, -~ ; &c. ‘of
the motive force of thf: Ballance *. Hence,

* And fince the proportion of the whole motive force of the
Ballance to the maintaining power, ‘is thus ihcreafed as the
length of the Vibration, it follows, that every endeavour fhould
be ufed to enlarge #¢; and that fuch changes as may happen in
the mamtamm% powes, will caufe lefs error with long than fhort

Vibrations (80
488. Any
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488. Any change that happens in the main-
taining power, will bear a lefs proportion to the
whole motive force of the Ballance, in its longer
Vibrations than its fhorter ones, and confequently
(80), will lefs alter the times *.

489. The influence of external motion is alio
diminithed, by increafing the angle of FVibration
(464); therefore (488), every endeavour fhould
be ufed to enlarge 7, and to remove every caufe
that can have any tendency to diminifth 7 : as
friction, influence of the oil, and the refiftance
of the air ; of which hereafter.

490 And thus it appears (488, 489), how

advantageous it is, o increafe the moMENTUM Of

the Ballance, by increafing its length of Vibra-
t7on 3 and the length of Vibration increafes with
the maintaining power : hence, &ec.

491. But the velocity, and confequently the
momeNTUM of a Ballance, may be increafed, 4y
enlarging its diameter : and though this method
does not diminifb the influence of external motion,
it does the rilque of breaking or bending the
Ballance pivots, by a fall or any other violent
motion ; but if the friction on the pivots be di-

* On this "account, when the oil becomes glutinous on the
Ballance pivots, the Vibrations become fhorter, and fenfibly

quicker, even though the diminution of recoil has a gontrary
tendency. s

minithed
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minifhed by this means, zbe refiffance of the air

is augmented *.

492. Since the MOMENTUM 75 as the quantity
of matter into the velocity, it may be augmented
by increafing the former, as well as the latzer :
hence, a Ballance of twice the weight wi/ (c. p.)
have double momeNTUM; and an equal effe in
corredting the irregularitics of the maintaining
power, as one of twice the diameter, and half
the weight,

493. And if the friction on the pivots be in-
creafed as the weight 4, the refiftance of the
air will be diminithed in the duplicate proportion
of the diameter 1 : hence the only article which
renders this method of increafing the momentum
inferior to the former (491), is the greater rifque
of the pivots, by falls, &c.

494. Laflly, if the moMENTUM be augment-
ed by increafing the firength of the Ballance
Spring, and confequently the number of beats 5 it

* And unlefs all the Vibrations of the Ballance and Spring
are truly ifochronal in their detached ftate, and the maintaining
power be fo applied as not to difturb thofe natural properties,
any change that happens in the denfity of the air, will, by al-
tering the length of the Vibrations, introduce fuch errors; and
that mere or lefs, (¢. 2.) in proportion to the total increafe of
refiftance.

4+ The friction on the Ballance pivots may be much dimi-

nifhed, by applying two Springs to the Ballance, attached to
its collet, diametrically oppefite to each other, as in Plate 12.
Fig. 4.
T See Note 491.
will
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will have all the advantages of the former me- ﬁ“j’gi:ﬂ; i
thods in correéing the effe@ts of any irregulari- —r-——"
ties of the maintaining power : and, if it increafes
the friGion on the pivots, and the refiftance of
the air ; it diminifhes the influence of external
motion (469), to fuch a degree, as to prevent the
danger of a Watch fetting in the pocket : and by
that means paves the way for {uch increafe of
momentum, by either or both the methods laft
mentioned (491, 492), as may give to the Bal-
lance in Watches, the fame advantages in regu-
lating the motion of the Wheels, as Pendulums
have in Clocks.
495. And thus, may the performance of Conclufion.
Watches be made, in this refped, to approxi-
mate that of Clocks, as much as the nature of
things can probably admit : and if due regard
be paid to what has been formerly faid concern-
ing the influence of external motion (4.51), any
further attempts of diminifthing its effe® on ma-
chines carried on fhip-board, will be rendered
unncceflary, even for the nicer purpofes of navi-
gation.

Of the THERMOMETER.

496. In order the better to inveftigate the ruoiuaion.
real effect of each particular caufe, zbe tempera-
ture of the airy has hitherto been confidered as in-
variably the fame ; but now, the effe& of fuch
Y changes
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changes as happen therein, together with the
moft effeGual means of removing them, claim
our whole attention. '

497. Heat dilates, and cold contraéts all me-
tals ; hence, the main Springs of Watches, &e.
a& more or lefs vigoroufly in proportion to the
~degree of heat or cold to which they are expo-
{cd: and if no other caufe of error took place in
Watches, with pallets of the common confbruttion,
t{ley would go fafler in cold than in warm wea-
ther.

498. Cold renders oil thick, and warmth
makes it more fluid : and if this caufe alone,
took place, it would (by an increafe of the main-

_ taining power), make Watches go fafter in warm

weather than in cold. But,

499. As the immediate influence of heat, on
the main Spring, tends to diminifh the maintain-
ing power (497), and its influence on the oil a
plied to the pivots, to increafe it (498), thofe
two errors muft, at leaft in part, correé each
other : and the effe& that any remainder thereof
would have on the meafure of time, may be to-
tally annihilated, by conftrucing the pallets, fo
that the maintaining power, fhall prolong the
time of one half the Vibration, as much as 7#
contraés the other.  Of which hereafter,

500. Hear lengthens the Ballance Spring,
and enlarges the diameter of the Ballance, both
which effe@s co-operate in making the Watch go

4 ‘ﬂnwcr :
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flower ; and the contrary ; and as thofe effeés
are wholly independent of the pallets, they muft
be corrected by fome other means.

sor. The time of Vibration of a Ballance de-
pends (c. p.) on the length of fuch part of its
Spring as a&s in the Vibration, without regard
to its wholelength: and thercfore, if the fame
caufe, that enlarges the diameter of the Ballance
be made to fhorten the a&ting part of the Spring
in a due proportion ; and the contrary ; the
times of Vibration will remain the fame.

1614

OrF THE THER-

MOMETER,

i &
o

The time of Vi-
bration doss not
depend on the
whole length of
the Ballance
Epring.

5o2. I {hall thereforeheredefcribe one method Introduftion tothe

of adjufting the length of the Spring to the dia-
meter of the Ballance, in fuch manner, as will
render the times of Vibration equal, without re-
gard to the degree of heat or cold to which the
Watch is expofed : and though the TuErMo-
MeTER here to be defcribed, is adapted to an un-
common conftrucion of a Watch, wherein the
Spring lies above the Ballance; when the prin-
ciple is properly underftood, the ingenious me-
chanic will eafily diverfify the contrivance, fo as
‘to {uit his particular purpofe. _

503. Fig. 1. Plate 14. is a fteel ring with fe-
veral pins to it ; on which are fitted as many
{mall rollers as reprefented in Fig. 2; to this fteel
ring is {crewed one of brafs, cut as reprefented in
‘the fame Figure, and made by its elaftic force to

prefs againft each of the fmall rollers, which li-
_mit the extent of its circumference.

e 504. Now

defcription of the
Thermometer.

PLATE XIV,

Deicription.



164
Or tHE THER-
MQMETER.

v

PLATE XIV.
Fic. 2.

Fic. 3.

Fie. 4.

IMPROVEMENT OF
504. Now as the expanfion of brafs exceeds

> that of fteel, it is evident, that any heat applied

to this double ring, will bring the ends of the
brafs ring nearer to each other; and cold will have
a contrary effe¢t : and fince the one end is
fcrewed to the ftecl, its excefs of expanfion or
contraction will become very fenfible at the other
end ; and may be afcertained to a nicety, by ap-
plying a {lender Index, as reprefented by the
dotted lines in Fig. 2. And
sos. If this brafs ring be made to a& on the
one end of a lever (moving concentric to the
Ballance), and to the other end of which, the bal-
lance Spring is attached (as reprefented in Fig.3.);
the expanfions and contracions of the brafs ring
may be made to move the Ballance Spring be-
tween two pins, fo as to limit its a@tion in fuch
manner as will render its exertion, in all cafes,
proportioned to the diameter of the Ballance,
and by fuch means; render the Vibrations (fo far
as depends on this caufe) ifochronal: The lever
on which the brafs ring a@s, and to which the
Ballance Spring is attached, together with che
Ballance Spring, and the pins which limit its
ation, are reprefented by Fig. 4. detached from
all the other parts ; and thofe pins may be ren-
dered moveable, fo as to regulate the Watch,
without any how hurting the effeé of the Ther-
mometer,
506, Fig.
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£66. Fig. z. reprefentsa method of increafing OF Tue Tues®

or diminithing the influcnce of the Thermome-
ter (without ftopping the Watch), till the per-
formance in different degrees of heat and cold,
prove it equal to its intended purpofe: here the
brafs ring (503), aéts on the lever to which the
Ballance Spring is conneéted, &y means of another
Jever, whofe center of motion is moveable by
the fcrew at A, {0 as to alter the effe@, at plea-
fure.

co». Fig. 6. with its appendages, reprefent
{eparately, and in different views, the levers, &c.
of which Fig. 5. confifts (excepting the parts
reprefented by Fig. 2.) — Fig. 7. is a feétion of
Fig. 5. along theline A B. =~ |

508. The advantages of this Thermometer
are, that as all parts, of the furface of the brafs
ring ate fully expofed to the fame air, that in-
fluences the Ballance and its Spring; it will be
influenced thereby, 4t the fame inftant with
them : and, if it be made of z mean thicknefs
between that of rhe Ballance and its Spring, with

oper allowarice for the greater motion of the
3allance * 3 the influences of heat and cold on
it, will exaétly keep pace with, and egual thofe on
the Ballance and its Spring : which can never
happen with Thermometers, that only expofe

i

* See the properties of Clock Thermometers (328, to 331 )

I part

MOMETER.

el e
PLATE XIV.

PLATE XIV.

Advantages of this
Thermometer.
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part of their furface to the air, and are fo con-
nected with larger mafics of metal, that they can
only be heated or cooled with them ; and confe-
quently, cannot apply the remedy before the evil
has had its effec, at leaft for fome fhort time.
And,

509. The performance of fuch Thermometers
will alfo be lefs liable to decay, through courfe
of time, than in fuch as have not all the parts of
their metal, equally comprefled or relaxed by
any changes that may happen in the temperature
of theair. And,

s10. As the different denfities of the air,
have a tendency to alter the length of Vibration,
and by that means introduce fuch remains of
error as may yet take place, from a want of abfo-
Jute natural ifochroniim in the Ballance Spring :
it is proper here to obferve, that as fuch denfity
of the air depends in a great meafure, on the de-
gree of heat or cold; itsinfluences on the times
of Vibration muft have an uniform tendency,
either to increafe or diminifth {uch errors as arife
from the influence of heat and cold on the Bal-
lance and its Spring: and  confequently while
fuch error is in any degree fenfible, it may be
corrected by the Thermometer (506.)

51I. FROM ALL WHICH IT WOULD APPEAR ;
that the influences of heat and cold, may be very
negrly, if not altogether as much correfted in

' W atches
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Watches as in Clocks * 3 and the exertion of the
Ballance Spring made to Prf:ferve the fame pro-
portion to the vis infita of the Ballance, as much
as the exertion of gravity does to the vis infita of
the Pendulum ; and confequently the Vibra-
tions of the former be rendered as ifochronal as
thofe of the latzer.

s12. I now come to confider, feveral articles
relative to the nature of pallets, that may yet tend
to influence the times of Vibration ; and o point
out reafons why Watches conftructed on the ho-
rizontal principle, muft in their prefent flate,
perform much worfe than contrate wheel Watches
if the principle of the former was only equal to that
of the latter. -

513. It was formerly obferved,  that, zbe
influence of heat and cold on the oil, wasof a moft
pernicious nature, as no remedy could be applied
by an oppofition of the expanfion of metals
(155) 5 I therefore fball enquire into the compa-
rative degree in which #bss influence takes place
“in horizontal Watches, and thofe of the com-

mon recoiling principle. '

514. It was fhewnin the former Effay (168),
that the influence of the oil was always (c. p.)
as the relative velocity of the parts to which it
was applied : and bence, how it was to be efti-

¥ In Clocks, the influence of heat and cold may always be
diminifhed, while they remain in any degree perceptible.
' mated

16?
INFLUENCE oF

THE 0IL.

L —
w

Influence of the

oil, &,

How eflimated..
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Inriugser 8 mated on each part of any machine (169); the
(SR » fame method is obferved in eftimating its influ-

ences in the following table, where all the com-
parative dimenfions of the Psvors, Cylinder, Ho-
rizontal-wheel and Ballance, are taken from an

accurate meafure of thofe parts, by the Secor.

s15. A TABLE fhewing the comparative
influence of the oil on the pivots of each wheel
in a Watch, witha train of 18,000.

Wheels. | ﬁﬂﬁﬁﬁ“f Eﬂm:m:f l Inl:ﬁf:i:i af
Firft wheel 12 Bk E2n
Minute wheel 6 4 24
{ Third wheel 21 24 | 56
Fourth wheel 2t 240 600
| Horizontal Whﬂﬁl 2 2400 4_800 H‘

416, Thus it appears, that the influence of
the oil on the horizontal wheel pivots alone, is
fix times as great as on a// the others taken toge-
ther : therefore, if the influence on all the pivots
beexprefled by 7, that on the horizontal wheel
will be 6; and the influence on all the others,
One (515): And,

517. Becaufe the horizontal wheel has 13
teeth, and every zo0rh has its puth at each edge
of the cylinder, it follows, that 30 Vibrations

of the Ballance will be performed, for every re-
volution

Comparative in-
fluence on the ho-
rizontal pivots.

Influence of the
Ballance pivots,
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volution of the wheel: and if, at a medium, we
fuppofe the Ballance to move one third of a turn
at cach Vibration, #he motion of its pivets, in 30
Vibrations (or one turn of the wheel), will be
equal to Zen entire revolutions. 'Therefore,

518. If the pivots of the Ballance, had been
of equal fize with thofe of the horizontal-wheel,
the influence of the oil on the former, would be to
that on the Jarter, as 10 to 1 ; but the diameter
of the Ballance-pivots, are to thofe of the wheel,
only as 3 to 4 ; and confequently, the influence
on the former will only be to that of the latter,
(in round numbers), as 7 to 1.  And

519. The comparative influence on all the
pivots of a Watch, may be exprefled as follows.

. [r1, 2, 3and 4 wheels together 1

:2:5 tl;; fﬁe Horizontal wheel — — b
Ballance  — —_ 42

On all the pivots together. - 49

520. And as the fizes of the pivots, and
number of revolutions, are the fame in contrate
wheel Watches, as in horizontal ones with the
fame number of beats ; the influences of the oil
would be equal on the pivots in each, if no recoil
zook place = but let us on account of the recoil
(or retrograde motion) fuppofe the influence on
all the pivots of the wheelsin the contrate Watch

Z to

169

INFLUENCE OF
THE OIL.

! 3
o

To that on all the
others in a Wartch,
as 7tol.

Comparative, on
all the pivots of
horizontal
Watches.

Influence increaled
by a recoil.
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to be doubled ; then will the #ota/ influence of
the oil on fuch a Watch be exprefled as below :
for no oil is applied to its pallets.

The firft 4. wheels 2
On the pivots of 2 The Ballance wheel 12
. 1 The Ballance asformerly 42

Total 56

521. And thus it appears, that the total in-
fluence of the oil on all the pivots of a contrate
wheel Watch, is greater than in a horizontal
Watch : but in the latter, oil is applied to the
cylinder, the influence of which is yet to be
added to that of the pivots.

522. The influence of the oil on the aéfing
part of the horizontal wheel, (i. e. oz zhe edges
of the cylinder), will be, to the influence on its
pivots, at leaft as the diameter of the wheel to
that of its pivots (172) 5 orzearly as 67 0 1 ;
and confequently, if the influence on all the
pivots be exprefled as formerly by 49 (519), the
influence on the edges of the cylinder will be
402. And,

523. If the Ballance be fuppofed as formerly
(517) to vibrate & of a turn ; the influence of
the oil on the circular part of the cylinder, will
at leaft equal that onits edges ; and confequently
may at a mean be exprefled alfo, by 402 : and the

4 whole
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whole influence of the ail on a horizontal W atch, h:if?ﬁf i

as now conftruéted, will be as follows. ey
On all its pivots — e 49
On the cylinder — - 8o4
Total 833

t24. The whole influence of the oil in con- Comparative en
horizontal and

trate wheel Watches, hasalready been ftatedat 565 2o*ot boe
therefore, the comparative influences on orizon- Watches.
tal and contrate wheel Watches are as 853 to 56,

or nearly as 15 to 1. Hexce, if the horizon-

tal principle, was only equal to that of contrate

wheel Watches with recoiling pallets, in all other
refpeds, the errors in the performance of hori-

zontal Watches, would be to the errors in con-

trate wheel Watches, as 15 to 15 dut expe~

rience proves the contrary; and therefore, when

the influence of the oil is rendered egual in both,

the performance will clearly prove the fuperiority

of the horizontal principle.

525. It is evident, that the influence of the How diminithes
oil on the cylinderis (c. p.) as its diameter (168) ; °* ¢ hinder.
and as 7z may be diminithed, by reducing the
fize of the horizontal wheel, or by increafing
its number of teeth ; Jer us enguire into the par-
ticular advantages of each method.

526. FirsT, let the diameter of the wheel B O diamctex of
the wheel.

be diminifhed, as reprefented at E, 4, 2, 1, Plate p; \'rp xv.
2 ¥x,
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135. then the cylinder, and confequently the in-
fluence of the oil on it, will be diminifhed in the
fame proportion ; for the cylinders bear the
fame proportion to each other, as the wheel to
which they are feverally adapted; (as exprefled
by the numbers annexed) *. But ,

527. In this cafe, the frition, and confe-
quently the danger of tearing the cylinder, re-
mains unalterably the fame ; for the preflure of
the tooth on the ‘cylinder is increafed, as the
length of the tooth diminifhes: as may eafily

be conceived by viewing Plate 15. at E, where -

the preflure is, (c. p.) inverfely as the diftance of
each tooth from the center of motion; 1i. e. i~
verfely as the diameter of each W heel.

528, Let us then {uppofe, the number of
teeth in the horizontal wheel increafed ; it is
plain, that the length of each muft be diminifhed
as their number increafes: and the diameter of

the cylinder will alfo be diminifhed as the length

N

* The Figure in Plate 16. reprefents the manner in which
the horizontal wheel aéts on the cylinder; for when the tooth
B has done acting on the edge of the cylinder, the tooth C drops
on its outer circumference, on which it refts, tiil the Vibration

- is performed, and the other edge of the cylinder comes within

its fphere of aftion; when it will begin to aft wedge-like, and
continue till the edge of the cylinder gets without the external
dotted circle, when the tooth will drop on the inner circum-
ference, as reprefented by the dotted lines, (and by the cylin-
der at D) ; and thus it continues to aét on the edges, and reft on
the circumference of the cylinder alternately.

of
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of the teeth ; and therefore, (522, '52 5), the in-
fluence of the oil on the cylinder, will be dirni-
nithed in each Vibration, as the number of teeth
increafes. And |

529. The fri&ion in this cafe, is alfo dimi-
nifhed in each Vibration, in the inverfe propor-
tion of the number of teeth: for the joint fric-
tion of any number of fmall reeth, rubbing on the
edges of the cylinder, (¢. p.) will be equal to rbe
friftion on one tooth, that [ubtends the Jame angle
at the center of the wheel (527): See Plate 15.
E 4; and the fri¢tion on the circular part of the

“eylinder, is diminifhed in the fame proportion as
that on its edges (528); zherefore, the total fric-
tion, as well as influence of the oil on the cylin-
der in each Vibration, will be inverfely as the
number of teeth in the horizontal wheel: from
which it mnaturally follows, that

530. The train of a W atch may even be dou-
bled, without any how increafing friction or in-
fluences of the oil on any part of the Watch ;
the Ballance pivots excepted : and thus may
heavy Ballances and ftrong Ballance Springs be
introduced, without the rifk of fetting, or dan-
ger of tearing the cylinder, any more than with
a common train (471), &c. Or,

531. If the train remain the fame, the in-
fluence of the oil and friction, will be diminithed
in every part of the Watch (Ballance pivots ex-
cepted) as the number of teeth of the horizental

wheel
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wheel increafes : thus, if the number of teeth in
the horizontal wheel be doubled, and the train
remains the fa&; the influence of the oil on
the cylinder will be reduced to a half (529); and
the revolutions of all the wheels, and confe-
quently the friction, and influence of the oil on
all the pivots, will undergo an equal diminution.
Or,

32. If the train and number of revolutions
of each wheel, be continued the fame ; the leaves
of the pinions may be increafed in the fame pro-
portion as the teeth of the horizonzal wheel
and this will increafe the a&ion of #har wheel on
the cylinder ; and confequently enlarge the
Vibrations, as well as diminith the influence of
the oil on the cylinder (529) *.

533. From all which confiderations it appears,
that it is much more advantageous to increafe
the number of teeth of the horizontal wheel, than
to diminifh its diameter,

534. In the horizontal wheel now univerfally
ufed, each tooth is formed into an inclined plane
or wedge, as reprefented in Plate 15. which
a&ts on the edges of the cylinder, and by that
means maintains the Vibrations ; and thefe teeth

* The frittion, and irregularity of ation in pinions, are di-
minifhed as the verfed fines of the angles fubtended by their
leaves : thus, the friction and irregularities of actionin a pinion
of 6, is to that in a pinion of 9, as 2 to 1 nearly ; and to that
in one of 12, nearly as 4 to 1.

after
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after performing their office, reft alternately on
the internal and external circumference of the
cylinder ; and therefore, thefriéion and influence
of the oil on the cylinder, during the time of
reft of the wheel, will (¢. p.) be as the mean cir-

cumference of the cylinder.
535. But the infide diameter of the cylinder,

muft be fomewhat more than the length of the
tooth, and the outfide will be yet increafed by
the neceffary thicknefs of the cylinder ; there-
fore its mean diameter cannot with this con-
ftru@ion of a wheel be reduced to fuch a de-
gree as will render the application of oil unnc-
ceflary. But,

536. If the cylinder be made fo thick as to
admit of having that inclination formed on its
edges, which is now formed on the face of the
tooth ; the teeth may then be made ftraight
without any wedge, and of the fize of a {mall
needle; and this will admit of an equal diminu-
tion of the infide diameter of the cylinder, which
will occafion a proportional decreafe of friction,
during the reft of the wheel thereon. And,

537. If the teeth of fuch wheel, be formed al-
ternately on each fide thereof, (as in Fig. 3. Plate
16.) they may always be made to reft on the in-
fide circumference of the cylinder, thus reduced
(comparatively to a point) ; and by this meaus,
the frition on the cylinder, during the time of
reft, will be fo much reduced, as not to require

the
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the application of oil ; nor will the application
of it, during the time of action of the wheel, be
more neceflary here, than in the common recoil-
ing pallets.

538. And this will improve the performance,
not only by removing the influence of the oil
from the cylinder, fo as to bring horizontal
Watches in that refpe@, on a par with thofe of
the common conftru&ion (524); but alfo by di-
minifhing the friction on the cylinder, fo as to
make the fame maintaining power fupport amuch
longer Vibration ; the advantages of which have
already been confidered (4.88), 4.59).

539. And if {uch a horizontal wheel, as here
defcribed and reprefented in Plate 16. Fig, 1. be
made of well tempered fteel, and the parts of
action of the cylinder of fteel thoroughly hard,
or diamond, the performance of fuch machine,
will prove the fuperiority of the horizontal prin-
ciple to any other.

540. Since the {piral Spring promotes the mo-
tion of the Ballance towards its point of reff, and
oppofes its recefs therefrom ; it is plain, that if any
other power be made to a& on the Ballance 7
the fame manner, it will have a fimilar effe& on
the times of Vibration, as an increafe of firength
in the Spring wonld bave ; i. e. it will {horten the
times.. And

541, If the fame power be applied, /o as 20
oppofe the mation of the Ballance towards its point

of
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of reft, and promote the motion therefrom, it
will, by fuch means, cownterat? the exertion of
the Spring (41%), as much as it aflifted in the
former cafe (540) ; and therefore, will have a
contrary effeét; i.e. 7 will prolong the times of
Vibration. And thus;

s42. If the action of the horizontal wheel,
be {o applied to the edges of the cylinder, #hat
it fball co-operate with the Ballance Spring in its
unbending, juft as much as it counteralis it in
bending (411), the one half ofitsadion will con-
tralt the time of Vibration (540), as much as
the other prolongs it (541) 5 and confequently,
thofe equal and contrary eftets will always ba/-
lance each other, and leave the whole time of Vi-
bration the fame, as if no fuch caufe took place.
Hence, fuch changes as happen in the action of
the wheel on the pallets, cannot alter the times
of Vibration.

c43. Exampre. Let there be fuppofed two
concentric circles pafling through the extremi-
ties of the parts of action of the horizontal wheel,
as reprefented by the dotted lines in Plate 1.
it is evident, that the wheel can only a& on the
edges of the cylinder, while they remain within
thofe circles; and if their diftance be divided in-
to two equal parts as at A, and another circle be

177
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drawn through that point ; the edges of the cy-

linder when at reft, {hould terminate in that cir-
cle, as reprefented alfo at A ; in which cafe, the
A a maintaining
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Or parLsTs,&c. mMaintaining power would prolong the time of
the one half of the Vibration (542), juft as much
as it contradted the other. But,
544. If the edges of the cylinder reft within
thiscircle, asat G, the maintaining power will pro-
long the onehalf of theVibration (540), more than
it contraéts the other (§4.1), in proportion as the
edgesof thecylinder lie nearer the inner circle, than
the outer ; See Plate 15. at G: and confequently,
the whole Vibration will take up more time than
pLATE XxV. if performed by the acion of the Ballance Spring
only 5 and this effec? of the maintaining power,
will become greater as the Vibrations become
Jhorter (as fhall be thewn hereafter), and produce
the fame effe@ on the meafure of tlmc, as if
the fhorter Vibrations of the Ballance, ‘when ac-
tuated by its Spring alone, were naturally {lower
than the longer ones *: and this is the cafe in all
horizontal watches ; for if the edges of the cy-
linder were to reft in the circle, as at A, the
points of the teeth would not drop on the circu-
lar part of the cylinder, (as at C and D), but
on its edge ; which would check the Vibration,
and produce the moft deftrucive effe&.

Length of Vibra.  545. The length of Vibration in Pendulums,

tion, as the velo- (¢, p. ) depends on their velocity at the peint of

city at the lowelt : " A ’
S, e reft, (i.e. at their loweft point), and the time

* And thus will every change in the aftion of the wheels,
er any other caufe that can alter the angle of Vibration, alfo alter
the times,

of
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of the fubfequent afeent will be the.fame, whe- Orrariers, &c.
ther fuch velocity was the fo/e effeé? of aravrTy, i
or thejoint effeé? of v and the action of the wheels
in the preceding defcent * 5 and the time of the
fubfequent defcent cannot be influenced by the
action of the wheels, before fuch adion takes
place ; # therefore Sfollows +, That,

546. The influence of the maintaining power on Infuence of the
the meafure of time, 1, (c. p.) as the time of meintining .
its ation (545) 3 nor will s Fﬁj‘?if.}‘.i? maintain- F'r. adtion,
ing the Vibrations, be any how If:fff:ne@xby fhor= 7,
tening its time of a&tion 1, and all this, as appli-

LY

* See Sir Isaac NewTon’s 4th Definition, where he fays, ““ An
“ imprefled force remains no longer in a body, than its aétion
“ continues ; for a body maintains every new ftate it acquires
“ by its vis infita only.”

+ It alfo follows, from thofe confiderations, that it is more
advifeable, in Clocks, to apply the attion of the wheels to the
Pendulum, in the tme of its afcent than defcent; and in
Watches, in the time of bending, than the time of unbending
the Ballance Spring : for if' fuch action be applied in the time of
afcent, its effect on the meafure of time ceafes with the action
but whatever power adds to the velocity of the Pendulum, &c.
in its defcent, will influence the time of all the fubfequent part
of the defcent: and for the fame reafon, it will hurt the per-
formance, to make the maintaining power aft more vigoroufly
at the beginning than towards the end of defcent, (See the
Notes to 226.)

1 See Sir Isaac Newrown’s Second Law of motion ; where
he fays, *“ If any force generates a motion, a double force will
* generate a double motien, a triple force a triple motion,
“¢ whether that force be impreffed altogether and at once, or
*“ gradually and fucceflively.” I have already (440) endeavoured
to fhew how the bad effeéts of the vis imertie of the wheels are
to be diminithed, and therefore take no notice of it here.

A a2z cable
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cable to the Wibrations of the Ballance, as thofe
of the Pendulum (413).

547. And thus, by making ahorizontal wheel
that will a& on the cylinder, s/ as much in the
time of bending the Ballance Spring, as in the
time of 75 wnbending * 5 the maintaining power
may be made to prolong the time of one half the
Vibration (541), as much as it contrats the
other (540) 5 and if the leaft defel? yet remains
owing to the execution, &c. i#s effeé? may be
diminithed by fhortening the time of adtion of
the wheel on the cylinder (54.6); and by thofe joint
means, the performance may be rendered more
compleat 1N waTcues (fo far as depends on the
maintaining power), than in Clocks where the in-

Sluence of the oil takes place +. But,

548. Having already fhewn reafon (544),
why all horizontal watches hitherto made, or
that can be made, with the wheel and cylinder,
now in ufe, muft have their Vibrations fomewhat
{lower than if the Ballance was actuated by its
Spring alone : and why this effe@ muft become

* That 1s, that the aftion of the wheel on the Ballance be
equally applied on each fide the point of reft; or that the
wheel at as much on the Ballance in the time of 75 approach
to its point of reft, as in the time of its recefs therefrom.

+ Here it is to be noted, that as the influences of heat and
cold on the oil, main Spring, and Fufee, only tend to increafe
or diminifh the maintaining power, their effeéts on the times of

Vibration are totally removed by this method of applying it to
the Ballance.

greater
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greater in the fhorter Vibrations, than the
longer ones (546) *. I now come toa more par-
ticular confideration of a wheel and pallets, that
will admit of removing this defe@, as well as
the influence of the oil ; and by that means leave
the Vibrations of the Ballance and Spring in full
poffeffion of all their natural properties.

c49. Fig. 1. Plate 16. reprefents a {capement
confifting of one pallet and a detent, by means
of which the wheel a&son the Ballance, at every
fecond Vibration only ; this {capement, if judi-
cioufly executed, will have the properties formerly
mentioned (547), and admit of very quick Vi-
brations, as the time of acion of the wheel bears
fo fmall a proportion to its time of reft ; and the
infide diameter of the detent and pallet may be
made fo very fmall (in proportion to the mean
diameter of common cylinders), as almoft to an-
nihilate frition, and the influences of the oil
during the time of reft (526) ; by which means,
the Vibration will be much increafed ; and bence,
a double advantage acquired, even though the ufe
of oil fhould yet be found neceffary .

ggo. This fcapement will alfo ferve 7o prove
experimentally, what has been faid concerning the

* For which reafon every caufe that can alter the length of
the Vibrations, will alio alter their times.

+ In this fcapement all the teeth of the horizontal wheel {tand
on one fide, as reprefented by Fig. 2.

2 nature
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nature of, fcapements ( 5405 541), and how
~ much the effe@s of the maintaining power on
the times of Vibrations of different lengths, save
hitherto been miflaken for the natural tendency of

the Ballance and Spring.
Experiment.

551, If the pallet be in the pofition reprefent-
ed at A, Fig. 1. when the Ballance is at reft,
the attion of the wheel will tend to prolong the time
of Vibration (541); and this effeét will be
greateft on the fhorter Vibrations (54.6) ; hence,
if the natural tendency of the Vibrations be ifo-
chronal, the acion of the wheel on the pallets
will render the fhorter Vibrations of longer dura-
tion than the longer ; and all the Vibrations flower
than they would be performed by the fole exer-
tion of the Ballance Spring.

ExPeriment.

552. Let the pallet be in the pofition repre-
fented at C, when the Ballance is at reft ; and
the action of the wheel will fhorten the time of
Vibration (540), and render them quicker than
if performed by the exertion of the Ballance
Spring alone ; and this accelerating effe& alfo will
be greateft s {horter Vibrations (54.6) ; and

confequently,
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confequently, if all the Vibrations of the Bal- Or raviers, &
lance were naturally ifochronal, the action of ;
the wheels would, in this cafe, render the lnger
Vibrations flower than the fhorter : how abfurd
then is it! to form a conclufion of the matural
tendency of the longer and fhorter Vibrations of
the Ballance and Spring, while fuch foreign and
unobferved caufes influence them.

Experiment.

553, Laflly, if when the Ballance is at reft, AN the Vibrations
the pallet be in the pofition reprefented at B ; ';?;;;i‘;;‘, Ea.:,urai
the one half of the action of the wheel on the p; , o
pallet will be exerted, while the Ballance Spring :
is unbending, and the other half, while bending |
and confequently, the former half will contra&

(540), as much as the latter prolongs (541), the
time of Vibration, and the whole #ime will be
the fame, as if the Ballance was a&uated by szs
Spring alone, without any regard to the force,
with which the wheel a&s on the pallet *.
554. By the above means we may ¢ omly How the defe@s of

i the Ballance
difcover the NaturaL TENDENCIES of the longer Spring may be

remedied.

*.The only inconvenience of this {capement, {o far as eccurs
to me, is, that the interval between the beats will be alternately
long dnd fhort : but this will in no degree infuence the meéafure
of time, or render the Watch lefs fit for obfervations of any
kind 5 for thofe two beats which come clofe to each other, may
be confidered as one,

. and
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and fhorter Vibrations of any Ballance and Spring
when no maintaining power is applied (553) ;
but the natural tendency being once known, if the
longer Vibrations be quicker than the fhorter,
or the fthorter quicker than the longer, they may
be corre@ed by altering the pofition of the pal-
let as already mentioned (551, 552) +.

555. Having pointed out the means, by which
the natural properties of the Ballance and Spring
may be preferved, by a proper attention to the po-
fition of the pallet (where one only is ufed) (553),
I now come to confider the means of preferving and
recovering them, where two pallets are ufed, and
the wheel alts in every Vibration.

556. Fig. 4. Plate 16. fhews the nature of
the curve, into which the edge of the cylinder is
to be formed: from which it appears, that zhe
wheel has an equal power of moving the Ballance,
on whatever part of this curve it alls ; for if the
cylinder be made to move through equal fpaces,
as marked on the Arc A B, the wheel will ad-
vance equal {paces, as marked on the line A D ;
and itis to be underftood, that the fcapement in
Fig. 1. as well as the following ones, has this

property.

i ﬂpd what is here faid, relative to the pofition of this one
pallet, is equally applicable to each pallet, where two are ufed :
and if the relative pofition of the pallets to each other could be
altered, the effect would be as above ftated.

557. Fig.

ke
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557, Fig. 5. reprefents the relative pofition of Orrariers, &,
both edges of the cylinder, when the wheelis ——
made to a& at each Vibration ; and its teeth Xelitve pofiton
ftand alternately to each fide, as in Fig. 3. where cytinder.”
it appears, that the fame central angle ACB,
{fubtends both the curves on the edges of the cy-
linder ; and that thofe curves crofs cach other,
exactly at half the thicknefs of the cylinder ;
without which, the natural tendency of the Vi-
brations will be difturbed (553).

8. Here it is to be obferved, that as the When thetimeof
action fhould he

cffe@ of any imperfe@ion of the maintaining cidered long, and
power, is increafed or diminifhed, with the angle whenfhort. =
which the curve of action on the edge of the cy-
linder fubtends at the center (546); fuch angle
thould be diminithed, where the srue meafure of
time is the chief obje of our attention ; and in-
creafed, where we defire by experiments to prove,
the theory of pallets and Ballance Springs *.
559. Itis alfo to be obferved; that when two Obferyation.
pallets are ufed, (7. e. when the wheels aé&s on
both edges of the fame cylinder) the comparative
times of the longer and fhorter Vibrations, can-
not be altered as with the fcapement, Fig. 1. pLaTE xVI

(551, 552).

* Here itis to be obferved, that by increafing or diminifhing
the angle fubtended by the curve of aftion of the pallet,
(i. e. the angle of feapement) the time of aftion of the main-
taining power is alfo increafed or diminifhed.

B b 560, If
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560. If execution could be fuppofed equal to
mathematical demonftration, and the teeth of the
horizontal wheel as fine as & mathematical line,
we might in pracice, as well as in theory, pre-
{ferve the natural properties of the Vibrations,
by the means propofed in paragraph (542), and
reprefented by Fig. 5. But as the teeth muft
have fome {mall thicknefs, and we muft carefully
guard againft their dropping on the edge (or part
of action) of the cylinder, we cannot perfectly
preferve the natural properties of the Ballance and
Spring, with this conftruétion of pallets ; but be
in a lefs degree liable to the retardation, which
was faid to take place in the common horizontal
wheel (544) *.

561, I therefore come toenguire, by what con-
Siruttion of pallets thofe inconveniencies may be
avoided, and the wheel made to alt at each Vi-
bration 2 1. e. on both edges of the cylinder.

* Mr. Lepaute, an ingenious French Clockmaker, in his
Treatife, publithed at Paris 1755, deferibes a conftruftion of
pallets of his invention, in which the tooth refts on the infide
of the cylinder at each Vibration; by which means, the fri¢tion
on it, during the time of reft, is very much diminithed, and
confequently a very confiderable advantage gained. But the
action of the wheel tends, in his conftruétion, to retard the Vi-
bration, during its whole time of alfiion 3 and this effet will
always increafe or diminifh, in proportion to the length of Vi-
bration, and every caufe that can alter the length of Vibration
will alter the times ; nor has any attempt been ever yet made
to obviate this evil, fo far as confifts with my knowledge.

562, Let
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562. Letus then fuppofe, that the curves on OF parreTs, &c.
the edgesof the cylinder, {fubtend different angles =~ °
at the center, as AEB, BEC, Fig. 6. and let f};z"ﬂ:ﬂ;f’" =
the dotted line E B, #eprefent part of the dotted ,; \r xvr
Arc which circumferibes the points of the teeth —~ Fic. 6.
of the wheel, as at A, Fig. 1. itis evident (551),
that the whole acion of the wheel on each pal-
let, will prolong the times of Vibration: but as
the angle BK C, {fubtended by the edge of the
cylinder, Fig. 7. may eafily be known, we may
find another angle E K D *, which the Ballance
will be thrice as long in deferibing: then if LG,
be made equal to i of F D, and the curve GF,
be formed in the fame manner as the curve A D,

(or D B, Fig. 4.) the altion ¢f the wheel on 1t
will accelerate each Vibration, as much as ¢ re-
tards on the curve AD. For

563. If the power of the wheel in moving the Demontration,

Ballance, wasas great on thecurve GF, ason A D,
(or A B,) the effe&s on each would be as the re-
lative times of action (446); and each time of
a&tion on the curve G F, is (by the hypothefis)
thrice as long, as the time of action on the edge
of the pallet AD; and the wheel aéts on G F,
both in the 'ngrf:ﬁ: of the Ballance towards the

extremity of Vibration, and in its return, where-

* See (408), where the properties of the Vibrations of the
Ballance and Spring are fhewn to be the fame with thofe of a
Pendulum vibrating in the cycloid, &c.

Bb 2 as
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Or parikrs, &e. as it acts on A D, only once in each FVibration :

¥

Conclufion,

therefore, the whole time of acion on GF, is
to the whole time of a&ion on A D, in each Vi-
bration, as 6 to 1. But when a caufe is uni-
formly exerted, the efte will be as the times:
hence, if the wheel had the fame power of mo-
ving the Ballance on the curve G F, that it has
on A D, the acceleration on the former, would
be {ix times as great as the retardation on the
latter : but the power of the wheel on GF, is
to its poweron A D, as L G, to FD; that is, as
1 70 6. therefore, the fpawers being in each in-
verfely as their times of altion, the effeéts will be
equal.  Confequently

564. Whatever be the action of the wheels

on pallets of fuch confprution, it will as much ac-
cclerate (7. e. contra) the one part of the time

- of Vibration, as it prolongs the other : and the

whole time of any Vibration, of whatever length,

will be the fame, as if performed by the fole exer-
tion of the Ballance Spring.

COR OL L ARKE,

565, If the curve GF, was continued till it
terminated in the center (as reprefented by the
dotted line), the acceleration would conftantly
increafle as the Vibration ; but the retardation on
A D, is diminifhed as the Vibration increafes

2 (446) 5
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(446)3 and therefore, fo foonas the angle of Vibra-
tion becomes greater, than twice the angle E K C,
the whole time of Vibration would be contraéed,
and that in proportion to theincreafe of Vibration:
and this thews the neceflity of difcontinuing the

curve F G, at G, and fubftituting the circular Arc

G I M, which fhould fubtend an angleatleaft equal
to the greateft fluGtuations of the Vibration.
566. What is above demonftrated of the in-
fide of a cylinder, is equally applicable to the
outfide, as on the tumbling pallets : but as the
wheel has not in them, an equal power of moving
the Ballance in every part of its acion, the de-
monftration will not apply : it is alfo to be ob-
ferved, that when thofe pallets are made to have
fuch a proportion te the wheel, that its teech
fhall a& nearly at right angles to the circumfe-
rence of the cylinder, during the time of reft,
the time of attion on the pallets, will bear too great
a proportion to the time of reff (44.6); by which
means, the effe@& which any external motion or
alteration in the aéion of the wheels, will have
on the meafure of time, will alfo be increafed,
as well as the chances of the Watch’s ftopping
by the influence of any external motion : for
which reafons I thought it unneceffary here, to

give a particular defcription of them; the ne-.

ceflary remarks on pallets having already far ex-
ceeded my intended limits: nor does it appear
to me, that any one, who fully underftands

; - what
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what has been faid in this and preceding effays,
can be at any lofs, in eftimating the merits of
any particular conftru&@ion of pallets, or in con-
{tru&ting new ones, to anfwer any particular pur-

pole.

Of the Refiftance of the Air.

567. As the times of Vibration of a Bal-
lance, have no dependence on gravitation, it
follows, thatno alteration in the {pecific gravity
of the air, can alter its motive force, as it does
that of Pendulums (378). Therefore,

568. Any alteration of denfity in the air, can
only influence the Vibrations of a Ballance, by
thortening the Vibration in proportion to the
increafe of denfity : nor can fuch changes in the
length of Vibration, alter its whole time any
any other ways, than by introducing any remain-
ing imperfection of the Ballance Spring or pallets ;
(for it prolongs one half as much as it contraés
the other) (238, 129). Hence,

569. If the Ballance Spring have the natural
tendency to perform all its Vibrations in equal
times, and the pallets have the properties de-
{cribed (553, 564) 5 70 alteration of denfity in
the air, can any bow alter the times of Vibration.
But,

570. Admitting the natural properties of the
Ballance Spring (408), if the maintaining power

X has



W AT H-WiO R X

has any tendency to render the times of the longer
Vibrations, either quicker or flower than the
times of the fhorter (551, 552), and if this effe&
be corre&ed, by an unlimited recoil, (or inverted
recoil), as reprefented by the dotted fpiral line in
Fig. 7. Plate 16. and defcribed (565); I fay fuch
being the cafe, that any change of denfity of the
air will alter zbe rimes, as well as lengths of the
Vibrations ; and for this reafon, no curve of
whatever kind fubtending the angle of fluc-
tuations, and having a tendency either to contract
or prolong the time, can ever preferve, or recover
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the natural ifochronifm of the Vibrations of a |

Ballance (565).
571. Iz alfo follows, that where the natural
tendency of the Vibration is iochronal, its

properties can never be preferved without the
dead-beat (565). Buz,

Dead.beat ne.
ceflary,

572. If the maintaining power and angle of A good perform-
ance, with imper-

Vibration, be fufficiently increafed (487, 488,
489), and the time of a&ion of the wheels on the
pallets diminifhed (546), and fome regard paid
to what is faid (540, 541); a good perform-
ance may be procuredy ever with pallets of Iefs

perfelt confiruttion. |
573. But in all cafes, where doubt or uncer-
tainty take place, it is fafeft leaning to the
Deav-seat; for 1v, in conjunétion with long
Vibrations, will always diminifh an error of the
maintaining power (263); whereas a recoil, of
any

fect pallets.
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any kind, may have a dire&t contrary effeé;
and therefore, like dangerous medicines, are never
to be adminiftered, unlefs where it can be done
by weight or meafure.

Having thus endeavoured to fettle practical
Theory of Clock-work, and to point out the
means of acquiring fuch advantages in porTa-
BLE MACHINES, as may render their performance
nearly equal to that of Crocks, even in their
improved ftate ; if I have any where mifrepre-
{fented or omitted any thing material, it was not
intentionally : but granting the truth of all that
I have advanced, many are the experiments and
practical improvements that may yet be made,
towards confirming this Theory, and rendering
it of general utility.  And fhould this be thought
an obje@t worthy of public attention, I fhall
chearfully contribute my utmoft endeavours.

THE E N'D.

Wi
JULY
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AC;;!ergr:}:g effeét, of a recoil, increafes, as twice the
retrograde motion of the fwing-wheel 238, 239
— is diminifhed by any increafe of the denfity of the
 air: and the contrary 226, 300 and Notes
Aéftion, of the wheels on the pallets, ==in what cafes it
thould be applied, regularly and fucceflively 265
when it fhould be applied all at once —_ 266
in either way — e 267
its effe®, on the meafure of time, c. p. as the whole
time of action e — 546
in what cafes its time of action fhould be rendered
long or fhort in Watches —— 558
it may be applied fo as to render the times of vibra-
tion either longer or fhorter at pleafure 238, 540, 541
it fhould be applied in time of afcent rather than de-
fcent of the Pendulum Note 545
may have the fame effe¢t on the times of wvibration,
as if the longer ones were naturally quicker than
the fhorter : or the contrary —_ EoT, E52
s the influence of heat and cold on the main fpring
and chain, render it more perfe& — 404

C c Aétro s

L1 e
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ACtion, the effe¢t that any irregularity in it would have on
the times of vibration : how corrected in the con-
ftruction of the pallets 542, 547, §53» 500 to 564
of a fpring on the ballance, preferable to that of
gravity ——— 410
~—— of the ballance fpring : — how it may be preferved
proportional to the diameter of the ballance. See

T hermometer.
Air, its refiftance, ¢. p. as the verfed fines of the angle of
vibration —

117

—— its refiftance contracts the times of afcent of the pen-
dulum as much as it prolongs the times of its de-
fcent 129, 238 and Note

——— its conftant uniform refiftance does not affect the times

of vibration 2%, 285 T1E
—— but its accidental changes of denfify may introduce
other errors ——— 115, 568
—— its uniform refiftance renders long wbratmns preferable
to thort ones e 116 to 120
~— its total refiftance, how rendered conftantly uniform
Note 300

—— any alteration in its denfity has a two-fold effect on
the time of pendulous vibrations, performed in the
arch of a circle; and thefe two effe(ts do exactly
ballance each other

——— any alteration in its denfity cannot, of itfelf, alter
the times of vibrations of a Watch ballance 67 to 569

—— but it may introduce errors, that are miftaken for

382

its own natural effet 568

Angle of feapement, in what cafes it {hould be enlarged : and
the contrary — 558

B’i

Ballance, its properties compared with thofe of the pendu-
lum — 405 to 412
all its vibrations ifochronal in theory 408
4 Ballance,

o N T i e e e T




I N D E X.

N'ﬂ‘
Ballance, reafons why it will meafure time better than any
pendulum that deferibes entire revolutions 411
its natural properties fuperior to thofe of the pendulum 108,
: 410
— the effe&, in it, changed into the caufe, in each
vibration — 411
the advantages of increafing its momentum 485 to 495
by lengthening the vibration —_— 490
by increafing the train — 494
by enlarging its diameter — 491
by augmenting its weight 492

all that has been faid relative to the length of vibra-
tion of pendulums, &c. equally applicable toit 413
any change of latitude does not alter its times of vi-
bration Nofe 410
the natural tendency of its longer and fhorter vibra-
tions could not hitherto be experimentally known

B

. : 349 W553
——— how difcovered experimentally — 553
and preferved — e 554

Ballance-fpring, — its theory 415 to 427
——— its action in the fhorteft poffible vibration of Watches
that begin their own motion, only equal to that of
the ballance wheel on the pallets
——— increafing its ftrength, always advantageous ; but not
equally in all cafes. See Momentum.
~—— the means by which they may be rendered ftronger
in Pocket-watches 469, 477 Note
—— their defeéts, how difcovered and remedied 554
~——— its exertion may be conftantly preferved, proportional
to the vis infita of the ballance. See Infl. of beat.
Banking, what, and how its effects remedied Note 484

431

£ co2 Circular
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Circular pendulum of Dr. Hook and Mr. Hugens, can never
meafure time equal to the vibrating pendulum, or
the ballance and fpring —

Circular vibrations, (i. e. vibrations performed in circular
arcs) correct thofe variations which any alterations
of denfity in the air would occafion in the cycloidal

411

curve - — 382
Clocks, compared to Watches — — 388
Conclufion— relative to the length of vibration in Clock- pen-
dulums — —_— 152
relative to the method of winding every half minute in
fixed {pring Clocks — —_ 221
in portable machines —_— — 402

relative to the irregularities of the maintaining power 300

relative to every imperfection of Clock movements 306

relative to the influences of the air, on the times of
vibration of Clock-pendulums, defcribing circular

L]

arcs —_— 382
relative to the application of cycloidal cheeks 383
relative to the comparative properties of the pendulum

and ballance R — 429
relative to Watches beginning their own vibrations 432
relative to the fize of Watches — 441

relative to the length of vibration in Watches 490, 413
retative to the influence of external motion
relative to increafing the momentum of the ballance 495
relative to the influences of heat and cold on Watches 511
relative to the number of teeth in horizontal wheels 533
relative to the horizontal principle 539
relative to the conftruction of Watch pallets 574
relative to the action of the wheels on the pallets 564
relative to the influences of the air on the times of vi-
bration of Watch ballances 569
relative to the ufe of fpringsin pallets  ——— 252, 253

Cycloidal
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Cycloidal vibrations in Clock-pendulums, are hurtful even in
theory e e e 383

D.

Dead-beat, its natural effects —_— 255 to 273
diminifhes the natural error of circular vibrations 263
—— errors arifing from other caufes imputed to it
269, 270, 271
—— hitherto loaded with difadvantages 269 to 273, 524
~——— no fair comparative tryal yet made of the effets of 1T
and the recoil 268 to 273
— abfolutely neceffary for preferving the natural pro-
erties of the vibrations of the ballance 57T
Denfity of the air—the alterations that happen in it, do in the
circular vibrations of Clock-pendulums correct
themfelves — —— 380 to 383
cannot alter the times of {uch vibration of a ballance,
as are naturally ifochronal, with pallets of a proper

cenftruction —_ — 567 to 572
Difengaging all the wheels but one 216 to 223, 304 to 402
not advantageous in portable machines =~ 401

E.
External motion, its theory — — 442 to 484
=~ experiments, relative to its effet on Watches, &c. 445
< to 457
curvilineal---only affeéts —— — 449

in what cafes and proportion it affe@s 4515 453, 454
much greater in Pocket-watches, than in thofe that

1]

are carried on fhip-board 453
its effects, how diminifhed — 455, to 458
equal in all Watches having equal trains 458
Dr. Hook’s method of diminifhing its influence 474 to 478

External

2
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External motian, Mr. Hugens's method of diminithing its in-
fluence - - 478
e All the methods compared e 481 to 484
F.

Friction on the pallets, how diminithed 174, 184, 189, 190 .

can never ballance the influences of the oil thereon 194

on the horizontal wheel and cylinder 527 to 540
G.
Gravity, its a&ion on the pendulum, only altered by a
change of latitude — — 372
Gridiron pendulum, deferibed " 332 to 346
hﬂ";‘f deuﬂ:ﬁd —— r—— 34.3
~—— compared with Mr. Ellicott’s (improved) 363 to 369

Half=timing ~~what 470
Harrifon, Mr. John, ingenious pallets invented by him 225 to
232, and from 245 to 253

Heat and cold—the effect of their influence on Watch main

{prings, chains, fufees, and the oil applied to the

main fpring, and all the pivots of the wheels, is

corrected by a proper conftruction of pallets 564
—— their influence on the pendulum 316 to 372
——— on the ballance and its fpring —_ 500
—— on the main {pring —_ —_— Note 404
—— on the fufee, &c. —_— Note 404
——— on the oil — —_— —_— 498
~—— on the air —— ~ETS
Hindley, Mr. of York, ditto by him 225 to 232, and from 243

3 ] to. 2¢

Horizontal wheel—its nature explained, &c. 525 to 53.:;

Hugens, Mr. his method of winding up every half minute 216 to
223, 394 to 403

Influence

T Ly T




JEoEe DY R X
&

Influence—of heat and cold. See Heat.

of theoil. See Oz o R

of the maintaining power. See Mainfaining power.
s of external motion. See External motion.

L.

Long wvibrations have a duplicate advantage in correting the
irregularities of the maintaining power 41, 47

Long pallets— hurtful where friftion takes place and oil is
applied —_— - 189, 190, 200, 207

= but are advantageous where no friclion takes place
Note 265, 266, 546

in what cafe it may applied in Clocks in either way: 267
its effects on the times of vibration of a ballance, mif-
taken for the natural tendency of fuch vibrations
550 10 552
its effec on the time, c. p. as the diftance at which it
is applied from the loweit point of vibration Note 546
why it {hould be applied in time of afcent of the pen-

M.

Magnetic attraétion, its effe& hurtful in pallets — 285
Maintaining power, — what —— —— 2

——— confiderations relative to it in Clocks 163 to 166
~—— in what cafe it fhould be applied gradually in Clocks 265
—— in Watches — 550
~—— in what cafes it thould be applied all at once in Clocks 266
~—— in Watches e 558

Res

dulum —— e Note 546
on the length of vibration : as its quantity, independent

of its time or place of ation — 54.5
how rendered perfectly uniform in Clocks 300

how it affects the natural times of vibration 540 to g45
Maintatning
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Maintaining power, its effet on the times of vibration c. p.as -
its time of action —— e 546
how it may be applied in Watches, or other portable
machines, {0 as not to alter the natural times of vi-
bration —_— 543 to 565
increafing it very advantageous in Clocks 158 to 164
in Watches — — 413, 464, 490
the moft perfect rendered irregular by ufing {prings in
the pallets 246, 247
rendered more uniformin Watches, by the influence
of heat and cold on the main fpring Note 404
increafing its aclion towards the extremity of the
vibration hurtful —_ Note 545
Main fpring, conclufion relative to the effets of its imperfec-
tions in Watches, &c. —_ —_ 404
Mercurial pendulum, its difadvantages — 326
Momentum of Clock-pendulums how increafed 84 to 89
table of it —
Momentum of the ballance See Ballance.
Motion, external, its influences on the times of vibration See
External motion.

sl

o, 7

0.

Oil, — its influences—of a very hurtful nature — L TER
the foundation of its theory 158, 159
—— its effeéts on the meafure of time, nearly in the inverfe

duplicate ratio of the maintaining power - 162

on the pallets, c. p. as their length e 189

how rendered unneceflary on main {prings 302

—— its influence, how eflimated — 167 to 182
table of it, on each pivot in a Clock — 171

~——— its influence on the pallets, eftimated 172 to 176

—— comparative with the dead-beat and recoil 176 to 182
—— its influence, = how diminithed in common pallets

172, 182 to 193
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Oil, why its effe@ is not more fenfible 193 to 197
—— a recapitulation of what has been faid relative to it
197 to 210
——— of the methods that have been hitherto ufed for the
diminithing it 212 to-232, and from 245 to 254
394 to 403
—~— diminithed on Watches 513 to 5§40
——— table of its influence on all the pivots of the wheels 515
——— increafed by a recoil —_ — 520
~——— its comparative influence on the ballance pivots 519
—— total influence on horizontal and contrate wheel
Watches compared : R 524
—— how diminifhed on the former 525 t0 540
P
Pallets, — long ones, no advantage in maintaining the vi-
bration 198, 102
in what cafes they are hurtful — 189
and in which advantageous 265, 266
all reducible to two claffes —_ 234

that have no fri¢tion during the time of reft 275 to 288
that in Clocks remove every imperfection in the

[T

movement, of whatever kind 288 to 306
further confiderations relative to them 534'to 568
that correct the effect of any irregularities of the
maintaining power in Watches 553, 504
—— tumbling, fome remarks on them —_
——— ingenious ones feen with Meflrs. Harrifon and
Hindley 225 to 232, and from 245 to 253
no {prings to be admitted in them 240, 247
Pendulum, —its properties in a detached ftate 12 to 20

its motion and ifochronifm deftroyed by the refiftance
of the air, &c.

21

Dd Pendulum,
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Pendulum, detached gravity, its {ole motive force 68

IHIIH Il |~ rEing l |

in thofe applied to Clocks, the maintaining pawer
muft be added thereto — :;;c
in what proportion ## alters the natural times of
vibration e PRy 2
its total motive force, of what mmpounded in Clcn:ks 135
its vibration moft ifochronal, when their 1engﬂ1 in-
creafes as the motive force = e— . pay
reafon why thofe that defcribe entire revolutions can— - -
never meafure time equal to thofe that vibrate = g1
its long and fhort vibrations (when apphzl:l toa Claak) -
compared —_— 4 to 48
its wexght confidered —— 65 to 84
table of its momentum (by weight, and length of

vibration) 87
the influence of heat and cold on it. - See Heat.
gridiron, its nature and d&fﬁnptmn - 33210 346
mercurial e 32
Mr. Ellicott’s, his own defcription of it 346
improved — i to
rcd% of wood, in what cafes they may be ufed 34?- ?64
all that has been faid of it equally apphcable. to the
ballance and fpring =~ — ¢ — 413
Plan of the eflays " 1to 12, and 384 to 388
Plates, wherc defcribed, | i
Plate 1. Numb. 29.
—_— 2. —— 196,
— 3D GG
—_— 4. —— 270,
o 239‘4
—_— 0. ——— 2g0.
R ; ?i e 2931.
— 8, — gl
D L L
e 10— 340,
Plate
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.I Plate 11. Numb.. 361.

—_ 12, 443~
Hrae I GRS e N G T 5
—_— 14, = §0%.

- —_— 1. ——  543.
— 0. —

549-
. | | N©
Pockéawatches, in their prefent ftate, are only on a par
~ with Clocks that are capable of beginning their
~own vibrations — — 431
—— fig influence of external motion on them much
“greater than onfuch as are carried on fhip-board 453
Power, mintaining. See Maintaming power.
Properties natural, of the ballance and fpring, can not be

peferved, without the dead-beat —_— 571
\ R.
Recapitulatig—relative to the length of vibration in Clock
pem:ms — I42t0152
—— relative to the influence of the oil — 1g7to 212
—— relativeto the method of frequcnt winding up 401
—— relativep pallets —— _— 274
~——— relative to the influence of heat and cold on the pen-
dulum 369
relative to the influence of external motion 4813
Recol, in general 233 10 245
—— increafes, the fiiction _— e 175
——— the influencespf the oil —— —_ 178
——— accelerating efects of it, twofold — 238, 2759
—— none to be adwitted with an uniform maintaining
power lofe 383
advantages—ecrroneoully attributed to it 269 to 272

Refs j?-sma:e of theair. See Air.

Ddz2 Scapement;



NU‘

Scapement, is the means by which the aétion of the wheels
is applied to maintain the vibration, and generally
confifts only of a wheel and pallets. - See Pallers.
~—— wherewith the theory and practice of the dead-beat
agree — 275 to 288
Scale for finding the length of pallets, &c. for any number of
teeth of the wheel, from 2to 12 Note 2, 176
Springs,—never to be ufed in pallets = —— 246, 247
Sufpenfion,—~remarks, &c. relativeto it ~ —— 309 to 316
Swing-wheel,—the influences of the oil on the pallets increafe
as its diameter

—_— 172
T.

Tables,—of the influences of the oil —— 171, §1%
w——— of the momentum of pendulumns —_— 87
T hermometers,—all rcduceabfe to two clafles . 319, 320

—— immoveable ones—can never haye a perfe&t effect in
Clocks 321 to 326
~—— remarks relative to their conftruction 329, 330
~one for a Watch defcribed 496 to 512

¥

Fibrations,~long and fhort compared — 415 47

—— fhort ones—arguments commonly ufed in their favour
93 to gb

—— nowhere recommended by Sir IfaacNewton for CIcn:lEs. '

1210133
—— arguments in their favour examined —— g6 to 114
—— cycloidal 96 to 113 and 383
~—— conclufions relative to them ——— IIIt0 II14~=152

~— recapitulation relative to them in Clock-pendulums
14210 152

FVibratians,




-

FenpE DO B X,

N 8

Vibrations, all that has been faid in favour of long pendu-
lous ones, is equally true of thofe of the ballance 413

—— the longer ones of the ballance do beft correct the in-

fluence of the oil, or any other irregularities of the
maintaining power 487
do moft correét the influences of external motion 439

——— how the longer ones of the ballance may be rendered
quicker than the fhorter

——— how the fhorter ones may be rendered quicker than
the longer —_ — — iTRER
—— how their natural properties may be preferved  ¢¢3, 564
—— could not heretofore be known experimentally  ¢s0, ¢c2
—— have not their times altered by a change of latitude =~ 410

—— nor by any change of denfity in the air (confidered as a
non-refifting medium) 568
——— are all naturally ifochronous in theory ~ —— — 408

551

the effect of the maintaining power on their times

(c. p.) as its times of action — 546

as twice the recoil ——— —— 23 3, 239

—— may vary their length, without altering their times 554,564
—— thofe of the pendulum rendered more ifochronal by

having their length increafed as their motive force 241
Vibrating-pendulum,~ reafon why it will always meafure
time better than any that perform entire revolu-

tions

W.

Watches, the larger ones do moft approximate the nature

and perfection of Clocks 436 to 442
Wheels, the periodical fluctuations in their aion, not fo

hurtful to the performance of Clocks and Watches

as generally imagined 54
~——— the difadvantages of heavy ones  ~—— 440
Winding-up, every half minute~wits effects 216 to 223, 394 to 403
Wooden pendulum rods, in what cafes to be ufed 218
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