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— = = — Mulio tutijffimus ibis:

pfeu  dexterior iortum declinet in Anguen™

TJeveJinifterior prejffam Rota ducat ad Aram.

Inter utrumgue tene.---------- Ib. 137,

- = = = The middle Way is bed.
Nor where in radiant Folds the Serpent twines
Direft your Courfe, nor where the Altar ihines.
Shun both Extremes.

But the Infpeilion of the Globe, when it is fixed in a proper
Pofition, will convey the beft Idea of all thefe Appearances ; for
we derive this Advantage from the new Conilruftion of it, that it
will enable us to place the feveral Pkcnomena before every Eye * by which
means thofe who have the leaft Acquaintance with thefc Studies, muft
begreatly furprized, and pkafed to obferve the ancient Accounts mi-
nutely verified. It is a fore of living over again the formerAges,
allowing 1°. 23~ 3 0 for everyhundred I'carSy according to
and Flamjledy which is a fort of Mean between the other Computa-

tions.

I fhall not now fuggeft fome other Purpofes, that might be ferved

by this Method. It is fufficient to recommend the Invention, that
it throws fo much Light on the common Claflics, to which | have
confined this Examination, and which muft be my Excufe for the

Citations.

P A P ER S omitted.

1- A Catalogue of Eclipfes of Jupitern Satellites, for the Year
*734> James liodgfony F, R. S. Mafter of the Royal Mathema-
tical School at Chrifts Hofpital London,

2. The fame for the Year 1735. N

3. The fame for the Year 1736, computed to the Meridian of the
Royal Obfervatory at Greenwich™ by the fame.

4. The apparent Times of fuch of the Immeriiong, and Emerfions
of Jupiteres Satellites, as are vifible at London™ in the Year 1736, to-
gether with their cinfigurations at thofe Times, rcprcfenied in a
Plate.

5. An Account of fome Obfervations of the Eclipfes of the firft
Satellite of Jupiter, compared with the Tables, by the fame.

6. The apparent Times of the Immerfions and Emerfions oi Jupiteres
Satellites, which will happen in the Year 1737, computed to the Me-
ridian of the Royal Obfervatory at GreaYMdhy lay the fame.

/. The apparent Times of fuch of the Immerfions and Emerfions of

Jupiteres Satellites, as are vifible at London™ in the Year 1737» by the

fame.
G g 2 Tk«

No. 417. p,
206.
No. 43*. p,
219,
No. 436. .

ibid. p. 15.

No. 440. p.
*77*

Ibid >. 184,
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No. 445. p. S. The linmerfions and Emerfions of the four Sate!lltesof7 «/i//ir, for

o5='- the Year 1738, computed to the Meridian of the Royal Oblcrvatory at
Grccmvkh by the f.une. L , N 1 N
Ibid p too ,9- apparent Times of fuch of the Immerfions and limerfions
Ol Jupiler'% Satellites, as are vifible at London \n the Year 1738, by
; the fame.
IVo. 145. p. 10. The apparent Times of the Immerfions and Emerfions of Jupiteres
O Satellites for the Year 1739, computed to the Meridian of the Royal

Obfervatory at Greenwich”™ by the fame.
Ibid. p. 76. 11. The apparent Times pf fuchof the Immerfions and Emerfions
of Jupiteres Satellites, as are vifible at London™ in the Yearl739, by

the fame.

No. 449. p. 12. The apparent Times of the Immerfions and Emerfions of the
332* four Satellites of Jupiter™ for the Year 1740, computed to the Meri-
dian of the Royal Obfervatory at Greenwich™ by the fame.

Ibid. p. 340. The apparent Times of fuchof the Immerfions and Emerfions
of JupiUrh Satellites, as are vifible at London™ in the Year 1740, by

the fame.

No. 471. p. 14. De Difparitione Annuli Saturni An. 1743, & 1744, ex Epiilola
a Domino Godofredo Heinfio, ad Dominum Petrum Colinfonum,

R. S. S. data.

C H A R 1V,
Of SURVEYING.

jffttwPlot- T T is a plain fmooth Board, about 18 Indies fquare, and Three-
X quarters of an Inch thick, Fig. 88. 5 CD, made of Mahogany”™
/JTlaps™t Pear-tree”™ or Norzvily Oak, well clamped at the Ends, or a brafs-.
Survfying: Frame round it, to prevent it’s warping, and, as much as poiTible,
Innjentedin  thrinking and fwelling.
Within Six-tenths of an Inch of two of it's oppofite Sides (znd
Heory parallel to them and one another) are two Grooves E F, G //, cut
Brighton, on the Face half an Inch deep, to Jet in two brafs Holders in the
F. S Shape of NO, Fig. 89. which are each of one Piece ofcaft Brats, like
74°7.Aug.”~Rulers, joined together at Right Angles. The perpendi-
iitc. 1741. to and lio Parts of an Inch thick, asat¢i, i an Inch
Fig. 83. deep, and a little ihorter at each End than the upper Part, which
Is 17 Inches long, A broad, and about 8 Parts of lio of an Inch
thick 1 about 2 i Inches from each End of the Holder, are thick
Parts of BoiTcs in the upright Piece, as at P and through which
are Holes tapped, to receive the Screws P which Screws go
each through a brafs Plateas T and V, fixed by Rivets on the under
Side of the Table, and little round. Nuts, (as at a and put on them,
to



Of SURFETriNG.

to confine them to their Shoulders in taming in the Piafes» that they
neither rile nor fall; thcfe Holders mufl: go eafy in the Grooves, to
fiok eafy and even with the upper Surface of the. Table. Then, when
the Screws enter the Holes of the Holders, by turning R and S at the
fame Time forward, the Holders will fall, and pinch down any Pa-
pers, isfc. that are under them*, and, turning backward, will rile and
reJeafc them. In the Middle of one End of the Table is a Groove
to receive the Brafs which has the fame fort of Screw and Fixing
as the other, to raife or fall it. But the Groove is quadrantal, that
the Holder fF may on Occafion be turned fo as to lie all on the out-
fide the Line E //, and to crofs it, in cafe of high Winds, for fe-
curing the Papers down, on Three Sides; and a Fourth might be
added, but there is feldom any Occafion for it.

To the Centre of the Table underneath, is fixed a brafs Socket, fo
truly made, that the Table may, when fee, turn round truly horizon-
tally : And a Machine, cafed with Glafs, in which a Plummet, hangs
to fct the Table level i or the parallel Plates, and glafs Tubes of
Spirit of Wine, may be ufed, to fet it horizontal, as any one fees
Occafion to fiinfy them.

To any one of the four Edges underneath, is fcrewed a Box and
Needle, fee to the Variation.

There belongs to this Inilrument, a ilrong three-legged Stafl, and
an Index with plain or telefcopical Sights, near two Feet long.

The Papers, or Charts, for this Table, are to be either a thin fine
Paftboard, fine Paper pafted on Cartridge-paper, or two Papers
parted together; cut as exaftly fquare as is poiTible, each Side being
nearly 16 Inches and an half long, juft as they may Aide in eafily
betvween the upright Part and under the flat Part of the Holders.

Any one of thefe Charts will be put in the Table any of the four
ways, be fixed, taken out, and changed at Pleafure : Any two of
them may be joined together true on the Table, if you make each
of them meet exaft at the Line L M, whilft near one half of each
will hang over the Sides of the Table * or by crefting and doubling
each, the whole of them ilill be within the Table. And if Occafion
Ihould h.ippen, as fcldom it does, by crefting each Paper both Ways
through the Middle, four of them may be put on at one time, meeting
in the Centre of the Table.

Each Chart is always crofTed by Right Angles through the Middle,
for the Purpofe above, and to make any of them anfwer to the Guide-
Lines on the Table, Fig. 88. | K, L drawn quite through theCcn-
trc, and the whole Table.----So the grand Objeftion of fliifting Papers

Is obviated,
lis Facility and Difpatcb,

Asalfo it's Certainty, compared with any of the mod celebratcvl
Inftruments, | ihallnow briefly fee forth.

pig. a.

22,



J ]

M

Of SURVETING.

But,.iu order thereto, it m.iy not be improper to premife, or lay
down, as Lemmata, thefc three Things:

I, The e™emial Bttfwefs or Aim in furvcying of Lands or Countries,
IS either to have an cxr.il Plan, or tofind the Area infame knoisin

Meafure.
¥* Every thing that is ftiperfluous or foreign tofiuh Defign, is better
oniitlcd than taken,
If a true Survey, and exaii Plan be made, every Part will have

¢
it's jujl Proportion, and every Angle it's true Opening or ~an-'
tity.

Then v/hat need have we of Degrees, Minutes, They are

never made any Ufeofinthe Praotice of cafting up, orany thing related
thereto: For, if from aStation two Lines be drawn by a good Index
to two diftant Objefts, will it not be the very Angle, and identically
the fame, as if it had been taken by tlie moft celebrated Inftrument, in
Degrees and Minutes, and laid down by a Protrador ?

The firil is much more expeditious, eafy, and certain, than the other.
More expeditious, becaufe thofe two Lines are fooner drawn than an
Angle can be taken, which done, two thirds of the Work is behind,
viz. Writing down and Plotting. More eafy, as done with i of the
Trouble. More certain, becaufe one may be liable to Miftakes in
taking the Degrees or Minutes | in fetting down, and in protrailing.
And if it iliould fo happen, that one numerical Angle fliould be taken,
fet down, or plotted to the wrong Coaft, (where they depend, on one
another) fo great an Error would enfue, that could not be retrievable,
but by going on the Spot, and performing the Operation anew. Now
the Plotting-Table, after two Stations, proves every thing on the Spot;
for, from every Station you are upon, the Index muft point at the fame
time to any Station on your Map, and it's correfponding Objedl: in
the Field; which is a demonilrative Proof, for nothing but Truth
will agree.

In ieveral Branches of the Mathematics, it is abfolutely neceiTary to
take Angles in Degrees, Minutes, and their Subdivifions, as Aftrono*
my. Trigonometry, Navigation, Longimetry, inacceifible Heights
and Diftances, Sifc. and alfo in taking large Plans, to calculate and
prove Things by Trigonometry; which would not only be a Work of
Curiofity, but very commendable. But where the Nature of the Thing
will admit of as good Proof, with part of the Trouble and Time;
it would be like running the Solution of an eafy Queftion into a long
Procefs of Algebra or Fluxions, when the plain Rule of Proportion
would juftly anfwer the fame.

It is objefted. That, in furveying by the Plotting-Table, the

fitnnking or fwelling of the Papers, arc a great Inconveniency,
In
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In Anfwer to this, it may be faid> The fame Inconvcnicncy ittcnds
the furvcying by any other Inftrument, fo foon as it is plotted ; for both
Velum and Paper will ihrink and fwell in the Houfe on the Alteration
of Weather (as well as all Bodies)*, for aLine of 48 Chains, plotted by
a Scale of3.2 Inch, in a hazy Morning, inadear Afternoon the
fame Day, meafured but 47 and an half: And there are various
Shrinkings and Swellings, according to the Weather, and Difference of
Paper,

In the Plotting-Table this Inconveniency is in a great meafure
remedied. For in what State foever of the Weather you put Lines on
the Chart, the Holders give Marks on the Chart as it then ftood ; if it
was moift and fwelled up in the middle Part, you may, when you either
cafl: up or meafure Lines, by laying it on a damp Floor, put it in the
fame Condition as it was when you plotted the Lines. If you plotted
in dry hot Weather, and are cafting up in damp or moift, a little
heatingby the Fire will reduce it to the fame State again. Another
Remedy | have long ufed is, to plot and meafure by Scales of the fame
Paper, which will ihrink or fwell in proportion as your Map does.

But it will be well to obferve here, that the ihrinking and fwelling
alters the Lines only, and not at all the Angles: For, let a Polygon
be never fo much uniformly extended or contraned, each Angle muft
contain the Tame Number of Degrees and Minutes as before. Hence
this Objedlion falls no harder on the I'able, than on all other In-
ilruments.

And here | intended to have ended this Difcourfer But as | have
fome other fmall Improvements, not only in the Inftrumental Part, but
in anew Method of difpofingthe Maps, and better adapting them to all
fublervient Ufes; | proceed.

I ihouid have faid before, that each Chart has a Flower de Lys on it"s
North Edge ¢ and, as the Needle is moveable to any Side, Care muft
be taken, that the North End of the Needle, when it ftands, ihouid
point the fame Way as the F/ower de Lys on the Qiarts.

| ufe a Needle about 5 Inches long, placed in an oblong wooden
Box, but juft fo wide as the Needle may play double the Degrees of
the Variation Weft, viz, 30®, In the Middle of one End is the
de Lys™ and the Box is by Studs and Holes always put on the 1 able
oblique to the Quantity of the Magnetical Variation. | make no other
Ufe of the Needle, than to fet the Table in the Meridian, and to prevent
any great Miftakes, injoining or placing the Charts wrong.

| have no more than i an Inch of the Needle that appears from under
the Table, for the Reafon it ihouid not be in the Way, or fo fubjeft
to be damaged: The making the Box fo narrow, is to chcck it's play-
Ing, that it may fooner hang ftill over the Flov:M de l.ys. The wooden
Box, Jined with Paper, | find preferable toa large brafs Box, and large
Glafs, which in cold and hazy Weather, condenfcs the Vapour and

Air fo much, as to make the Needle very languid and dull.
The
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The Charts, thus taken, are more readily laid together by Numbers

htaiif:gaSur Qp Edgcs, wluch tally, and make up the whole Map in one Plan,

View, and are, in thefe Squares, more portable.
il fccond Place, they are more readily copied,”™ extended, or con-

* * 'traded. For, by having a Frame of Wood that bil encompaiTes a

Fg* 9

'‘Fe SO*

Chart, divided by 19 Threads atequal Diftances, and the fame at Right
Angles, the other Way ; each Five or Ten, being diftinguiihed by
Silk of adifferent Colour * a Reet is made of 00 Geometrical Squares,
from which, having a Velum or Paper fo divided by leiTer or greater
Squares ¢ then drawing or copying by Help ofthe Lines into thole new
Squares, you have your true Map contrafted or extended.

Large Maps of Lordihipsare not any ways convenient, or portable,
to Ifeve recourfe to on the Spot or Place they reprefent being fubjedl to
Damages, unfit to be opened in rainy Weather, very troublefome in
thewind, and very difficult to find out the Part you want. To remedy
all thefe Inconveniences, fome Years ago | contrived a new Method of
difpofing them, in fuch Manner as makes them more fure, fafe, ready,
convenient, durable, and portable, than any other Method.

And this is done by imitating the Geography of the World, which
firfl: gives the whole, then the feveral Kingdoms, Countries, Pro-
vinces, and minuter Parts and Divifionsj feverally and more at large.

Firft, It will be highly necefiary, that a General Map of the whole
Lordihip (Country, Uc.) be drawn in one Sheet of Paper or Velum,
to give the Form, ldea, and Proportion, that the Parts bear to the
whole, and one anotherby which Situations, Bearings of the Towns,
Villages, Roads, and remarkable Places, will be feen at one View:
And this muft be reduced to fo fmall a Scale, as the intended Sheet
may comprehend the whole. A Scale of about 11 or 12 Chains in an
Inch, will plot a Lordihip of more than 2000 Acres, in the Compafs
of 16 4 Inches fquare; which may be a convenient Size to make two
Leaves, and open ina Folio Book. This Map may exprefs the Roads,
Rivers, Streets, Boundaries, Inclofures, and common Field Lands
fingly, in cafe they bt not lefs than 40 or 50 Links in Breadth : The
Pieces that contain not lefs than about 10 Acres, will admit of Room
to write the Owners Names and Quantities in Statute Meafure, as in
Fig. gi But for all the fmall Parts, there will not be room to explain
them: Therefore | divide the general Map into as many Geometrical
Squares, as it took Charts in furveying by the Table, by red Lines,
N/-U horizontally and perpendicularly, as noted by 0,0,0,0,
which, by a Scale of 2 per Inch, may rake about 15 Charts in
Num~”r: In the openeit Place near the Middle of each Square, ina
Imall Circle, 1 number them with red Figures j, 2, 2, fcff. correfpond-
ing to he original Charts: And in the Middle of each of their

bides, Numerical Letters, ithewing how the particular Maps are to
j&in to tath other. " " : t

The
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The particular Maps are each as large as the general, and numbered
at the Top I. il. III. correfponding to the Squares in general, as
Fig. 91. where, in tlie Right Hand Margin, is put V, and at the
Bottom 11X, Ihcwing the Filth Map tallies to the Side, and the Ninth
to the Bottom, or South Part; The general Map being an Index, fliew-
Jug how they join to each other.

By thele particular Maps may be ithewn all the leiTer Qiiantities, with
their Tenure, Owners Names, and Contents; and, by the Scale, arc
capable of flicwing the Lengths of any Lines, and the Dimenfions, fo
as todifcover any Encroachments, and record their Shape and Extents
to Pofterity : A moil valuable Ufe of aSurvey and Map.

All thefe Maps are bound up in Order, in aFolio Book, to open
freely, which will be not only very portable, but ufcfui to have recourfe
t(i on any Occafion; fecure from Damages of Weather, as well as more
durable and ornamental.

The Terriers to thefe Maps are made in the following Manner;
either bound in a Book of a Pocket Size by themfelves, or along with
the Maps.

The Names of the Freeholders, Copyholders, Cottagers, Tenants,
(¢C, are put in an Alphabetical Order.

no, Po™ver,

Refer co The Names of the Lands, their

i ' - T Freehold Copyhold
che Mbp. Sicuation?, and Boundaries. enure py

f

Calmtr'Cl'tfi in the Village of a r p
Iv. f. 4 J2—--—-- the Pariih of Gwuin /7. Freehold 11 1

T<m*ifend E- Own S.

The Houfc and iiome-flead

IV. f. 6. called Btoasvmr Hot/i Ciofe V/. Copyhold — - 18 228
Own R. N. S.
- fhtft Clofe Gu'ttne W. Broad- —
1 6 — — 1
V. e. 6. moor E. Pitfs N S. Freehold <
In like Manner, under every different Name, rpay PaKels.
be cxprcflfed feparatdy. J-, ¢n

To find any Piece or ParceLof Land in the Lorddup readlly, nrit
find tbe Tenant’s or Owner’'s Name in the Aiphabetiail Order, under
which, in the Second Column, may tlie Parcel be found. The gd
Ihews whether it is Free or Copyhold; the 4th or 5th, the Quantity in

Statute Meafure, eitlier Free or Copyhold. N
The numerical Letter in the Margin on the Left IV. (hevvs it is in the

Fourth particular Map; /. 6. refers to the Parts of the Map; find/,
at the Top, and 6 on the Left Side, and in the Angle ot Meeting of
thofe Squares is the Houfe, Clofe ; and fo for any other.

. There is but one Objedion | can at prefent forefcc, that can bear any
\Veight h<"ain(l this Method of dividing the general Map, viz. , . ..
ty OL. VIII. Part 1 H h | hat

233*
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That by dividing the fame into geometrical Squares, many of the
Parccls, 1”*nds, and Grouncii, will be cut into two ftparate Pieces j one
Part whercol' will lie in one particuhu* Map, and the reft in anoclier \
as in Fig. 91. Map IV. Part oi Calmer and Broad-Clofe will be in the
Vth Map.

In this Cafe, it is ufual to put the Owner’'s Name, and C/antity,
in that which i; the greater Part, and in the Terner refer allb to the
Remainder i where, if the Shape,- Lengths, (¢c. are required, they
may bedifcovered.

But as this may not be fatisfadory, or fully anfwer the ObjeAion
the two following Mcrhods will entirely obviate the Difficulty, and
make them as fuliy fubfervient to all Purpofcs, as any large and entire
Map on one Piece.

The id Method is, to take juft fo much in a particular Map as is
circumfcribed by fome known Roads, Lanes, Brooks, Boundaries of
particuLir Owners, or Tenants Lands: |’his, indeed, will often make
the Map very difproportional, and irregularly fliaped; but cannot be
a material Objection, by reafon, in Surveys, there is feldom any thing

regularly fhapcd.
2. The 2d Method is, to have a wider Margin, or rather draw th

particular Maps by afmailer Scale, as 4 Chains in an Inch, inftead of 3
Chains 20 Lines; and that will allow Room to add the Parts of the
Parcels focut off in the Margin, asin Fig. 92. the IVth particular Map .
varied, where the Whole of Broadmoor and Calmer is drawn ; then in
the Vth and IXth particular Map, may the fmall Parts, which are in
the 1Vth, be drawn in full: Then will they join by indenting or tally-
ing one into anotherr

Firft fee what Extent the whole Survey takes on the Charts you laid

greateft Depth and Breadth, as from
Specimen of the genera] Map it may appear.

Depth Breadth
upper Chart is N® 2. = 10 Inches, N® 8= 5 Inches
6. i 644 9
11. 16 ki 10 is U
ID i 21 161 i
7 01
The Whole 53 i

The Whole 60 i qn.
Tr leaving fixed on the Size of the general Map to be 16,37 Square,

| form a Scale of 60 i per Inch, that may juft extend the -whole Breadth
of the 16,37 Inches; by which you may form all the Squares, and

aivNded* Depth and Length, asabove; and at Fig. 90. is
Th«
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The Breadth of the whole Map, by a Scale of 32, is tAo,I2 Inches,
which | would reduce into the Compafsof 161 and i = *6,37 Inches.

Divide 60,62 by 16,37, gives 3.7, which multiplied by 3,20, makes
the Produft 11,84, that is 11 Chains 84 Links in an Inch, the ScalJe
for the general Map.

Thus have | done all I intended i but iliall obferve, that feveral of
chelti Tables have been made, and, as People have fanfied, with Alte-
rations and Additions; but all Variations are not really Improvements.
The letting it horizontally by Spirit-Tubes, maybe curious enough:
But ;is the Difference is very inconfiderable and indifcernable, when
it ilands 2 or 3 Degrees out of the Level, 1 iliall not trouble myfelf or
others about it; only further obferve, that when Grounds are declining
much, and very uneven, ifthe Table (lands horizontal, unlefs the Sight
or Mark on the lower Part is fo high as it"s Top makes a Level with the
upper Part of the Table, which I8 feldom done, or pra6licable, | do
not fee why fuch a Strefs ihould be laid on the Inilrument’s being level,
when neither the View by the Index, nor the Meafure of the Line,
either can be, or is taken horizontally : If the Sight of the Index ftand
nearly perpendicular at every Obfervation, it is more than fufficient
for any Exadlnefs requifite in a Survey.

M E CH A N | C K S.

I. T T AV IN G laft Year fliewn feveral Perfons in Holland the Expe- * i

1 JI riment contrived by Mr Geo, Grahanm™ to explain the Doftrine re- ~Cravefandi,'
lating to the Momcnium of Bodies (viz. That the A/thmw/Ww;;;, orQiilantity Math.

of Motion in Bodies, is always as the Mafs multiplied into the Velocity) Leyl- F.R S.
which Experiment is made with a flat, pendulous Body, that receives the
Addition of aWeight equal to itfelfat the lower Part of it's Vibration,

and by the Reception of that equal Quantity of Matter always lofes half to tht
it's Velocity. Dr Mufcbenbroek”™ ProteiTor of Mathematicks and Aftro- Royal Soci-
r.omy at Uirecbt™ communicated to me the following Experiment, made hi/

in Oppofition to that which | was (hewed by Mr Frofefi'oT i'Gravefande.
In this laft a Spring equally bent every time, puilics forward, unequal My 4,9. p.
Quantities of Matter fuccciTively, and in every Experiment the Produil 143- J*“‘y-
of the Mils of the Body by the Square of the Velocity is the fame ; and ' 133
therefore, as the Quantity of Motion muft always be the fame from the
iiime Caufe (viz, the fame Tenfion of the Spring) it follows, by every
Experiment, that it is us the Mafs multiplied into the Sgitarc of the

Vtiocity. ;

Il h 2 2 *o]
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Exp, 1.] The pendulous Cylinder is flioc by the Spring from o Dcg.

to 7 Dcg. meafured upon a Tangent Line.
kxp. 2,] The Cylinder with a leaden Weight in it that makes it*s

Weight double, is iliot forward to 4 Deg. 1
Exp. 3.] The Cylinder with a Weight in it that made it's Weight

triple, was lliot forward to 4 Degrees and a little farther.
Exp, 4.] The Cylinder with a triple Weighty of Lead fo as to qua-

druple the whole Weight, was fliot iorward to3i Deg. ™

236

Thcfe 4 Experiments at fitft feem agreeable to the new Hypothefis ;
for according to the old, the Cylinder in the 2d Experiment ought to
have gone but ro 3\ Deg. in the 3d Experiment but to 3 7 Deg. and iIn
the laft but to 2 Dcg,

But if we take in the Confideration of Time, all will be rcduced to
the old Principle. As for Example, let us compare the firft and laft
Experiments.

In the firft, the Spring during acertain time a6ls upon the Cylinder
which is driven forward with the Velocity 8. When the quadrupled
Weight is driven forward with the Velocity 4 inftead of 2, it is becaufe
the fame Spring a6ls twice as long upon the Cylinder before it ceafes
to impel it; and certainly the fame Caufe ading twice as long muft
produce a double Efteft.

AJkiti Atctunt 1. The laft DiiTertation is* new? and treats of the Motive Forces
g\‘:gt;il:]grl‘;/ of Bodies, whether they are to be eftimated by the Velocities, or the
DiJ/ertathn ' squares of the Velocities, when the MaiTes are equal. The Original
Dc Vi Mo- Of this difpute among the Mathematicians, the Author afcribes to a Slip
trice, ij Mr committed by the celebrated Mr Leibtiiz™ in the Year 1686, and the
/Jogn ';a”l\‘fgt Continuance, to the Negle6t of the I'imes, wherein equal Effetfls are
459. p. 607. Produced. The one Side afierts all Caufes to be equal,” whofe Effecl:s
jan.U'f. 1741. are fo, whether the Times, during which the Caufes aft, are lliorter or
longer. The other, on the contrary, maintains, that equal EfFefts
may arife from unequal Caufes, if the Times of Aftion are unequal;
that confequently the Times, as well as the Effefts, ought to be taken
into the Account,

He wiilies the Gentlemen on the other Side of the Queftion would
produce fome Experiment in their Favour, where the Equality of the
rimes is preferved ; fince all the Experiments they have hitherto made,
and argued from, may juftly be fee afide, as, incompetent, on the
Account of the Inequality ofthe Times of Aftion.

The Author then proceeds to prove the Truth of the common
Opinion of the Forces in, equal Bodies being proportional to their

Velocities. This he does by Three Mediums, the Firft taken from

* The Eight preceding DiiTcrtations had been before printed feparately; but were

now a]] colleiled together, with the Addition of this Ninth, and publiihed in one Volume
in Qia%0Oy Londcn, 1732.

1 the



_\

M E C H A N I C K S.

the Ailion ofa fingle Spring upon the fame Body: The Second Irom
fome Experiments of Mr ; the Third from the joint Aftion
of feveral Springs upon two unequal Bodies.

I. A fingle Spring, fixed to a moveable horizontal Table, is made
to communicate to the fame Body, Degrees of Force unqucftionably
equal, while the Degrees of Velocity communicated at the fame rime
are alfo undoubtetily equal; therefore the Forces arc proportional to
the Velocities.

II. In Mr Manr\oite*% Experiments, the ImpreiTions made upon equal
Surfaces in the fime Point of Time, are found to be in the Duplicate
Ritlo of the Velocities ; but the Maffes or Numbers of impinging
Particles are In the fimple Ratio of the Velocities ; confcquently, the
Maifes and Velocities conjunflly being in the Duplicate Ratio™ i.e. as
the Imprefllons, mud alfo be as the Forces which made them: Which
Is the old Opinion.

I11. A complicated or bent Spring interpofcd between two unequal
Bodies, ading upon each with an equal Prefiure, and during an equal
Time, mud communicate equal moving Forces to each ¢ but their
Velocities are by Experiment reciprocally proportional to their Mails ;
therefore their Mailes, drawn into their refpeilivc Velocities, are alfo
equal, as were their moving Forces*, and by confequence their moving
Forces are as the Maffes and Velocities conjundJdy: Which is the
generally received Opinion.

In the Appendix, the Author anfwers fome of the principal Argu-
ments brought in favour of the contrary Side.

I. The firfi: is drawn from the compound Motion of a Body along
the Diagonal of a Reilangle, whoie Sides rcprefent the fimple Motion.*;.
Here it is faid, that the fimple Forces are no-ways contrary to each
other; that being united or added together in the compound Force,
that compound Force will not be to both or either of the Ample l-orces,
as the Diagonal is to both or cither of the Sides ; butas the Square of
the Diagonal to the Sum of the Squares of the Sides, or to the Square
of cither Side refpeftively. He anfw'ers. The fimple Forccs, while
they aft in their proj>cr Direftions, are not contrary to each other,
either Wholly or in Part % but when confidered as contributing to the
Motion of the Body in the Direftion of the Diagonal, Part oi the one
afts contrary to Part of the other, and deilroys it; as is evident, i\
you refolve each fimple Force into two others, one acting along the
Diagonal, the other in a Direftion perpendicular to it. And then it
iIstobe oblerved, that the Sum of the two former is equal to the Dia-
gonal (while the two latter deilroy fach other): Which is perfeftly
agreeable to the old Opinion, but not at all to the new ; for the de-
monftrating of which this Argument is brought.

Il. The fecond Proof is taken from the equal CompreiTion of 4 equal

Springs, before the Force was confumed, by the fame Body moving
with
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with double the Velocity i and labours at the Bottom under the fame

Par.illogifm.

I, The lad Argument is founded upon the learned and ingenious
Mr Pokni's Experiment, wherein equal Cavities are formed in fofc
Subllanccs, by equal Bodies falling from Heights reciprocally propor-
tional to their MuTcs. This the Author fees afide, as infufHcienr,
fince the Times of forming thefe equal Cavities are unequal, and un-
equal Caufes may produce equal EfFcds in unequal Times. The learned
Mr Polcni docs, indeed, reply, and fay, that the Formation of thefe
Cavities feems tobe inftantaneous: But the ingenious Author fliews
!] the contrary, and that from a Pofition allov/ed of by Polcni himfclf, ia
his Reply.

! ohftrvGticfis I11. I. AUho* it is now above 60 Years fince Mr Richer firft dif-
covered, that Pendulums of the fame Length, do not perform their
GNcorwCra.  Vibrations in equal Times in diffVrent Latitudes * and tho’ feveral Ex-
bam s. periments made fince in different parts of the Earth concur to prove,
and at Black- Pcndulums fwinging Seconds are in general fliorter as we approach
[ "D Equator v yet wiiat the real Difference is between their Lengths
lin'Smpbcll, indifferent Latitudes, does not feem to have been determined with
ivy: F. R. S. fufficient Exactnefs, by the Obfervacions that have hitherto been com-
conufmnitht municated to thePublick ; as may be gathered from Sir /. Newton\%
r cr- where they are compared as well with each other, as with
derndtur-  the Theory of that illuilrious Author, Ic were therefore to be wiflied,
mint the Di/- that more of this kind oi Experiments could be made with greater Ac-
ference ;r- curacy in proper Placcs, by fuch Perfons as have fufficient Skill and
Nengthlo/Ug Opportunities to doit; that we might thereby be enabled to judge

chronal Pen-  with more Certainty, concerning the true Figure of the Earth, and the
duumbi«/;eyf Nature of it's conllituent Parrs.

Prsf, Colin Cdmpbelly Efgv ile has furnifhed himfelf with an Apﬁaratus of
=" nilruments not unworthy the Obfervatory of a Prince ; among which
%Z.A%Zf.gf 1o} Clock whofq Pendulum viQrates Seconds, made by Mr Ceorge
734 Grahan™ who Judglng that an Opportunlty was now offered of trying
with the utmoft Exaolnefs, what is the true Difference between the
Lengths of Ifochronal Pendulums at London and Jamaica™ readily em-
braced it; and in framing the Parts of the Clock, carefully contrived*
that it's Pendulum might at pleafurc be rcduced to the fame Length,
whenever there ihould bedccafion to remove the Clock from one Place,

.and fet it up in another.
This Clock being chiefly deCgned for Aftronomical Obfcrvation?,
illad no ftriking Parr, and it"s Pendulum was adjufted to fuch a Length,

that in London is vibrated Seconds, of Siderial, and not of Solar Tirp”™-

N Lib. IH. Prop. 20.
When

Jnttr
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When It was finifhed, Mr Graham fixed it up in a Room fituated back-
ward from the Street, and on the North-fide of his Houfe, to prevent
Ii's being diilurbed by Coaches, or other Carriages that paiTcd through
the Screcr, and that it might be asJittle afFcfted by the Sun as poiTible*
Having fct it going, he compared it with the TranGts of the Scar Lii-
tida Aquili over the Meridian, which paOcd

th h.
20at 8 5915
22at 8 59K
AutuH 3 8 59 2oi
inil 5 at 85922 Xby the Clock.
‘A t28at 8 59 250
29 ac 8 5926
30at 8 59 27

Hence it appears, that the Clock gained 12'/' in 10 Apparent Re-
volutions of the Scar.

In order to eilimate how much the Pendulum may be lengthened
by greater Degrees of Heat, or how much flower the Clock would go
ort that Account when removed into a warmer Climate, a Thermo-
meter was fixed by the Side of it; and between the Hours of 10 and.
Il in the Morning, and at Night, notice was taken at what Height
the Spirits flood, and the mean Height for each Day was as follows:

tk Thtrm.
21 30 i Diviiioni.
22 30 i
»3 28 1
24 27 1
173». 55 284 Hencr the mean Height for all thefe Days was about 28 »
26 Diviilons.
27 27 i
a8 27 i-
29 27 i
30 27 1

The Clock-Weight that keeps the Pendulum jn Motion is 12 ib.
\o\ez. and is to be wound up once in a Month. The Weight of
the Pendulum itftif is 17 fc. and ("during the Time that the Clock was
compared with the Tranfits of the Star) it vibrated each way from
the Perpendicular i* 451. The Magnitude of the Vibrations was efti-
mated by means of a Brafs Arc, which was fixed juft under the lower
t«d of the Rod of the PenduJum, and divided into Degrees,

~guds
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luPtéiu M took off the Wc-ighc bclo:>ging to the Ciock,
rui hu”<on another of 6 > 3/v™ Weight the Pendu-

lum vibnitedonly i° 15' on'each Side; and the Clock went ifi i
Howcr in 24 Hours, than when it's own Weight ot 12 Ib- 10 i ijz. was

*Nlijrilx'>eriment iTiews, that a fmall .Difference in .the Arcs de«
Icribed by the FenduUnr», or a fmall Alteration in the Weight chat
keeps it in Motion, will caufe no great Difference in the Duration of
file Vibrations * and therefore a little Alteration in the Tenacity ot the
Oil upon the Pivots, or in the Foulnefs of the Clock, will not caufe
it to accelerate or retard it's Motion fenfibly > from whence we may
conclude, that whatever Difference there ihalj appear to be, between
the going oi the Clock ar L™rdou and in Joncitc’N™ it muft wholly
proceed from the lengthening of the Pendulum by lleatj and the Di-
minution of the Force of Gravity upon it.

A particular written Account of the Obfervatlons and Experiments
hitherto taken Notice of, was delivered to me by Mr Graham in “ept,
1731, about the fame Time the Clock was put on Ship-boaid tobe
carried to Jamaica, He likewife fenc very full Direftions to Mr Camp™
htlU dcfcribingin what manner the Clock was to be fixed up, and how
rhe Pendulum might be reduced exa¢lly to the fame State as it was
when in Engknd\ but no Intimation was given concerning the going
of the Clock, that the Experiment might be made with all pofiible
Care, and Caution, and wuhout any Byafs, or Prejudice, in Favour of
any Hypothefis, or former Obfcrvations.

in July 1732? we received an Account of the Succefs of the Expe-
riment, by the Hands of Mr Jcjeph Harris™® who was prefent at the
making of it in Jamaica”™ whither he went the Year before with Mr
Campbell™ in order to affift him in his Defign of ereéling an Obferva-
tory for the Improvement of Aftronomy, and the promoting other
Parts of Natural Knowledge in that Ifland ; But his ill State of Health
obliging him to return into England™ he brought with him the Ori-
ginal Journal of the Obfervations of the Tranfits of two Stars'(m.
Syrius”™ [3 Cams Majoris) over the Meridian,'compared V/ich the
Clock, after it was fixed up N\ Jamaica™ as Mr had directed;
together with the Height of the Spirits of the forementioned Thermo-
meter, upon the ieveral Days of Obfervation,

The chicfof thoie Obfervations are contained in the following Table,
die lil Column whereof ihews the Day of the Month ; the 2d, the
Name of tiic Star, and the Time by the Clock of it’s obferved Tranfit
over the Meridian ; the 3d contains the Hour of the Day, when the
Thermometer was obferved, together with the Height of the Spiritat

thofe Hours; the Morning Hours being denoted by the Letter A,
and thofe-of the Afternoon, by the Letter P.

1732
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>SS,V Time of De
T752 2.S' Tranfit. Q
Jan. h /7 n h
23 N~ IX 59 50 lol A
A 12 22 14 Qj ¢
24 Cloudy. n}A
5 01 5 40 81 A
12 iS 4 094 p
26 0 H; 5313% 8 A
. jee 12 16.00 V p
o.'k 9' P
*7 0n 51 3 7 A
, Al12 13,55 -2 P
tac of f
a 1 m
og O Il {49 26 7 A
f- f 12 11 5 2 P
' 10 P
29 ~11 47 22 64 A
12 9 46 3 p
9 p
' « 7 A
30 Cloudy. 4 p
11 P
311 43 7 A
« 12 5 37 9 E
Feh. ~ 11 41 Sk 10 A
] A12 3 3 1 P
311 39 0 9 A
4 12 | 33 2 P
5 P
9 p
A1l 36 53 8T A
| P
9 P
i 11 34 46 .6? A
A Il 57 H I2
9 v/
V O L. VIII. Part .

E C H A N

S

171
»>|

20

" Si

10

171
8J

20i
Il

12
19
M i
20i
13

20
8i

i8]
16

171
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w -1
Tinic of 0O s S
IS
1732 Tranfit. A~ S i
Feb. h > n h
5 0n 32 40 T7i A 190
1l ¢ 5 3P 6
81 P 87
6 311 30 35 7 A i8i
e, Cloudy. 4 p 7\
81 P 8
{ ~n 28 3« T A 2ij
a1l o 55 12 12
~ Poogi
8 Cloudy. 6i A 217
« 11 48 50 8i P n
A1l 46 44 8 P 8
10 o 1 2212 71 A 16
A 11 44 37 11 A 10
3iP
8l P
11 3 H 20 6 7™%A 16
A1l 42 30 12 Os
8i P Sij
12 & 11 18 0 10 A 7j
Al 40 94 12 *3
8 P Si
A3 Cloud. 9 A 17
8 P 6
14 li Cloudy. 7i A 16
A1l 30 | 2 1 (
8 P 10
>3 Clouds. 9 A 18
12 <3i
8l P
16 O Cloudy. 8 A *
@ell 32 4 8 P 7
57 11 7 34 12 12_
Il 29 g9 8 P 6l
18 > 5 29 12 125
€ 11 27 s3
The Pendulum, during

this Interval, vibrated about
I® 52* each way from the
Perpendicular,

ijjj e -. The
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The Tranfits of the Stars over the Meridian, were obfcrved with
a Tclcfcope, fixed at Right Angles to an Horizontal Axis, whofc
L'nds lay exadlly Kaft and Weil ; by the turning of which Axis, the
Line of Collimation of the Telcfcope, was conftantly direftcd in the
IMBin of the Meridian.  [*his Inftrument was daily adjufted toa Mark,
rixed in the Meridian : and in the Journal, between the 2d and 3d of
February™ the following Remark was made.

N. B. | his Dity was holier than ufual® as appears by the "Thermo-
meter \ and the Tratijii Injirument had loft the Level a little™ but after we
bad adjufted it™ it pointed exactly to our Meridian Mark”™ and therefore
we are at a lofsfor the C:iufe of this Difference in the Clock,

From the foregoing Table it appears, that the Clock loft 54" 21
in 26 Revolutions of the Stars i that is, about 2» In one Revolu-
tion, the Difference from this Medium foniewhat varying, upon ac-
count of a greater, or lefs Degree of Heat on different Days.

The Mean of all -the obfcrved Heights of the Thermometer from
January 26th, to February i8th, was about 12 i Divifions. Therefore,
the DiiFerence between the mean Heigiits of the. Thermometer, at
Jamaica and London™ during the Intervals of the refpedlive Obfer-
vations, was 15 1 Divifions ; the Spirits ftanding fo much higher in
Jamaica”™ becaufe of the greater Heat in that liland.

That we might be able to judge, how much the different Degrees
of Heat, correiponding to any Number of Divifions upon this Ther-
mometer, would caufe the Clock to go flower, by lengthening it's
Pendulum, Mr Graham took Notice £f ~e loweft Point, to which
the Spirits funk ac London in the Winter, 1731; and the greateft
Height to which they rofe in the following Summer ; and comparing
the Motion of the Spirits in this Thermometer, with the Alterations
in another made with Quickfilver, which he lias for fome Years made
ufe of; he concluded, that at London the Spirits in this Thermometer
would iland (commuttihus Annis) about 60 Diviiwns higher in Summer
than in Wjnter.

By icyeral Years Experience, he has likewife found, that his Clocks
(of the fame fort with Mr Campbellh) when expoled, as ufual, to the
different Degrees of Heat and Cold of our Climate, do not vary in
their Motion above 25 or 30 Seconds in a Day.

From theié Obiérvations and Experiments therefore we may rea-
fonably conclude, that fufficient Allowance will be made for the
Lengthening of the Pendulum by Heat, if we fuppofe the Clock,
upon that Account, to go one Second in a Day flower, when the
Spirits of this Thermometer ftand two Divifions higher, and in the fame
Proportion for other Heights.

Admitting then, that the mean Height of the Thermometer, while
the Clock was compared with the Stars at Jamaica”™ exceeded that at

London
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Loftdon httwcen 15 and 20 Divifions; if we allow 8, or 9 Seconds,
upon that Account, the remaining Difference muft be wholly owing
to the Difference of the Force of Gravity in the two Places.

Upon comparing the Obfcrvations, it appears, that in one apparent
Revolution of the Stars, the Clock went 2' Off j flower in Jamaica™
than at London ; dedufting therefore 87 7, on account of the greater
Heat in Jamaica™ there remains a Difference of 587, which mufl
ncceflarily arife from the Diminution ot Gravity, in the Place ncarefl
the Equator,

| have allowed the Clock to have loft fomewhat more, on account
of the Differenceof Heat, than the mean Heights of the Thermometer
may feem to require, upon a Suppofition, that the total Heat of the
Days, compared with the Cold of the Nights, bears a greater Pro-
portion in Jamaica”™ (han London ; but if that Suppofition be not ad-
mitted, then the Clock in Jamaha”™ nifufi. have gone rather more than

58N Gra Day flower than irt England,

Mr Campbell's Obfervations were made at Black-River”™ in 18~ North
Latitude, Now if we fuppofe, with Sir L Newton™ that the Dif-
ference in the going of the Clock, is owing to the greater Elevation
of the Parts of the Earth towards the Equator, it will follow from
thefe Obfervations, and what is delivered by him in Lib, IIl. Prop.
20. of his Principia™ that the Equatorial Diameter is to the Polar, as
190 to 189 ; the Differente between them being 41k Miles-, which
IS fomewhat greater than what Sir L Ntwlon had computed from
his Theory, upon the Suppofition of an uniform Denfity in all the
Parts of the Earth.

| fhall not enter into the DIfpute about the Figure of the Earth,
but at prefent fuppofe, with Sir /, Newton”™ that the Increafc of Gra-
vity, as we recede from the Equator, is nearly as the Square of the
Sine of the Latitude ; and that the Difference tn the i.ength of Pen-
dulums, is proportional to the Augmentation, or Diminution of Gra-
vity. Upon thefe Suppofitions, | colleii from the foremcntioned Ob-
fervations, that, if the Length of a fimple Pendulum (that fwings Se-
conds at London) be 39.126 Inches, the Length ofone at the
Equator, would be 39°00, and at the Poles 39.206. And (abffrael-
ing from the Alteration on account of different Degrees of Heat™ a
Pendulum-Clock that would go true Time under the Equator, will
gain 3™M8™I- in a Day at the Poles; but the number of Seconds
which it would gam in any other Latitude, >™ould be to 48
nearly, as the Square of the Sine of that Lititude is to the Square of
the Radius ; From whence it follows ; that the Number of Seconds
which a Clock will lofe in a Day, upon it's Removal to a Place nearer
to the Equator, v-ll be to 3' 48'™ nearly, as the Diffcrencc between
the Squares of the Sines of the latitudes of the two Places to the Square
of tlit Kadius. ‘'I'hus the Difference ol the Squ.ires of the Sines of

and 1S, ihe I/.ititudcs of Londcn and IV.aik”™River dicing to
1 the
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the Square of the Radius, as 118 to 228;, the Clock will go 1i' 58/
in a Day (lower at Black-River than at London, as was found by Ob-
fcrvMliion.,

It may be hoped, that Mr Campbellh Succcfs in this Experiment,
and the little Trouble there is‘in making it, will induce thofe Gentle-
men who may hereafter carry Pcndulum-Clocks into diftanc Countries,
to attempt a Repetition of it after his manner; that is, by keeping or
reftoring the Pendulums of chcir Clocks to the lame Length in the
different Places, and carefully comparing them with the Heavens, and
ac the fame 'i'ime taking notice of the diiferent Degrees of Heat, by
means of a Thermometer. From a Variety of fuch Experiments, we
iliould be enabled to determine how far Sir I. Newton”s Theory Iis con-
formable to Truth, with much greater Certainty than from thofe Trials
which are madebyaftualiy meafuringthe Lengths of fimple Pendulums;
becaufe a Difference of y~.Parc of an Inch, in the Length of a Pen-
dulum, correfponds to in a Day ; and it being eafy to obferve
how much- a Clock gains, or lofcs in a Day, even toa iingle Second ;
it is certain, that by means of a Clock, compared in the manner above-
mentioned, we may diilinguiih a Difference (in the Lengths of Ifo-
chronal Pendulums) of 7~ of an Inch, or lefs; whereas it will
be fcarce poflibic to meafure their true Lengths, without being liable-
to a greater Error than that. Befides, by taking Notice how much a
Clock gains, or lofes, upon the falling or rifing of a Thermometer,
we can better allow for the different Degrees of Heat in this, than in
the other Method of making the Exj”eriment, by aftual Meafurement;
fince it may not be eafy to determine how much the Meafure itfelf,
which we make ufe of, will be lengthened by different Degrees of Heat.

For thefe Realbns, | efteem Mr CampbeWs Experiment to be the moft
accurate of all that have hitherto been made, and propereft to determine
the Difference of the Gravity of Bodies in different Latitudes; and
therefore | ihall fubjoin a Table, which | computed from it, containing
the Difference of the Length of a fimple Pendulum, fwinging Seconds
at the jliquaror, and at every 5th Degree of Latitude, together with
the NumbtTof Seconds that a Clock would gain in a Day, in thofe
fcveral Latitudes, fuppofing it went true, when under the Equator;
by means of which any one may readily compare other the like Ob-
fervations with his; and thereby diicover whether the Alteration of
Gravity in all Places be uniform, and agreeable to the Rule laid down
hy Sir /. Nexvton or not.

The
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The D\"trcnce 'rhe Diflfcrci'.cc

The of the LcngfS Scconds of the Length chonds

L ati of the Pendu- gained Lati- of the Pendu- gained
tlfld(la_of lum in Partsof bva tude of lum in F_'_aits of bya _
the dr Englijb Clock in tiie an Englijh Clock in
PliCC. Inch. one Day. Place, Inch. one D.iy.
Dcg [nch Seconds. Dcg. Inch. Seconds.
i 0. 0010 7 50 0. 1212 134. 0
10 0. 0062 6. 9 55 0. 1386 i53. 2
15 0. OI3S 15- 3 60 0. 1549 171. 2
20 0. 0246 26. 7 <55 0. 1696 187.5
25 0. 0369 40* S 70 0. 1824 201. 6
30 0. 0516 57- 1 75 0. 1927 213. O
35 0. 0679 75- | 80 Q. 2003 221. 4
40 0. 0853 94. 3 85 0. 2050 226.5
45 0. 1033 :114. | 90 0. 2065  22S. 3

2. The preceding Article brought to my Mind feme Experimentsxperiments

| made feme Years ago, that may be of Ule in Obfervations of this Sncerming the
Nature Vibrations of

_ ) _ _ _ Pcrndulums.
The firft that | ihall take notice of, ihall be fome Experiments | psthe late

made in the Year 1704, with excellent Inftmmcnts, concerning the W. Dcrliaro,
Vibrations of Pendulums in Vaciio *. The Sum of which is, That the P. D.
Vibrations in Facuo were larger than in the open Air™ or Receiver Eérihséfand
unexhaufted : Alfo that the Enlargement or Diminution of the Vibra- windfor.
tions, was conftantly in Proportion to the Quantity of Air, or Ra- No. 440. p.
rity, or .D”nfuy thereof, v:hich v;as left in the Receiver of the Air- 20l Jan.
Pimp. And as the Vibrations were iarger or ihorter, fo the Times 1736,
were augmented, or diminiihed accordingly; viz, 2™ in an Hour
flower, when the Vibrations were largeft, and lefs and lefs, as the Air
was re-admitted, and the Vibrations fhortened.

But notwithftanding the Times were flower, as the Vibrations were
larger, yet | had Reafon to conclude, that the Pendulum really moved
guicker in than in the”/>, becaufe the fame DifFercnce, or En-
largement of the Vibrations (as two Tenths of an Inch on a Side) would
caufe the Movement, inftead of 2 in an Hour to go 6or 71' flower
in the fame Time ; as | found by nice Experiments.

The next Experiments | ihall mention, | madeat feveral Times, In
1705, 1706, and 1712, by the Help of a good Month Piece that fwings
Scconds. The Weight that then drove it, was about 12 or 13 fc, and
it kept Time exactly by the Sun’s mean Motion : #But by hanging oji
6 tb more, the Vibrations were enlarged * yet the Clock gained but
13 or 14" in a Day.

And as the Increafe or Diminution of the Pov/er that drives tlic
Clock, doth accelerate or retard it's Motion * fo, no doubr, doih

e See Vol. IV. Part Il. Chap. I. f. 32.
Cleanncfi
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CAN//G or Vouhefs 22icQ. it, and fo doth Heat and Cold\ for all have

I'ne liil I~xpcriments liliall mention, | made in 1716 and 1718,
to tty what Efieas Heal and Cold had upon Iron Rods of the fame
t.cngtli, or as near as | could to thofe that fwing Seconds. | made my

]1'\']cninents with round Rods of about i of an Inch Diameter, and with
iquare Rods, of about 4 of an Inch Square. The Effefts on both which
were tlie fame.

At firft | took the exact Length ofthe Rods, in their natural Temper.
| 'hen | heated them as well as | could in a Smith’stire, from End to
End nearly to a Flaming Heat; by which means, they were lengthened
— of an Inch. \ quenched them in cold Water; which made
thetn of an Inch fhortcr than in their natural State.

Then | warmed them to (as near as | could guefs) the Temper of my
Body; by wliich means they were about — of an Inch longer than in
their natural Temper.

Afterwards | cooled them in aftrong frigorijick Mixture of common
Salt and Snow, which iliortened them ~ Parts ot an Inch,

Afterwards | meafured thefe Rods, when heated in an hot Stnm™
which lengthened them 77 Parts of an Inch more than theirnatural
‘I cmper.

All thefe Experiments feem to concur in refolving the Phsenomenon
of Pendulum-Clocks goingflower under the j~giiator than in the Latitudes
from it: But yet lconfefs, that | have too good an Opinion of Sir
I. Newton*”* Notion of tlie Sphreroidal Figure of cheEarthy to part cafily
with it; and therefore | leave it to the Confideration of others, how,
far the Figure of the Earth, ana how far Heat aria Cold, ana the Rarity
and Dcnfity ofthe Air, are concerned inthat Phsenomenon.

Jn Aaouni of  IV. 1. The two Clocks upon which the following Obfervations were
being dcfigned for Regulators, particular Care was taken to
PtnJul™® with all poiTible Exaflnefs: The two Pendulums

CUcis avire Wwere Jiung in a manner different from what is ufual; and fo difpofed,
obfirved to  that-the Wheels might aft upon them with more Advantage. Upon
found not only to move with greater Freedom than

lohn Nicott, common, but an heavier Pendulum was kept in Motion byafmaller
'E R. S. No/ Weight. They were in every refpeft made as near alike as pofiible.
453; P; 126. The Bail ofeachofthe Pendulums weighed above 23 ib ; and required
to be moved about | 5™from the Perpendicular, before the Teeth of tTie
nox fwing Wheel would fcape free of the Pallets ; that is, before the Clocks
would be fet a-going. The Weight to eacli was 3 ife, which would
ciiufe either of the Pendulums in their Vibrations to defcrit>c an Arch
of 3°. The two Clocks were each in Cafes, which fliut very clofe, and
placed Sideways to one another, fo near that when the Pendulums were
a™ Reft, they were little more than about 2 Feet afunder. The odd
PN /i1 ;<;0bferved in them were thefe: In leis than 2 Hours after they

were fet a-going, one of them (which I call N® 1i,) was found to ftop ;
and
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and when fct a-going again, (as it was fcveral times) would never con-
tinue going two Hours together. As it liad always kept going with
great Freedom, before the other Clock (which 1 call 2.) wjs placed
near it, this led me to conceive it’'s Hopping muft be owing to fome
InHuence the Motion ofone of the Pendulums had upon the other; and
upon watching them more narrowly, | found the Motion of N® 2. to
increafe as N® 1. diminiihed \ and at the time N® i. flopped, 2.
defcribed an Arch of 5°, that is nearly 2™ more than it would have
done, ifthe other had not been near it, and more than it did move in a
iliort time after the other Pendulum came to be at Red : This made me
iImagine that they had a mutual Influence upon cach other. Upon this
| ftopped the Pendulum of N® 2. leaving it quite at Reft, and fet
N® 1. a-going, the Pendulum defcribing as large an Archas the Cafe
would permit, viz. about 5& In about 20 Minutes after, I went to
obferve whether there was any Motion communicated to the Pendulum
2. when, to my great Surprize, | found the Clock going, and the Pen-
dulum to delcribe an Arch of 3®, whereas at the fame time i. did
not move 4® In about half an Hour after, I. ftopped, and the
Motion of N“ 2. was increafed to very near 5® | then ftopped N' 2.
a fccond time, and fet I. a-going, as before; and ftanding to
obferve them, | prefendy found the Pendulum of N° 2. to begin to
move, and the Motion to increafe gradually, till in 17M0™ it defcribed
an Arch of 2» lo*, at which time the Wheel difcharging itfclf of the
PaUcK, the Clock went. The Arches of the Vibrations continued tp
increafe, till (as in the former Experiment) the Pendulum moved 5™ ;

the Motion of the Pendulum N*' i. gradually decreafing all the while,
as die other increafed ; and in three Quarters of an Hour after, it ftopped,
| then left the Pendulum of I. at Reft, and fet N® 2. a-going,

making itdefcribe an Arch of 5®; it continued to vibrate lefs and lefs,
till it defcribed but about 3° ; in which Arch it continued to move all
the time | obferved it, which was feveral Hours. The Pendulum oi
N® 1. feemed but little affeiled by die Motion of N® 2. | tried thefe
Experiments feveral times over, without finding any remarkable
Difference. The freer the Room was from any Motion (as Peoples
walking about init, Csfi.) | found the Experiments to fucceed the better

and once 1 found 2. fet a-going in 16~ 20" and N® i, at that
lime ftopped in 36' 40'"
2. In my former Account | took Notice, that the two Clocks were

In fcparate Cafes, and that the Backs of them refted againft the fame /fr~ctions ani
Rail; that the Pendulums, when at Reft, were about 2 Feet afiindcr,
and weighed about 23 tb each, and were made to move with i'uch I-'ree-
dom, that a Weight of 3 ib would caufe cither of the Pendulums to
defcribc an Arch of three Degrees. 'I'ne moft remarkable Particulars
then obferved in them were thefe: 1fthe Pendulum ofone of the Clocks,
which (for Diftindion fake) | called N° 2. was loft at Reft, and that
of the other, which lIcalled N° i. was fet a-going, this would, inabout

16 Min LLLV

Nnco
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16 Minutes, communicate fo great a Quantity of Motion to N® 2. as
would make it's Pendulum dcicribe an Arch of above two Degrees,
and would fet the Work a-going: That the Motion of the Pendulum of

I.-conftantlydecreafedasthatofN® 2. increafed, and after about 30
Minutes it did not defcribc an Arch fufficient to free the Teeth of the
Wheel from the Pallets, fo that the Clock ftopiml. At the fame time

the Pendulum of 2. dcfcribed an Arch of five Degrees, which was
two Degrees more than it would have done, had it not been affefted by
the Motion of N° i. Upon leaving the Pendulum of I. at Reft,

and fcttingN*™ 2. a-going, the Pendulum of N® i. was”™found tobe
but little aftccled, and never moved fufficiently to fet the Work a-going,
'I'nefc feemingly different Effens, which the two Clocks had upon each
other, | (hall now endeavour to account for.

The Manner in which the Motion iscommunicated to the Pendulum
at Reft, lconceive to be thus: As the Pendulums are very heavy, when
either of them is fet a going, it occafions by it's Vibrations a very fmall
Motion, not only in the Cafe the Clock is fixed in, but, in a greater
or kffer Degree, in every thing it touches; and this Motion is com-
municated to the other Clock, by means of the Rail, againft which both
the Cafes bear. The Motion thus communicated, which is too fmall
to be difcovered but by means of fome fuch-like Experiments asthefe,
will, | doubt not, be judged by many, infufficient to make fo heavy a
Pendulum deicribe an Arch of 2°, or large enough to fetthe Worka-
going i and indeed it would be fo, but for the very great Freedom with
which the Pendulum is made to move, arifing from the Manner in which
it Ishung. This appears from the very fmall Weight required to keep
it going, which, when the Clock was firftput together, was little more
than one fc. And if the Weight was taken off, and the Pendulum
madero fwing two Degrees, it would make 1200 Vibrations before it
decreafed halfa Degree, fo that it would not lofe the part of an
Inch in each Vibration. Indeed if the Weight was hung on, the
Fridion would be increafed, and the Pendulum would not move quite
fo freely j but even in that Cafe it was found to lofe but little more than
the part of an Inch, or about three Seconds of a Degree, in one
Vibration-, and therefore if the Motion communicated to it from the
other, will make it defcribe an Arch exceeding 3™ the Vibrations muft
continually increafe till the Work is feta-going. And that the Motion
s communicatcd in the manner above fuppoled, is confirmed by the
following Experiments:

A Prop was fet againft the Back of the Cafe of 2. to prevent it’s bear-
ing againft the Rail; and N ° 1. was ftt a-going ; then obferving them for
iLvcrai Hours, Icould not perceive the leaft Motion communicated toN°2.
| then lat both the Clocks a-going, and they continued going feveral
Days; but I could not find they had any Influence upon each other. In-
iUad of the Prop againft the Back ot the Cafe, | putWedges under the Bot-
tomstii both the Cafes, to prevent their bearing againft the Rail; andftuck

a Piece
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a Piece of Wood between them, juft tight enough to fupport it*sowa
Weight. Then fetting N° 1. a-going, | found the Influence fo much
increafed, that N® 2. was feta-going in lefs than fix Minutes, and N" 1.
flopped in about fix Minutes after. In order to try what Difference
would arife, if the Clocks were fixed on a more folid Floor, 1 placed
them (exaftly in the fame manner as in the laft Experiment) upon the
Stone Pavement under the Piazza’s of the Royal Exchange™ and fluck

the Piece of Wood between them, as before i and fetting I. a-gohig,
the only Difference | could perceive, was, that ic was 15 Minutes be-
fore 2. was fet a-going, and I. continued going near half an

Hour before it flopped. From thefe Experiments 1 think it plainly
appears, that the Pendulum which is put in Motion, as it moves towards
either fide of the Cafe, makes the Preffure upon the Feet of the Cafe
to be unequal, and, by it's Weight, occafions a fmall Bearing or Motion
in the Cafe on that Side towards which the Pendulum is moving; and
which, by the Interpoficion of any folid Body, will be communicated
to the other Clock, whofe Pendulum was left at Reft. The only Ob-
jeftion to this, | conceive, is the difi'erent EfFefts which the two Pen-
dulums feemed to have upon each ocher. But this 1 hope to explain to
Satisfadlion.

For, notwithftanding thefe different Effedls, | foon found, by
feveral Experiments, that the two Clocks mutually affedled each other,
and in the fame Manner, though not with equal Force; and that the
Varieties obferved in their Aftions upon each other, arofe from the un-
equal Lengths of their Pendulums only.

For, upon moving one of the Clocks to another Part of the Room,
and fetting them both a-going, | fofind that 2. gained of N® 1.
about one Minute 36 Seconds in 24 Hours. Then fixing both againft
the Rail, as at firft, | fet them a-going, and made the Pendulums to
vibrate about four Degrees ; but | foon obferved that of I. to increafe
and that of N® 2. to dccreafe; and in a fliort time it did not defcribe
an Arch large enough to keep the Wheels in Motion. la a little time
alter it began to increafe again, and in a few Minutes it defcribid an
Archoftvvo Degrees, and the Clock went. It’s Vibrations continued
to increafe for a confiderable Time, but it never vibrated four Degrees»
as when firft fet a-going, WHhilft the Vibrations of 2. increaled,
thofe ot 1. decreafed, till the Clock ftopped, and the Pendulum
did not defcribe an Arch of more than one Degree 30 Minutes Ic then
bc*gan to increafe again, and 2. decreafed, and ftopped a fecond
time, but was fee a-going again, as before. After this s, flopped
a fecond time, and the Vibrations continued to decreaie til! the Pendu-
lum was almoft at Reft. It afterwards increafed a fmall matter, but
not fufficiently to fet the Work a-going. But 2. continued going,
ii’s Pendulum defcribing an Arch of about three Degrees.

Finding them to acl thus muiually and alternately upon each other,
| fet them both a-going a fecond time, and made the Pendulun:s

VOL. VIII. Parti. K k dcfcribe
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defcribe as large Arches as the Cafes would permit. During this EX.
perimenr, as in the former, | fometimes found the one, and at other
times the contrary Pendulum to make the largeft Vibrations. But as
they had fo large a Quantity of Motion given them at firil, neither of
them loft fo much during the Period it was adted upon by the other, as
to have it's Work (topped, but both continued going for feveral Days
without varying one Second from each ocher; though when at a Diftance,
as was before obftrved, they varied one Minute 36 Seconds in 24 Hours.
Whilft they continued thus going together, | compared them with a
third Clock, and found that N° i. went 1j" fiifter, and N° 2.
19" flower, than they did when placed at a Diftance, fo as to have no
Influence upon each ocher.

Upon altering the Lengths of the Pendulums, 1 found the Period
in which their Motions increafed and decreafed, by tlieir mutual Ailion
upon each other, was changed; and would be prolonged as the Pen-
dulums came nearer to an Equality, which from the Nature of the
A¢lion it was reafonable to expe6t it would. This difcovers the Reafon
why the Pendulum of N® 2. when leftat Reft, would be fee a-going
by the Motion of N® i. w'hereas if I. was leit at Reft, it would
not be fet a-going again by the Motion of N° 2.

For | found by feveral Experiments, that the fame Pendulum, wYen
kept in Motion by a Weight, would gofafter, than when it only moved
by it's own Gravity. On this Principle, which may eafily be account-
ed for, itfollows, that duringthe Time inwhich the iliorteft Pendulum,
N° 2. was only adled upon by N° i, it would move flower, and the
Times of it’s Vibrations approach nearer to an Equality with thofe of
N ° 1. than after it came to be kept in Motion by the Weight j and by
this means the Time which N® r. would continue toadt upon it, would
be prolonged, and be more than was required to make the Pendulum
defcribe an Arch fufficient to fet the Work a-going. But on the contrary,
while the Pendulum of N® i. which was the longeft, was only adled
upon by N° 2. as it would move flower, the Difference of the Times
of the Vibrations would be increafed; and confequently the Time which
N® 2. would continuero a£l upon it, would for this Caufe beihortcned,

fo that before the Pendulum of I. would defcribe an Arch fufficient
to fet the Work a-going, the Period of it's being afted upon would be
ended, and it would begin toadl upon 2. at which time it's Vibra-

tions would immediately decreafe, and continuero do fo till it came
to be almoft at Reft. And thus it would continue fometimes to move
more, and at other times lefs, but never fufficiently to fee the Clock
a-going.

The Method ufed in difcovcring the centrifugal Force has always
been, to compare Obfcrvations made in Countries lying atavaft Diftance
from each other. But I have begun to think, whether the fame end

obtained, tho’ there was no Diftance of Country between

the Obfervations made, But in order to explain my Thoughts the more-
cafilv>
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cafily, | fliall begin with mentioning what the learned Hi*'gens has laid annesMarchio
down, in his Dijfertation on the Caufe of Gravity, when lie endeavoured

to diicover how much a Pendulum ought to be fliortened, which is

carricd from France to the Equator. But as his Figure is fo confirudted, Jan. 1742 j.
that all the Lines fecm to be in the fame Plane, 1 have endeavoured to Fig. 93.
form a new Scheme to reprcfcnt fcenographically a Part of an armillary

Sphere, which will help the Imagination better, and at the fame Time

be more convenient for the Addition of thofe Parts,, which ferve to

explain what | propofe.

~he Circle P A QJE (fays Huygens) reprefents the Earthy cut by a Plane
pajftngtbro* each Pole P (~(therefore this Circle will be a Meridian), ~he
Centre is C :the Equino™ial Circle E F A G-: The PardlelofParisD N O :
Paris D: K H rsfrefents a Rope fuftaining a Uaden IVeight Fi: wilArh
recedes from the Perpendicular K D C, bccaufe it is troUDu hack by the
circular Motion”™ according to the Line D M, “udhbich Ifuppofe to pafs thro™
the IVeight H. Now D M s a Tangent to the Circle 1) N U, the
Parallel of PariSy in the Point D.

Now if we would know what Jhould be the Situation of the thread K H,
and how mub lefs the Lead H Jhould gravitate™ than if it bung perpendi-
cuhirly according to K D, we tnujl conftdcr the Point H, as if drawn by
3Threads Il C, H M, U K ; ofwhich I1C draws toward the Centre of
the Earth with the whole IVeight which the Plummet would have, ifthe
Earthfloodjlill: H M draws according to it*s proper DireSfion’® with the
(centrifugal) Forcegiven by the Motion of the Earthy in the Circle D N O :
and Il K drawn”™ or draws”™with that Force which isfought. Therefore
if C 11 be produced™ and K I, draivn parallelto D M, it is known that
the 3 Sides of the Triangle H L K arc proportional to the Powers which
draw the Point |i ¢ and that the Side L H a?tfwers that which draws
N li Ci theSide K L that xvbicb draws H M ; and the Side H K
tothat which draws or fujtains the Plummet by the Thread K H. But the
Triangle K D U is imagined to have it's Sides equal to the Sides of the
Triangle H L K * becaufe C H L isas it wereparallelC D K. There-
fore the Sides of the Triangle K D H anfwer to the fame Powers : namely®
the Side K D to the abfoltue Gravity of the'Weight H, which it would bawvc™
i f the Earth flood immoveable ; D H to the Power which the daily Motion
(producing the centrifugal Force by the Tangent D M) gives it; and
K H to the Gravity fought. But I confider the Power of the centrifugal
Force, namely that which anfwers to the Tangent D H.

Thus far I have laid down from Huygens's Method what greatly relat-
ed to my Purpofe ; but fo far only as is neceffary to confuUr the Plummet
H, as drawn by the 3 Threads H C, H M, H K ; when the Plum-
met H is held immoveable by thefe 3 Threads, or by thefe 3 Powers.
Hut if it muft be moved j that is, if the Pendulum ofcillates m1 ilifpeft
that new Confiderations muft be had ofthat Motion of Ofcillation: There-
fore 1 flull make a ftcp towards them, and now treat of the Parts, which
muft bcadded to the Figure.

K k 2 But
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But before | fpeak of thefe, | ihall obferve, that | have made ufe oFa
Figure accurately formed of folid Parts of athicker iron Wire. | ihall
alfo obferve (confidering the Hypothefn of the Earth’s being moved) that
one and the fame Arch is not perfedly defcribed in the fame Plane, In
one Ofculation of the Pendulum™ from it*s Centre ¢ and at the fame time,
as the differences thence arifing do not difturb my Purpofe, that | may
f:ifciy ncgk'ct them.

With regard.to my Figure, | defire it may be perfedly underilood,
that thro’ the Point M a Plane is drawn parallel to the Meridian
P A QME, and that in this Plane an Arch is marked B T V ; which,
when the Pendulum K 11 ofcillates in fucha manner, that the Centre of
the Plummet H never departs from that Plane, would be defcribed by
the fame Centre in the fame Plane. Let this Arch B T V be called the
firit Arch.

Then imagine another Plane to be extended thro’ the Tangent D M
and the Radius D C, and the ArchR | S to be delineated on this Plane,
whicii, when the Pendulum K FI ofcillates in fuch a manner, that the
Centre of the Plummet H never departs from this Plane, would be de-
fcribed from the fame Centre in this Plane. Now it is manifeft, that
thofe 2 Arches B T V, R IS intcrfeft each other in riglit Angles
at H.

Tlifefe things being thus laid down, two Cafes worthy of particular
Attention occur; or 2 Diredions of ofcillating Pendulums arc chiefly to
be confidered : one by the firft Arch B T V, the other by the fe-
cond R I S.

As to the firft; when the Pendulum ofcillating by the firil Arch
BTV, is moved in a Plane which is always equidiftant, by the Space
of the Length of the Line D H, or is always fo much diftant as the
value of the whole centrifugal Force by the Tangent D H ; it feems to
be clear in this cafe, that the Power of the centrifugal Force by D H,
the Power of the Gravity by FI C, and the Power of the Thread by
H K, notwithftanding the Ofcillation of the Pendulum, are always
tempered together by the fame Proportion, which Huygens has explain-
ed, ferving alfo to keep the Pendulum immoveable, as | mentioned
before.

As to the other; in which the Pendulum is moved by the fecond
Arch R | S in the iime Plane, in which the Line ofDirefiion of the
centrifugal Force isD M. In this Cafe that Force does not feem to aft,
fo as to endeavour to draw the Centre of the Plummet H from this
it's Plane; but whilft the Pendulum tends from R to S, this Force feems
alfo (as it ads in the fame Plane by it's Direélion frorth D to M) to concur
m increafing the Motion of the Pendulum. But, on the contrary, whilft
the P~Mdulum retires from S to R, that Force feems, by it's Direftion
from D toM, to retard the Motion of the Pendulum.

Therefore the proper Motion of the Pendulum, or that which would
be referred to one central Gravity aeling according toD C, in the firft

Cafe
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'‘Cafe of the Excurfion by the Arch BTV, is varied by the centrifugal
Force, bccaufe it is affefled by the Motion arifing thro' D H, from
that centrifugal Force, with which Morion it muft neceflarily be com-
pounded. But in the fecond Cafe of the Excurfion by the Arch R I S,
it Isvaried, becaufe in one entire Excurfion towards, it is acccleratcd
by the fame Force, direded from D to M v but it is retarded alfo by
the fame Force in the contrary return towards the oppofice Side R.

Therefore as it feams confonanc both to Reafon and Calculation, that
the Variation made in the Arch BT V is not equalled by that made
inthe Arch R I Sj it alfo becomes probable, that there mufl: be fome
difference between thofe 2 Cafes, namely, between the Motions of an
ofcillating Pendulum according to the fecond Arch R I S, and thofe
according to the firft ArchBTV,

Thefr few things being now propofed, I have fufficiently ihewn what
| think | have difcovered, by the Obfervation of that difference. For
| think | have difcovered a Method of finding, by the help oi Obferva-
tions, fomething about the centrifugal Force, which has been applied
to the Rotation of the Earth about it's own Axis, tho’ no Alteration
of Piacc is made between the making of the Obfervations.

To the Cafe of the firft Arch will anfwer a Pendulum placed upon
any Meridian Line, fo that the Ofcillations may be made as near as
poffible according to that Line: And to the Cafe of the fecond Arch
a Pendulum will be accommodated, ifitis (b placed, that the Line of
the Ofcillations is at right Angles with the Meridian Line. We might
have longer Pendulums to our Clocks for fuch Experiments, namely,
of the Length of 9 horary Feet.

VI. Dr Jursn having propofed * two Queftions in Gunnery to be
examined, the Society was pleafed to appoint a Committee for that the Conmittee
Purpofe. ' i”~oyal

The Queilions were. Society ap-

1. Whether all the Powder of the Charge be fired™ before the Bullet
fenfibly movedfrom it*s Place ? ejiionNin

2. Whether the Dijlance to which the Bullet is throom™ may not become No.

greater or lefs™ by changitfg the Form of the Chamber”™ though the Chargeof 175 ~ *72-

Povcder and all other Circumftances continue unchanged? N N
At'the Meeting of the Committee it was propofed to divide the Firft

Queftion into two Parts.

1. Whether all the Powder ofthe Charge befired ?
2. Whether all the Potvder that isfired™ be fired before the Btdlct is

fenfinly movedfrom ii*s Place ?
As to the Firft part of the Firft Queftion, the Committee are of.

Opinion™ that all the Powder of the Charge is notfired.
They found their Opinion upon the following Experiments:

e Jane 24.. 1742.
Piecca '
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