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1730

1. I SUPPOSE the difference of
Longitude betwixt a Ship at Sea and the Port
it fail’d from, might be almoft as nearly known
as its Latitude, if the Ship had along with it a
Machine or Watch, that wou’d exadtly point
out what Time 1t is at the {aid Port: But 1t 1s
{aid, the Motion of the Ship has render’d the
Motion of all Machines that have been try’d fo
irregular, as to be of no fervice to the Sea-
Man, in the Matter of Longitude.

2. But Query; Woud any of thefe
Machines that have been try’d, go fo true as is
there requird, if fix’d on Land: If not, the
Motion of the Ship need not much be blam’d,
tho’ it might make it worfe.

3. Well; tho’ it be impoflible for any
Machine, either by Land or Sea, to point out
the time exactly for a long Time; yet {uch a
Machine as defcribed below may perhaps by
experience be greatly ufefull, during the time
in which a Ship fails to a far Port.
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4. Some Years ago 1 made feveral
alterations in order to render the Motion of
Clocks more exact than heretofore, but when 1
came to try them by f{tri¢t obfervation as
below, I judg’d the belt performance of the
beft Pendulum Clock I ever {aw, made, or
heard of, to be incapable of this Matter, wou’d
it go as well 1n a Ship at Sea in any part of the
World, as in any one fix’d place on the Land.
Yet from {everal obfervations, 1 f{till
endeavour’d to make further Corrections in
this Motion; and in thefe 3 laft Years have
brought a Clock to go nearer the truth than
can be well imagin’d, confidering the vaft
Number of f{econds of Time there 1s in a
Month, in which {pace of time it does not vary
above one fecond, and that moltly the way I
expec¢t: So I am fure I can bring it to the
Nicety of 2 or 3 feconds in a Year. And ’twill
alfo continue this exactnefs for 40 or 5o Years
or more; however {o as not to vary above 2 or
3 feconds from what it did the Year next
before; for ’twill not want Cleaning, and the
little 1t wears can but alter it infenfibly little.
This Nicety 1s owing partly to the Matter the
Clock 1s made of, partly to the Contrivance it
1s made with, and partly to the Nice
obfervations it is try’d by, and the convenient
place it {tands in. Thefe I will now treat of,
and thow how I think their application, with
fome further Addition, may compofe a Motion
to go nearly as true 1n a Ship at Sea.
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5. And firft as to a Clock to be fix’d in a
Houfe. The Pendulum Wheel 1s beft made of
Brafs,, but all the other Wheels rather better of
Wood than of Brafs. But as I do not here
undertake to treat in full, I need not mention
what Wood or how I order it. Now my
Pinnions are not made as the ordinary ones;
for fome parts thereof have when i ufe a
relative Motion, which faid parts muft be
made of Wood, viz. Rolls, and move upon
{mall Brafs pins, which reach betwixt two
Brafs plates, in which the Pins are fixed, on
which I find by experience thefe Rolls of
Wood move fo freely, as never to need any
Oyl ; But from the nature of the Contrivance
the Fri¢tion will be abated in {uch proportion,
as the Diameter of the Pin to that of the Roll.
And chiefly in the application of the Pendulum
to the Wheels, or its Wheel (which is the head
place) there ’tis abated no lefs than 4o times;
And alfo the Pevets or ends of the Pendulum
Wheel Axis moving upon Rolls of great
Diameter in proportion to the faid Pevets do
greatly abate the Friction: And the Wearing 1s
alfo abated in a greater proportion. See the
Figures explain’d below.

6. From what has been faid we may
gather, that the draught of the Wheels, or the
force imprefs’d on the Pendulum of f{uch a
Clock 1s nearly always alike, 1.e., not only
always nearly equal, when the Wheels are
drawn by a certain Weight (for in the adjufting
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a Clock, whofe Pendulum moves in a Cycloid,
there 1s occafion to increafe and decreafe the
draught of the Wheels by adding to, and
taking from the Weight, as may be feen
below). But I mean in a more efpecial manner
equal, no obftruction or irregularity arifing
from Fric¢tion, be the draught of the Wheels,
or chiefly that of the Pendulum Wheel more
or lefs, which is {o predominant in other
Clocks, that their Pendulums movd in
Cycloids, and were fuch as defcribed below;
yet they cou’d not be brought to truth.

7. Now ’tis demonftrated, that, if a
Pendulum mov’d in a Cycloid and in Vacuo,
1t’s Vibrations, whether it defcribes greater or
lefs Arches, wou’d be perform’d in equal
Times: But then the Pendulum muft be
fuppol’d always to retain the fame Length. But
there 1s no Wire, of any Metal whatever,
whereof to make a Pendulum, but what is
continually altering it’s Length according to
the degrees of Heat or Cold; and this I
difcover’d above 2 Years ago, before I ever
heard a Word of, or read any about it. But a
little after I had difcover’d it I was thew’d the
fame in a Book, which had it been fooner
wou’d have been fome fervice to me.

8. But a Pendulum moving in a Cycloid to
Regulate a Clock true, which 1s not in Vacuo,
muft not always keep it’s fame Length, unlefs
the Air gave always the fame refiftance; which
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agrees both with reafon and experiment. Viz.,
the Pendulum muft be rather fhorter in Warm
than in Cold Weather, which is contrary to the
operation of the Wire.

9. After I difcover’d the Wire to be longer
and fhorter by Heat and Cold, I prepar’d a
Convenience on the outfide of the Wall of my
Houfe, where the Sun at 1 or 2 a Clock makes
it very warm, to try the different quantity the
one foot of metal alter’d in proportion to
another; and by trying in the Cool of the
Mornings and Evenings, and in the heat of the
Days, I gather’d as followeth.

Steel Wire to Iron Wire as....... 12.6t0 13.§
Steel Wire to Brafs Wire 1

had from Shefheld as............. 12.6 t0 23
Steel to Brafs London as.......... 12.6to 20.§
Steel to Brafs from

Holland as........................... 12.6t0 19
Steel to the fame

Holland Brafs Neald............. 12.6to 21.7
Steel to Silver and

Copperas........ocoeeviiiiiini 12.6to1 7.6

10. I had fteel of two different thicknefles,

and both operated alike and another Steel
Wire harder than them, which rather alter’d
lefs, but very little lefs, {carcely difcernable.
The London Brafs Wire was thicker than the
Sheffield, and the Shefhield than the Holland;
but it feems from what’s above that different
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thicknefles do not caufe different Extenfion,
but the degrees of hardnefs, and different
Mixture and Nature of Metals do. For the
Shefhield Brafs was the hardeft of the 3, yet the
Holland Brafs alter’d more, after Nealing: Still
not {o much as the Sheffield tho’ hard.

11.  Now a Pendulum that {wings {econds,
whofe Rod or Wire 1s of the above mention’d
Shefhield Brafs, is of a right Length, when the
Weather and the Room where the Clock
{tands are very Warm and will be too fhort,
when very Cold, by about 1/66 or o.1515 Inch;
and accordingly the Clock will go in a Day or
24 Hours about 16.7 {wings too faft.

12.  And to corre¢t this altering of the
Length of the Pendulum, I compofe it of 9
Wires, viz. 5 of Steel, and 4 of Brafs, as
explain’d, below.

13.  But further, a Cycloid apply'd to a
Clock Pendulum, muft not be exactly as ’tis
demonftrated for a Pendulum to move in
Vacuo. Becaufe ’tis here Maintain’d by the
draught of the Wheels againft the Air’s,
refiftance, which requires the Curve or
Evolute of the Cycloid inftead of being the
Curve AB, to be the Curve AC. Suppofing em
but very little different. This need no more
explaining.
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14. Now a Pendulum, whofe Motion 1s
maintain’d againft the Air’s refiftance by the
draught of fuch Wheels as above, moving in
fuch a Cycloid as treated of in the laft {eétion,
and alfo Naturally making it {elf rather thorter
when warmer, will perform 1t’s reciprocations,
whether defcribed in greater or lefs Arches,
exactly in equal Times.

15. For, let us {uppofe the Clock Pendulum
to defcribe any certain Arch, and the Air at
any certain Weight:Now if the draught of the
Wheels be increafed, {o that the Pendulum’s
Motion 1s maintain’d in a greater Arch, when
the Air remains the {ame, then with {uch a
Cycloid as above the Clock will go true. And
again, {uppofe the Air is lighter, and the
Pendulum defcribes a greater Arch without
any more force from the Wheels the Clock will
{ft1ll go true; becaufe the fame Natural caufe,
which makes the Air lighter, will alflo make
the Pendulum fhorter: if order’d as explain ’d,
Fig. 5. All this I find to agree with
Experiment; but not fo, ’till after 1 had
difcoverd and added, as followeth : in the two
Next fections. And for my f{trict trying the
Motion, I have two Clocks, but of that by and

by.

16.  The Pendulums being {ufpended by the
Clocks, and Clocks by the Cafes (as all
commonly are) tho’ the Cafes were very good
and firmly fix’Xd to a Brick Wall, and the
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Pendulums near the back of the Cafes ; yet the
Cafes certainly yielded more to the {wing of
the Pendulum, when the Weather was warm
and dry (by which the Clocks went flower)
than when moift; tho’ never at any Time
could the Cafes be difcern’d to {tir in the lealt :
But this I accidentally difcovered by one of
the Weights {winging a little, which was,
when it’s {tring (meafuring from it’s center of
Gravity to that of {ufpenfion) was equal to the
length of the Pendulum. This I compar’d to an
Unifon in Mufick, but judg’d it to proceed
more from the f{tiring of the Cafe, than from
the Air; becaufe the center of {ufpenfion of the
Weight was much lower than that of the
Pendulum, fo likewife it’s center of Gravity or
Body. Therefore that I might not be deceiv’d
by the fufpenfion of the Pendulum, I made two
holes in each Clock-Cafe Back, through which
into the {feams of the Bricks I drove two {trong
Irons, without touching or depending on the
cafe at all, to which I fcrew’d the plate by
which the Pendulum and Cycloid are
fufpended.

17. But, both from reafon and a little
experience, I find it not convenient for the
Pendulum of a Clock to Vibrate in {mall
Arches, not if {uch Arches, tho a little
different, were perform’d in equal Times (but
it is demonftrated that when a little different
they are but perform’d very nearly (o) for it is
impracticable for a Clock to maintain the
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Motion of a Pendulum in exceedingly {mall
Arches, without difturbing it’s truth. And if
the Arches be a little bigger, ’twill then to
bring it to exact truth require a Cycloid, but
{till impracticable. For if we {uppofe the
Pendulum Wheels in {undry Clocks to have
the fame draught, at any the {ame diftance
from their Centers, and each Pendulum Wheel
to have the {fame number of Teeth, or we
{fuppofe em to have different draughts direétly
as the number of Teeth ; we muft then allow
that the Weight of their Pendulum Balls,
ought to be reciprocally as the Square of the
Arches they then defcribe, in regard to their
Motion being maintain’d, check’d, and refifted
by the Wheels : For let us inftance in two
Clocks whofe Pendulums {wing feconds, and
fuppofing the Pendulum Ball of one to be 2
Pound Weight, and to Ofcillate in an Arch of
12 Gr, and the other Pendulum f{o order’d by
1’s communication to the Wheel, as to Vibrate
but 3 Gr; ’tis plain, 1n the latter there will be as
much command to irregulate the Motion of a
Ball of 32 Pound Weight, as in the other of it’s
2 Pound; becaufe the Wheel can imprels 4
times the force upon it, when as at the {ame
time the Ball has but ; of the force arifing from
defcent, that the other has; or (which is the
fame thing) but the fame Momentum, was the
Ball 8 Pound Weight. Therefore to {ufpend a
Ball for a little Vibration, will require a {trong
{pring at the Top, which to apply for truth to
fuch a very little portion of the Cycloid, as
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will then be made ufe of, 1s impracticable.
Nay, if the {pring was weak, ’tis, not fo
practicable, as in a larger Vibration. But a
{trong [pring and heavy Ball are {carcely
practicable with a Cycloid, tho’ the Vibration
was larger, except the Pendulum was
proportionably longer. But we have here
{fuppold the draught of each Pendulum Wheel
the fame : But if we {uppofe § of that draught
to do for the lefler Vibration, ’twill then vary
more in it’s draught; becaufe there is more
difference geometrically (as we may almoft
compare it) betwixt o and 1 than betwixt 3 and
4, but this difference in draught will not (in
fuch contrivance as treated of Sect. the ¥)
irregulate the Motion of the Pendulum; only
twill have as much, or more nced of a
Cycloid. But we muft here {uppofe the Ball to
be 8 Pound Weight, {o confequently with it’s
{pring not practicable {o as to be regulated as
above. That there will be more variation 1in a
lefler draught of the Pendulum Wheel, than in
a greater, may thus be more clearly thewn. Let
the Pendulum {wing feconds as before, and let
the Pendulum Ball for the lefler vibration be
cut 2 Pound Weight, 1.e, equal in Weight to
the other Pendulum Ball ; then the Weights
which draws the Wheels in each Clock, ought
to be in a duplicate Ratio of the Arches the
Pendulums defcribe : And as this lefler Arch is
here {uppofed to be cut ; of the other, the
Weight which draws thefe Wheels, ought but
to be equal to 1/16 Part of the Weight which
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draws the other Wheels; for then the
Pendulum would but have as much power to
regulate the Motion, as in the other. Now I
know by experience (in {uch contrivance as
above treated of, fe¢t. § and with each
Member of a convenient f{ize) yet much lefs
than 1/16 Part of the Weight, which is able to
maintain the large vibration, will in fine
Summer Weather caufe the Pendulum Wheel
to move forward; but 1/16 Part of the Weight
is not {ufficient in all {forts of Weather even to
caufe it to move forward much lefs to maintain
this lefler Vibration, with as conftant a
draught, as the larger Vibration is maintained;
except the works co’d be made to move 16
times freer, the which 1 co'd fairly
demonftrate to be impoflible : Therefore a
Clock cannot be made to go fo true, with a
little Vibration, as with a larger, Now this
variation or different draught of the Pendulum
Wheel proceeds from the communication of all
the Wheels, which in {uch contrivance, as
treated of fect. the s, 1s very little, when the
Wheels are drawn by a convenient Weight, and
the fame in regard to the Pendulum, as if the
Weight which draws the by heels was
increafed or decreafed ; but not {o in the other
Clocks. But from what is {aid below (fect. the
25) there may {eem to {pring a {mall objection,
which I think convenient here to anfwer; and
1.e. that the Pallats drawing the Pendulum
Wheel a little back every beat, the difference
in the Friction among{t the Wheels cannot be
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the fame in refpect to the Pendulum, or
different Weight to draw the Wheels; becaufe
when the Fri¢tion is moft, the Pendulum
Wheel has lefs force forward, and not fo
willing to be drawn back. I anfwer it is {o in
other Clocks, but not {o here : For the holes in
the Centers of the Rolls (viz..., the Rolls of
the pinnions, as well as them on which the
Pendulum Wheel moves) are rather wider than
the Pins are thick, whereon they move, elfe
they could not move freely; but as they
cannot {lide or turn thereon with the lealt
force, they muft have rather a defire to
rebound or give back, and confequently in this
cafe the more the Fri¢tion increafes, the
greater will be 1its defire to give back; but the
Limb of the Wheel is but drawn back very
little, which near the Centers of the Rolls is
almolft infinitely lefs. Therefore the lefs force
the Pendulum Wheel goes forward with, the
lefs 1t will be drawn back with. So this {cruple
if not clear remov’d is very much leflen’d. But
farther, as this retrogradation of the Pendulum
Wheel 1s much lefs than is requir'd to be in
other Clocks, and the larger the Vibration of
the Pendulum is, the lefs proportion this {mall
retrogradation bears to the Vibration, and the
Contrivance Naturally permits or with eafe
maintains a large vibration ; and for reafon
above the Vibration,, ought not to be little :
Therefore this gives infinitely lefs irregularity
(if any at all) to the Pendulum, than the other
way.
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18.  But I faid above ({e¢t. 4) that I had not
as yet got a Clock f{o near the truth as it may
be brought, and that is becaufe the Curviture
or Evolute of my Cycloids 1s not Cut exactly
true; for I have but lately invented, how an
Engine may be made to Cut the Curve fo
exactly true as it ought to be, but have not yet
made it. And now I come to treat of my ways
of Trying the truth of the Motion.

19. I have two ways for trying the truth of
the Motion, the which together 1s very
Compleat. One 1s by the apparent Motion of
the fixed Stars with a very large fort of an
Inftrument, of about 25 Yards Radius,
compof’d of the Eaft fide of my Neighbours
Chimney (which i1s fituated from my Houfe
towards the South) and the Welt fide of an
exact place of fome one of the upright parts of
my own Window Frames; by which the Rays
of a Star are taken from my fight almolt in an
Inftant : And I have another perfon to count
the feconds of the Clock, begining a little
before the Star Vanith : So I obferve what
{fecond is Mention’d when it Vaniftheth ; and 1
have a Table Calculated to thow how much
fooner any fuch Star is to Vanifh every Night,
or before the 24 Hours of the Pendulum Day 1s
expir'd.

20. But my other way is the better part of
the Completion : and that is the two Clocks
plac’d one in one Room and the other in
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another, yet fo, that I can f{tand in the
Doorftead, and hear the beats of both the
Pendulums, when the Clock .Cafe heads are of
; and before or after the hearing can fee the
{feconds of one Clock, whillt another Perfon
count the {econds of the other : by which
Means I can have the difference of the Clocks
to a {mall part of a {econd. And in very Cold
and Frofty Weather, I fometimes make one
Room very warm, with a great Fire, whillt the
other 1s very Cold. And again the contrary.
And fometimes the like in Summer by the
Sun’s Rays in at the Windows of one Room,
and alfo a Fire, whilft the other 1s clofe fhut up
and Cool. Thus. I prove the Operation of the
Pendulum Wires, and adjuft the fame to what
is treated of above, fections 8 : 14 : 15. And to
prove or adjuft the Cycloid to Vibrations
perform’d in different Arches as requird
(fections 14 : 15) 1 caule the Pendulum to
defcribe fuch by increafing and decreafling ;
the draught of the Wheels, and that by adding
to and taking from the Weight; by which I can
make 8 or 10 Times more difference, than
Nature ever will, and yet the effect be nearly
the fame (in fuch Contrivance as is treated of
fe¢t. 5) as if Nature itfelf had alter’d the
Weight of the Air fo much.

21. Now as to the place wherein to fet a
Clock, ’tis not convenient it thould be damp :
but dry Rooms, and where there is a Fire in
Winter are beft. Mine are in low Rooms,
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which are often without Fire a Fortnight or 3
Weeks together in very bad Weather, and yet |
can difcern no alteration in em. I fold one 3
Years ago which ftands in an upper Room,
where there 1s feldom any Fire, and 1it’s
Pendulum defcribes the fame Arch now, that
it did half a Year before I fold it; and f{o I
believe will Continue to do a long Time. It 1s
made as treated of {ect. the 5, and with an
imperfect Cycloid, but not {fuch a Pendulum as
truth requires, {ect. the 12. And now I come to
the Explication of the Figures, and their
application for the compofing of the Sea
Clock.

Figure 1

22. Let AB be a portion of a Wheel, CDE
the Pinnion which 1t turns, let aaa etc. be
Rolls, which move relatively on {mall pins at
their centers to {ubmit to the Teeth of the
Wheel as they reach nearer to, or draw farther
from, the Center of the Pinnion; by which
there 1s no Friction at the Teeth, but only at
the Center of the Rolls, which muft be lefs
than if it were at their Circumferences, as the
Circumference of a Pill to that of a Roll. This
as well for the Sea as Land.

Figure 2

23.  Let A reprefent two bits of Glafs,
whereon each end of the Axis of the
Pendulum being a Sharp Edge of Brafs moves
in a little notch in the Glafs, which renders
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that Fri¢tion infenfible, as alfo the Wearing
(for ’tis but the Axis of the Pallats, which
communicates force to the Pendulum; for the
Pendulum it felf is otherwife {ufpended, viz.
by a thin Brafs Spring). Let the Arch CD, and
the leaft Vibration the Pendulum muft make to
let tile Wheel move forward, be f{imilar;
therefore the Arch a.a, 1s defcribed with the
fame Vibration by the Center whereon the
Pallats have their relative Motion, and from
the extremities of the faid Arch or Vibration
a.a. and with the length of each Pallat may be
defcribed the portions of circles ee,ff. which
mulit cut the Limb of the Wheel {o, that there
be half the {pace of one of the Teeth between;
becaufe one Vibration lets but the {pace of half
a Tooth go. Now if thefe Pallats were faft at
their relative Center a, {o that they had no
relative Motion, their Fri¢tion at the Wheel
wou’d be equal to that of the common way, if
the Arch defcribed by Vibration was as large,
and maintain’d with the fame draught of the
Wheels ; but that cou’d not be, for ’twou’d
require a deal more. But without that, as their
length or Radius is at lealt 6o Times the
femidiameter of the Pin, on which they
relative move, I may fafely fay (as in fect. )
the friction 1s 40 Times lefs than the other, and
the wearing, 1s {till lefs, efpecially in regard to
the Motion being alter’d thereby; for the
Wheel prefling againft the End of the Wood (or
the Pallats being made length-way of the
Wood) there will f{carce be any impreflion
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made in 40 or 5o Years : for the Wheel has no
drop, and it’s, draught 1s but very little, in
comparifon to what it wou’d require to have
with the other Pallats. But {uppofe it does
make a little impreflion ; f{ince the extremity
or Edges of the Teeth has not to do, as the
common way has, 1.e. to {lide out of the little
hole that’s worn, and then over it: for here the
tooth takes the Pallat along with it, and never
departs from the fame relative place, untill the
other Pallat take hold, and then it departs from
it perpendicular to the f{urface of the Pallat;
therefore no f{liding, and confequently no
alteration of the Motion on this account. But
again, 1f we f{uppofe the Pallats to alter in
length the quantity of a little impreflion and a
little wearing at their Center of relative
’Motion; yet this, as they are apply’d like
Tangents to the Wheel, can make no fenfible
difference in the impulfe at the Pendulum in
many Years. But thefe we cannot have in the
Sea Clock ; but we may have the like in
Nature, as; explain’d. Fig. 4. Now by
experience I cannot find, that the Pendulum
ever alters in 1t’s Vibration above 1/30 part of
the whole Vibration, and part of what it alters
muft be owing to the Air, and the other part
we cannot well attribute to difference in
Friétion in {uch Pallats as treated of above: For
certainly when the Friction: increafes in other
Joynts of the Clock, there will lefs force come

to the Pallats; and confequently, as they are
not Oyl'd, nor {lide at the Wheel, the Friction
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muft there rather decreafe. So the lefs force
the Wheel imprefles on the Pallats or
Pendulum, with lefs the Pendulum can draw it
back, as Nature requires and treated of, fect,
the 17.

Figure 3

24. Let GH reprefent two Rolls, on which
one end or Pevet of the Pendulum-Wheel Axis
moves, (the other end alfo haveing, the {ame)
but one of :em at each end bears molft of the
Weight that’s there; {o the Fric¢tion 1s abated
almoft as the Diameter of the Pin to that of
that Roll. Thefe may be apply’d to the Sea
Clock.

Figure s

25. Let AA be two Axes for two Ballances
(or fuch artificial Pendula as explain’d below
Fig. 6) we need not f{ignify whether they be
Horizontal, or Vertical, but parallel. Let them
have at each end in the Centers of the Pevets a
Brafs Wire, of a competent thicknefs and
length fixed faft, and then {tretch’d ftark in the
fame direction with the Axis, by which means
the Axes cannot fthove end-way, and the Wires
will twift with an elaftick force to the
Vibration. But thefe Axes will be drawn
towards each other, (as below Fig. 6) from
which they muft be fufpended by Rolls, at
their Pevets, (as mention’d in the laft {ection)
but here let them be only portions of Roll of
great Radii, {o the Friction at their Centers
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will not be felt, and we may f{uppofe thefe
Ballances to move nearly as free as a Natural
Pendulum f{ufpended by a f{pring. But we
cannot communicate :em to the Wheel, as
treated of fect 23. Therefore, as one Axis or
Ballance is to move one way, whillt in the
fame Time the other moves the other way, (as
will be thewn Fig. 6) let there be fix’d to each
Axis at b a fine fmall Brafs {pring, and let it be
exactly fitted to the portion of the
Circumference of the Axis from b to c, leaning
againft the Axis; then at c let it go off in a
Tangent (to the Axis) to t, and {uppofling the
Ballances at one extremity of their Vibration,
one of the {prings will take hold of the
extremity of the Tooth of the Wheel O, where
’tis alfo a Tangent to the Wheel; then the
Wheel Moving forward, or towards F, the
{pace of half a Tooth, and drawing {o much of
the {pring from off the Axis, and the Ballances
performing one Vibration as from D to C, (for
we will fuppofe that Arch and the Vibration
{imilar) then the other {pring will take hold of
the Tooth d, and there drawing the Wheel a
little back, the other {pring will ly off to z, i.e.
’twill return into the pofition it was in, before
the Wheel drew {fome of it from off the Axis.
Now thefe Pallats will have lefs Friction than
the other, Fig. 2. But they cannot be apply’d
to a Natural Pendulum. And the Wearing will
alfo be infenfible; for here is no {liding nor

droping, but they take and leave as the other
do.
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Figure 5

26.  Let s be a thin Brafs {pring {ufpending a
Natural Pendulum in a Cycloid, and B the Ball
of the Pendulum; and let the thick upright
Lines reprefent Wires of the Shefhield Brafs (as
in {e¢t 9) and the {mall Lines Wires of Steel.
Thefe are fixed falt in Over-thwarts or
Bridges; of which there are 3 at the Upper
end, and 2 at the Lower, and this Pendulum
will make 1t {elf thorter when Warmer , as
requird fect 14.15; tho’ all the Wires be then
lengthened. See the Computation, as
followeth. And firft, let us {uppofe it at a
certain Length, and the Weather at a certain
Temperature, and let us {uppofe the Brafs
{pring (etc..) at the Top to be. 1/5 of the
length of the other part of the Pendulum, viz
the Wires. And then {uppofing the Weather to
be Warmer, and each Wire to be lengthened (as
in fect the 9) viz. Steel 12.6 indefinitely {mall
parts, the Brafs 23 fuch parts, and the Brafs
Spring at the Top 1/5 of that 1.e. 4.6. But the
parts will be bigger or lefs according to the
degrees of Heat.
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Brafs at the Top...........ccoooeiiin. 4.6

The two out moft Steel Wiref from
the highelt Bridge at the upper end,
to the lower, at the lower end .......... 12.6
17.2
So this loweft Bridge will be too low  17.2

Then the two outmolt Brafs Wirel
from the loweft Bridge, to the
Middle moft at the Top..................... 23.0

So this Middle Bridge will be too high 5.8

Then the next two Steel Wires from
this middle Bridge at the Upper
end,to the upper Bridge at the
lowerend..........oooviiiiiiii 12.6
So the upper Bridge at the lower end
will be too low ..., 6.8

Then the other two Brafs Wires from

this upper Bridge, at the lower end; to

the loweft Bridge at the upper end......23.0
So this loweft Bridge at the upper

end will be too high......................... 16.2

Then the Steel Wire down the
Middle, from this loweft Bridge at
the upper end, to the Center of the
Ball about...........ccooooiiii 13.3
So the Pendulum is shortened about....... 2.9

Add

Subtract

Subtract

Subtract

Subtract
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And now 1 fhall treat of the Artificial or
Portable Pendula.

Figure 6

27. Let AA be 2 Axes, on which 2
Ballances or the 4 Pendulum Halls BBBB are
fupported. Let the Balls he all of an equal
Weight exadtly; and alfo at equal diftance from
their Axis; or Center of Motion to that of
Vibration or Gravity. Let them be
communicated to their Axes with Wires, {uch
as in Fig. the 5. So that they be nearer the
Center of Motion when Warmer; but rather
fomewhat nearer than 1in the Natural
Pendulum ; becaufe fome part of their {upport,
(or rather a bigger part of it than in a Natural
Pendulum) will not by this means be brought
nearer, But of their {upport in particulars I
fhall not here enlarge : but {uppofing it both
pollible and pradticable for any two of them,
both fingular and together with what
fupports :em to be made fo exaét an
Equilibrium as requir’d, I fhall proceed. Let
the two portions of Circles ab and ed be of
equal Radii, and fix’d to each Axis with their
Centers exactly in the Center of Motion Let
two {mall Brafs Wires, but flat (or thin like the
Pendulum or Spiral Spring of a Watch) and
Elaftick ; be {tretch’d from a of one Arch to ¢
on the other, and from b of one Arch to d on
the other, by which means one balance
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cannot relative move one way without the
other move the fame {pace or quantity the
other way, fo confequently if the whole Body
of the Clock be turned one way (whether it be
{flowly, or fafter than ever the Ship can turn it,
any portion of the Circle, (whether coinciding
with the plain in which the Ballances Vibrate,
or inclining thereto) it cannot alter the relative
pofition of the Ballances, but they will {till
remain as if the Clock had not been moved.
Let SS be two Worm Springs, and let each be
fufpended by the middle at f; let them have
fix’d at each end at e a {mall Wire, {uch as was
{poken of laft, by which from g, in the portions
of the Circles g h 1, let the {prings be {tretch’d
to a convenient degree, that {o as the Ballances
Vibrate, one one way, and the other the other
way, one {pring will be {trech’d out, whilft the
other draws it {elf in, and the thin Wires will
be conftantly apply’d to the Arches g h 1, and
(the Ballances performing two Vibrations in
one Second of Time) the faid Arches will be
portions of Circles of about 10 Inches Radius :
So the Angle of Contact will be very fmalland
as the Wires are thin and Elaftick, the Motion
will be very little obftruéted by their
application to the, Arches; therefore almolt as
free as that of a Natural Pendulum. And the
wearing, may be compar’d to that of the {pring
which fufpends a Natural Pendulum in a
Cycloid, which 1s infenfible. But fuppofing the
Motion not {o free as a Natural Pendulum, if it
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do not alter in degrees of freenefs, it is the
{fame in repect to the truth of the Motion, as if
it was entirely free; and we muft {uppofe that
if it do alter, 1t will be as the degree of Heat or
Cold. Therefore it may be attributed (in
regard to the Motion) to heavier or lighter
Air, which is accounted for above. But this
may f{eem to be f{uper added to the Air’s
refiftance, I own it 1s, yet both together will
not give {o much refiftance, I think to 4 fuch
{hort Pendula, as performs 2 Vibrations in one
fecond, as 1 Pendulum 4 Times as long (which
perform 1 Ofcillation in a Second) meets with
from the Air alone, {uppofing cm to defcribe
fimilar Arches: But whether it be more or lefs,
the difference in it’s refiftance may be
accounted for in the ordering and adjufting the
Wires (fect 26.20) But greater or lefs Vibrations
may not be perform’d in equal Times, no more
than in a Natural Pendulum without a
Cycloid. And here whether greater Vibrations
take more or lefs Time than lefs ones, they
may be reduced to exact equality by part of
the Arches g h 1, viz, that part from h to 1
being made a portion of a Circle, refpecting;
fome other Center k, or if not {o, fome other
Curve. But if it be objedted, that the [prings
SS which are treated of above will be rather
weaker when Warmer, I anfwer the Arches g h
1 (which are part of the {upport of the Balls,
but not fix’d faft to em) will be farther from
the Center of Motion at the f{ame time;
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Therefore will almoft countervail what wants
in the {pring : and the Complement as above;
{ir the Balls rather fomewhat nearer than in the
Natural Pendulum; etc.

28. In the laft {e¢t is fhewn, that the
Ballances cannot alter their relative pofition by
turning the Whole Clock 1nto another
pofition, but that is Suppofing the Clock not in
Motion, {o confequently, if it were in Motion,
the Motion wou’d not be alter’d thereby. But
the Clock may be fufpended from the Ship
with Hinges, in Nature to them of the
Mariner’s Compafs, and {o that it alter it’s
Pofition but very little, tho’ the Ship Tofs
much, nor receive any great Shocks from the
Waves.

20. Now if there were Clocks made as
defcribed above, (of which 1 have had
experience, even {uch Clocks as may be made
to go to 2 or .3 Seconds in a Year) and fix’d at
Sundry Ports in the World, where Ship, refort,
or rather each Clock made (but however it’s
Cycloid etc., corrected) at the Port where it is
to be fix’d (becaufe nearer the Equator
Pendulums Ofcillate flower) thefe wou’d be
good {tandards to {et the Sea Clocks by; when
the Ships are ready to fail. And if the Sea
Clocks were made as here treated of (which 1s
alfo practicable) I think they wou’d not be
much inferiour to the other. But if in the Ship;
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they. thou’d vary 4 or 5 feconds in a Month, it
wou’d not always be one way, which makes
the variation lefs in regard to 1t’s ufe, (for the
mean of what is always one way implies the
want of better adjufting) and 4 feconds of
Time being but 1 Minute of the Equinodtial;
(or but little more than a Mile towards the
Equinoc¢tial, and not {o much towards the
Poles) {uch little variation cannot deceive the
Sea Men much in the Time they fail to a far
Port, or to where there 1s another fix’d Clock.
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