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THE

PR EE A C-E

HE principal charaéteriftic which dif-

tinguithes the human being from the
reft of the animal creation, is the inheritance
of knowledge, which the individuals of each
generation are able to derive from their pre-
deceflors,

The bee of modern times forms the cells
of its hive exatily of the fame fhape as the

ce of the remoteft antiquity; each {pecies of
birds builds its neft after the {ame unalterable
pattern, and fings the fame invariable melody.
The theep of the prefent day has no better
defence 3 againft the wolf; nor has the fly ammﬁ
the fpider, nor the fmaller birds acmuﬁ the

eagle, than the like animals of former times.
Thf. {ame w

ants, {imilar dangers, the like de-
fets

» and unalterable cuflor ms, are-the conftant
a :
ttendants of each dif trerent tribe ; nor is any

A 2 individual
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individual benefited by the experience or by
the improvements of all its predeceffors.

Man alone has received from his Divine
Creator the ineftimable advantage of being
benefited by the knowledge of his forefathers,
and of his being able to bequeath that know-
ledge, together with his own improvements,
to his pofterity.

The .accumulated experience of a long fe-
ries of years, accurately recorded in a vaft many
books, or traditionally imparted from one ge-
neration to the other, gradually exalts the
{tate of human beings, fupplics their wants,
increafes their fecurity, and promotes their
happinefs. The plough, the loom, the forge,
the prefs, the glafs-houfe, and innumerable
other ufeful mnventions of our predeceflors,
fucceflively improved by conftant ufe and ex-
perierice, form the invaluable advantages of
modern times; and their combined effed,
altually elevates the individuals of a medern
civilized nation, fo far above the uninftruéted
favages, as might almoft {feem to render them
of a different fpecies.

g+ 1l That




PREFACE v

That experience, properly difpofed under
diftiné heads, forms the various fubjeéts of
knowledge. The arrangement, and the elu-
cidation of each particular fubjeét, is called a
Science. The ultimate or the praétical appli-
cation of it is called an Art.

Arts and {ciences are too numerous and too
extended, to be comprehended in their greateft
extent by each fingle individual: hence is
derived the divifion of labour, or the adop-
tion of a particular branch by each fingle
individual. But all thofe branches derive their
origin from the fame natural powers, they
are all in their principles regulated by the fame
general laws of Nature, and almoft all their
applications may be fubjefted to calculation
and demonfiration. The inveftigation of their
origin, and of their mutual dependence oneach
other, the illuftration of their principles, the
methods of enlarging their limits by means of
€xperiments and calculation, and their appli-
cation to our various wants, fall under the title
of NATURAL or ExpERIMENTAL PHILOSO-
*HY, the ELemenTs of which form the fub-
Je& of this Work,

%3 In
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In the courfe of the laft twenty or thirty
centuries, dumv which time (as written do-
cuments inform us) more or lefs attentive ob-
fervations have been made on the properties
of natural bodies, various theories have been
formed, or different ideas have been enter-
tained concerning the nature of thofe bodies,
or concerning the general fubject of Natural
Philofophy ; but the {fmall proportion of real
fadts, and the vaftly greater proportion of
vague and unwarrantable ideas which formed
thofe theories, rendered them always infuffi-
cient, and frequently abfurd ; whence confu-
fion of ideas, and retardation of {tience, natu-
rally enfued.

The nature and the fate of thofe theorics
gradually cautioned the judicious part of the
inguifitive v\-orld, and fhewed them the ne-
ceflity of {ub Luatmo experiments and {trict

mathematical rcdif.:nmg to the fuggeftions of

the imagination. This rational reform, or
cautious mede of proceeding, fince the 16th
century, has been 1‘)1'oduéh\c of a vaft num-
ber of ufeful difcoveries; and, by its having
placed the progrefs of {cience in the right
channel,
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chanpel, has enabled philofophers to trace out
the principles of {everal of its branches, to
invef‘tigate divers new fubjeéts, and to open
new paths to the inexhauftible treafures of
hature.

The progrefs of experimental inveftigation,
and the mathematical mode of reafoning, are
both flow and laborious; but they are fafe,
and produétive of true and ufeful knowledge:
nor has the human being any other means of
feeling his way through the dark labyrinth of
Nature. It is wonderful to obferve what ma-
hual labour, and what exalted exertions of the
human mind, have been beftowed upon the va-
1i0us. brapches of Natural Philofophy, Thofe
Profound inquiries, fometimes fruitlef(s, and at
oOther times either direétly or indireétly fuccefs-
ful, alternately difplay the ftrength and the
weaknefs of the human underftanding ; but
upon. the whole, it muft be acknowledged that
wonderful improvements have undoubtedly
been derived from thofe extraordinary exer-
tions ; and the progrefs of fcience within the
%aﬁ two centuries has certainly advanced with
increafing velocity.

A 4 It
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It is not my intention to deceive the reader
by afferting, that I have rendered all the prin-
ciples of Natural Philofophy intelligible to the
meaneft capacity ; for in that cafe, I fhould
either have been obliged to omit the more
abftrufe branches of philofophy, or the fallacy
of the affertion would be rendered fraringly
manifeft in feveral of the following pages,
Original difcoveries of faéls, or principles or
laws of nature, arc generally made through
intricate and perplexed paths. By {fubfequent
revifion and confideration, the {uperfluous is
removed, the defeétive is fupplied, and the
confufed materials are properly arranged 3
whence the train of reafoning frequently be-
comes fhorter and more natural, or the
nature of the fubjeét is rendered more evi-
dent and more intelligible. But this fimplifi-
cation has a limit which differs in different
fubje€ts; nor can the comprehenfion of what
depends upon a vaft number of previous ideas,
mathematically conne@®ed, be rendered at-
tainable to fuch perfons as are deftitute of
fuch ideas, or whofe mind is incapable of re-
taning the neceflary chain of reafoning,

By
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By following the example of the cleareft
Writers, and by confidering each particular
fubje& in different points of view, I have en-
deavoured to explain it with all the fimplicity
and the clearnefs which my flender abality
could fuggeft, In feveral places I have avorded
fome abftrufe technical formalities of order
or phrafeology, and have preferred familiar
expreffions wherever it appeared praéticable ;
but when the fubjeét feemed lefs likely to
be comprehended by the greatet number of
readers, I have always placed it in the Notes,
where thofe only who are competently qua-
lified may read it. And here it muft be
obferved, that, for the fake of diftinétion,
the references from the text to thefe notes,
confift of the common numerical figures;
Whereas the references to other notes con-
taining quotations., additional remarks, &c.
confift of afterifims, or fuch like marks.

A few repetitions, which the reader will
meet with in the courfe of the work, will, I
trull, be eafily excufed, confidering that they
have been thought neceflary for promoting
the elucidation of particular fubjefts. With

refpeét
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refpect to the termination of certain words of
an entire Latin origin, it muft be obferved that
I have indifcriminately written them either
with a Latin or with an Englifh termination,
fuch as radii and radiufes, media and meidums,
&c. for having found them ufed both ways
by different writers, T was unwilling to adopt
a decided partiality for either mode.

With refpett to the difpofition of the ma-
terials throughout the work, it may perhaps
be neceflary to mention, that my rule has
been to begin with the general properties of
matter, or fuch as conftant experience fhews
to belong to bodies of every kind. [ have
afterwards proceeded to examine thofe which
belong to a particular fet of bodies, and then
thofe of fewer or of fingle bodies.

The aftronomical part has been naturally
placed after the ftatement of the above-
mentioned properties, fince the knowledge
of the appearances of the celeftial bodies is
not fo immediately concerned with our wel-
fare, as that of the fubftances which nearly

¥ furround
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furroung us, and of which our very bodies
are formed.,

In the illuftration of the various branches,
a multiplicity of experiments and extended
hiftorical accounts have been carefully avoid-
ed, left the ftatement of fuperfluities thould
have occupied the place of ufeful materials.
The different fubjeéts of Natural Philofophy
cannot be rendered {ufficiently intelligible
without a certain extent of explanation ; but
at the {fame time their number would render
the work too extenfive, if the limits of ab-
folute neceflity were not carefully preferved.
In this, however, the Author is expofed to a
dangerous dilemma, as the fame illuftration
which proves prolix to certain readers, is in-
fufficient for others. Different views of the
{fame abfirufe fubjeét, though tedious to the
proficient, are undoubtedly of great affiftance
to the novice. In this cafe the limits of
fufﬁciency or of infufficiency are vague and
iddeterrninate; and whilft they tend to per-
]_)lex the author, they afford, according to the
mclination of the reader, ample icope for
criticifm or fatisfaflion. Natural order, ac-

curacy
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curacy of ftatements, perlpicuity, and con-
cifenefs, have been the conftant objeéts of my
views in the compilation of this- work, I
have endeavoured to feleét from multiplicity,
and to remove ‘obfcurity., In certain places
I have added new fafls, in others I have
fearched for new and true cxplanations_of
natural effefts. I have pointed out the de-
fects of {feveral particulars, and have recom-
mended the elucidation of the fame to the
diligence of zealous fludents. But whether or
not the performance is fufficiently conforma-
ble to thofe views, I humbly {ubmit it to the
decifion of the impartial and dif’tinguifhing
part of my readers.

As this work is likely to fall into various
hands, it may perhaps be ufeful to add a few
remarks and a few dire€tions for the uft, not
of the proficient, but of thofe to whom the
fubject is either partially or entirely new, in
order that unprofitable labour, or extravegant
éxpﬁé"i'ations, may in great meafure be avoided.

Of the vatious readers of books in general,
I thall briefly attempt to difcriminate the fol-

]owmg
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lowin g claffes. There are fome who imagine
that the fame velocity of reading is fufficient
for a novel, or a poetical, or an hiftorical, or
a {cientific book ; and when they find that
they are not able to comprehend the latter,
they conclude either that ‘the author is ob-
fcure, or that they themfelves have not capa-
city fufficient for it. Others imagine that a
fingle careful perufal of a {cientific book is
fufficient to inftruét them in a new fubjeét.
Laftly, there are others who never proceed to
the next page, unlefs they have thoroughly
underftood the preceding part of the work.
This method, in the reading of natural phi-
lofophy, though very proper, is by no means
very pleafing, and generally tires the fludent
before he has read a quarter of the work.

Where a great many new ideas muft be
acquired, .much attention muft be neceffarily
beftowed.  Therefore, in .the reading of
novels or poetry, the only exertion of the
mind which is required for a fatisfattory
perufal, is the conne&®ion of the different
Parts or accounts, and a tolerable degree of
attension to the beauties of the performance

which
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which arife from the {tyle and the imagination
of the writer ; for with refpect to faéts and
the meaning of words, they are fo much.like
the occurrences of common life, as never to
demand any exertion of the underftanding.
Nearly the fame thing may be faid with re-
{pett to the reading of hiftory. = But with
fcientific {ubje@ts the cafe is quite different s
for in them the great variety of new things
and new ideas, to which words of uncommon
ufe have been appropriated, and their depend-
ance upon each other, or upon faéls of unufual
occurrence, demand a continual exertion both
of the memory and 'of the underftanding 5
which, unlefs it be relieved by means of
order, patience, and a competent allowance
of time, will certainly prove irkfome to moft
ftudents. ;

Therefore on thofe accounts I beg leave to
recommend ‘the foilowing method. Let the

novice in the {tiudy of natural philofonhy read
this work a firlt E‘if!':w-';‘, tather ‘> but
without perufing thofe notes w hich, as has

been remarked above, havé a numerical re-
ference, nor car g, as he proceeds, whether

he
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he does ‘or does not thoroughly underftand
or remember all the particulars. By this
means he will acquire a ﬂiperﬂcial idea of
the fubjeét, the meaning of feveral words
will become familiar to him, and he will
n all probability be delighted by the various
and wonderful properties of the material
world. - He may then commence a fecond
perufal, proceeding rather {lower, endeavour-
mg thoroughly to underftand every part,
and every figurc of the plates, and examin-
ing, according to his ability, 4 greater ora
lefler part of the notes. During this fe-
cond perufal, it would be highly ufeful to
attend a courfe of experimental leftures;
for by this means the various objeéls, ma-
chines, actions, &c. will be eafily and per-
manently fixed in his mind.

Duriﬂg this fecond reading he thould pay
particular attention to the numerous techni-
cal words, the meanming of which, whenever
he forgets them, may be eafily found out by
recurring to the Index at the end of the work,
Which has for this purpofe been rendered

much




"Vl P RETY ACE.

much more copious than’ is cuftomary for
books of this kind. = Laftly, the ftudent may
read over a third time, or oftener, fuch parts
H only of the work as his particular inclination,

or his underftanding ‘or his memory may ren-
b der neceffary.

i

WELLS STREET,
I8, 1t i8ag,




xvii

THE

CONTENTS.

VOLUME 1L

Chapter . OF NATURAL PHILOSOPHY.—Its
name; its object; its axioms, and the rules of philo-
fophizing - - - - - =  page ¥

Chap. II. Containing 2 general idea of matter, and its pro-
perties.  Of the elements, and the definitions of words
that are principally ufed in Natural Philofophy - 10

Chap. IIT. Of the general or common properties of
matter . _ = g i) AR s

Chap. 1V, Of motion in general, the laws of motion, and
the properties of fimple motion - - - - 40

Chap, V. Of the motion arifing from centripetal, and cen-

trifugal forces ; and of the centre of gravity -~ - S4

Chap. VI. The method of afcertaining the fituation of the

centre of gravity, and an enumeration of its principal
properties - = - L = — = 9A

Chap. VII. The theory of percutient bodies that move
With equable motion 5 e - - o1

Vou 1, _ b Chap.




xKviil

CONTENTS.

Chap. VIII. Of compound motion; of the compofition
and refolution of forces ; and cf oblique impulfes p. 114

Chap. IX. Of curvilinear motion < . < T34
Chap. X. Of the defcent of bodies upon inclined planes;
and the do&rine of pendulums - - - 164
Chap. X1, Of the centre of ofcillation, and centre of per-
cuffion - - - - - - - 200
Chap. XII. Of the mechanical powers " = - - 218

Chap. XIII.' Of compound engines ; of the moving powers ;
and of friction - .- e = = - 253

Chap. XIV. Defeription of the principal machines which
are neceflary to illuftrate the doétrine of motion; and of
their particular ufe - - - = L o8o

Chap. XV, Containing the application of fome parts of
the foregoing dotrine of motion; with remarks on the
conftruction of wheel carriages -, - - 323

Chap. XVI. Of projediles - - - 338

' O_L UME




€ ONTENTS xix

VOLUME II

Part 11. Of ke peculiar ProPERTIES of
Bopiges, p. 1.

Chap. I. Containing an enumeration of the various known
bodies of the univerfe, under general and comprehenfive

appellations - - - - p- S
Chap. 1I. Of hydraftatics - - - 21
Chap, IIL. Of the fpecific gravities of bodies - - 52

Chap. I'V. Of the aftions of non-elaftic fluids in motion 99
Chap. V. Of the attra&ion of cohefion, or capiliary attrac-

tion, and of the attrattion of aggregation - - y16
TChap. VI. Of the motion of the waves - - - 150
Chap. VI OFf the motion of fluids through holes, pipes,
canals, &c. - - - - 166

Chap, VIII. OFf pneumatics, or of permancntly elaftic
fluids ; of the atmofpherical air, and of the barometer 198
Chap, IX. Of the denfity and altitude of the atmofphere,
together with the method of meafuring altitudes by means

of barometrical obfervations - - - 226
Chap, X, Of the air in motion, or of the wind - 279
Chap XI, Of found, or of acouftics - - 309

Chap. XI1. OFf mufical founds - - - 353
Chap. XII1, A general view of the principal ufes of the at-
mofphere; wherein the nature of rain and evaporation
will be noticed - - o - 396
Chap. XIV. The defcription of the principal machines
which depend upon the foregoing fubjects of fluids - 426 -
Chap. XV, Containing the principles of chemiftry, and
particularly the defcription of the principal operations and

apparatus < 5 MR - 495
Chap, XVI, Containing a fketch of the modern theory of
Chemiftry & ) e = - §I4
Chap. XVII, Of chemical proceffes - - . 536

b2 VOLUME




CEONTENTES

VOLUME I1i,

B AR BT

Section I. Of Caroric; or of the Element
which produces Heat, Fire, &e, p. 2,

Chap. I. The theory of heat; or the general effelts of a

{uppofed calorific fluid - - - P 3

Chap. II.  Of the thermometer, and of the dilatation of
bodies which is produced by heat .

e o e
Chap. III. Of the capacity of bodies for calori¢, and of
their fpecific caloric - 2 g - 63

Chap, IV. Of the produ&ion and commnunication of heat
and cold - - - ~ 186

» Seétion IL.  Elements of Oprics, or of Licur,
Corours, and Viston, p. 132.

Chap., 1. OF the nature of light in general

- - 133
Chap. 11, Catoptrics, or of refledted leght 1731, 144
Chap. III. Dioptrics, ot of refradted light -~ . 168

Chap. IV. Of the infle@ion of light, the colours of thin
tranfparent bodies; and of colours in general

" 209
Chap. V, Of lenfes, and of their effects R
Chap. VI. Defeription of the eye, and of vifion - 239

Chap. VIL Defeription of the principal -optical inftru-

meints - - = & =20

Chap, VIII. Natural phenomenz relative to light - 30t

Se&ion




CONTENTS. B

Section 11l Or ErzeTriciTy, p. 331,

Chap- 1. Containing a general idea of elericity - p. 336
Chap, II. OF the two ele&ricities = - 244

Chap. 1II. Of communicated ele@ricity, particularly to
conduétors - = - - - 352

Chap. 1V. Of eleCricity communicated to electrics, and
of the Leyden phial - - - - 361

Chap, V. Deicription of the eleétrical apparatus. - 378
Chap. VI. Ele&rical experiments - - 395
Chap. VII.. OF the various fources of cle@ricity - 421
Chap. VIIL. Of the eledtricity which is produced by means

of melting, heating, cooling, and evaporation - 42g
Chap. 1X, Atmofpherical eleGricity - - - 436
Chap. X. Of animal cledlricity - -~ - 481

Chap, XI. Of Galvanifm - = - = 462

Sedtion IV. On MacNeTIsM, p. 512,

Chap. 1. Of magnetic attraction and repulfion - 516
Chap. IT. OF the magnet’s directive property or polarity 527
Chap. II1. Of the magnet’s inclination, or of the dipping
needle A = - - 540
Chap. 1V, Of communicated magnetifm - = - 545
Chap. V. Tl‘.cory of magnetifm - - - 555
Chap, VI. The conftrudtion and the ufe of the principal
magnetical inftruments, as alfo, the defeription of experi-
PREALS uleful for the illufiration of the fubje&t - 3562

VOLUME




CONTENTS

VOLUME 1IV.
Part IV. AsTroNomy, p. 1.

Chap. 1. Preliminary principles = % p- 5
Chap. T1. OFf the apparent {yftem of the world, and the de-
finition of the terms prmc1pall_y ufed in altronomy - 18

Chap. 111. Of the true fyfiem of the world, or of the folar
fyftem - - - - - 64
Chap. IV. Definitions and general laws relative to the
planets - o, = = 70
as alfo

=95
Chap. VI, Of the phafes and motions of the moon - 111

Chap. V. Of the motion of the earth round the fun,
the motion round her own axis = 2

Chap. VII. Of the tides, or of the ebbma and flowing of

the fea - = - - - 147
Chap. VIIL. Of the nature and movements of the fun and
planets - - - - - 160
Chap. IX, Of comets - - - - 191
Chap. X. Of the fixed ftars - = - 206
Chap. XI. Of parallax, refration, aberration of light,
and nutation - - - - 221

Chap. XII. Of the divifion of time, and of the equation
of time - = - 242

Chap. XIII. Of eclipfes, occultations, and tranfits - 2 51
Chap. XIV. Of the aftronomical inflruments, and their

ufe - - - - 267
Chap. XV. The ufe of the globes, and the folution of
various aftronomical problems - - 282

PART




CONTENTS. Xxiii

P-AR TV,
Containing a few unconnetted Subje&s, p. 315.

Se&ion I. AErRrRosTATION.

Chap. I. Difcovery of acroftatic machines -« 316
Chap. II. Progrefs of aeroftation - - 324
Chap. III. Fadts cftablifhed by the various aeroftatic expe-

riments - - - - - 349

Section 1I.  Of Mztrors, and of the fony
Jubftances which at various times are faid to
bave fallen from the f&y, p. 357-

Chap. I. Meteors - - - - 359
Chap. II, Of the ftony bodies which are faid to have fallen
from the fky i~ o i o i 70

Seftion I11. Of Mzasures and WEIGHTS, . 393.

Chap. 1. Of the ftandard meafure - - - 393
Chap. 1. Of Britith meafures and weights - - 4o0
Chap. III. Of French meafures and weights - 410

Chap. 1IV. OFf the meafiires and weights of wvarious na-
tions X : - = - - 4I3

Section IV. AppitioNaL ARTICLES, P. 420.

The INDEX.




DIRECTIONS for the Bookbinder.

OF THE XXIX PLATES WHICH
i BELONG TO THIS WORK,

' ‘*‘:: The firt NINE, - - muff be placed at the end
i of the Firlt Volume.

The next EIGHT, viz, as far as Plate’ XVII. inclufively,
muft be placed at the end
L of the Second Volume.

i The next EIGHT, viz. as far as Plate XXV, inclufively,
il muft be placed at the end
Al ; of the Third Volume.

And the l1alt FOUR Plates ;3 viz. XXVI. to XXIX.
i inclufively - - muft be placed at the end
it of the Fourth Volume.

The AsTroNomicAL TABLE (a Quarter of a Sheet of
Letter Prefs) to face - p. 190 ¢f the Fourth Volume.




ELEMENTS OF

NATURAL PHILOSOPHY.

CHAPTER L

Of NATvrRAL PHILOSOPHY ;—ifs Nume;— its
Objed ; — its Axioms ;— and the Rules of Philofo-
Phizing. '

THE word Philofophy, though ufed by ancient
authors in fenfes' fomewhat different, does,
hO'»’\’CVCJ', in its moft vfual acceptation, mean zke
love of general knowledge, It 1s divided into moral
nd naryral, Moral philofophy treats of the man-
ners, the duties, and the condué of man, cone
fidered 25 a rational and focial being; but the
bufinelt of natural philofophy, 1s to ceolle&t the
hiftory of the phenomena which take place amongft
Natural things, viz. amongft the bedies of the
Univerfe; to invefligate their caufes and effeéts;
and thence to deduce fuch natural laws, as may
afterwards be applied to a variety of ufeful pur-
poles®,
e Natural
* The word philofophy is of Greek ori sin. Pitagoras,
a learned Greek, feems to have been {]‘.C‘ﬁi'ﬁ who }ulled

himfelf Philofopher ; viz. a lover of knowledge; or of wif~
YoL. 1,

B d Qm,




Of PuiLosoruy in generals

Natural things means all bodies; and the affer-
blage or fyftem of them all is called the univerfe,

The word phenomenon fignifies an appearance, or,
in a more enlarged acceptation, whatever is per-
ceived by our fenfes®. Thus the fall of a flone,
the evaporation of water, the {olution of falt in
water, a flath of lightning, and {o on; are all
phenomena.

As :Ll? phenomena depend on properties peculiar
to different bodies; for it is a property of a ftone
to fall towards the earth, of the water to be
rable, of. the falt to be foluble in water, &e.

evapo

therefore -we fay that the bufinefs of patural phi-
lofophy s to examine the properties of the various.
radies of the univerfe, to invefticate their caufes,
and thence to infer ufeful dedutions.

Agreeably

dom, from the words pidos, 2 Jsver or frs
kngevledze or wifdeny, Moral philo

endy and oophag, of
is derived from
the latin mos, or its plural mores, fig /ing manners or
behaviour, 1t has been likewife callcd ethies, from the
Greck ey mos, mannery bebaviour, Natural philofo; phy
has alfo been called phyfics, phyfialogy, and ex cperimental phi-
Ifophy. The firft of thofe nantes is derived from Fioisy

nature, or gusixs, natural 5 the fecond is derived from PUsirs

e LA :
natre, :;ud 200z, @ dijeourfe 5 the laft denomination, which
was iptr 1
the Jm‘f m:rmi of

i.“. F urepe.

nznon, whofe plural is phes

meua, OWes its orig
cek word palim, te abpear.




and the Rules of Plilofophizing. 3

:U’Icu.b]} to this, the reader will find in the
®urfe of this work, an account of the principal
Propertics of natural bodies, arranged under dif-
tingt heads, with an explanation of their effets,
and of the caufes on which they depend, a$ far
%5 has been afcertained by imeans- of reafoning and
€Xperience ; he will be informed of the principal
hypothefes that have been offered for the explana-
tion of fafts, whofe caufes have not yet. been
demonftrativel ely proved; he will find a ftaterent
of the laws of nature, or of fuch rules as have
been deduced from the concurrence of fimilar
fads ; and, laftly, be will be inftrufted in the ma-
Nagement of philofophical inflruments, and in the
mode of performing the experiments that may be

thought m,c:uifa") either for the illuftration of what
has been already afcer [Lumi_, ot for the farther
mwﬂléim"z of the properties of. natural bodies.

We need not fay much with refpect to the end
ordefign of pa

3 ural philofophy.—Its application
an b
s ufes; or the advantages which mankind

may derive {hoeas ,
7 BETVE therefrom, will be eafily fuggefted by a

very f uperficial e

icia camination of whatever takes

1_‘]“‘: about ws, The properties of the air we
}freathﬁ‘; the afion and power of our limbs; the
5::;23 tilf {ound, anﬁd other Percepiions of. our
i the adtions of the engines that are uled in

nuﬂ:“nd“&' navie
th\- lC:Lr(Jnc,
AN

gation, &ec.; the vicifitudes of
: the movements of the celeftial bodies,
{o fo

iorth; do all fall undey the confideration of

B2 the
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the philofopher,  Our welfare, our very exiftence,
depends upon them,

A very flight acquaintance with the political
ftate of the world, will be f{ufficient to thew, that
the cultivation of the various branches of natural
philofophy has atually placed the Turopeans and
‘their colonies above the reft of mankind. ‘Their
difcoveries and improvements in aftronomy, optics,
navigation, chemiftry, magneti{m, mineralogy, and
in the numerous arts which depend on thofe and
other branches of philofophy, have fupplied them
with innumerable articles of ufe and luxury, have
multiplied their riches, and have exteénded their
powers to a degree even beyond the expetations
of our predeceflors.

Tlie various properties of matter may be divided
tnto two clafles, viz. the general properties, which
belong to all bodies, and the peculiar properties, or
thole-which belong to certain bodies only, exclu-
fively of others.

In the firft part of this work we f(hall examine
the general properties of matter, Thofe which
be]ong to certain bodies only, will be treated of
in the fecond. In the third part we fhall examine
the properties of fuch fubftances as may be called
hypotheticals their exiftence having not yet been
fatisfactorily proved. ‘In the fourth we (hall ex-
tend our views beyond the limits of our Earth,

and fhall examine the number, the movements,
and other properties of the celeftial bodies.
The
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The fifth, or laft part, will contain feveral de-
tached articles, fuch as the defcription of feveral
additional experiments, machines, &c. which can-
not conveniently be inferted in the preceding
divifions.

The axioms of philofophy, or the axioms whick
have been deduced from common and conftant
experience, are fo evident and {o generally knowns
that it will be {ufficient to mention a few of them
only,

I. Nothing has no property; hence,

II. No fubftarice, or nothing, can be produced
from nothing,

III. Matter cannot be annihilated, or reduced
to nothing.

Some perfons may perhaps not readily admit
the propriety of this axiom; feeing that.a great
many things appear to be utterly deftroyed by the
action of fire; alfo that water may be caufed to
difappear by means of evaporation, and fo forth.
But it muft be obferved, that in thofe cafes the
fubftances are not annihilated; but they are only
difperfed, or removed from one place to another,
or they are divided into particles {fo minute as to
elude our fenfes. Thus when a piece of wood is
Placed upon the fire, the greateft part of it difap-
Pears, and a few afhes only remain, the weight
and bulk of which does not amount to the hun-
df‘fdth Part of that of the original piece of wood.
Now in this cafe the piece of wood is divided into

B3 its
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its component {ubftances, which the aion of thea
fire drives different ways: the fluid part, for'ine
ftance, becomes fteam, the light coaly part either
adheres to the chimney or is difperfed through the
air, &c. Andif, after the combuition, the {cattered
materials were ‘collelted together, (which may in
g:‘;—lat mealure be done), the fum of their weights
would equal the weight of the original piece of
wood.

IV. Every effett has, or is produced by, a caufe,
and is proporticnate to it.

It may in general be obferved with refpe® to
thofe axioms, that we only mean to aflert what has
been conftantly thewn, and confirmed by experi-
ence, and 1s not contradicted either by reafon, or
by any expeniment, But we do not mean to affert
that they are as evident as the axioms of geometry ;
nor do we in the leaft prefume to prefcribe limits
to the agency of the Almighty Creator of every
thing; whole power and whofe ends are too far re-
moved from the reach of our underftandings,

Having ftated the  principal axioms of philofo-
phy, it is in the next place neceffary to mention
the rules of philofophizing, which have been form-
ed after mature confideration, for the purpofe of
preventing errors as much as poflible, and in order
to lead the ftudent of nature along the fhorteft and
fafelt way, to the attainment of true and ufeful
knowleége.—Thofe rules are not more than four;
viZ,
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I. We are to admit no more caufes of natural
fhiﬂg.‘&, than fuch as are both true and fufficient to
explain the appearances.

II. Therefore to the fame natural effe&ts we
mufl, as far as poffible, affign the fame caufes.

I1I. Such gualities of bodies as are nct capakl

(¢

of increale ‘or decreafe, and which are found to be-

EN 3

long to all. bodies within the reach of our experi-

ments, are to be efteemed the univerfal qualities of
all bodies what{oever.

IV. In experimental philofophy we are to look
upon propofitions colle¢ted by general induction
from phenomena, as accurately or very nearly true,
notwithftanding any contrary hypothefes that. may
be imagined, ‘till fuch time as other phenomena
Cocur, by which they either may be corrected, or
may be fhewn to be liable to exceptions,

With refpeét to the degree of cvidence which
ought to be expected in natural philofophy, it is
ﬁCQeﬂ’ury to remark, that ph}'ﬂ(;;\.i matters cannot
1. general be capable of f{uch abfolute certainty as
the branches of mathematics.—The propofitions of
the latter fGience are clearly deduced from a fet of
axioms {o very fimple and evident, as. to convey
perfet conviftion to the mind; nor can any of
them be denied without a manifeft abfurdity. But
1A natural philofophy we can only fay,, that becaufe
fome particular effets have been’ conftantly pro-
duced under certain circumftances ; therefore they
will moft likely continue to be produced as long

B 4 as
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as the fame circumftances cxifly and likewife that
they do, in all probability, depend upon thofe
¢ircumftances. And this is what we mean by Zawws
of natures as will be more particularly defined in
the next chapter.

We ‘may, indeed, affiume varions phyfical prin-
ciples, and by reafon; ing upon them, we may ftrictly
demonftrate the deduétion of certain confequences.

But as the demonfiration goes no farther than to
prove, that fuch confequences muft neceflarly fol-
low the principles which have been affumed, the
confequences themfelves can have no greater degree
of certainty than the principles are poflefled of; fo
that they are true, or falfe, or probable, according
as the principles upon which they depend are tiue
or falfe, or probable. 1t has been found, for in-
ftance, that a miagnet, when left at liberty, does al-
ways direét itfelf to certain parts of the world; upon
which property the mariner’s compafs has been
conftructed ; and it has been likewife obferved,
that this directive property of a natural or artificial
magnet, 15 not obftructed by the nterpofition or
proximity of gold, or filver, or glafs, or, in fhort,
of any other fubftance, as far as has been tried,
excepting iron and ferrugineous bodies, Now
affuming this obfervation as a principle, it naturally
follows, that, iron excepted, the box of the mari-
ner’s compafs may be made of any {ubftance that
may be moft agreeable to the workman, or that
may beft anfiver other purpofes. Yet it muft be

confefled,
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confeffed, that this propofition is by no meansfo
Certain as a geometrical one ; and ftrictly fpeaking it
may only be fiid to be highly probable; for though
all the bodies that have been tried with this view,
iron excepted, have been found not to affelt the
direétive property of the magnet or magnetic needle;
¥et we are not certain that a bo ];, or {ome com-
bination of bodies, may not hereafter be difcovered,
which may obftruét that property.

Notwithftanding this obfervation, I am far from

nu’x.‘n'*'“ to encourage icepticim ; my only object
i |
A€

being to fhew that 1uft and proper degree of con-

o

vition which ought to be annexed toph}-‘ﬁ cal
kllO‘n'ltr_'.ge : {o that the ftudent of this fcience may
become neither a blind believer, nor a ulelefs
fce ptic #

Bnhdw a {tri& adherence to the abovementioned
rules, Whoever wifhes to make a any PI'O”‘“ICHCY in
the ftudy of nature, fhould make him{elf acquaint-
ed with the various branches of mathematics; at
leaft with the elements of geometry, arithmetic,

trigonometry, and the principal properties of the
COﬂlL

* s a3 " " : 5 .
Seepticifim or (ke pticifm is the doftrine of the feeptics, an

ancien
cient fet of philofophers, whofe peculiar tenet was, that
c\n] [,‘“p

mingd

[q-lutu

25 are uncertain and incot I]IJJ'LU!‘H fible ez a and that che
is never toaflent to any thing, but to remain in an ab-
: f%a:e of hefitation and indiference. — The word
fclep“c is derived from the Greck exealn@-, which fig-
Difies confiderate, and inguifitive.
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conic fections; for fince almoft every phyfical effeét

L

depends upon motion, magnitude, and figure, it is

impoflible to-calculate velocities, powers, weights,
times, &c. without a competent degiee of mathe-
matical knowledge ; which feience may in truth be

called the language of nature.

CHAPTER I

"CONTAINING A GENERAL IDEA OF MATTER,

AND ITS PROPERTIES

Of the ELEMENTS ; — and the Definitions of Fords
that are principally ufed in Natyral P/fz[g ophy.

{ YHE matter or fubflance of the bodies which
we fee, feel, tafte, -or, in {hort, that affect

our fenfes, becomes known to ‘us merely by its
properties. 'We know that the {un exifts becaule
we fee its luminous and circular thape; becaufe
we feel its heat, We know that the ground exifts
becaufe we fee it, and feel it with our limbs, We

Htence of airy becaufe we feel

ack nm“”\‘t‘, the e

the refiftance it offers to the motion of other bodies,
&c.  Now the fun, the ground, the air, and all
other bodies, muft,

confift of fometh

eably to the firft axiom,

That fomething is called
malier ; yet we are pe (LLL.[\ ignorant of the intimate
nature of that matter; fince we are unable to {ay

vhether
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whether it confifts of particles of any definite fize,
]‘y-lJ and hardnefs ; and whether all the bodies of
ihe univerfe confift of the fame fort of matter dif-

erently modified, or of different forts of matter;
and in the latter cale, we can form no conjeéture
refpecting the pofiible number of thofe different
forts.

Some p‘u]o'o vhers have fteadily fupported that
there is-one {ort only of original matter, and that
the variety of bodies arifes from the various arrange-
ments of that primitive matters like pafte, bread,
and bifcuits, which may be {aid to confift of the
{fame matter, viz. flour.

Other philofophers have believed that the forts
of primitive matter, or elements, are two.  Others,
that they are three. Others again, that they are
four or five, or fix or {even, and {o on. But the
hiftory of fu“pol'itiuns muft not be miftaken for the
knowledge of facts* - i

The truth 1s, that U»: prefent ftate of knowledge
does not furnifh us with reafons {ufficient to deter-

mine

S

#* Whoever withes to examine the various ideas that
have bren entertained conce rning original matter, and the
humber of the elements, mufl confult the works of the fol-
lowing authors; but his labour will not be compenfated by
any marerial information: Ariftotle ; Plato; Boyle, on the
Principles of natural bodies ; Newton’s Opticsy Wood-
ward’s Nat. Hift. of the Earth, p. v.; Muflchenbroek’s
Elements of I Phyf. § 61, 83, 383; Keill Introd. to Nat.
Phil. Le&. viti. ; Higgins on Light; Chambers’s Cyc]op,
and Huatton’s Mathem. Dié. Art, Elcment,
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mine the number of the elements. Modern che-
ntifts, indeed, find from the refult of their numerous
analyfes, that all the bodies which have been fub:
jeted to experiments, are either the fubftances that
are mentioned in the following lift, or they are a
combination of fome of them. Yet no great con-
fidence fhould be placed upon their number; for
befides there being'great fufpicion that feveral of
them are fill refolvable into fimpler components;
new fubftances are almoft datly difcovered by the
prefent rapid progre(s of philofophical inveftigation ;
and fome of them are merely hypothetical.

The. following lift contains the bare names of
thole elementary fubftances which are at prefent
acknowledged by the philofophical chemifts, or fuch
as: chemifts have not yet been able to decoma
pole; but a full explanation of the fame wili be
found in other chapters of this work ; and till
then the reader is requefted not to endeavour
to inveftigate the meaning of their names, or to
take any farther notice of them.

Light, Phofphorus,
Calorific, orCaleric, | Radical muriatic,
The Elettric Fluid, Radical boracic,
TheMagnetic Fluid, | Radical fluoric,
Oxygen, Radical fuccinic,
Hydrogen, Radical acetic,
Azote, Radical tartaric,
Carbon, Radical pyro-tartaric,

Sulphur, Radical oxalic,

Radical
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Radical gallic, Nickel,
Radical cytric, Cobalt,
Radical malic, Bifmuth,
Radical benzoic, Antimony,
Radical pyro-lignic, Zinc,

Radical pyro-mucic, Iron,

Radical camphoric, Tin,

Radical laétic, Lead,

Radical fach-ladtic, Copper,
Radical formic, Mercury,
Radical prufiic, Silver,
Radical febacic, Platina,
Radical bombic, Gold,

Radical laccic, Silica,

Radical fuberic, Argill,
Radical zoonic, Baryt,
Arfenic, Strontian,
Molybdenite, ! Lime,
Tungflen, ! Magnefia,
Chrome, Jargonia,
Titanite, Vegetable alkali,
Sylvanite, Foffil alkali, and
Upranite, Volatile alkali.

!

"\«anﬁ‘u‘ci‘e : ¥
Though moft of the words that fx requently occur
n the i ubject of the prefent work, are oenerally
tfed in common language, yet the accuraey of
Philofophical defert iptions fuggells the neceffity of

def
ining their !]1‘“"1'1”192 with a greater c.ccrree of

')r»
Precifion, in order to avoid, as much as poffible,

any
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any ambiguity of fenfe, ‘or any uncertainty of ex-
preflion.

Befides thofe which are mentioned in the prefent
chapter, there are feveral other words which deferve
likewife to be particularly defined 5 but thofe we
fhall explain occafionally in the courfe of the
work, and when the mind of the reader may. be
better difpofed to comprehend their meanings.

Space (though it'be incapable of a proper de-
finition) may be faid to be that univerfal and un-
limited expanfe in which all bodies are contained;
and that part of {pace, which is occupied by any
particular body, is-called the place of that body:

Space is diftinguithed into afolure, and relative.
Abfolute [pace is that which Is referred fo nothing;
and remains always fimilar and immoveable: - Rela-
tive fpace is the fame with abfolute fpace in magni-
tude and figure, butnot in fituation. Suppofe,
for example, that a thip ftood perfe@tly immoveable
in the univerfe, the fpace which is contained within
its cavity, would be cilled abfolute [pace. But if
the fhip be in'motion, then the fime {pace within
1t will be called relusidre

Place s likewife diftinguithed into abfoluze and

>

relative s the former being immoveable and per-

ot refers to other bodies.

Thus 1f a man be feated in a corner of a fhip whilft
] 1¢ 15 faid to remain 1n*the

o the parts of the (hip; yet

o B A ey s 2
anZINGg NIS agfoluie piace.

Bt
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S

Reff is the permanence of any body in the fame
place, and it is called abfolute vefl, or relative reft,
as the place, which the body occupies, 1s either
ablolute or relative.

Motion, on the contrary, 1s a cortinual and fuc-
ceffive change of place. And it 15 called abfoluse
motign or relative motion, according as the change of
fituation 1s: made in abfolute or in relative place.

Thus, if a fhip were to remain immoveable in
the univerfe, a man fitting in a corner of it, would
be faid to be abfolutely at reft; but if the fhip be
in motion whilft the man remains {E_tinrr. then this
man will be faid to be at reft relativ vely to the

n
2"
of the {hip, though he is actually or abfolutely

=
4
==

motioh,—F

move equably forward ove
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o

length, and that at the fame time the mas in nis

Chair were drawn from the fore to the back part of
the thip, with the fame equa

man y\u,ud be in motion relatively to. the parts of
the fhip; yet he would remain in the fame abfolute
pmce.

With refpeét to the words mather and body, we
fhall for the prefent only remark the following dif-
ference between them; viz. that the word malter
has no relation to any determinaté ﬁ{_z_ure; whereas

t!n\ e I AT e T I i ;
he word ady more gene lly medns fome feparate

and determinate quantity of matter. Thus we {ay
With proj priety, that zhe movements of the celeffial
bodics are dificultly determined, and the matter which

formis




16 A General ldea of Matter,

Jforms the atmofphere is heteregencons 3 whereas it
would be improper to change the places of the
words body and matier, by {aying that 1ke movements
I of the celeflial matters are diffcnltly determined, and
| the body wohich forms the atmofphere is heterageneous.

“ Time, fhridlly {peaking, is incapable of definition,
il and the only thing we can remark with refpet to

i it, is the difference between ﬂbﬁu’ff.ﬁf and relative

tie. r, but does .not
il refer to the motion of h:)-di.es. th'!azzz'i,-'e time 1s that

portion of abfolute time; during which 4 certain
movement 15 performed, and we aflume fome of
1 thofe movements, when ihcv are equably and

teadily performed, as the meafures of time. Thus
| ' that - portion of abfolute time which the fun em-
| ploys in 1_)@3'101‘1111[13‘ its apparent revolution round

the earth, 1s called 2 day; the 24th p:u’t of that

led an kour; 363 times that day is called
@ year, and {o on.

The frope
operatigns which belong to that thing, and by

rties of a thing are thofe gualities and

1 which it is diftinguithed from othier things that do
th

a property of the fun to be luminous, of the magnet

not pofl ¢ {ame properties. It is, for inftance,

to attract iron, &c.

i 'l . 7

The hardnefs of a body is that degree of refiltance

i which the body offers to any power that may be

applied for' the purpofe of feparating its parts.

VWhereas fuidity 1s the want of that refiftance;

hat a perfect fluid is that body whofe parts may
be
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be feparated by the application of the leaft force.
It wil) appear from the fequel that we are not ac-

quainted with any perfectly hard, or any perfeéily

fluid, body; fo that we can only-examine the in-

termediate gradations, which exift between thofe

extremes; but thofe gradations which are exprefled

by the words hardnefs, rigidity, brittlencfs, toughnefs,

Jofenefs, lamminefs, fluidity, &e. are incapable of

Precife definitions or Limits.

Caufe and effect are relative terms ; the effect be-
Ing that which is produced by the caufe, and the
¢aufe that which produces the effec.

Caufes as well as effes are diftinguithed into
Primary, Jfecondary, &c. or intoimmediate and remote.
Thus when the heat of the fun rarefies the air, that

~Tarefadhion produces wind, and that wind impels a
thip forward. In this cafe the heat of the fun is
the cagge of the wind ; the wind is the effe& of the
Tarefattion, and is at the fame time the caufe of
the thip?s motion ; the motion of the thipis effeét-
‘_Ed by the action of the wind, fo that the wind is the
Unmediate, and the heat of the funis the remote,
Caufe of the thip’s motion.

A law of nature, or mechanical law, is a general
effe&, which has been conftantly obferved to take
Plafe under ccrtain determinate circumf{tances*,
Thus we know from conftant and univerfal experi-

enee, that wheneves a body is left to itfeif, it al-

ways

¥ N7 » 3 - -

; Mechanical means fomething that 1elates to, oris regu- -
3 Kora: .

ted by, the nature and laws of motion,

YoL, | c
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ways falls towards the centre of the earth, unlefs
{ome other body prevents it ; we therefore affume
this obfervation as 4 law of nature, and exprefs it
by faying, that the various bodies of the earth tend, or
Sravitate, towards the centre of it.

The exiftence or non-exiftence of a vacuwm, mean-
ing an extenfion entirely void of matter, has often
been difputed amongft philofophers ; their argu-
ments always depending upon fome affumed hy-
pothefis concerning the intimate nature of matter
or of its ultimate particles; but as we are utterly
ignorant of the nature and properties of thofe parti-
cles, their arguments cannot determine the queftion
one way or the other.—The only conclufions we
can make with refpe® to a vacuum, are 1ft. that
the poffibility of its exiftence can be eafily ima-
gined ; 2dly. that we are not certain whether it
really exift or not; and laftly, that if it be ad-
mitted that the figure of the Jeaft particles of mat-
ter 1s unchangeable, the motions of bodies, fuch as
continually take place 1n the univerfe, cannot be
under{lood without, admitting the exiftence of a
vacuum,

“he word zufinity has likewife been produétive of
numerous difputes.  Many odd pofitions have been
aflumed- for the fupport of {pecious arguments,
and feveral abfurd confequences have been deduced
from them, Thofe errors have principally arifen
trom the idea of fomething determinate, which has
been aniexed to the words #ufuite, or infinity, in-

ftéad




and ity - Properties. ig

ftead of fomething indefinite or indeterminate. In
confequence of this idea, infinites have often been
Compared together, and one infinite has been faid
to be the double, or treble, or the half, &ei of
another infinites whereas infinites, (in the true
fenfe of the word, which means fomething greater
or lefs than any affignable quanlit_v. but not deter-
Minate) ate incapable of comparifon; fince an
Indeterminate quantity cannot bear any affignable
Proportion to another indeterminate quantity ; and
of courfe one mfinite cannot be faid to be greater
than, equal to, or lefs than, another infinite.

. It has been ufually alledged, that if a line be
finitely extended one way only, and another ling
be infinitely extended both ways; the latter ins
finite line muft be double the former infinite line,
which evidently implies a limited or determinate
length ; namely, that the latter line has been ex-
tended on either fide as much as the former line
has beeq extended one way only.

Again; take the length of one inch, and fup-
Pofe it to be divided into an infinite number of
Pa‘rts. Take alfo the length of a foot, and fuppofe
this to be divided into an infinite number of parts.
_Here’ they fay, it is evident that the latter infinite
: ?x"f&]}f equal to twelve times the former. But
this, ip my humble opinion, feems to be a miftaken
:_:r“:iujl(:n : for the ex;?'reﬁloz_ns of infinity flo not re-
B n;;xtenﬁons of one i-oot :mu.i one inch ; but

‘¢ Dumbers of the parts into which thofe exten-
C 2 hons
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fions have been divided;and thole numbers can bear
no affignable proportion to each other; juft becaufe
they are infinite.

The faét then is, that one foot is equal to twelve
times one inch; and if each of thofe extenfions be
divided into any number of parts equal to each other
in length, the number of parts in the extenfion of
one foot will be equal to twelve times the number -
of the parts that are contained in the extenfion of
one inch ; but this s not the meaning of dividing
a foot or an inch into an infinite number of parts ;
therefore when the foot and the inch, are each
divided into an infinite number of parts, thofe
numbers have no aflignable proportion to each
other; though the fim of the former is undoubt-
edly equal to twelve times the fum of the latter*,

* Numerous inftances of an infinite number of quan-
tities having 2 finite or determinate fum, occur both in
arithmetic and in geometry. In geometry it is fhewn, that
a finitg line may be divided into an infinite number of
parts; and it is evident that the (um of all thofe parts muft
be equal to the line itfelf ; viz. a finite quantity.  Inarithe
metic it is thewn, befides many other inftances, that if you
take one half, and one half of that half, and one half of the
laft half, and {o on without end, the fum of them all is
equal to one; thatis 41+ 1+ %454+ &e.=1.
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CHAPTER IL

OF THE GENERAL, OR COMMON, PROPERTIES
OF MATTER.

T has been alreadyr remarked, that a body is

diftinguilhed from other bodies by means of
ity peculiar pl‘OpETtILS Thus we know water by
its fluidity, and by its want of tafte, {inell, and
Colour; gold is known by its great weight and
Peculiar colour; falt is known by -its particular
tfte; and fo forth. But there are certain pro-
Perties, which belong equally to water, to gold, 1o
i'llt, and to all other bodies. Extenfion for inftance
s a Property which belongs to them all ; for they
allare extended, So likewife is weight 5 for they
all ate more or lefs heavy. Such then are called
("”“a”/ or Commony Properties of Matter ; and, as
far as we know, they are fix in number; viz. ex-
tenfion, dmgﬂfmzf\ impes netrability, mos f/.' y VIS fier-
tic, or paff Venefs, and pravitation.

We have faid above,as far as we know, becaufe
Matter in general may poflefs other properties,
that are not yet come to our knowledge. And the

fame obfer vation may be made with refpe& to the
“m\cmhtv of tl
faid to be oener:
\urnmrr any
acc

wfe properties; viz. that they are
1, becaufe no body was ever found
one of them. But mankind is not
Juainted with all the bodies of the univerfe, and

3 even
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even feveral of thofe which are known to exift,
cannot be fubjected to experiments.

Extenfion of a body is the quantity of {pace which
a body occupies ; the extremities of which, limit

_or circamferibe the matter of that body. It is

otherwife called the magnitude, or fize, or bulk of
a body. '

A certain quantity of matter may indeed be very
fmall, or fo fine as to penetrate the pores of moft
other bodies; but yet fome extenfion it muft have;
and it is by the comiparifon of this property that
one bedy is faid to be larger than, equal to, or
fmaller than, another body, ' The mealurement of
a body confifts in the comparifon of the extenfion
of that body with a certain determinate extenfion,
which is affumed for the ftandard, fuch as an
inch, a foot, a yard, a mile ; and hence we fay that
a certain body is three feet long, another body is
the. hundredth part of an. inch in length, and
fo on*. ;

A body 1s not only extended, but it is extended
three different ways, viz. it has length, breadth, and
thicknefs.  Thus an ordinary fheet of writing paper
1s about fixteen inches long, fourteen inches broad,

and

* The attempts, which have been made for the purpofe
of eftablifhing an invariable ftandard of mesfure, together
with the difficulties which obftru the perfet accomplifh-
ment of that object; as alfo the principal meafures which
are now in ufe, will be mentioned in anether part of this
work.
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and one hundredth part of an-inch thick. Either
of thofe dimenfions might be called the length, or
the breadth, -or the thicknefs; but, by general
Cuftom, the longeft extenfion is called the length,
the next is called the breadth, and the (horteft is
called the thicknefs.

The outfide of a body; the boundary, or that
Which lies contiguous to other bodies that are in
Contact with it, is called the firface of that body,
and it has two dimenfions only, viz. length and
breadth ; but it cannot have any thicknefs, for if
it had thicknefs, it would not be the outfide of the
body ; yet a furface by itfelf cannot exift.  We
Indeed talk of furfaces independent of matter, as
When we compare one furface with another, or
deferibe the  methods of meafuring and dividing
furfaces, [n thofe cafes, however, the furfaces
eXift in gyr imagination only, and even then our
ideas haye a reference to body. In {hort, our fenfes
€anuot perceive a furface without the exiftence of
abody ; or, morc properly fpeaking, the outfide of
2 body cannot exift without the body itfelf.

As the furface is the outfide or boundary of a
body, {o.a/izeis the boundary of a furface; fups
Pofe, for inflance, that a furface is, divided into two
barts, the common boundary of the two par:s'is
Called 4 /ine, which has one extenfion, Viz. length
only, .

A poiut is the beginning, or the end, of a line,
and of courfe it has noextenfion ; it being defined

€4 by




24 Of ike General

by the mathematicians, that which has no parts
nor magnitude. Thus if you divide aline into
two parts, the divifion or boundary between the
two parts is & poiut.

Having thewn above that there cannot exift, or
that our fenfes cannot perceive, a furface without a
body, it evidently follqws that neither a line nor a
point can be perceived withouta body.  We {peak
of the line or path of a planet ; we alfo fay that a
ftone ‘thrown horizontally deferibes a curve line ;
but in thofe cafes the meaning is, that the planet,
or the flone, has pafled through certain places ;
not that thofe lines do a&tually exift as any thing
fubftantial. When we look on a (heet of paper,
we fee its furface, the edge of which is a line, and
the extremity of the line, or corner, of the paper,
15 a point, But if you remove the paper ; the fur-
face, the line, and the point, vanith from our fight,
and they can only remain in our imagination,

Divifibility of matter 1s the property of its being
divifible into parts. Some philofophical writers
have confidered it as a diltinét property of matter
itfelf; but it ‘may with more propriety be con-
fidered as a property of extenfion; for we can
eafily conceive that a given extenfion may be
divided into any nummber of parts, let it be ever
fo‘grezxt ; but 1t 15 by no means known whether
matter is, or is not, capable of being divided ad
Zifinittim, thrat s, without any hmit,

" That a certain extenfion, as an inch, or any
p;héx length, be 1t ever fo fmall, is capable of in-
0 finite
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finite divifion, may be rendered evident by means
of arithmetic or-of geometry. - We may take, for
inftance, the halves of the propofed extenfion, then
the halves of thofe parts, then the halyes of thole
.}131&’69, and fo on without end ; for if you proceed
n this manner ever {o far, there will after all ftill
remain the halves of the laft parts, which may be
alfo divided into other halves, &c. Again, fup-
pofe the line AB in fig. 1ft. plate 1. to be the pro-
pofed extenfion. Through the extreme points of
this line draw two indefinite lines EF, and CD,
Paralle] to each other. In one of thofe lines, as
EF, take a point I, and from this point draw
fraight lines to any parts of the line BD, every
one of which lines will evidently cut the propoled
Xteiifion AB into a different point.  Now as the
h,ne. BD may be produced towards D without
hmii‘ation, and ftraight lines may be drawn from
= 0 an infinite number of points in the extended
hf]e BD; therefore the extenfion AB may be di-
vided withogt end, or beyond any affignable num-
ber of parts,

_':F‘hus far we have thewn that extenfion may be
d‘_""lﬁble into an ualimited number of parts; but
WIﬂ_l refpect to the limits of the divifibility of mat-
L tlelf we are” perfedtly in the dark. We can
::i]‘?ildufivide certr-.}n bedies 1nto {'ur},)a'il]:i'glyf fine
ot mq.lt‘rl‘(f:.ls. partlc:ic.sA, _and Ehe W 01‘1(3. of nat_ure

lany fluids and folids of wonderful tenuity ;
but Both our efforts, and thofe naturally fmall

objetls,
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objects, advance a very thort way towards infinity.
Ignorant of the intimate nature of matter, we can-
not affert whether it may be capable of infinite
divifion, or whether it ultimately confifts of parti-
cles of a certain fize, and of perfed hardnefs.

I fhall now add fome inftances of the wonderful
tenuity of certain bodies, that has been produced
either by art, or that has been difcovered by means
of microlcopical obfervations amongft the ftupen-
dous vorks of nature.

The {pinning of wool, filk, cotton, and fuch like
fubftances, affords no bad {pecimens of this fost ;
fince the thread which has been produced by this
means, bas often been fo very fine as almoft to
exceed the bounds of credibility, had it not been
fufficiently well authenticated. Mr.- Boyle men-
tions, that two grains and a half of filk was {pun into
a thread 300 yards long.

A few years ago a lady of Lincolnthire fpun a
fingle pound of woollen-yarn mto a thread 168000
yards long, which is equal to g5 Englith miles*.
Alfoa fingle pound weight of fine cotton-yarn was
lately {pun; in the neighbourhood of Manchefter,
mto a thread 134400 yards long.

The ductility of gold likewife furnifhes a ftriking
example of the great tenuity of matter amongft
the productions of human ingenuity, A fingle
grain weight of gold has been often extended into

a furface

* This lady’s name at that time was Mifs Ives, ~ It is
now Mrs. Ayre,
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3 furface equal to _;o {quare 1nchc5. If every
fquare inch of it be divided into fquare particles of
the hundredth part of an inch, which will be plainly
vifible to the naked eye, the number of thofe parti-
cles in one inch fquare will be 10000 ; and, mul-
tlph'mfr this number by the 50 inches, the produ&
is §00000; that is, the grain of gold may be
attually divided into at leaft half a million of parti-
cles, each of which is perfeétly apparent to the
naked eye. Yet if one of thole particles be viewed
In a good microfcope, it will appear like a large
furface, the ten-thoufandth part of which might
by this means be eafily difcerned.

An ingenious artift in London has been able to
draw paralle! lines upon a glals plate, as alfo upon
filver, {o near onea another, that roeco of them
Occupy the {pace’of one inch.—Thofe lines can be
feen only by the affiftance of a very good micro-
fCOpe_

Another workman has drawn a filver wire, the
diameter of which does not exceed the 75oth part
of an inch.

" But thofe prodigies of human ingenuity will
appear extremely grofs and rude, 1f they be com-
Pared with the immenfe {ubtility of matter which
may every where be obferved amonglt the works of
Mature, The animal, the vegetable, and even the

muneral, kingdom, furnith numecrous examples of

this fort,
What muft be the ten uity of the odoriferous parts
of mufk, when we find that a piece of it will {cent

a whole
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a whole room in a3 fhort time, and yet at will
hardly lofe any fenfible part of its weight. But
fuppofing it to have loft one hundredth part of a
grain weight, ‘when this {mall quantity is divided
and difperfed through the whole room, it muft {o
expand itfelf as not to leave an inch fquare of
fpace where the fenfe of fmell may not be affect-
ed by fome of its particles. How fiaall muft
then be the weight and fize of one of thofe par-
ticles ?

The human eye, unaflifted by glaffes,- can fre-
quently perceive infeéts fo {inall as to be barely dif-
cernible.  The leaft reflefion muft fhew him, that
the limbs, the veflels, and other necefiary parts.of
fuch animals, muft infinitely exceed in finenefs every
endeavour of human art. But the microfcope has
difcovered wonders, that are vaftly fuperior, and
fuch indeed as were utterly unknown to our fore-
fathers, before the invention of that noble n-
ftrument,

Infe&s have been difcovered, fo fmall as not to
exceed the tooooth part of an inch: fo that
1000000000000 of theai might be contained with-
in the {pace of one cubic inch; yet each animalcule
muft confilt of parts conne€ted with each other ;
with veflels, with fluids, and with organs neceffary
for its motions, for its increafe, for its propagation,
&c. How inconceivably fmall muft thofe organs
be? and yet they are unqueftionably compofed of
other parts ftill fmaller, and fill farther removed

from the perception of our {enfes,
' We
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We might eafily fill a great many pages with
€Xamples and calculations relative to this fubjeét;
but as the pleafing narration of fuch wonderful
facts is not likely to give any real information con-
cerning the general properties of matter, which
form the fubject of this part of the book, I muft
refer the inquifitive reader to other works*, The
Confideration of this divifibility does al{o lead the
mind to certain curious{peculations. (1)

: The

* Boyle’s book of Efluvia; Keill’s Introduétion to
Nat. Phil. ; Rohault’s Phyficks; Phil. Tranf N. 194;
8"Gravefand’s Phil. ; Muflchenbroek’s Phil, &e,

(1.) Several writers, when treating of the divifibility

of matter, have mentioned twe curious theorems, which I
thai] fubjoin in this note, as they may be of ufe to the {pe-
Culatiye philofopher. Thoft theorems are eftablifhed on
the fuppofition that matter is divifible without end.
Theorem 1. 4 guantity of matter bowever [fmally and
any finite fpace however large, being given; it is poffibie that
that matter may be diffufed through all that fpace, and fo fill

iy as not to leave in it a porey whofe diameter will exceed a

&iven right line,

Let the given fpace be a cube, whofe fide is AR, fig.
2d. P. 1. fo that the cube be equal ta Ap,l? and let the
Quantity of matter be reprefented by 5%; allo let the hine
D be the limit of the diameter of the pores,

The fide AB being a finite quantity, may be conceived
to be divifible into parts equal to the line D. Let the num-
ber of thofe parts be reprefented by , fo that D =AB, and
Tﬂ DE=ABP. Coriceive the given fpace to be divided
I0to cubes, cach of whofe fides be equal to the right line

D, and
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The contemplation of thofe wonders of nature,
cannot fail of imprefling on our minds a ftrong
Klea of humility as well as of aftonithment.—A vaft
gradation of animals perfe in their kind, but
fmaller than the human being in fize and duration,
defcends as far down as our eyes can poflibly
difcern, even when they are affifled by the mofl
powerful microl'"copcs. This vaft gradation; inftead
of exhaufting the powers of nature, thews the prox

bable

1), and the number of thofe cubes wil! be #°, which cubes
are reprefented in the fiz. by B, F, G, H, Again, let the
particle 4% be fuppofed to be divided jato parts whofe num-
ber be #*; and in each cubic {pace let there be placed one
of thofe particles; by which means the matter 4° will be
diffufed through all the given fpace. Befides each particle
being placed in its cell, may be formed inte 2 concave
tphere, whofe dizmeter may be equal to the given line D
whence it will follow, that each {phere will touch that
which is next to it; and thus the quantity of matter %, be
it ever fo fmall, will il the given finite fpace, however
large, in {uch a manner as not to leave in it a pore larger
in diameter than the given line D,

Corollary. There may be a given body, whofe matter if
it be reduced into a fpace ablolutely full ; that (pace may be
any given part of the former magnitude,

Theorem H, There may be twe bodies egual in Fulb,
whefe quantities of matter may be very unequal, and thangh
they have ary given ratis ta cach ather, yet the fums of the
pores or empty [baces in thofe bodics may almaft approach the
ratio of equality,

The
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bable exiftence of animated beings vaftly {maller
than thofe; nor have we the leaft reafon to fix a
Limit to the feries. '

If we contemplate the ftate of exiftence of thofe
animals ; of one, for inftance, out of a large num-
ber of the fame {pecies, that has been born ina
glafs of dirty water; whofe life lafts but a few hours,
and whofe fize is lefs than the goooth part of an
inch; for fuch animals have been actually feen.
If we indulge our fancy by confidering what know-
ledge, or what ideas, can he poflibly entertain of
Man, — of the earth, — of the univerfe; we may
Without difficulty conclude, that, far from having
0y precife notiovs of our exiftence, he may in all

probability

Sl o

The demonftration of this theorem is eafily derived from
the foregoing, for fince the matter of 2 body may be con-
Cived to be condenfable into any part of the original bulk ;
therefore fuppofing two bodies, A and B of equal bulk, to

¢ fuch that the matter of A be 100 times the matter of B;
the matter of B may be conceived to be condenfed into one
Tooooooth part of its original bulk, and of courfe the
Matter of A will be condenfed in one hundred 10o0000th
Pa.rts of the fame bulk; in which café the fpaces left in the
Oniginal bulk of B will be to the fpaces left in the original

bulk of 4 a5 999999 to ggggoo, which numbers age
Rearly equal to each other,
Inftead of the aboye.

of tha quantities of m
and ma

bodies to t

mentioned numbers, the proportion
atter may be increafed at pleafure,
Y the proportion of the original bulks of the

" he fpaces into which they may be conceived to
¢ Condenfable,
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probability look upon the glafs of dirty water ds
the boundary of the habitable world, Qut of that
water, tradition i his own experience, fhews him
nothing but the inevitable deftruction of his fpecics,
and a confuled affemblage of immen(e objedts,
whole nature and whofe motions are utterly inex-
plicable to him. Yet he may poffibly {ufpect that
thole very objeéts have powers infinitely fuperior
to thofe of his own {pecies.

Let us now follow the analogy, and let us briefly
apply the fame contemplation to ourfelves. The
pianets, the ftars, the comets, and perhaps an in-
finity of other bodies that are far beyond the reach
of our knewledge, manifeft the exiftence of powers
infinitely above us, and perhaps even lefs cumpre-
henfible to us than we are to the above-mentioned
animaleule. . Confined to the globe of this earth,
which is only a fpeck in the univerfey and, with
reipect to us, not much better nor worfe than the
glafs of dirty water is with refpect to thofz infets ;
how infignificant are our powers,and how Imper-
fell is our knowledge of nature! How little likely
arc we to comprehend the real order of things, and
the Great Wifdom that regulates the whole ! In
this fublime inquiry the affiftance of our reafoning
faculty is trifling indeed; the clew of analogy is
fhort and'imperfeét; and our imagination {oon
lofes itfelf in the boundlefs extent of immenfity.

j:’?’."pt’)!f’ff't‘léi[if_}' 15 that property, by which a body
excludes every other bady from the place which
itfelf
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ttfelf occupies. Thus one cannot drive a cubic
uich of gold into a cubic inch of filver. You may
indeed melt and incorporate the two metals into
one lump; but then the lump will mealure two
Cubic inches ; which proves not that the gold oc-
Cupies the fame cubic inch of {pace which is eccu-
Pied by the filver ; but that the particles of the
two metals are placed contiguous to each other.
Thus alfo, if a quantity of water be put into a
jL-tlonfv veflel, for inftance, of iron, and the veffel
be act.urzhd) fhut up, it will not be poffible to
Prefs the fides of the veffel towards each other; the
Matter which fills the cavity of it being f{ufficient
10 rehft any degree of preflure.

Though imperdetrability be admitted as a ge-
Neral property of matter, it muft, however, be ob-
‘Cl\ed, that in certain mixtures of. two or more

odies of different natures, a lofs of bulk does ac-
tually take place ; thus if a cubic inch of {pirit of
Wine be mixed with a cubic inch of water, the bulk
of the Mixture will be fomewhat lefs than two cu-
bic inches . 5 yet the weight of the mixture (pro-
vided ng €vaporation be allowed to take place)
will be equal to the fum of the weights of the two
fluids ; which indicates that one of the fluids muft
have filleq up fome of the pores or vacuities of the
Other fluid. | It is befides not unlike ly - that fome
'11&1 finer ﬂmd may have efcaped in the a& of

UXINg the two bodies.

I“ other parts of this work we fhall take notice

1"0[, T A
= D Ql
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of the lofs of weight and other phenomena, that
take place in many cafes of mixture; but with re-
fpect to impenectrability itfelf, we may rather confi-
der it abftradly as a property of the real quantity of
matter which exifts in bodics, independently of
pores and vacuities, than as a general property,
without exception, of bodies in their ufual ftate of
exiftence.

Mobility of matter is that eflential and general
property, whereby any body 1s capable of being
moved from one part of abfolute {puce to another
part of it. Experience conflantly fhews, that the
force, which is required to move a body, is propor-
tionate to its weight ; therefore we conclude with
faying, that all bodies are capable of being moved ;
provided an adequate force be employed to. put
them in motion.

It 15 a faf proved by conftant and wniverfal ex-
perience, that the progrefs of a body in motion s
retarded precifely in proportien to the obftruion
which the bady meets with in its way. Thus if
twobodies, A and™B, exaclly alike in fhape, weight,
and fubftance, be put in motion by equal inpulfes,
and meet with equal obftruétions ; by moving, for
inftance, through the fame medium, or by rolling
over the {ame fort of plain {urface, thofe two bodies
will run over equal {paces in equal timess but if the
body A meets with half the obflruction that the
body B meets with, then A will go as far again as
the body B; when A meets with a quarter of the

5 obftrution,
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obftruttion, it will go four times as far as B ; and
in fhort, A will percur a fpace longer than B, by
as much as its obftru&ion is diminithed ; and con-
fequently when the obftruéion to A’s motion is en-
tir ely removed, A will go infinitely farther than B;
that is, it will continue to move for ever. It there-
fore appears, that a-body once put in motion has no
Power to ftop itfelf; nor can its motion ceale,
Unlefs fome force is exerted by fome external power
Againft it.

By the fame fort of reafoning, we prove that a
l"Ody at reft has no power to put itfelf in motion,
nd of courfe that it will continue for ever at reft,
nlefs it be impelled by fome external power ; for
fince we find that a certain impulfe is required - to
Move 3 body with a certain quicknef, viz. fo as to
{8t it run over the {pace of a mile in one minute ;
that with half that impulfe it will percur half a mile;
With the hundredth part of the original impulfe‘it
will percur the hundredth part of a mile; it will
nﬂtma]l}-‘ follow, that without any impulfe at all, it
Will not move in the leaft : a body therefore has no
Power cither to put itfelf in motion if it be at reft,
O to flop itfelf if it be in motion : and this paflive-
s of matter is called the vis inertie, or want of
z"'f?i’v’?':‘)f, of bodies.

A novice in philofophy may perhaps be induced

O F a 3 :
fufpect the trath or generality of this property of
g

At s ~ . .
=Her, by obferving that a man, or other animal,
Can b el

% eafily move himflf from reft, or ftop his

D 2 motion:
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motion : but in this cafe it muft be remarked, that
the animal receives a general impulfe at the com-
mencement of his life, and that all his a&ions, as
long as he exifts, are the confequence of that ori-
ginal impulfe. I fhall endeavour to illuftrate this
matter by an inflance of a much lefs complicated
nature.

Tt is very well known that a common cight-day
clock, when it i1s once wound up, will continue to
move its pendulum for a whole week, and at the
end of every hour it will ftrike a number of firokes
on the bell. It is evident likewife that thofe mo-
tions of the pendulum, the hammer, &c. are owing,
to the original power or impulfe which was com-
municated to the machine by the perfon who wound
it up; yet an ignorant man might fay, if bodies can-
not put themfelves in motion, nor can they ftop
themfelves when they are a&tually in motion ; how
dees it happen that the firiking part of the clock
puts itfelf in motion, and then fiops itfelf at the end
of every hour? The anfwer is, that the power which
was communicated to the {pring or weight of the
clock, is {o regulated by the mechanifm, as to act
by Tittle and little, fufficiently to keep the pendu-
lum and the wheels in motion ; and that when 3
particular part of one of thefe wheels comes againft
a certain machinery, it then difengages a portion
of the other power, viz. of the {pring or weight
of the ftriking part, which puts the hammer i0
aclion. ‘
What
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What has been faid of the clock will perhaps be
fufficient to remove the difficulty refpecting the ap-
Parent felf-moving power of more complicated me-
Chanifms, fuch as that of dn animal or vegetable
body. But though we are led by the analogy of
Much fimpler movements, to admit the dependence
of animal and vegetable motion on an original ‘im-
Pulfe ; we do not, however, prefume to explain the
Origin, dependence;, and poffible modifications of
that impulfe ; our underftandings, and our know-
ledge, being as yet infufficient to explain the nature
and the Jaws of that original energy.

Attraéiion is that property whereby one body or
Part of matter attras, or endeavours to get near,
hother body. Therc are feveral forts of attraction ;
fuch as the magnetic attraction, which takes place
bEtWEen magnets and iron ; the electric attra&tion,
Which is obferved amongft bodies in certain circum-
flances, &c. Thefe attrations, however, belong
10 certain bodles only, and of courfe they muft be
EXhatmined in other parts of this work. But there is
a‘iort of attraction which belongs to bodies of every
Kind ; it i mutual among them, and it feems to
pef\f&de the univerfe. Tt is that property whereby
_ bodies tend, or fall, towards the centre of the earth,
d it has been called gravitation, becaufe the
Quantity of that tendency in different bodies, is the
Mmeafure of their weight or gravity.
thif:xpeiien'ce, re;lzfoning, and analogy, fhew that

® gravitation exifts not only between the globe of

D 2 the
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the carth and the {urrounding bodies, but between
all parts of matter. One terreftrial body gravitates
or tends towards another terreftrial bod y ; the
moon gravitates towards the earth ; the moon,
the earth, and all the planets, gravitate towards
each other, and towards the fun; and probably
the fun, with all its planetary fyflem, may gravitate
towards fome other object.

The motion of certain bodies which fecem to fly
away from the earth, muft not be confidered as an
exception of this general law ; for in thofe cafes the
bodies only give way to other furrounding bodies of
a heavier nature, viz. that have a greater tendency
towards the earth. Thus {moke, when extricated
from burning bodies, goes upwards, or from the
centre of the earth, becaufe the furrounding air,
which is heavier than fimoke, takes its place: but
if the air be removed, or at leatt it be {o far rarcfied
as to become lighter than {moke, then the f{moke
will defcend like a ftone or other heavier body.
Thus alfo if you drop a picce of cork intoan empty
veflel, the cork will go downwards or to the bottom
of the veffel 5 but if afterwards you pour water inta
the veflel, the cork will afcerfd in order to make way
for the water, which has a greater tendency towards
the centre of the carth than an equal bulk of cork.

Daily and conftant experience fhews to every
perfon, that near the furface of the earth, all bodies
tend towards the centre of it, unlefs they are hin-
dered by other bodies. But the reader may na-
turally
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turally afk, how is it known that the planets and
the earth gravitate towards the fun ? The anfwer is,
that from the accurate meafurements of the me-
tions of thofé planets, they are found to follow the
fame laws that bodies do, which are projeéted in a
certain manner near the furface of the earth, and
whofe motion is undoubtedly determined by the
Power of gravitation ; we therefore, according to
the rules of philofophizing, attribute fimilar caufes
to fimilar effects, and conclude that the planets gra-
Vitate towards the fun, in the fame manner as
ftones, water, and other terreftrial bodies, gravitate
towards the earth.

What is the caufe of gravitation, or how can a
body aq upon another body through a certain
fpace? i5 o queftion which naturally prefents itfelf
%o the inquifitive mind ; but which we are utterly
Ncapable to anfwer.

A variety of conjeGures have been formed, and
many hypothetical {fuppofitions have been offered,
for _the clucidation of this queftion ; but as they are
all 1:.:v01ved in abfurdity and obfcurity, I fhall not
detain my reader with any account of them. All
We can fay is, that the effet is certain, the know-
?edg""' of its laws is highly ufeful to mankind ; but
1ts caufe is hidden amongft the myfteries of nature.

D 4 CHAP-
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CHAPTER IV,

OF MOTION 1N GENERAL ; THE LAWS OF MO~
TION, AND THE PROTERTIES OF SIMPLE XMQO-
TION.

F the general properties of matter, the firft

three may be prefumed to have been fuffici-
ently illultrated in the preceding chapter; but the
other three, viz. mobility, vis inertie, and gravita-
tion, are the foundation of the extenfive doétrine of
motion, or of mechanics ; and are therefore deferv-
ing of a full and particular examination.

Almofl all the phenomena of nature are owing to
motion. ~‘The appearance and difappearance of the
cecleftial bodies ; the increa’s of animals and vege-
tables ; the compofition and decompofition of com-
Plex fubftances, fire, &c. are all effected by motion,
Therefore the laws of motion muft be Tooked upon
as the foundation of natural philofophy ; fo that
without a clear comprehenfion of thofe laws, it will
be impofiible to make any proficiency in the ftudy
of nature.

The importance and extent of the {fubjeé, render
it neceffary to divide the matetials into feveral
chapters, in each of which fuch particulars will be
arranged, as are more immediately conneéted with
each other, and more conducive to concifenefs and
per{picuity.

It




and its Laws. 41

It is a natural confequence of the wis inertie of
matter, that whatever body is in motion, muft be
{fuppofed to have been put in motion by fome -
attive force; viz. fome external impulfe,

This impelling force may be of two forts. It
may cither communicate the impulfe at firft, and
then ceafe to aét, like the impulfe which is given
to a ballet by the difcharge of a gun; or it may
act irremittedly on the body in motion, like the
force of gravity on a ftone that is dropped from
any height.  For diftin&ion fake we fhail call the
firft fimply an smpuife, and the latter an accelerative
Joree,

A body may be put in motion by one, two, or
more forces at the fame time, and thofe forces
may be either all fimple, or all accelerative, or fome
may be of one fort, and others of the other fort.

Moft of the movements that commonly take
Place in the world, are the cffeét of more than one
impulle 5 and they are never performed with per-
fe& freedom, fince they are always performed in
refifting mediums.  However, in order to preferve
peripicuity as much as it lies in our power, we
fhall in the fi:ft place examine the motions arifing
from a fimple impulfe in a non-refifting medmm,
and fhall then proceed in the examination of the
Mmore intricate caufes of motion.

Three general laws of motion have been deduced

f1om innumerable experiments and obfervations,
by
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by means of the firicteft philofophical rea{'oning.'—-
They are as follows

I. Every body will continue in its ftate of reft,
or of moving uniformly ina flraight line ; unlefs
it be ecompelled to change that ftage by forces im-
prefied.

II. The change of motion is always proportiosial
to the moving force imprefled, and is always made
according to the right line, in which that force is
imprefled,

HI. A&ion and re-attion are always equal and
contrary to each other; or the ations of two
bodies mutually upon cach other, are always equal,
and direCted towards contrary parts.

The firft of thofé laws is evidently nothing more
than the wvis fnertie of matter, announced in a dif-
ferent manner; excepting only the aflertion of the
body moving in a ftraight; and not in a curve,
Iine, which particular may perhaps be deferving
of fome explanation.

The proof of this particular property has like-
wile been deduced from conftant experience ; for
we find that whenever a body moves in a curve
line, there always is fome fecondary power which
forces it to deviate from the re@ilinear courle ;
and that deviation is exactly proportional to that
fecondary power. Thus a flone which is thrown
horizontally would proceed horizontally in a
itraight line, werc it not drawn downwards by the

‘ fouce
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force of gravity; and we find by computation,
that the deviation from the herizontal diretion 1s
exaitly proportional to the force of gravity.

Hence the fecond law has been deduced, in
whicl it is afferted that the change of motion 1s
always proportional to the moving force imprefied,
and is made according to the right line in which
that force is imprefled 3 for if it were made in 3
crooked line, it would imply the action of a third
foree ; and if it were not proportional to the moving
force, the effett would not be adequate to the
caufe. :

The third law may be eafily illuftrated by means
of examples ; and the leaft refleflion on the phe-
nomena, which commenly occur, will be fufficient
o manifeft the truth and univerfality of it.

When a may ftrikes one of his hands againft the
other, the blow is felt equally by both hands. 1If
you ftrike g glafs bottle with a fleel hammer, the
blow will be received equally by the hammer and
by the glafs bottle; and it is immaterial whether
the hammer be moved againft the bottle at reft,
or the bottle be moved againft the hammer at reft ;
yet the bottle will be broken, whereas the hammer
“ii“ not, becaufe the fame blow, which 15 fuffi-
Clent to break glafs, is not fufficient to break a
lump of freel. It is for the fame reafon, that if ‘a
imm ftrike his fift againft another man’s face, the
blow, which is equally received by the fift and by

the
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the face, will produce a material hurt on the lattcr:
but not upon the former,

If a flone be tied to a horfe by means of a rope,
the horfe in dragging the ftone will exert a de-
gree of force equal to the refiftance of the ftone ;
for the rope which is firetched both ways will
equally pull the horfe towards the ftone, and the
ftone towards the horfe. And, in fa&, the flone
will not follow the horfe, unlefs the power of
the ‘horfe be greater than the refiftance of the
flane:

Experience likewife fhews, that if a loadftone
and a piece of iron be placed on feparate pieces of
cork, and be fuffered to float on the furface of
water, the attraClion between them will be mutual,
and they will move towards each other fo as to
meet in a place between their two original fitua-
tions. . If the loadfione oply be held faft in its
place, the iron will come all the way to meet
it; and if the iron only be held faft in its place,
the magnet will advance towards the iron until it
comes in contact with it,

The motion given to a boat by oars is likewife a
convincing . lluftration of the third law ; for by
the action of one extremity of each oar againft the
waler one way, its other end re-acts upon the boat,
and impels it the contrary way.

We fhall now examine the motion which i pro-
duced by a fingle impulfe, which ads at firft only,
and
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and then leaves the body to proceed by itfelf, in
a0 unrefifting medium.

It has been already fhewn, that in this cale the
body will continue to move uniformly ; that is, it
would run over equal {paces in equal portions. of
time ; and fuch would be the cafe of a bullet fhot
out of a gun, or of a ftone thrown out by 2 man’s
hand, were they not impeded by the refiftance of
the air, and were they not acted upon by the
force of gravity. But it is now neceflary to take
notice of feveral particulars relative to this fort of
motion.

In the firft place it may be afked, how does the
mpelling force put the body in motion, or what
docs it communicate to the body ? | The anfwer
15, that the moving force does not communicate
Ay thing to the body; but it only moves the
body through a certain fpace in a certain time,
?l‘fter which the body, being left to itfelf, will con-
tinue to move at the fame rate, viz. will continue
t0 run over like {fpaces in the like portions of
t.Ime; and that merely in confequence of its wis
Meitie 5 of which vis_inertie, however, we do not
Pretend to know any thing more, than that it has
been found to bea general property of matter,

“f‘\ll the particulars which can be remarked with
Teipect to the above-mentioned fimple motion, ate
t.l_le relations between the time, in which a certain
;L.mce is deferibed ; the {pace which is percurred
N a certain time, the quantity of which flrews

the
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the welocity y the quantity of matteér in motion :
and laftly, the momentum, by which word we mean
the force of the bedy in motion, and reckon it
equivalent to the impreffion that the body in
motion would make on another body at reft,
that thould-be prefented to it precifely in the di-
rection of its motion.

The momentum has been often called 2/e quantity
of motion, or fimply the motion ; but we {hall not
make ufe of the laft word in this fenfe, left it
thould be miftaken for the velocity, in which
fenfe it has been likewife ufed. We. fhall alfo
exprefs the above-mentioned four particulars by
their initial letters, viz. T for the time, § for the
fpace, V' for the velocity, Q for the quantity of
matter, and M for the momentum.

By the word veloeity we mean nothing more than
the ratio of the quantity of fpace which is run
over in a certain portion of time. Thus it is
faid that a body moves with the velocity of three
feet per fecend ; alfo that the- velocity of a body
A is to the velocity of another body B, as two to
three ; meaning that if A goes over a certain fpace,
as for inftance, four miles, in a certain time, the
body B will percur fix miles in the fame time;
fince two is to three as four is to fix.

It is therefore evident, that in equal times the
velocities are as the fpaces; but if the times he
unequal, then the velocities are as the quoticnts of
the {paces divided by the times refpectively.  Thus

fupp: [
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fuppofe that a body A pafles over ten feet'in two
:ninutes, and" another body B pafles over eight
feet in four minutes, the velocity of A will be to
the velocity of B as 2 to 4 ; that s as five to
2. 4

two; for by dividing the ten feet by the two mi-
Rutes, we find how many feet the body A runs
over in one minute, and likewife by dividing the
eight feet by four minutes, we find how many
feet the body B runs over in the fame time 5 ViZ.
one maute 3 {o that by the operation of dividing the
fpaces by the times refpeétively, we do nothing
More than find out the fpaces that are percurred
by the two bodies in equal times, and then compare
them together.

Before we proceed any farther, it is neceflary to
obferve, that whenever it is faid that certain things
4T€ a5 certain other things, we only affert the ratio
:‘“ the former to the latter; viz. that the forme:
'ncreafe or decreafe according as the latter do in-
C"‘fﬂ-[é or decreafe; but from fuch affertions no-
thing rea) and determinate can be deduced, unlefs
We have recourfe to experiments, in order to af-
certain fome of thofe Particular things with which
Others are compared. Thus in the preceding pa-
*agTaph, it has been afferted that the velocities are
35 the quotieats of the {paces divided by the times;
Yet this affzrtion will not enable
the velocity, or

“bl:h i';

us to determine
the fpace run over, or the time,
¢mployed by a certan body in mo-ion,
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unlefs fome of thofe particulars be previoufly
known. Hence if we learn from actual experi-
ment (viz. by meafuring the fpace with a ruler
and the time by a watch), or are otherwife 'in-
formed, that a {)ody has been moving through
ten feet in two {zconds ; then dividing the ten by
two, the quotient five gives the velocity ; which
means that the body moves at the rate of, or
percurs, five feet per fecond. If by the above-
mentioned proportional expreffion we with to find
the {pace, we mufl previoufly know the velocity
and the time ; and if we wilh to afcertain the time,
we muft previoufly know the velocity and the
fpace. Therefore, in general, the ufe of {uch pro-
portional expreffions 1s to render certain particulars
deducible, by computation, from other particulars
which belong to the fame expreflion, and which
have been previoudly afcertained by means of
attual experiments.  We fhall now proceed to
explain the other particulars which relate to the
above-mentioned fimple or equable motion.

The fpace is asthe velocity multiplied by the time |
(that is, S is as V T) for if a body move with the
velocity of three feet per minute, it is evident
that it muft pafs over twice three, or fix, feet, in two
minutes ; ‘three times three, or nine, feet, in three
minutes; four times three, or twelve feet, in four
minutes ; and, in fhort, the {pace 15 as the produét
of the velocity, or rate of going, multiplied by
the time-

The
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The #ime is as the {pace divided by the velocity;

{(viz. T is as ;?:] for if a body, for inftance, runs

Over 12 feet when its velocity is three feet per mi-
Rute, it is evident that in order to find the number
of minutes, that the body has employed in paffing
Over 12 feet of fpace, we muft fay, by the common
Tule of three, if the body pafles over three feet in
one minute, how many minutes will it employ in
Paffing over 12 feet; which proportion is ftated
thus; 9:1::12 :, and as the fecond term is unity,
We need only divide the 1z by 33 (viz. the
f?ace by the velocity) and the quotient 4 is the
time fought,

The ntomentum, and the quantity of matter, are the
o Iaft particulars which remain to be examined
with relpect to this fort of motion. It has already

*Cll mentioned, that the momenturm is the force of
the body in motion, and is equivalent to the im-
Preflion it would make on another body that fhould
be placed at rep dire&tly before it.

According to the fourth axium, every effe@ muft
© Prodaced by ap adequate caufe; therefore if a
b"d}’ be caufed to move with a certain velocity by
Means of a certain impulfe, the double of that
Mpulfe will pe required to make it move with the

d . ; .
Ouble of that velocity 5 three times that impulfe
to 1ct lt I

1ove with three times the original velo~
VoL, g,

E city;
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city ; and, in fhort, the moving force or impulie
mufl be proportionate to the velocity. And for
the fame reafon, the refiftance, which muft be op-
pofed to the faid body in order to ftop it, mult
likewife be proportionate to the velocity of the
body.

Now let two diftinct bodies, A and B, move
with equal velocitics; but let the quantity of
matter in B be the double of the quantity of
matter in A ; and it is evident that the momentum
of B muft be double the momentum of A ; for
if we imagine B to be divided into two equal parts,
each of thofe parts muft have a momentum equal
to the momentum of A; (A being equal to the
half of B) and of courfe both halves together muft
have a momentum double of the momgntum
of A,

If the body B be f{uppofed to move as fafk

again as A, or with the double of its former ve-

Jdoeity, it follows, from what has been mentioned

above, that its momentum muft be double of its

former momenftum; but before its momertum

was ‘double the momentum of A, therefore now
its momentum muft be quadruple the momentum
of A; thatis, it mult be multiplied by two on
account of its double quantity of matter, and again
by two on account of its double velocity ; which
is as much as to fay that the momentum 1s as the:

product of the quantity of matter multiplied by
the
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the velocity ; (viz. M is as Q V.)—Or we may
confider it as a definition, and fay that by the mo-
#entum we mean the produ of the quantity of
Matter by the velocity *.

If the quantity of matter in B; inftead of being
double, be fuppofed to be treble, or quadtuple, or
the half, or other multiple, of the quantity of
Matter in A; the fame mode of reafoning will
thew that its momentum muft be treble, or qua~
druple, or the half, or any other multiple refpec-
tively of the momentum of A, when the velo-
Citles of A and B are equal ; but that thofe mo-
Mentums muft be multiplied by the velocities
When the velocities of the bodies A and B are

Unequal ; which proves that the propofition is
Umverfally trye,

—F‘—‘—-‘—_—_—-——_;

g * The meafure of the momentums of bodies, under the
title of ojs Matrix, or vis viva, when moving with differ-
*ht velocities, produced fome years ago a long and loud
difpute amongft the learned in Europe. The intricacy of
the arguments would render a flatemtent of the queftion
t°_° long for this work, and it would befides be attended
With little or no profit to the beginnel"r ; 1 fhall therefore
Tefer fuch of my readers as are defirous of béing informed
relati“ﬁ]y to this queftion, to two excellent trafls; the
firfh of which is entitled /» Effay on Quantsiy, by the Re-
;‘erend-Mr, Reid, in the 45th vol. of the Phil. ‘Traaf. the
econd is g, Inguiry into the Meafure of the Force of Bidies
" Mition, by D, Irwin, Phil. Tranf. for 1745,

E2 Lattly,
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Laftly, the quantity of matter is as the momeris
tum divided by the velocity; (viz. Q isas I\%I);

for let V in the “preceding proportional expreffion
(M as V Q) be reprefented by the number
2 ; then that proportional expreffion will be-
come M as 2 Q ; meaning that the momentum
is as twice the quantity of matter; but if the mo-
mentum is as twice thie quantity of matter, there-
fore, taking the halves of thofe quantities, (for the
halves,. or the quarters, or any other like parts,
or multiples of two quantities, have the fame
proportion to each other as the quantities them- .
felves. Euclid. Elem. B. v. prop. 15.) half the
momentum will be- as the quantity of ‘matter;
which is exprefled thus; Qisas I\_: Again, if the

velocity be reprefented by any - other number, as
by 12, the proportion M as V Q, will become
M as 12 Q, and, taking the 13th part of thofe
two quantities, we fay, that fince the momentunt
15 a5 12 thmes the quantity of matter, therefore
the 12th part of the momemtum is as ihe quan=
fity of matter, which is exprefied thus; Q a8
]-—g; but the velocity is reprefented by the numbesr
12 in the laft fuppofition ; by the number 2z iff
the preceding fuppofition, and may be reprefenrcd
by any other number ; therefore, univerfally, the
quantity of matter is as the quotient of the mo
mentum divided by the velocity,

| I thall
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I Mhall now collet all the propofitions, or laws,
Which belong to fimple motion, under one point
of view, and, for the fake of per{picuity, 1 fhall
Cxprefs them both in the concile way, by ufing'the
initia] letters, and in words,

Vis as%; S1sas VT; Tis as %, M 15 as
VQj and Q isas]%j.

The fame exprefied in words,—In JSimple motion,
Viz. when q body is put in motion by a_fiugle impulfe,
Whick adls at firfk, and then leaves the body 10 proceed
5) ielf in a non-refifiing medinms or when Sfev ral
bodizs are ihus feparately put in motion ; the velocities
e as the [paces divided by the times ; the Jpaces are
U the elpcities multiplied by the times 5 the times are
W the [paces divided by the velocitis 5 the momentums
Ve as the welocities multiplied by the quapsities of
Matter ; and, lafily, the quantizies of matter are as the
Momentums divided by the wvelocities, ;

Thus, confidering the importance of the fubjed,

haye endeavoured to demonfirate the particulars
*elative (o fimple motion, in as familiar a manner,
ffnd as little encumbered with mathematical ex-
Preflions, as the fubject feemed to admit, pur-
Pofely o adapt them to the capacity of beginners,
_.“d 1 myft earneftly entreat the reader to make
Mfelf mafter of the contents-of this chapter be-
VG he Proceeds to the next, '

E 3
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. CHAPTER V.

OF THE MOTION ARISING FROM CENTRIPETAL,
AND CENTRIFUGAL, FORCESj; AND OF THE
CENTRE OF GRAVITY.

A Centripetal force is that power which com-
pels bodies to move, or to tend towards 2
point, which is called the censre of attraction. A
centrifugal fcr:f_z, on tht; contrary, is that power
which compels bodies to recede from a point,
which is called the centre of repulfion. Gravitation
or that power, by which bodies are forced to fall
towards the centre of the earth, is a céntripetal
force, and will ferve us as an example for the il-
luftration of the general theory. '
But though bodies direct their courfe towards
the centre of the earth, yet the attrative powér
muft not be confidered as a peculiar property of
that centre, or of any particular body near it
Attracion is a property which belongs to matter if
gcncral, and is proportionate to the quantity of it
"The parts of the earth mutually gravitate towards,f
attra&, cach other ;—a ftone attraéts another fton€s
or any other body ; the carth attracs a ftone, 4
well as the latter attraés the former, and all bodiess
in fhort, mutually attrac each other ; nor are We
acquainted with any particle of matter which maf

be
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be faid to be deftitute of attraétion towards the
whole affemblage of terreftrial bodies. That, ceteris

aribus, the attrattive force 1s proportionate to the
Quantity of matter, may be eafily proved ; for let
A, B, and C be three bodies equal 1n every relpedt ;
and if A attra¢t C with a certain force, (for in-
flance, a force equal to one ounce) it is evident
that B, its equal, muft likewife attract:C with the
force of one ounce; and, of courfe, A and B to-
cther, or a body équal to thofe two, muft at-
tract C with the force of two ounces. ~Again, if

C

<

we take .ten equal bodies, it is evident, that two
of them will attract another diflin& body with
twice the force of one of them only, asalfo that
four, or five, or fix of thofe equal bodies will at-
tract the other body with four, or five, or fix times
relpedtively the force of one of them only, and fo
forth; which evidently fhews the generality of the
Propofition.

It isin confequence of this truth, that wiicn a
body A preveats another body B from falling to-
Wards the centre of the earth, the former is preffed
by the latter, and that preflure is proportionate
0 the quantity of matter in B. Now, that
Preflure is called the weight of the body B, and
the quantity of it is exprefied by comparing it with
@ Certain arbitriry ftandard - weight, which may
¢ called an ounce, a pound, a grain, &c. So
that when'a certain body A 1s faid to weigh three
Pounds;, whilft another body B weighs one pound,

B 4 the
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the meaning is, that the quantity of matter in A,
and of courfe its attraction towards the earth, is
treble the quantity of matter in B, or the attrac-
tion of B towards the earth.

Since attraction is a general property of matter,
it may be afked, why do we not perceive any at-
traction between the bodies which ufually fur-
round us, as for inftance between two flints, or
two pieces of lead? The anfwer is, that the at-
tractive force of matter in general is too fmall to
become perceptible, excepting when the bodies,
or one of them, is very large, as is the cafe between
the earth and a flint, or other body; for if you
fuppofe that a flint ftone A be equal to the
100000000000006th  part of the wholé earth,
and likewife fuppofe that another body B is at-
tratted by the carth with a force equivalent to one
pound ; then it follows that the body B muft be
attracted by the flint ftone A with a force equiva-
lent to the 109000000c00000th part of a pound ;
which is too {mall to produce any lenfible effeét.
Yet, not_withftanding this, the accuracy and im-
provements of the prefent age, have found means of
rendering the attraction between bodies of no great
fize, fufficiently fenfible; but the account of fuch
experiments will be found in another part of* this
work.

Confidering that the attraGion is mutual bes
tween bodies, as between a ftone and the garth, it

\
may be atked, why does not. the earth move to-
2 2 D i s :

wards
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wards the flone at the {ame time that the ftone moves
towards the earth? The anfwer is, that the earth,
agreeably to the theory, muft afually move to-
Wwards th.e ftone, but its motion is too {mall to be
perceived by our fenfes ; for if we {fuppofe that the
earth 1s at lealt 1000C00000E0CCCOCAOCOOCO
times larger than the ftone, the attradtion of the
earth for the ftone, muft be to the attraétion of the
latter for the former, as that immenfe number is
to unity. Now fince the effe@ts are always pro-
portionate to their caufes, it follows, that if in 3
certain time the ftone moves through 1000 feet in
its defcent towards the carth, the earth muftin the
fame time move towards the ftone through
U o
1000000000000000C0000ACO
Or (which is the fame thing) - through the
#90000000000000000000th part of a foot; a
fluantity vaftly too {fmall for our perception,

Were the two bodies not fo difproportionate,
they would both be feen to move towards each
other, Thus if two equal bodies, as A and B fig.
3- Plate I be placed at a certain diftance of each
Other, and be then left at liberty, viz. free from
any obftru&ion, they will move towards each
?th‘er, and will meet'at a point C midway between
their original fituations. But if the bodies be
Unequal 5 for inftance A in fig. 4. Plate 1. be
thr'ee times ‘as big as B, then they will meet at a
POlnt‘C, which is as much nearer the original
fituation of A, than that of B, as the bedy A is'

bigget

parts of a foot;
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bigger than the body B; viz.  AC will be equal to
one third part of BC; for fince the quantity of
matter in A is equal to three times the quan-
tity of matter in B, the attra&ion of the former
muft be three times as great as the attraction of
the latter, confequently the {pace run over by the
body B muft be three times as great as the {pace
run over by the body A, in the fame time.

It s evident that the like reafoning may be
applied to bodies that bear any proportion to
each other; hence we conclude that ske difances
af the 'or:;gimz{ Jituations of the bodies from
the point C, where if left at liberty they will meet in

confequence of their mutual attralion, are inv erfely as
their quantities of matier; viz. as the qunntlty of
matter in A, is to the quantity of matter in B, fo
1s the diftance BC, to the diftance AC.

The point C 1s called the centre of gravity of
thofe two bodies; being in fa& the point, or
eentre, towards which they frr;witate, and where
they will atually meet, if not difturbed by any
external force or impediment.

What has been obferyed with refpe& io the twa
bodies, may be eafilly applied to the mutual at-
traction of three, or four, or, in thort, of any num-
ber of bodies ; there being always a centre of
gravity which is-common to them all.  Such alfo
is the cafe with a fingle body ; viz. there is a point
in any fingle body, which is its centre of gravitys

towards which, if the body were divided into difr

ferent
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ferent parts, thofe parts would gravitate. The na-
ture and properties of the centre of gravity will
be farther noticed in the next chapter.

Since the attractive power is proportionate to the
quantity of matter, it follows, #kat all forts of bodies,
however different they may be in their weights, if
they begin to move towards the earth from the [ame
height, at the fame time; they muft be equally accele-
vated ; that is, they muff all. defcend through the like
Jpace in the fame portion of time; for though abody A
be twiceas heavy asanother body B, if you imagine
that the former is divided into two equal parts, each
of thofe parts muft be equal to B, and of courfe it
muft move through an equal {pace,as B, in the fame
time, Now it is evident, that when the two parts
of A are joined together, the cffet muft be the
fame, The like reaforing may be extended to
bodies, whofe quantitics of matter bear any other
Proportion to each other, Hence all forts of
bodies, when left at liberty, would fall from the
fame height to the ground precilely in the fame
time, were they not unequally refifted by the air
through which they move. 1 fay uncqually re-
fifted, becaufe that refiftance is in proportion nat
to the quantity of matter, but to the {urface, when
the quantities of matter are equal.  This may be
fatisfaGorily proved by a variety of experiments.
Take, for inftance, a {mall quantity of cotton,
fpread it as much as you can, then let it fall from
your hand to the ground, and you will find that

the
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the cotton will employ three, four, or more, feconds
of time in that defcent. = But if you take up that
cotton and comprefs it into a very {mall compafs,
you will find that on repeating the experiment, the
fame quantity of cotton will defcend to the ground
10 lefs than a fecond. Thusalfo if you drop frorq
the fame beight at the fame time a guinea and
a common gold leaf, the guinea will come to the
ground incomparably quicker than the gold Ieaf,
But if you comprefs the leaf o as to form it into
a {mall lump, and repeat the experiment with this
lump and the guinea, they will be found to touch
the ground nearly at the {ame moment *,

The converfe of the laft propofition is likewife
evident 5 namely, 1oz if bodies, in Salling from the
fame height towards the centre of the earth, deferibe
equal [paces in the fame portion of time, the attraiion

* This propofition is confirmed in 2 manner lefs eafy
indeed, but more evident and conclufive, by means of a
tall glafs receiver, having a mechanifin ar jrs upper cnd,-
from which a guinea and 2 feather, or other light body,

may be dropped at the fame time, When this glafs re.

' eeiver is fet flraight up, ‘and is exhaufled of air, in the

manner which will be defcribed hereafter, the
tioned guinca and feather, will

above-men,
» on being difengaged, ar-
rive at the bottom of the receiver at the fame moment pre-
cifely. Butif the receiver be not well exhaufted of air,

then the feather will arrive at the bottom later than the

guinea; and much more (o when the receivey is quite full
of air.

?:??.’ﬂ
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Mgl be proportionate to their quantities of mattef 3
Otherwife the fpaces, &c. would not be equal.

Hitherto we have taken notice of the properties
which naturally arife from the attrafion being
Proportionate to the quantity of matter. It is now
Receflary to examine the aGtual motion of bodies
Which move towards a centre of attraction.

The great difference between the fimple impulfe,
mentioned in the preceding chapter, and a centri-
petal, or centrifugal, for.ce, 15 that the former
produces equable motion ; that is, fuch as com-
Pels bodies to deferibe equal fpaces in equal por-
tions of time ; whilft the latter produces unequable
Motion ; viz. it compels bodies to defcribe une-
qual fpaces in equal portions of time.

This inequality arifes from the continual action
of the latter power ; for 4 cenfripetal, or centri-
fupa), force, does not a& at firlt only; but it
.does Continually act upon, and impel, the bodies
In Motion ; that is, the centripetal, towards the
centre of attraftion, and the centrifugal, from the

Ceatre of repulfion.

The attraltion of the earth, or gravitating

Power, has been found, from a variety of fafts,
Which will be mentioned hereafter, to decreafe in
Proportion as the {quares of the diftances from the
Centre of the earth, increafe ; or, in other words,
the force of gravity at different heights is inverfely
38 the fquares of the diftances from the centre of
the earth, ¢ a height, for inftance, as far from

the
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the furface of the earth as the furface is from the
centre, the force of gravity is a quarter of what
it is at the furface; for the diftances being as one
to two, their {quares are one and four; therefore,
as one is to four, fo is the force of gravity at the
above-mentioned height, to the force of gravity at
the furface.

This diminution of intenfity in the proportion
of the fquares of the diftances from the centre of
emanation, feems to take place not only with the
force of gravity, but likewife with all {forts of
emanations from a centre, fuch as light, found,
&c. as far however as we are able to judge from
the prefent ftate of knowledge; for with the de-
creafe cither of found or of light, this law has not
been afcertained to any great degree of accuracy.

But, independently of atual experiments, it
may be ftrictly demonfirated, that emanations,
whick proceed in fraight lines from a centre, and do
ot -meet with any obffruclion, muft decreafe in intenfity
inverfely as the [quares of the diftances  from the

centre. (1) y
- Bodies

(1) Let A, fig. 5. Plate L. be the centre of emanation
(for inftance the flame of a candle.) Let OPBv be a
fquare hole, and drawing ftraight lines from A to the
corners of this fquare, produce them indefinitely towards
LR Eyire

In the firft place it is evident that the light which pafles

through the fquare hole OPBw, will fill all the fpace be-
tween
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Bodies that are left to fall from any height, will
Move fafter and fafter the nearer they come to the
furface of the earth; for if the force of gravity
afted upon a body only at the commencement of

—

tween the four ftraight lines AH, AI, Ar, and AE. Se-
Condly, it is alfo evident that if a plane furface be placed at
E, parallel to the fquare OPBuw, all that part of it which
lies hetween the aforefaid ftraight lines; viz. IHEr, will
be illuminated by the light which paffes through OPBo 3
but a5 the plane IHEr is larger than OPBu, the light upon
it cannot be fo denfe as at OPBw; and for the fame reafon,
; ifa plane be fituated at D, parallel to OPBuw, the light
Upon it will be lefs denfe than at OPBw, but mere denfe,
thap at IHE», &c, Thirdly, it is alfo evident that the
Planes THE7 KGDs, LFCx, are fquare figures, fince
the hole OPBw has been fuppofed to be a fquare. There-
fore, the only thing which remains to be proved; is, thatif
the diftance AC be equal to twice the diftance AB, the
area of the fquare LF-CA' is four times as large as the area
OPBu; that if AD be equal to three times AB; thearea
KGD;is nine'times as large as OPBu ; or, in fhort, that
the areas OB, LC, KD, &c. are as the fquares of the
diftances from A, which is ealily done ; for ABP, ACF,
bEiug equiangular triangles (Eucl. p. 29..B. i.) we have
(Eucl, p: 4. B. ) AB". AC: : PB: EC; but PB and
FC are the homologous fides of the fimilar plane figures
OPBy, LFCx; and (Eudl. p. 20: B. VL Jithofe figures
e as the fquates, orin the duplicate proportion, of their

h{) i ' r - = e~
_"\“Olagou:,hdes; therefore OPBw: LFCx 1 PBl2: EC)*:
ABir; a0 And the like reafoning may be applied to
the gth

o1 fquares KGDs, &e.
its
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its defcent, the body would, (according to the
laws of fimple motion, Chap. IV.) continue to de-
feribe equal fpaces in equal portions of time. But
the very next moment the force of gravity inpels
the body again, in confequence of which the
body’s-velocity muft be doubled ; fince the fecond
impulfe is equal to the firft, and the firft remains

" unaltered.  For the fame reafon on the third mo-
ment the body’s velocity will be trebled, ar d o on.
Or, fpeaking more properly, the wvelocity will in-
creafe as the.time increafes, viz. zje velocity will
be as the time 5 the meaning of which is, that the
velocity at the end of two feconds is to the velocity
at the end of three feconds, as two to three; or
the velocity at the .end of one minute is to the
velocity at the end of one hour, as one is to
fixty, &c. *,

The fpaces defcribed by fuch defcending bodies
cannot be proportionate fimply to the times of
defcent ; for that would be the cafe if the velocity
remained unaltered ; but, the velocity increafing

* The velocities dre as the times when the gravitating
poweri remains unaltered, or with the fame gravitating
power; but if two diftin& gravitating powers be com-
pared together, then the velocities will be as the produéts
of the times multiplied by the gravitating forces refpecs
tively ; it being evident that a double force will produce 2
double effed, a treble force will produce a treble effect;
&c. Hence when the times.are equal, orin the fame time;
the velocitics are as the gravitating, or the impellings
forces.

' continuallys
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Continually, it is evident that the [fpaces mift
b¢ as the times multiplied by the welocities 3 for a
double wvelocity will force the body to move
through a double fpace in an equal portion of
tine, and through a quadruple fpace in twice that
time ; alfo a quadruple velocity will force the
body to move through a quadruple '{pace in an
€qual portion of time, and through eight times
that {pace in twice that time ; and fo on in any
Proportion. But it has been (hewn above that the
Velocities are as the times; therefore to fay that
ﬂ_‘*ﬁ {paces aré as the times multiplied by the velo-
Cities, is the fame thing as to fay that the {paces
4re-as the tinzes multiplied by the times, or as the
‘quares of the times ; and for the fame reafon it is
the fyme thing as to fay that the fpaces are as the
Velocities multiplied by the velocities, or as the
Quares of the velocities *:

This property of defcending bodies, (viz. thdt
'€y run through {paces which are as the fquares
“f‘ the times) has been ufluvally demonftrated in a
different way by the philofophical writers: Their

fmonfiration may, perhaps, appear more fatisfac-
tory than that of the preceding par:igraphs to fome
O‘F My readers; I fhall therefore {ubjoin it; efpe~
Clally as it proves at the fame time another law re-

BEYE 0 tlim o ; - - . .
€ 10 the velocity of defcending bodies.
—

th

g T) -
ere 5 - :
e o 2 fore in equal times the fpaces are as the im-
Feiling

s OF gravitating; forces. Sec the Ja® note.
YoL. 5. !

F 1=t
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Let AB, fig. 6. Plate L. reprefent the time, dur-
ing which a body is defcending, and let BC re-
prefent the velocity acquired at the end of that
time. Complete the triangle ABC, and thé
parallelogram ABCD. Alfo fuppofe the timeto be
divided into innumerable particles, e, i, mp, po,
&c, and draw ef, ik, mn, &c. all parallel to the
bafe BC. Then, fince the velocity of the defcend-
ing body has been gradually increafing from the
commencement of the motion, and BC reprefents
theultimate velocity ; therefore the parallel lines
ef, ik, mn, &c. will reprefent the velocities at the
ends of the refpective times Ae, Af, Am, &ec.
Moreover, fince the velocity during an indefinitely
fmall particle of time, may be confidered as uni-
form ; therefore the right line ¢f will be as the ve-
locity of the body in the indefimtely {mall particle
of time ¢ ; 7k will be as the velocity in the particle
of time #m, and fo forth. Now the fpace pafied
over in any time with any velocity is as the ve-
locity multiplied by the time; viz. as the reGangle
under that time and velocitys; hence the {pace
pafled over in the time ¢ with the velocity efs
will be as the rectangle if; the {pace pafled over in
the time #m with the velocity i, will be as the
rectangle mk ; the {pace pafied over in the time
mp with the velocity mn, will be as the rectangle
pn, and fo on. Therefore the {pace paffed over
in the fum of all thofe times, will be as the {ump

of all thofe reGtangles. But fince the particles of
time
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time are infinitely fmall, the fum of all the rec-
tangles will be equal to the triangle ABC. Now
fince the {pace pafled over by a moving body in
the time AB with a uniform velocity BC, is as the
TeGtangle ABCD, (viz. as the time multiplied by
the velocity) and this rectangle is equal to twice
the triangle ABC (Eucl. p. 31. B. L) therefore the
fpace pafled over in a given time by a body
féilliﬁg from reft, is equal to half the {pace paffed
OVer in the fame time with an uniform velocity,
€qual to that which is acquired by the defcending
body at the end of its fall.

Since the fpace run over by a falling body in
the time reprefented by AB, fig. 7. Plate I. with
the velocity BC is as the triangular ABC, and the
Pace run over in any other time AD, and velacity
DE, is reprefented by the triangle ADE; thofe
Paces mug be as the {quares of the times AB,
AD; for the fimilar triangles ABC, and ADE, are
3 the fquares of their homologous fides, viz. ABC
S0 ADE a5 the fquare of AB is to the {quare of
AD, (Eucl. p, 59, B. VL)

!n fig. the 8th. Plate I. the {paces, which are
deic_ribEd by defeending bedies in fucceflive equal
Portions of time, are reprefented, for the purpofe of

Wnpreffing with greater efficacy on the mind of the
Teader, the principal law of gravitation. The lite
ﬁjnr“g"‘?{mts ih? path of a body, which is let fall
The div’ﬂ:‘nd Ue‘.cends- towards the ground at }3._
'0ns on the line AB denote the places of

F2 the
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the body at the end of one fecond, two feconds.
&c. which equal portions of time are marked on the
left hand fide 3 whiift the numbers on the right ex-
prefs the feet percurred; or real diftances from A to
the firlt divifion, from A to the fecond divifion,
and {o on. Tt appears, therefore, that in one fecond
the body has defeended through 16,087 feet, that
1n two feconds it has delcended through four times
16,087, or 64,348 feet, &c.

It may alfo be obferved, that the fpaces run
through during each fingle fecond, are as the odd
numbers I, 3, 5, 7, &ci; that is, if the {pace per-
curred in the firlt fecond be called one, the fpace
percurred during the fecond fecond only will be
three times as great, the {pace percurred in the
third jecond will be five times as great, and {o on.
In faét, if we {ubtract 16,087 from 64,348, the
remainder, 48,261, is equal to three times 16,087 3
if we fubtract 64,348 from 144,783, the remainder,
80,4335, 1s equal to five times 16,087, &c,

It has been fhewnabove that the force of gravity
at equal diftances from the centre of the earth is pro-
portionate to the quantity of matter; but it muft
be obferved, that when the diftances are unequal,
then the gravitating forces, or weights, of bodies,

are as the quotients of the quantitics of matter di-

vided by the fquares of the diftances refpectivelys
or, which is the fame thing, the weights of bodies
are faid to be as the refpective quantities of matter
directly, and the {quares of the refpective diftance®
inverfely 3
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iﬂ"erfﬂy 3 fince the gravitating force has been thewn
to decreafe inverfely as the {quares of the diftances
ftom the centre of attration. Thus if a body A,
Which is five times as big as another body B, is
Btuated ‘at the diftance of 4000 miles from the
Centre of the earth, whilft B.is fituated at 6ooo
Miles diftance, then the weight of A will be to
the weight of B as the quotient of five divided by
the fquare of 4000, is to the quotient of one di-

e - q .
Vided by the ﬁ]uar:: of 6009 ; viz, as m 1s tQ
)
9%00000g "
In
-

*f Suppofe it be required to find how much a leaden ball,
Which on the furface of the earth weighs twenty pounds,
will

h'l Weigh at the top of 3 mountain which is three miles
igh,

The femiq
Miles, ¢ whi
three miles

iameter of the earth is known to be about 3985
ch we add the height of the mountain, viz.
> and we have the two diftances; thatis from
" © Centre of the earth to the furface, 3985 miles, and from
3t centre to the top of the mountain 3988 miles, The
ares of thofe. numbers are 15880225 and 15904144.
B 0 fay as 15904144 is to 15880225, fo is twenty
r:]:“d% tt? a fouth proportional, which by the common,
di;v'id?t three (viz. by multiplying 158?0225 by 2¢, and
lfj,t)f,ng.the product by 15904144) will be found to be
Wcigh? -fel' 19 pounds and 15 ounces, which is the
e holthe leaden ball at the top of the mountain, viz.
It):n 2’: 0 ounce lefs than on the furface of the earth.
Which i"' b'“°f: however, be imagined that the leaden ball,
S balanced by a counterpeife of twenty pounds in

F3 A pair
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In the preceding explanations and examples,
the {paces and velocities of defcending bodies have
been calculated on the fuppofition that the force acts
uniformly ; viz. that during the defcent of the body
from A, fig. 8. Plate I. towards the ground, the attrac-
tion of the earth does not increafe; which fuppofi-
tion, firictly fpeaking, is not true; for it has already
been fhewn, that the force of gravity decreafes in-
verlely as the fquares of the diftances from the centre
of the earth; fo that the nearer the bod y comes-to
the ground, the fironger its gravitation will be.
However, in {hort diftances from the furface of the
earth, that increafe of gravity is fo very trifling, that
for common purpofes it may be fafely negledted.
But as thg {ame theory is applicable to all forts of
gravitating powers, and as very great diftances may
fometimes enter the calculation, it will be proper to
fubjoin the method of calculating the velocities
which are acquired by bodies defcending towards a

centre

a pair of fcales on the furface of the earth, will appear
lighter at the top of the mountain ; for this will not be the
cafe, becaufe the counterpoife itlelf will lofe an equal
portion of its weight by being fituated on the top of the
mountain ; and of courfe the equilibrium of the fcales will
not be difturbed, But if the leaden ball in queftion be
weighed in one of thofe weighing inftruments which are
made with a fpiral fteel fpring, then indeed the decreafe of
its weight at the top of the mountain will be clearly per-
ceived, provided the weighing inftrument be fufficiently
accurate,
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centre of attraction, when the increafe of the attrac-
tive power is taken into the account (2).

It is evident that, fince the continual aétion of
the force of gravity accelerates the motion of a
defcending body, it muft continually retard the

motion

——————

(2) This problem is taken from Dr, Saunderfon’s
Method of Fluxions.

PRORLEM.

Let 8. fig. g. Plate L. be the centre of the earth, B any
Point in its furface, and let the force of gravity in all
Places be reciprocally as the fquares of their diftances from
the centre of the earth : it is required to determine the vels
ity of g beavy bady at the furface of the carthy which it ac-
Quires in falling from any given altitude AB.

€t x be any indeterminate diftance from the centre of
. e €arth, and let v be the velocity of the falling body at

that diftance, Let —I—] reprefent the force of gravity at
SBI

B, and confequentlyi its force at the diftance », Firfk
XX

tﬁ €0 it is plain, that after the falling bedy is arrived at the
;'&"‘“W *, and then defcends further through any infinitely
ﬂ?a!l fpace. as #, the time of that infinitely fmall defcent
Will be as £, that is, it will be as the fpace direétly, and

as_the velocity inverfely; and the infinitely fmall acqui-

lt“’“.made by the velocity in that defcent will be as the

time ¥
v

will X - giFm %
Ibe a5 = thersfore wo will be as ~—; therefore the
o«

and the acceleratig force — jointly; that is, @
wx

Ay i : . %
O of thefe flukions, which are generated in equal
F 4 times,
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motion of an afcending body. A ball, for inftance,
which is projeted upwards, will be gradually re-
tarded by the gravitating force, which aéts in a
contrary direction,

The foregoing explanations relatively to the laws
of gravity, or of a centripetal force, may be eafily
applied to the explanation of the properties of 4
répu]ﬁvc, or centrifugal, forte; for in fa& the fame

reafoning

times, will be proportionable ; that is, fvv will be as

L T SA—SB AB

BB 5A’ ¥ ®SExSA’ o 2 SR <SA therefore, fince
the quantities 2 and SB are conftant, wv will be as
AB,
AS

This being difcovered, let DB be the height from
which a body will fall to the furface of the earth in one
Jeecond of time ; and fince during fo {mall a defcent, the
force of gravity may be locked upon as uniform, it is evi-
dent that a body falling from D to B will acquire a velacity
which will carry it uniformly through the fpace 2BD in
a fecond of time. Let 2BD reprefent this velocity ; then
muft every other velacity be reprefented by the fpace
through which it will carry a body in a fecond of time.
MNow to ﬁud the velocity acquired in falling from A to B,

AB X
1fayas 1s to 15> fo is 4DB” (the fquare of the velo=

DH
AB
city acquired in falling from D to B) to 4.DB xD8 x =<5

(the fquare of the velocity acquired in falling from A to B)
= i K -‘-%,f uppofing m to be'a mean proportional between

DBand Db Thereforea bedy falling from A to Bacquires 4
velocity
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realoning will do for the one as for the other,
changing only the word aztradtion for repulfion, and
the word acceleration for retardation. - Thus the
velocity of a body which is receding from a centre
of repulfion, is retarded in proportion as the time
increafes ; or the velocities are faid to be inverlely
as the times, Alfo the {paces decreale, or are, In-
verfely, as the fquares of the times.

Ifa body be thrown perpendicularly upwards,
that is, in a direction from the centre of the earth,
with the velocity which it acquired by falling in a
given time, it will arrive at the fame height from

e

"dﬂdty that would carry it through the fpace 2m X
=
ARl
=== In afecond of time.
Scholium. DB znd DS having been afcertained by

Means of experiments, 2 7 iS thereby found to be about

feven Englith miles. AB

Corollary 1. If AB be infinite, the quantity a3 be~

comes equal to one, hence it goes out of the queftion;
and therefore 2 body falling from an infinite beight, will
acquire at the furface of the earth but a finite velocity 3
Viz. fuch a velocit); as will carry it uniformly through
feven miles in one fecond of time.

Coroll. 2. Therefore, ¢ converfs, if a body be thrown
Upwards with fuch a velocity, it will never rcturn, but it
will afcend for ever,

Coroll. 3,  After the fame manner we may determine
the velocity of a falling body, whatever be the Jaw of
gravity, J

i which
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which it fell, in the fame time; and will lofe all
its momentum. And when bodies are thrown per-
pendicularly upwards, the heights of their afcents
are as the {quares of their velocities, or as the fquares
of the times of their afcending.

N. B. Throughout this chapter no notice has
been taken of the refiftance, which the air offers to
the motion of bodics.

CHAPTER VL

THE METHOD OF ASCERTAINING THE SITUA~
TION OF THE CENTRE OF GRAVITY, AND

AN ENUMERATION OF ITS PRINCIPAL PRQO-
PERTIES,

HE dcfinition and the nature of the centre of
gravity having been (hewn in the preceding
pages, we fhall in the prefent chapter fhew the”
method of finding its fituation in a {yftem of bodies,
as well as in a fingle body or figure ; “after which
we dhall ftate its various properties, the knowledge
of which is of the utmoft importance in the ftudy
of natural philofophy, and efpecially in mechanics.
When the common centre . of gravity of two
bodies is to be determined, their quantities of mat-
ter and diftance from each other being known
5 draw
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draw g ftraight line from the centre of gravity of
one of the bodies, as A, fig. 10. Plate L. to the
Centre of gravity of the other, B. (which centres we
fhall, for the prefent, fuppofe to be known; for it
#ill prefently be fhewn how to find the centre of
gravity of a fingle body.) Then divide this line
in E, {o that its parts BE, AE may be to each other
i the proportion of A to B, and E 1s the centre
lﬁl‘ught. For example, let A wcigh 3. pounds,
B o pounds, and let the diftance AB be 20
feet. Say as 3 1s to 2, {o 1s BE to AE; then by
Compofition (Eucl. p. 18. B. V.)fay as 3 plus 2,
Viz, 5. is to 2.{e 13 BE plus AE, viz. 20 feet, toa
fourth, prnpol:t'zo;uﬂ, which, by the common rule of
three, is fond to be 8, and is equal to AE; fo that

the centre of gravity E is 8 feet diftant from A.
When the centre of gruvity of three bodies, as
A, B, ang D, fig. 11. Plate I. is to be determined,
their Quantities of matter and diftances being
HOWN ; you muft in the firft place find the centre
Q’; gravity E between any two of thofe bodies, as
Ot A and B, after the manner mentioned above.
Then imagine that the two bodies A and B are
both colle&ted in the pOint E, and laftly find the
Centre of gravity between E and D, which will be
“_"t commen ‘centre of gravity of the three bodics 3
¥1Z. draw the firaight line DE, then as: the fum of
"_\h‘e flaatter in A and B, is to the matterin D, fo is.
:C to CE; and, by compofition, fay as the fum ot
e matter in A, B and D, is to D, fois DE toCE;
which
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which gives C, the common centre of gravity of the
three bodies,

In the fame mianner the centre of gravity of four,
or more, bodies may be determined ; viz. by con-
ceiving the matter of three of thofe bodies to be
colle(ted in the common centre of gravity of thole
three bodies, and then finding the common centre
of gravity of the lat mentioned centre and the

- fourth body, &c.

{EP

The centre of gravity of a fingle body may be
eafily determined by the following general method,
viz. by fuppofing the body to be divided into two
ot more parts, and then finding the common centre
of gravity of thofz parts, which will be the centre
of gravity of the body itfelf. But in certain regular
figures, fuch as a circular furface, a fphere, a cube,
&c. it 15 evident that the centre of the figure muft
coincide with the centre of gravity ; for if in the
circle, for inftance, fig. 12. Plate I. you divide the
area into two equal parts ADB and ALB, it is
evident that the common centre of gravity of thofe
two equal parts muft be fomewhere in the line AB;
and if, by cutting the circle in any other direction
ED, you divide the area into two cther equal parts
EAD, and DBE, it is evident that the common
centre of gravity of thofe two parts muft be fome-
where in the diameter ED; therefore the centre of
gravity of the circle muft be in the interfe@ion of
the two diameters AB, ED ; viz, at C, which is the
centre of the circle,

In
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in a right lined plane triangle; as ABD, fig. 13.
¥

Plate I. the centre of gravity may be eafily found
by dividing any two of its fides;, as AD and BD,
each into two equal parts at F and E, and by
drawing {traight lines from thofe points of divifion
to the oppofite ang!cs’; the interfeétion C of thofe
two lines being the centre of gravity of the triangle ;
for fince the line AE divides the triangle into two
¢qual ‘parts, (Eucl. p. 1. B. VL) the common
Centre of gravity of thofe two parts muft be fome-
Where in the line AE, and for the fame reafon the
Common centre of gravity of the two parts ABF,
and FRD muft be fomewhere in the line BE; there-
fore the centre of gravity of the whole triangle mult
be at C, the interfection of the two lines AE, BE.
If the figure be términated by more than three
ﬁf&m‘*t linet, as ABCDE, fig. 14. Plate 1. its centre
of gravity may be found by dividing it into any
Convenient number of triangles, as ABC, BCE,
DEE, then by finding the centre of gravity of
€ach triangle, and laftly by finding the common

(=]

Centre of gravity of all the triangles, which' is to

be done 1 in the fame manner as the centre of gra-

Vity between three of more bodies was determined
31‘30‘"9- In a fimilar manner the centre of gravity
o iﬂ‘fgulnr {olids may frcourntlv be found.

There are however fever: al figures in which the
“entre of gravity cannot be mhlj’ found by the
bove deferibed methods, at leaft not with great

ﬂ.
CCuracy.  But a more general, and accurate

Rale &l
e BRS¢
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method of finding the centre of gravity, is derived
from the do@rine of fluxions, which- will be found
explained in the note (1)

The

(1) Imagine that at D, E, F;G, H, fig. 15, of Plate L.
there are fo many weights affixed to the inflexible line
AB; and let C be the centre of gravity of the faid line
and weights together ; fo that when the point C refts upon
a fulcrum, neither end will preponderate, and of courfe the
whole loaded line will remain perfeétly balanced.

It has been fhewn in the preceding pages that the mo--
mentum or force of any weight, as H, (viz. the body fuf-
pended at H) to raife the oppofite end A of the line, or
lever, is exprefled by the product of its quantity of marter
multiplied by its diftance from the fulcrum, or centre of
gravity C; viz. by HxHC (for by the letters D, E, F,
&c. we exprefs the weights of the refpetive bodies ).
T herefore, fince the line with all the weights is perfeétly
balanced, it follows that the fum of the momenta of al] the
weights which lie on one fide of C, muft be equal to the
fum of all the momenta, which lie on the other fide of C 3
viz. HxHC+G xGC4+FxFC =D xDCLEYEC %
thatis Hx BC—BH + G x im-}-Fxm:
ExEB—BC+D xDB—BC; or Hx BC—H x BH+
GXBC—GxBG4+F xBC—F xBF=E xER—E %
BC +D x DB—D x BC. Then by tranfpofition
we have HxBC + G xBC+F xBC + ExBC I
BC=H xBH+G xBG + FxBF + ExEB + D ¥
DB; which equation by divifion becomes BC =
HxBH+GxXxBG +FxBF + ExEB+DxDR

H+G+F+E+D
fhesys that the diftance of the centre of gravity, C, from
; the

which
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The principal properties of the centre of gravity

are as follows :
L If two bodies be connetled together by means of
an

=

the extremity B, is equal to the quotient of the fum of the
Produdis of all the weights multiplied each by its diftance
fron B, divided by the fum of all the weights.
Hence we derive the following general rule for finding
the centre of gravity in a fyftem of bodies 5 viz. Affume a
Point at ome extremity of the fyftem s multiply the weight of
“ach body by its diflance from that point 3 divide the fum of
he Brsdusts by the fum of the weights, and the quatient will
;’:f::ﬁ the diffance of the centre of gravity from the affamed
‘Take notice that if the above-mentioned point be affumed
n‘m at the extremity of the {yftem, but any where between
¢ bodies, 25 between D and H, fig. 15. plate I'5 then the
E;":‘;ufts by their refpeétive diftances, of the bodies on fmc
©f the affumed point, muft be confidered as negative,
Whilft the ather are confidered as pofitive : and they muft
¢ all added together agreeably. to the common algebraical
*:;Ie for adding pofitive and negative quantities together.
11;-1: “,.'iult then, acc?;r}ing as -it turns out pofitive o nega-
the ;g" 1 ﬂlﬂw'the diftance of the centre of gravity fr?m
G umed point, either on the pofitive or on the negative
¢ ofthat point.
for m;;ﬁc may be amﬂicd to the caﬂ;:s 0fi"mgle bod.ies., as
of » ce, for ﬁnd:ng the centre of gravity of a triangle,
- ~Cone, of 2 fphere, &c. by imagining the faid firute to
* Ielolyed into an: jafinit = £ o »7s -
Mth0d of fuior infinite number of parts; for by the
~UXTO[]S,

“L‘jg

] the fum of the momenta, as alfo of the
15 oF al] ;
s of all thofe partg, may be eafily afcertained.

Thus
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antnflexivle line or rod, as A and B, fig. 23. Plate I.
and the live or rod be fupported by a prop, or (as it is

The Method of afcertaining the

commonly

Thus let the figure be a plane, as ADC, fig. 16
Plate I. whofe axis is A B, and whofz parts are fuppofed
to be endued writh gravity, Imagine this figure to be re-
folved inte an infinite number of weights F G, fg, &c.
all perpendicular, or all alike inclined, to the axis A B,
and let & reprefent the diftance A E of the lirtle weight
F G from A Then the breadth of one of thofe weights
is, denoted by & (the fluxion of the axis A E) ; therefore
one of thofe infinitely fmall weights is exprefied by FG xa ;
the fluent of which, when & becomes equal to the whole
axis A B, is the fum of all the weights.  Farther, if one
of thofe weights be multiplied by its diftance from A, the
product, F G xx % #, will exprefs its momentum 3 and the
fluent of this expreflion, when » becomes cq—ual to the
whole axis A B, is the fum of all the momenta. There*
fore, agreeably to the general rule, li the fluent of FG % x#
be divided by the fluent of FG x %, the quotient will ex*

prefs the diftance of the centre of grav:ty from A on the

axis A B.

If the figure be a folid, imagine it to be divided into at
infinite number of fe&ions, or fmall weights, all perpen
dicular, or all alike inclined, to the axis 4 3 putithe expreffion
which denotes one of thofe {ections, mftr,acl of F G in the
above fluxional expreflions ; then procesd as above di*
rected. ('1, which is the fame thing, call cne of thof€
fcdmns $; then divide the fluent of 8 a s, b) the fluent
of S :x, and the quotient will exprefs the diftance of th®
centre of gravity,

The only practical difficulty confifls in finding the val¥®
of ¥ G ; or of the above mention ed fection S ina folid figur®
L Wh:ch
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Commonly called) aﬁwuwz pu.“c.’ pider the cenire
of eravity C; the bodies will remtain motionlefs

In

which value muft, by means of the cquation of the hgure,
be expreffed in terms wherein « is the only variable letter.
But the following examples will point out the mode of
Proceeding,

Example . 7o find the centre of gravity of a firaight
line, or wery flender cylindery AB, fig. 17 . plate I whafe parts
May be fuppofed to be endued with gravity

Let its length AB be called ¢, and h."xpoﬁncr the line to
Be divided into an infinite number of little parts or weights.
One of thofe parts is denoted ﬁmphr by i ; (for the breadth
FGis not thing) and the fluent of & is x. Alfo the mo-
Mentum of one of thole particles is exprefled by xi, whofe
Ruent i X% Thcrc_fore, dividing the latter fluent by the
fDerr we h..ve —-, which when x=e¢, becomes -—f— or

~ L

Y

0d fhews hat the centre of sravity is at C in the middle of
the line; viy, it diftance from either extremity is equal

to ha
half che """rrt"l of the line..
“X"‘m‘—ﬂ" . 70 fiud the centre of gravity ina {riangle

4BC, Fige a8, PL [, where the axis ,-f]:} BC=!

Z —=a, bafe. BG=b3
F
i parallel 15 1he baje, and =y ; and it A be calied x.

From the lmm.uu).- »f the triangles we have AD : BC i
;

AD:EF; v

x b 2 v WEe g o
iZ.@d ;2 4:on —y, Thereforethe infinitely imall
o -
Weiche EF i bz " bx*
gat is denoted by 5i, or by — , whofe fluentis —
- A
Which (w)

5 (when » is equal the v.-nolt. axis AD) becomes
R0
~op ¢ bl

2a >« Alo the momentum of the little weight ==

&

NOI=1,

)
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In this fituation no one of the bodies will have
more tendency towards the earth than the other ;
for

—

. bx*x s o IS =
is denoted by —— ; the fluent of which is—, or (when
a 3a
3

is equal AD) 1b—:- Then %ﬂ: divided. by @, quotes %a,

which is the diftance of the centre of gravity from the
vertex A ; viz, % of the axis AD.

It needs hardly be mentioned that the centre of gravity
muft neceflarily be in the axis.

Example III. 70 find the centre of gravity ina parabolic
figure ABG, fig, 19, Plate I,

Put the axis AD=ga; abfcis AF=x; and ordinate
EF=y. By conics we know that the fquare of the ordi-
nate EI is equal to the produét of the parameter multiplied
by theabfcifs, viz. y*=p, hence y=p %x%, and EG=9y=

11 ; o 4 % .
2p*x* ; which being multiplied by ¥, viz.2p>x2 %, repre-

{ents one of the infinitely {mall weights, into which the_
parabola is fuppofed to be refolved ; and its fluent

TS 1 3 -
2p=x=, or # p=x = reprefents the fum of all the weights.
3
; TNy 5 A L
Farther2p% & * a5 orop*x ™ & Is the momentum of the
little weight ; whofe fluent, which reprefents the fum of .
1 3 3 : AR
all the momenta, is 2p *x =, or $p”x*. Then dividing the
_‘.;:

3 3 2550
latter fluent by the former, we have £ p*x * = 4p%x"=3i#%
or (when # is equal to the whole axis AD) = 3 4 ; fo that
the centre of gravity is diftant from the vertex A, 3 of th¢
whole axis AD.
' Example
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1or fince C is their common centre of gravity, the

< 5] .

Giftances A C and CB, are inverfely as the weights
of

s

sty

Example IV. 70 find the centre of gravity of a right
952 ABC, fig. 20. Plate L.

Put the axis or altitude AD =g, diameter of the bafe
BC; ; abfcis AO=x and ordinate EQO=y.

Then from the fimilarity of the triangles AOE, ADE,

ol P & b:
Wehave AD: DB :: AO: EO; viz. a: —:ixiy= —’i.,anda
2 2
puttilw ¢ for the circumference of a circle whofe dia-
Meter js unity, the circumference of a circle whofe diame-

2 is EF, or 2y, will be ﬁzy; whole area is nry X3y; Viz.

£y

5 or (by fubi’ntutmg o ~for 1ts«t:qua1y) -—H—. Therefare
rb v

422 * reprefents one of the infinitely fmali weights into
v;?’ch the cone is fuppofed to be refolved, and its fluent,
Ch*a2 hru% .
Ta5%> is the fum of all thofe weights. A]fo::T:-x.r 15

1/. z ,,,4

th
€ Mmomentum of the little weight, and its fluent, Tt is

he fum of all the momenta. Then dividing the latter
b’ obad
£ 5 2 1agE
“comes equal to the whole axis AD) 34 ; which fhews
:::* the diftance of the centre of gravity from A on the
S AD s equal to 3 of the whole axis AD.
anmpl“ V. T? 6114' the centre of gravity of an hemif-
Phere 4BO, fir. arv Blata I
whl?;; the axis or radius AD=e; DP=4x; and MP,
5 is parallel to the bafe, =y. Then PMD being a
b‘[ an*1e1

d tnsﬂwlp, we have MP z_mz m’;]'zi iz,
G 2 =

fueng by the former we have ——.

=3x; or (when
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of thofe bodies; viz. AC is to CB as the bedy
B is to the body A. Now fhould the rod be
moved from its fituation AB into the fituation
FE, the body B would defcribe the arch B E, and
the body A would deferibe the arch AT, which
rches reprefent the velocities of thofe bodies ; for

t'x.mr are the fpaces through which they move in

o

yy = a*-—x* And, putting ¢ for the circumlere 1ce of a
circle whaofe diameter is unity, the circumference of a
¢ircle whofe diameter is ME, or ay, will be 2:y, and is
area will be 2cy X &y 5 viz. o, or (hy fubdftituting for yy its
value 28 found above, viz, @®—— ") ca®— cx®; and this is 2
fedtion of ‘the hemifphere parallel to the bafe. Then

ca*—cx® X % is one of the infinitely fmall weights into
which the hemifphere is fuppofed to be divided; and its

fluent c.a"'.v—‘:f is the fum of all thofe weights. Alfo

e —cx® % xx is the fluxion of the momentum of the fmall
1 Bt row
weight ; the fuent of which, viz. ——==——, is the fum

24

of all the moment2. And, when # is equal to the whole
- o ]
axis AD, thofe two fluents become (m’ —~ 52,08
3
3ent=-ca® scq® cat - cat 2cat—cat
~——, of )——;3and (H—--“—; or —, o

3

COE N e o
@' Then, dividing the latter fluent by the former, wé
4
CAt 2 LR
have=l 4 2% = 3% — 15 (o that? ‘the centre of gra=

ENF. L 3 :
vity is diftant from the point D, § of the axis, or of the_
radius, AD.

the
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the fame time. But it has been demonftrated by
the peometricians, that thofe arches bear the fame
Proportion to each other as the radin or diftances
CB, CA; viz. BEistoAF as BCisto AC;
and it has been thewn above, that BC is to AC
% the body A is to the body B; therefore it fol=
1ows, that the arch BE is to the arch AF a5 the
body A is to the body B. But of four proportional
QUantities, the product of the extremes is equal to
the produd of the means ; therefore the product
of the body B, multiplied by the arch B E-(which
Conftitutes the momentum of B) is equal to the
Produd of the body A multiplied by the arch AF
(j"hich conftitutes the momentum of A); fo that
teir momentums being equal, thofe bodies will

balas,. ; . :
alance each other, and of courfe they will remain
at reﬁ.

5 - 3
PPlicable to the common centre of gravity of any

Humber of bodies, as alfo to the centre of gravity of
* fngle body ; viz. that if a fyftem of bodies,
that are connected together, or a fingle body, be
Placed with the centre of gravity on a fulcrum,
- fyftem, or fingle body, will remain perfectly

alanceqd thereon, and as fteady as if it were placed
Upon a flat horizontal furface.

IL T4 _/-’"‘é’ff‘ whether of reff or motion, of the
Common centre of gravity of two bodies, will not be

@lters g 4 y ] :
#;ud by the mutual aition of thefe bodies upon eack
Ot hey, A

It is evident that the fame reafoning is

For, in the firft place, fuppofe that the centre of
G 3 gravity
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oravity is at reft ; and that the two bodies, in con-
fequence of their mutual attrattion, approach each
other in a certain time ; it follows from the fore-
going theory, that the fpaces through which they
move muft be inverfely as their weights, and of
courfe, the remaining fpaces between their laft
fituations and the centre of gravity, will remain in
the fame proportion to each other as the original
diftances ; therefore the centre of gravity will not
be moved from its original place.—An example
will render this explanation more evident.

Let the body A, fig. 23, Plate I. weigh 2
pounds, and B, 6 pounds. The diftances of thofe
bodies from the centre of gravity C, are inverfely
as the weights of thofe bodies; viz. BC, is 10 feet,
~and AC, 30 feet ; (that is, as one to three)-becaufe
the weights are as three toone. Now fuppofe that
i confequence of their mutual attraction, thofe
bodies begin to move towards each other ; and if in
one minute B comes to the place D, having paffed
over the diftance BD), equal to one foot ; the body
A muft in the fame time have paffed over 3 feets
and muft have arrived at E ; then taking away BD
from BC; viz. one foot from 10 feet, there re-
mains D C, equal to g feet; alfo taking away A E
from AC; viz, 3 fect from 30, thsrc remains C Es
equal to 27 feet.  Now thofe two remaining dif-
tances; viz. g, and 27, are the one to the othf-r
as one to three ; therefore, &c.

In the fecond place, if the two bodies, togetlu‘;f
with
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h the e . : :
with their commeon centre of gravity, be 1 moion,

uliar motion, which arifes from their mutual

a

the Pec
attradtion, cannot alter the courfe of their common
Centre of gravity ; ‘becaufe, as has been faid above,
they muft move towards the centre C in the inverfe
Tatio of their weights,
1. The fame reafoning may be evidently ap-
Plied to the cafe of three, or four, or, in fhort, of

I,
My number of bodies ; as alfo to the cafe of repiil-
fiop ; changing, in the latter cale only, the name
of “entre of -attraction, for centre of repulfion; and
reckomno the motion of the bodies not towards,
ut from that centre. Hence it may in general be
CO“C]Udud, that #4e flate of the common centre of
Taviyy of different bodies will not be altered by the
"tual otion of thofe bodies upon each other.
*_::,\ _[/‘ any two bodies be carried towards the fame
* With equal or unequal velocities, the fum of the

2
Cehtutms of both the bodies will be equal to the mo-
e Witz If.qf

m 03

X vould arife if both the bodies moved T with

“e weloeis y aj their common centre of gravity.

tql:] en the velocities of the bodies A and B are
s the propofition is felf-evident ; for then their

LOJL
Non centre of gravity muft move with the like

keloe
< gl ity.  But whether the velocities be equal or
ku 1]
142, the propofition may be eafily demon-
Tdted (2).

V. If

6388 o
Mmoy; 131 ¢t A and B, fiz. 1. Plate 11, be two bodies
tow i
owards D,  Let C be their common centre of

G 4 ‘gravity,
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V. If tzeo bodics be carrvied towards contrary paris,
the difference of their momentums tozvards thofe contrary
paris

gravity, and whillt A moves as far as a, let B move as far
as b, and C as far as ¢. Since the fpaces A a, Bj, and
C¢, exprefs the refpeclive velocities of the two bodies, and
of their centre of gravity, all we have to prove is, that the
fum of the produéts of A multiplied by A 4, and of B mul-
tiplied by B 4, is equal to the product of A plus B, multi-
plied by C¢; viz, that AxAa+BxBi=AFBxCe.
Since C is the centre of gravity, A is to B as BC is to
AC, andas ¢ is to ac.  Then alternately BC : 4¢ ::
AC:ac, and converfely BC : BC—4e:: AC: AC
—ac. Bt BC—Jcisequalto Ce —Bédjand AC—
acisequal to Ag»C; therefore BC: AC:: Cem—
Bb:Aa—Cec Butit has been thewn above, that A &
B::BC:AC; therefore A:B::Cc—Bé: Aa—
C ¢ Now, fince of four proportional quantities, the pro-
duct of the extremes is equal to the product of the means,
we have AxAea— A x Cc=BxCc— BxB#, and
by tranfpofition AXAz + BxBs=A + B x Ce.
When the bodies do not move in the fame ftraight lin
the demonftration is the fame ; excepting only that in this
cafe the velocity is to be reckoned not upon the path which
is actually defcribed by the bodies, but upon the path of
their common centre of gravity. Suppofe, for inftances
that the bodies A and B, fig. 2. Plate IL move towards
D, whillt their common centre of gravity C moves in the
line CD; alfo that in a certain time thefe bodies have
moved as far as the places 7 and & refpedlively, at the fam®
time that their comwon centre of gravity has moved from

Ctoo :
From
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; valent 1o the fim of Hheir momen=-

il be equal to the momei=
1

¢ part with ike velocity of Lhelr common

VI. What

drop BH, AT, ag and 6K,

ion of the centre of

it the velocity of A, and

are the real advances

Now from the property
+we have A:B:: BC:AC::
2 les ACFE, BCH, are equi-
Agular, and conlequently fimilar, by Eucle p. 15, 3.1, and
P-4.B.VL.) HC: CF:: K¢: g Then thedemon-
fration procgeds in the fame manner as for the preceding
Cafe,

(3) Suppofe that the body A, fig. 3. Plate II. moves
from A to.a, at the fame time that the bedy B moves ina
Contrary direétion from B to &, whillt their commeon centre
of Eravity moves from Ctoc. Then their refpective ve-
locities are reprefented by A 4, B, and Cr. Now, in
Order to demonftrate the propofition, we muft prove that
4 multiplied by A @, minus B, multiplied by B4, is equal
o A multiplied by Ce, plus B multiplied by Ce; on
AxAa—BxBi=4a + B x Ca

From the nature of the centre of gravity, we have A :
B:: BC:AC::4¢:ac; hence alternately BC : be
‘*AC: g¢ and converfely BC: BC—4c:: AC:
AC—,c. But it hasbeen fhewn that A : B:: BC:
AC; therefore by fubflitution and alternation, we have
AiBi:BCambe: AC—aa

Farther,
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VI. What has been faid in the preceding para-
graphs with refpect to the centre of gravity of two
bodies, may be applied to the centre of gravity of
three, or four, or, in thort, of any number of bodies ;
for it follows from the preceding propofitions, that
two or more of the bodies may be conceived to be
concentrated into their common centre of gravity ;
hence the cafe may always be ‘reduced to that of
two bodies only,

If it be afked why, in-the computation of the
centre of gravity, we took no notice of the decreafe
of the attrative force according to the {quares of
the diftances; the anfwer is, that in that cafe the
diftance betng one and the zme; viz. (the diftance
of the body A from the body B, Fig. 22. Plate [, is
the fame as the diftance of B from A,) the compu-
tation is not altered by it*,

Farther, BC—3¢ is equal to B4 -+ C ¢, and A C —
@ ¢ is equal to A g — Ce; therefore A B:: B ) + Ce¢:
Aa—C¢; of which four proportional quantities the pro-
cuct of the extremes muft be equal to the produ& of the
means; viz. A X Age A % Ce=BxBs4+Bx
Ce; and, by tranfpofition, AxAa—BxB —A+B
®Cu /

* For inftance, if we fay that the attrallion of A towards
B i;;:ls the weight divided by the fquare of the diftance; viz.

.—&“ﬁ'll, and that the attrallion of B towards A is as the
‘v\ti;ght of B divided by the fquare of the diftance ; viz

A Bi‘ 5 thofe two fradions have the fame depomina-

for,
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CHAPTER VIL

HE THEORY OF PERCUTIENT BODIES, THAT

MOVE WITH EQUABLE MOTION:

Tr{ OUGH the prefent part of this work treats
exprefsly of fuch properties as belong to all
bodies, without noticing the particular qurtlities
Which dl{unvulﬂl one body from another ; yet in
this chapter it will be neceffary to take notice of
one peculiarity only; namely, © of the difficrent
effects which, in the collifion of bodies, are pro-
duced by their being elaftic or non-elaftics the mean-
g of which words will be explained in the follow-
]DE definitions.

- A body perfeitly hard is that whofe figure is
Not'in the leaft altered by the firoke, or co llifion, of
4nother L)"Jd\-‘ :

2. A body perfeitly foft 1s that whofe figure is
Wtered by the leaft impreffion, and which 1is
deflitute of the power of recovering its original
ktlgule
3. An elaflic body is that which yields to the
‘mpreffion of another body, but afterwards recovers

ts figure.  And,
‘-‘_‘-_;

tor’BA\B]i; confequently, to fay that AC : BC::
33 3

A B*] AT 8 the fame thing as to fay, that ACz
BC, : B A 1

4. 1t
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4. It is called perfetly elaffic when it recovers its
Joriginal figure entirely, and with the fame force with
which it loft it ; otherwife it 15 called imperfeéily
elaftic.

5. One body is faid to firike direfly on another
body, when the right line, in which it moves,
paffes through the centre of gravity of the other
body, and 1s perpendicular to the furface of that
other bady.

Though there are innumerable gradations froma
body perfectly hard, to one perfeétly {ofi; or be-
tween the latter and a body perfectly elaftic; yet
we cannot fay with certainty that a body perfeétly
pofleffed of any of the above mentioned qualities
does actually exift, It is however certain that our
endeavours have not been able to deprive certain
bodies of the leaft degree of their elafticity, by me-
chanical means,

The object of the theory of percutient bodies is
to determine the momentums, the velocities, and
the directions of bodies after their meeting ; which
we fhall lay down, and explain, in the following
propofitions,  But it muft be obferved, that
throughout this chapter we only fpeak of bodies
which move with equable motion, that is, of fuch
as defcribe equal fpaces in equal portions of time;
and we do likewife fuppofe that the bodies move in
a non-refifting medium, and that they are not in-
fluenced by any other aétion, excepting the fingle
impulfe, which puts them in motion: for though
{uch




N ) R (S S,
Percutient Bodies, ¢ 93

_fuch fimple and regular movements never take place
1 mature ; yet when their theory is once eftablithed,
the complicated cales, wherein the refiftances of
Mediums and other interfering caufes, are compre-
hended, may be more commodioufly examined ; .
and proper allowances may be made agresably to the
Rature of thofe caufes.

I.. If bodies moving in the fame fraight line, firike
Qargfl each oihe

v, the flate of theiv cominon centre of

&F avity wwill not thereby be alicred s wiz. it will either
"emain at refty or it will continue 1o move in the fame
Sraiglst Jine, exaltly as it did before the meeting of the
bﬂt.f{-fj,

Tihis propofition 18 {o evidently deduced frem
qle properties of the centre of gravity, as men-
toned at N®II and Il in the preceding chap-
ter, that nothing more needs be faid about it in
this place,

IL Let shore be tawo non-elaftic bodies 5 and if one of
them wove in g fraight line, whilfp the other is at ref

Mithar 1 ; g o - F e :
“at line, or 45 moving in the fame direction, but al a
ﬁ/?fJ'?_E)g}- -

e G
Ly Vi

rate, or is moving tn the contrar;
9%,y il N q a0 1)
Wards the body Sfirft mentioned; then tiofe bodics muft

’I?"flffll'i:iw' meet or firike diveftly againft cach other, aud
q"i”' the firoke z‘/‘:‘-z;: will either remain at refty or f;:‘f__v
il move on together, conjointly with their common
ip"f“"b’ of gravity.—T heir mamentum after the jlroke
;Jf‘fl be eqical to the fum of their momentums before the
“oke, sf they both moved in the fume direclion, but it

w.f‘,"/ée‘? uﬂn" ! 1 £ gk mgsn smvtmns. o 25
QHae to the difference of thesr momentums if they

mioved
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moved in contrary diredtions.—T heir velociiy after the
Sferoke will be equal to the quotienr ihat arifes from a’.—
viding the fum of their momentums, if they botk moved
the fame way, or the difference of their momentums, if
they moved in contrary direStions, by the fum of their
g !‘:.‘z'-*z'ﬂf (_}fﬁi(?’fft??'

That in any of the above mentioned cafes the two
bodies muft meet, and ftrike againft each other, is
fo very evident as not to require any farther illu(=
tration.

That after the ftroke thofe two bodies muft either
remain. at reft, or they muft move together, con-
jointly with their common centre of gravity, is
likewife evident ; for as the bodies are not elaftic,
there exifts no power that can occafion their {fepa-
ration.

With refpeét to the momentum, it may be ob-
ferved, that when the two bodies meet, whatever
portion of momentum is loft by one of them muft
be acquired by the other; fince, according to the
third law of motion, action and re-action are always
equal and contrary to each other; therefore, if be-
fore the firoke the bodies moved the fame way
their joint momentum after the firoke will be equm
to the fum of their momentums before the ftroke-
If one of the bodies was at refl, then, as its momen-
tum is equal to nothing, the joint momentum will
be equal to the momentum of the other body be-
fors the meeting. If the bodies moved towards
each other; then their momentum after the meet-
9 ng
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ng will be equal to the difference of their former
Momentums ; and if in this cafe their momentuins

It equal, then their difference vanifhes; hence the
h%ma will remain motionlefs after their meeting.

The laft part of the propofition is likewife evi-
dent; fince it has alr gady been [hewn, that in
Cquable motion, the velocity is equal to the guo-
tient of the momentum divided b by the quantity
of matter,

When the weigkts and velocities of the two bo-
dies before their meeting are known, their velocity
after the meeting may be determined by the fol-
j”“‘iﬂ“' general method.

Lt‘ t A and B, 1n fig. 4, 5, 6, and 7, of Plate IL
“1'1»}1 reprefent the .Lbov mentioned cafes, be the

tvo bodies ; let C be their common centre of gra-
vity, and D the place of their mecting, Make DE
qual to D C; fo that ‘the point D may be be-
tWeen C and E; then D E will reprefent the ve-
Ocity of the two bodics after their meeting ; for,
fince the bodies after the concurle move together
“Onjointly with their common centre of gravity ;
0 fince it has been proved in the preceding pro-
Pofition, and at N° I1.. of the preceding chapter,
that the fate of the common centre- of gravity of
the'two bodics is not altered by their mutual action
UPon cach other : ; thercfore the velocity of th?h'
Cunmﬂn centre ok gravity after therr meeting, muft
g qul to its velocity before the meeting ; viz.

um& be equal to C D, and is the fame as the
velecity
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velocity of the two bodies after their meeting, be-
caufe then they move togethetr with their commeon
centre of gravity.

Of the above mentioned figures, it may be cafily
pcrcened that the ath (hews when both the bo-
dies move the fame way ; the sth reprefents the
cafe in which B is at reft before the ftroke, and of
courfe the two points B and' D coincide 5 the 6th
{hews when the two bodies move towards each
other; and the 4th fhews when the two bodies
move towards each other with equal momentums, |
in which cafe, after their meeting, they will remain
at ret.” The refpective velocitics of thofe two
bodies are reprefented in all the four figures, by
AD and BD; for they run over thole diftances
in the fame time; and A B is the difference of
thofe velocities.  Alfo their refpective momentum?
are reprefented by the produét of the weight of A
multiplied by A D, and the produét of the weight
of B multiplied by BD. The momentum of
both the bodies together after their meeting, 1s 1€
prefented by the product to their joint weight mul®
tiplied by DE (1)

Sincé

(1) The following is an example of the numerical
computation of the firlt cafey fig. 4, which will be fuffi-
Gient to indicate the manner of calculating the oth®*
cafes.

Let A weigh 10 pounds, and'move at the rate of 4 feet

inute,
pel’ m Lﬁt
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Sinice when one of the bodies is at reft, the ve-
locity after the meeting is equal to the quotient of
the velocity of the moving body, divided by the
F‘Jm of the quantities of matter of both the bodies ;
It follows that the larger the bedy at reft is, the
ﬁ'“aller will the velocity be after the meeting. For
o= 1T

Let B weigh 6 pounds, and move at the rate of 2 fect
PeT minute,

And Jet the diftance A B be 32 feet.

The centre of gravity is found by faying 16 : 32 :: 10:
Bp — 32X10

6 = 20 feet ; hence AC = 12feet. (Sce

e 75)

8t BD =y, and AD will be equal to 32 +. Then the
. €mployed by A in moving from A to I, is equal to
® Quotient of the fpace 32+, divided by its velocity ;

ti;

Viz. it g 32+

II]Q ) - . -
8 fiom B to D, is equal to the quotient of the {pace x,

And the time employed by B in mov-

diy; 5
Yided by the velocity of B ; viz. it is ; But fince the

llgd‘

P is meet at D, thofe times muft be equal ; that is,
CoERy
4= 53 bence 64+ 2x—4x; and x=32=BD,
T

tep hen D E=DB+B C=32+420 = 52 feet; thatisyal-

the . . .
Vig Mmeeting, the two bodies will move from D to E;
«Qy

CF 52 feet) in as much time as each of them employ-
4 o ’ POy
=

oing to D 5 that is, 16 minutes. Therefore, to find

4 I:;:n_:f feet per minute the bodies will run over after

tlng,

WS thy
m-‘“ute.

Yor, 1

divide g2 by 16, and the quotient 31
¢ they will move at the rate of 31 feet per

3 inftance,
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inftance, if the moving body A weigh one pound,
and move at the rate of one foot per minute, whilft
the body B at reft weigh one pound alfo,” the ve-
locity after the concurfe will be half a foot pef
minute ; half a foot being the quotient of one foots
aivided by the fum of their quantities of matter;
viz, 2 pounds, If ceteris paribus B weigh 10
pounds, then the velocity after the concurfe will
be the 11th part of a foot per minute. If B weigh
100000 pounds, then the velocity after the con-
curfe will be the 1coco1th part of a foot per
minute ; and in thort, when B 1s infinitely biggef
than A, the velocity after the concurfe will be 18-
finitely fimall, which is the fame thing as to fafs
that in that cafe, after the ftroke, the bodies wlu-
remain at reft. And fuch is the-cafe when 2
non-claftic body ftrikes againft an immoveable ob”
{tacle.

1. If a body in motion f"‘?';’fc.:’r direétly againff #%
ather body, the magnitude of the firoke is prapomaﬂﬂi
N 10 the momentum loff, at the concurfe, by the more poroel”
' Jul body.

According to the third law of motion, attion and
re-action arc equal and contrary to each other’
therefore whatever momentum is loft by one of the
bodies, is acquired by the other. Or the merm
tude of this acquired momentum (which is th

ffect of the (troke) is as the momentum loft D
thc more powerful bedy; it being by the quanm}i
0
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Of the effect that we meafure the quantity of the
action.

IV. When a given body firikes direfly againft
aiother given body, if the latter be at reft, the quantity
of the firoke is proportional to the velocity of ike former
body.~If the fecond body be moving in the fame direc-
tign with the firfl, but at a floweer rate, the magnitude

1)

I i 7. * 17 7 - ~ op r
of the firoke will be the fame as if the [econd body flood

(121 ¥ o A tn . 1 > " : =%
Fill, and the jiyft impinged upen it with avelocity equal

10 the difference of their velocities.—dnd laflly, if the

bodies move direflly towards each other, the magnitude

of the firoke is the fame as if one of the bodies food at
reff, and the other firuck it with the fum of their velo-
f."f.?.l,:j.

The momentum of a given body is proportionate
1o its velocity ; for with a double velocity the mo-
Mentum is double, with a treble velocity the mo-
Mentum is treble, and {o onj therefore, as long as
the body remains the fame, the magnitude of the
&"ﬂke, being proportional to the momentum, muft
likewife be proportional to the velocity. And when
9% of the bodies is at reft, the magnitude of the
ftroke is evide itly proportional to the velocity of
the moving hody.

V. Iy Sollows_from the foregoing theory, that the
Mitual aflions of bo:

: ses, whichare-anclofed in a certain

Nace = — ) . ; .
Jpace, are exallly the [ame, whether that fpace be ot
L&

o7 move on wniformly and direily.

=

_ 10r 1f the motion of the {pace adds to the vels-
Sty of thais - i e ; <,
* OL thole bodies within it, which move the fame

M2 wav,
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way, it takes away an equal portion of velocity from
thofe bodies within it which move the contrary
way ; thus, all the motions of the bodies in a thip
are performed in the {fame manner, and the {ame
effeCts are produced on each other, whether the
fhip be at reft or move uniformly forwards.

The attentive reader muft have perceived, that
in the explanation of the preceding cafes the dif-
tances have been reckoned from the centres of the
bodies ; whereas 1t s evident that the thicknefles
of the bodies muft be dedu&ed from thofe dif-
tances; for the ‘bodies do not ftrike againft each
other with their centres, but with their furfaces.
It muft be oblerved, however, that when the dif-
tances are very great, and the bodies proportionate-
Iy very {mall, it is immaterial whether the diftances
be reckoned from the centres or from the furfaces
of the bodies. But if great accuracy be wanted, the
thicknefs of the bodies may be eafily allowed for in
the computation.

A fimilar obfervation may be made with refpect
to the fhapes of the bodies ; viz. that they have
been reprefented as being globular, for the pur-
pofe of rendering the explanation fhort and per-
{picuous. '

Having hitherto treated of unélaftic bodies
that is, of fuch bodies as are cither perfeétly hard
or perfectly foft, it is now neceffary to ftate the
rules of congrefs which take place with elaftic
bodies.

At
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At the commencement of the prefent chapter,
elafticity has been faid to be that property by
which bodies yield or fuffer their figure to be al-
tered by the preflure of other bodies ; but which,
Onthe removal of the preflure, recover their original
figure of their own accord.

This recovery of the figure is performed with
Steater or lefs quicknefs, and with more or lefs ex-
At nefs, in. different bodies ; which differences con-
ftitute the various degrees of elafticity.  And thole
bodies, which recover their figure completely, and
* Quickly as they Ioft it, are faid to be perfectly
Clafiic,

Though we arc acquainted with the effets and
the laws of elafticity, in a manuner fufficient to ren=

°r that property fubfervient to our purpofes, yet
the cauf of that property is by no means under-

00d 5 nor has any hypothefis been offered in expla-
Ration of it, which may be faid to be fufficiently
pi&uﬁble_

Let a ftring, A B, fig. 8. Plate II. be firetched
®tween, and be firmly faftened on, two immove-
;1;1& fapports at A and ‘B; and if, by applying a

&erat C, this firing be pulled towards D, the
Qr::tg will be found to refift that. cffort w1t1h a fm:cc
;Tigi 1:1 &f;ld'greatcr, t_he fartheir it is .pulleu fron} its
sy raight ﬁFuatlgn. When dl{‘engagcfi fror.n
e ger, the ﬂ:rmg.Will not (?n]y .rctum to its ort-
b.' 3 fraight fituation, but it will go beyond it ;

2. towards E, and nearly as far from the fraight
H 3 fituation
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Gtuation ACB, as AD B is from it, after which it
will again bend itfclf towards D, and fo on, vibrat-
ing backwards and forwards, but deviating conti-
nually. Tefs and lefs from the ftraight fituation, until
st laft it remains at reft in its original fituation
ACB

Now when the ftring is firft difengaged from the
finger, its claftic force draws the part D tow ards C3
but this force decreales in proportion as the part D
comes nearer. to C, and when the part D is arrived
at C, thatis, when the firing 1s in 1ts {traight fitua-
-t'mn the above-mentioned force is infimitely little
or is equal to nothing ;3 but by that time the part
D, having been impelled by a continual though
decreafing force, will have acquired a momeptunl
which carries it towards E; viz. beyond the ftraight
fituation ; but as foon as the {iring goes beyond C,
the claftic force begins to 2¢t again in a direction
contrary to that of the momentum. This action
becomes ftronger and ftronger the farther the mid-
dle part of the ftring goes from the ftraight direc~
tion, and of courfe it gradually diminifhes the
above-mentioned momentuim, until at laft the mo-
mentum being entirely {pent, the ftring begins.
again to move towards C, in virtue of the elafti€
force; and fo on.

The extent of the vibrations becomes contint=
ally thorter and fhorter, on account of the refiftance
of the air, and of the want of perfect pliability, of

of perfe& elafticity, in the parts of the ftring
= Wlllbﬂ
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which two caufes continually tend to diminith the
Momentum, &c.

If the flring be moved out of its firaight dizec-
tion, not by the application of a finger, but by a
bUdy E, fig. g. Plate 11. falling upon it at C from
the height H, it will be readily underftood that
the momentum of the body will eafily impel the
ﬁring towards D ; but the re-action of the ftring
on the body will gradually dinunifh the momentum
of the latter, and the farther the firing is carried
from the ftraight fituation, the flronger will its re-
aftion be, until at laft the body, having loft
all jgg momentum, will be carried back again
towards C by the elaftic force of the firing; and
0 it way b:l(;k, the conftant though decreafing ac-
Hon of this elafticity from D to C, will give it a
MOmentym which will carry it up towards H;
:_J.nd the body would afcend precifely up to H, were
‘F Not for. the above-mentioned caufes of obftruc-
tion ; viz. the refiftance of the air, &c.

It is almoft uperfluous to obferve that the great-
S the height is from which the body E falls upon
'fhc ftring, the fartherwill the firing be removed from
ftS ﬂraight fituation, and of courfe the ftronger will.
its re-action be.

This explanation of the clafticity of the firing

1}1:13- be applied to all forts of elaftic bodies; for the
larfage of

lc[‘s b}' an

every one of them will be bent more or
7 firoke or preflure, and will afterward,
FeCover its original form by re-atting the contrary
H 4 oway
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way with a force, which, in perfetly elaftic bodies,
1s equal to the preffure or firoke received.

If inftead of the ftring, whofe ends are immove-
able, 8c. we imagine that two equal bodies like A
and B, fig. 10. Plate IL. being impelled by equal and
contrary forces, direétly ftrike againft each other dt
C, it is evident that the contiguous {urfaces of both
will be bent ﬁ]Wﬂ.rdly, and that the elaftic force of
A will drive the body B back from C towards B,
(as the firing did in the preceding cale) at the
fame time that the elaftic force of the body B will
impel A back with equal force from C towards A,
{o that 1n this cale the bodies after the {troke will
recede from each other ; whereas had they been non-
elaftic, they would have remained {tationary at the
place of their congrefs C.

We muft now determine the effects produced
after the congrefs of bodies that are perfedzly elaftic ;
from which the lawsof congrefs amongft thofe that
are imperfectly elaftic may afterwards be eafily de-
duced.

VI. When two bodies that are perfedtly elaflic firike
diredlly on each other, their relative wvelpcity (by
which is meant the excefs whereby the velocity of
the fwifter body excéeds that of the flower) will #¢
the fame beforeand after the firoke s viz. they will recedt

Sfrom each other with the fame velocity with which
they approached before the flroke.

It bas been thewn above, that when two given

bodies firike on one another, the magnitude of the
ftroke
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ftroke is proportional to their refpettive velocitics.
By the definition, a perfectly claftic body has been
faid to be that which recovers its figure with the
fame force with which it loft it. Therefore in per-
fectly elaftic bodies the refloring force is equal to
the compreffing force: fo that if the momentums
of the bodies produced a certain compreffion, the
elaftic force muft re-act on the bodies with the like
force ; hence the bodies will be forced to recede
from each other with the fame velocity wherewith
they approached each other.

It is a narural confequence of this demonfira-
tion, shat in equal  times taken before and after the
Siro ke, the diftances of the bodies from one another will
be egual, and therefore in equal times their diffances
Trom theiy common centre of gravity will Jkewife: be
Equal,
~ Thus much being premifed, the laws of congrefs
n bodies that are perfectly elaftic may be eafily de-
t.lil'minec‘f. But in order to comprehend the folu-
tion of the following cafes, the reader {hould recol-
lect anq keep in view the following particulars,
Which have all been f{ufficiently proved in the
Preceding pages; viz. 1ft, that the diftances of two
bodies from their common centre of gravity arc In-
Verfely as their weights : 2(]]3;', that the ftate of relt
or of uniform motion of the centre of gravity of
bﬁd‘iés is not altered by the mutual aftion of thofe
bod‘lcs on each other: 3dly, that in bodies that are
Perfectly elaftic, the reftoring is equal to the coms-

prefling
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prefling force: 4thly and laftly, that the diftances
of the bodies from each other, and from their com-
mon centre of ‘gravity, are equal in equal times
taken before and after the ftroke.

Now let A and B, fig. 10. PlateIL. be two equal
bodies perfectly elaftic ; C is their common centre
of gravity, which, fince the bodies are equal, ftands
midway between themn. Let both the bodies be
impelled with equal force, directly towards each
other, in confequence of which they will move in
a certain time (for inflance, a minute) from
their refpective places to C, where they mect-
After the impulfe their elafticity will impel each
body back towards its original place, fo that at the
end of one minute from the time of their meeting
they will be found precikly where they were 2= mi-
nute before their mceting, viz. at A and B.

Let Aand B, fig. 11. Plate I, be two equal and
perfectly elaftic bodies, as in the laft cafe, and let
one of them, for inflance B, be at reft, whil{t the
other body A moves towards it, {0 as to reach it i

ne minute’s time. Here AB reprefents the
velocity of it, and CB reprefents the wvelocity
of the centre of gravity C; for in the fame time
that A comes from the place A to the place B{
C muft come from C to B, therefore at the end of
one minute after the firoke the centre of gravity
muft be at F, viz. as far from B as its original fitur
ation C was from the place B a minute before the
ftroke ; but a minute after the firoke the body t
mult
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muft be as far from the centre of gravity, viz. from
F, asit ftood 2 minute before the firoke ; therefore it
-mur‘t ftand at B.  Now as the fame reafoning may

be applied to any other equal times taken before and
after the froke, fuch as half a minute before and
half ‘2 minute after, &c. therefore ‘in this cafe the
body A after the ftroke will remain {tationary at B,
and the body B will move on with' the velocity that
the body A had before the ftroke.

Having thus explained two of the fimpleft cafes
of congrefs in a{eparate manner for the [ake of per-
fpicuity, 1 fhall now give cne general rule for the
fGintion of all the other cafes, which are delineated
In Plate I1. from fig. the 12th to fig: the 20th in-
Clufively, in which figures' A and B reprelent  the
two bodies; C is their common ceiitre of gravity's
D the place at which they meet. AD exprefles the
¥elocity of A3 BD the velocity of B, and CD
that of the centre of gravity.— 1 hen the rule forde-
termining the velocities after the firoke is as follows:

Take 2 point E in the line AB, produce ed if ne-
Ceflary, fo that the diftance CE beequalto CD;

theq after the firoke the ri oht line E A will exprefs

the velocity of the body / from E towards A, and
t'llt right line EB will exprefs the velocity of B
from I towards B.

In any one of thofe cafes the centre of gravity
?::m[% move from C to D, and after the firoke,
rom D forwards to 4 diftance DT equalto D Cin

a portion
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aportion of time equal to that in which A and B

- employ for coming from the places A and B to D,

Make Fa equal to C A ; and fince in equal timess
taken before and after the firoke, the diftances of
the bodies from the common centre of gravity are
equal, therefore when the centre of gravity is at F
the body A will beat a; fo that after the ftroke it .
will move from D towards @, and Da, which it has
pafled over in that time, will reprefent its velocitys
But becaufe C E is equal CD, or to F D, and C A,
is equal to Fa, the difference of the right lines C E»
C A will be equal to the difference of the right lines
FD, Fa; viz. LA will beequal to Da. But Da repre-
fents the velocity of the body A after the impulfe,
therefore its velocity will alfo be reprefented by EA.
And fince the relative velocity of the bodies before
and after the ftrokeis the fame, and E A reprefents
the velocity of the moving body A ; therefore the
velocity of the body B, moving from E towards B
1s of courfe reprefented by the right line E B,

For the better illuflration of. this- theory, I fhall
briefly mention the meaning of the figures which
exhibit the various cafes of the congrefs of bodies
that are perfectly elatic, to every one of which the
preceding explanation is equally applicable.

Fig. 12, is the cafe when B is larger than As
(which is indicated by C, the fituation of the centre
of gravity) B is at reft, and A ftrikes againft it
In this cafe, after the ftroke, both the bodies will re=
cede

b
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©de from the point D, with the velocities EA
ind E B,

Fig. 13. fhews when A is larger and runs againft

at reft ; in which cafe, after the ftroke, both bodies
Wil move towards F.

Fig. 14. is the cafe when A is larger than B,
bot bodies are in motion the fame way, and mect
at D &c. ;

Fig. ¢ 5. the fame as the preceding, excepting
that A i lefs than B.

In fig. 16. A and B meet at D, where A remains
“Lreft,

In fig. 17. after the ftroke the equal bodies
“and B recede with interchanged velocities.

In fig. 18. the bodies are proportional to their
ve loclhes, in which cafe the points C, F, D, and E,
"Ulnmdg ]

In fig. 19. A remains ﬁationary at the place of

°ng" efls D

~In fig. 20.' though the bodies A and B meet at

between the places A and B, yet after the ftroke

%thbodies will move towards T. (2)

After

(2) The method of making the numerical computation
' thog cafes will be fhewn by the following example,
ich js adapted to the cafe reprefented in fig, 14, to
ich the reader is requefted to direct his eye ; thou'rh for
MEof room the parts of that figure be not drawn in the
¥ Proportion,

Tet
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After the explanation of the preceding cafes, the
method of determining the . velocities - after the
ftroke, when the bodies are not perfectly elaftic, may
be eafily underftood.

Thus

Let A and B be two perfecly elaftic bodies. A weight
2 pounds, and moves-at the rate of 8 feet per fecond. B
weighs one pound, and moves the {ame way at the rate?
5 feet per fecond ; and let the diftance A B be 12 feet.

1. To find the centre of gravity C, we have A+ B-
B::AB: CA, viz. 3:1:112: 4; fothat AC=4, and !
=AB—AC=8.

2. To find the diffance BD, put BD=zx; and finc®
the diftances AD and BD are run over in the fame m®
the former at the rate of 8, and the latter at the rate of 5

’ =k :
fect, per fecond; therefore we have -';: = —i—-;slfi; hené®
8x =5 x4 60; and 3x=60; orx =20 = ED,

3. If the diftance BD, viz. 2c, be divided by th
1e quotient 4 is -the number of fe

e VEE
'
locity of Byeviz. 5 tl ke
conds, during which the bodies moved from their refpe®
tive places A and B, to the place of their congrefs D. p

4 EC=CD = CB 4 BD =8 + 20= 28} and EA
— EC — AC = 28 — 4 = 24 ; which being divided b}

o 1. Wabeg . hey’t"
cconds found above) gives 6 for t

4 (the number of

¥ . . 1 . T : T 0"
“locity of A after the ftroke, in the direction from E

wards A. 1

Alfo EB = EC + CB =28 + 8 = 36 ; which, bel®@
divided by 4 (the number  of feconds, ‘&c.) gives 9 fv:
the velocity of T after the ftroke in the direition fro® ]:
towards B, So that after the flroke, the bodies A and ':'
will both continuc to move the fame way, but the g‘oml‘;c
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Thus let A and B, fig. 21 and 22, Plate IT. be two
bodies imperfeétly elaftic 5 C their common centre
of gravity ; D the place of their meeting. Divide
ACin ¢, fo that A C may be to ¢C, as the force
compreffing the body A is to the force whereby it
reftores itfelf. Alfo divide BC in &5 fo that BC
May be to & C as the force comprefling the body B
Is to the force whereby it reftores itfelf. Take CE
equal to CD ; and laftly the right line Ez will ex-
prefs the velocity of A after the firoke, 1n the di-
reGtion from E towardsa, and the right line Eé will
exprefs the velocity of B after the ftroke in the di-
Tetion from E towards D.

There being perhaps no body in nature which
Mmay,be faid to be perfe&ly elaftic, the rules given

* for determining the velocities of bodies that are

Perfedtly elaftic, cannot be verified experimentally ;
but the deviation of the experimental refult from
the rules is proportionate to what the bodies want

e

atthe rate of 6, and the latter at the rate of ¢ feet per fe-
Cond.

In the like manner may the other cafes be calculated.—

have given this method of adapting the calculation to
the ﬁgures, orof exprefing the parts of the diagrams, by
Means of numbers, in preference to the complex rules
Which have been given for this purpofe. by eertain learned
Writers, becaufe the latter are feldom remembered,
and are diﬂicu!t!y applied to' the {clution of the various
Sales of impagt amongft bodies that are pofiefied of perfett
chﬁicity.

”

Of
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of perfet clafticity ; and this deviation is taken inte
the account after the manner mentioned above.

The precife degree of elafticity of which any par-
ticular body is poflefled, muft be afcertained by
means of aftual experiments on the body itfelf,
which experiments differ according to the various
nature of the bodies.

When more than two bodies move in the fame
ftraight line, the determination of the velocity of
each body,after the various impaés with each other,
cannot be comprehended under any general rules,
the variety of cafes being too great, and fometimes
very intricate ; yet when any particular cafe pre«
fents itfelf, the preceding rules will be found fuffi-
cient for the folution of it, wviz. for afcertaining the
velocities; &c. But inthe folution of fuch cafes, *
the operator muft take care to calculate, in the firft
place, the velocities of thofe two bodies which ap-
pear from the circumflances of the cafe to meet
firlt ; then to fubftitute thole new velocities which
are the real velocitics of thofe two bodies after their
meeting, and with them to calculate (according as
any one of thofe bodies is concerned with the fe-
cond {troke) the velocities after the fecond congrefs,
and fo forth.

Moft of the foregoing cafes, both of perfecily
and of imperfectly elaftic bodies, might be ex-
prefled in the form of canons, (that 1s; of particu-
lar rules) and by ftating bodies of various weightss
and moving with various velocities, the numbers

1 of
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‘hofe canons might be increafed without end.
The {oliowing ilir¢e paragraphs contain three fuch
“nons by way of examples, which the reader will
€afily perceive to be nothing miore than particular
Cafes ¢xprefled in words.

bedles, perfedly elaftic and equal, are
Utied towards the fame part, after the meeting (if
“ir welocities be fuck as to admit of their. firiking
Gainft eacl otl:
dame (!'.-'}'c;_-‘.-’r,..:.-t but with interchanyed velocities.  But if
U‘.f)' e caryied towards coutr iy paris, then {.'ffc“f' the
Aeeting, 1 ;i.-:_y will go back witlh z;:ic:‘nﬂ-‘ng&! velocities,
If any number of equal and perfecily elaflic bodies
- @ refly contiguous to each other in the fame flraiglt
ity and another body equal to one of them flrike the
Jirjt of them in 1/ ght line wwith any velg-
Uy then after the firoke the firiking body and all the
YeR o

Ve Will remain at reft, and the luft body only will move
O 2is)

err) they will continwe to move in the

3o

lia

ve fame fire

the welveity of the flriking body.~In this
call‘ the bodies act as if they were {eparate ; viz.
When 4, fig. 23, PlateIN, ftrikes dire@ly againft B,
Wer the ﬂrolu, A will remain at reft, and B

J
lm'l move on with the vclocm that A had if the
I]A_.-

10
, kl-"I‘J‘.[l\‘L'IOr..S o lf B communicates ltS \’L‘(‘E‘Id
0

: C, and rep ains itfelf at reft; and in the like
Manm.. ~ .
*A0er C communicates the fame ve elocity to D,

ang ; .
t D to E; which fat body E will in confequence
Q 1t h‘_ {‘\) rce I

equal body C ftood not contiguous ; but as

to move towards F with the velo-
‘-11&[. ¥ g l Li :lt JJ'L.
O T,
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If every thing remain, as in the preceding cafe, except
ing that now two bodies A and B, fig. 24, Plate 11
contiguons to eack other, be impelled towards C, ther
after the firokey, A, B and C will rematn at veft, and D
and E will move off towards F with the welocity that

A and B had at firft.

CHAPTER' VI

OF COMPOUND MOTION ; OF THE cOMPOSITION
AND RESOLUTION ©OF FORCES; AND OF OB

LIQUE TMPULSES,

Y conpornd motien 15 underfrood that moves
ment of bodies which arifes from more tha®
one impulfe; for in fuch cafes the velocity and the
direction of the body put in motion, arife from
the concurrence of all the impulfes, and participat®
of them all, under certain determinate laws, whiclt
will be {pecified in the following propofitions.
I. When a bodyis impelled at the fame time by t9%*

forees in diffevent dive€lions, the body will move not ¥

I
any one of them, but in a direction between if:”ﬁ
{100,

Thus if abody A, fig. 2g, Plate I. be impellﬁd
by two forces, viz, one which by itfelf would drive i‘_
in the direttion AB, and another, which by jtfel
would drive it in the direGtion AD; then the body
A beind
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A being impelled by both’thofe forces or impulles,
at the fame time, will move in a direftion AC,
between AD and AB; for fince, according to the
fecond law of motion, the change- of motiof 1s
always made in the direction of the right line in
Which that force is imprefled, therefore the motion
of the body along the line AD 15 altered from the
dire®ion A D, to another direftion towards A B,
by the other impuiley which aéts in the direction
AB. And for the fame reafon, the motion of the
body along the line A B is changed for another di-
Tection towards A D by the impulfe which adts in
that direction. Therefore the motion arifing from
thele two impulfes muft have a direction between
'A D and A B.—But it will be fhewn in the follow-
g propofition, how much this new diretion will
deviate from A D, and from A B.

L. When a bady is impelled at the fame time by two
Jorces iy different directions, if two lines be drawi

wes the double

-.i‘ P * Dy | 21 } 1_ P
Jrom the p.-’m's 1 whick the boay. v

i I ¥ > o ~ 5 % . ;
“Dipulfe, in the diveCtions of thofe impulfes 5 and the

SugLAs of thefe lines be made proportionate fo the im=
pellisn L - o
Peilsng forces 5 alfp through the end of each of thofe
“Mes a line be drazon parallel 1o the other, a paraliels-
&am  wifl thereh

“e dfy

v be formeds aud if a diagoinal line

G781 1o #54 Fis patfioes Fi-: Sngdn wora
TR Jro T ‘?T;r:;!. Wieré The boay rece

riss ] . o
O 2ie ."f.’?_"..'{,'"(»_' x
£ E

fe to tle oppofite corner of the pai

Stam, the Jo 4l

th and fitnation of that diggonal w
o £=]

Fhn ‘s alaratay oy ho Adiveftios Le body's
she velpaily and the direflion -’Jf the bodly s

from the donble .'-r.’if?'.’f.-’_,'fn‘:’.
i 2 Thus,
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Thus, fuppefe that the body A, ﬁg 26, Plate IT.
be impelled in the direétion A D, by a force which
would erable it to move at the rate of 4 feet per
fecond; allo that at the fame time the 'Iamc body
be impelled by another force in the diretion A B,
which would enable it to move at the rate of 3 feet

‘per fecond. Make AD equal to four, and AB

equal to three (:‘for inftance, inches; or you may
ule any other dimenfion to reprefent feet). Through
D draw DC ps.mlid to A B; and through B draw
B C parallelto AD; by w\uch mieans the parallelo-
gram A B D C will be formed. Laftly, draw the
Il.mnm AC, and A C 15 the direttion in which the
body which is 1mpelled by the Ll‘Lun\L mentioned
two impulies, will move. Alfo the length A C will
exprefs the velocity of the bedy ; f that if AC be
found, either by calculation or by meafuring the
diagram, to be 5 inches long (1); we conclude
that

1) The length and direction of A C; viz. the angles it
makes with"AD and AB, may be eafily found by trigono-
metry ; it being the {olution of a plane triangle, in whieh
two fides, and 1‘1(: angle between thofe two fides, are
known.

The direction of the impulfes being given, the anglé
DAB is alfo known ; for it is the angle which the dire¢=

tions of the two impulfes make with each other’

I'ke angle ADC is likewife known, becaufe it is th®
complement of the angle DAB to two right angles. The

lines AD and DC (=AB) are to each other in the pro-
portiUﬂ
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l"nat the body will move at the rate of 3 feet per
Iit‘:cun-j, fince in the dimenfions of AB and A D,
inches were employed for reprefenting feet.

"hat the body thus impelled by the two forces
Muft move along theline A C, is cafily deduced from
the fecond law of motion; for fince the change of
Motion is proportionate to the moving force im-
Prefled ; if from any point ¢ in the diagonal
AC you draw ‘two right lines, viz. d¢ parallel
to AB, and é4c parallel AD, thofe two lines
"“:ri” reprefent the deviations of the body’s mo-
Hon from the direStions AD and AB; fince by
law the 2d, the change of motion is made in the di-
Tetion of the moving force imprefled. . And thofe
t“"f’o lines are proportional to the impelling forces,

Portion of the two impulfes, and may be reprefented by
any dimenfions, as inches, feet, &c. Therefore in the
Yiangle ADC the fides AD, DC, and the included angle

s are known. Hence by trigonometry we have AD +

De: ap _ pe: tangent AR A tangent
DCA 2
o EA_C, whence we obtain half the fum of the

2
]ﬂ)ngles at the bafe, viz. of the angles DC A and
i AC. Then half the fum, plus half the diffevence,
Sequal to the greater of thofe angles; viz. DCA ; and
;::]irthe fum, :ni‘nus‘l-m!f t_hc diﬁ-fl'?llcc,‘ is Cq.“a]_ to the
; t[;::.gl? J’)SL-(,-, wn.u:h gives the rJ:rctjtlon of ,-‘\(,‘5 thus
the anﬂ.:gI;S\wﬂ.l be known. Laftly, fay, as lht:ﬁhlta (?f
. t:;.-t. ]EJ_A 15 to the i"me of ﬂ?i‘ avg]e ADC, fois
T bojh Tunl-l I?rgpornonal, which is .equa! tol AC.
N the direltion and the length of AC w;l; be

or

LUh ]
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or to the lines A Band A D, which reprefent thole
forces ; viz. deisto be, as AB is to AD; becaufe
(by Eucl. p. 24. B.vi) the parallelogram Advé
16 fimilar to the parallelogram ABDC.

If it be faid that the body thus impelled will at
any time be found at any other place ¢ out of the
diagonal A C, draw om parallel to A'D, and od
parallel to AB; then om and od, which reprefent the
deviations, &c. ought to be proportional to the
forces which occafion thofe deviations, viz. o ought
to bear the fame proportion to od as AD does te
ARB. But this is not the cafle, becaufe the paraliclri-
gram A dmo is not fimilar to the parallelogramt
ADBC. Therefore the body, &c. muft move
along the diagonal AC, and in no other direction.

1. Wien a body is impelled at the fame time b)
three forees in three different direllionsy the wveloctty
and the direStion of the body’s mstion, which artfes
therefrom, mufft be derermined Jz firf afeertaining 1he
courfe whick wanld be produced by any two of thafé
Jforces, according to-the preceding propofition s and thed
by finding the conrfe laft found, and the third fortts
wwhich will be the courfe fought.

Thus if a body A, fig. 27, Plate I1. be impeu"fd_
by three forces ; viz. with a force which by itfelt
would enable it to move in the direction A B at the
rate of foyr feet per minute; by a fecond forces
which by itfelf would enable it to move in the dr-
rection AC at the rate of three feet per minute?
and laftly, by a third force, which by itfelf wuul.
enable it to move at the rate of five feet per “ﬂt
put®
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Dute in the direftiop A D. Make the lengths of
the right lines proportionate to the forces, viz. A B
f“'Jl', AC three, and A D five, inches, or feet, &c.
long.  Then imagine as if the body were impelled
by the firft and fecond forces only, and, by the pre-
Ceding propofition, find the compound motion
ANifing therefrony; viz. through B draw B E paral-
lelto A C, and draw CE through C parallel to AB ;
0d the diagonal A E will reprefent the direétion
and the velocity of the motion refulting from thofe
o forces. - Then after the fame manner find the
Compound metion refulting from the force repre-
fenteq by AE, and the third force reprefented by
AD; viz. by drawing through E and D the lines
E¥ ang DF, relpetively parallel to A D and to
AE, as allo the diagonal A F; and this diagonal
AF wil) reprefent the courfe of the body, viz, the
Velocity and diretion of its motion, arifing from
the ahove.- mentioned three impulfes.

The demonftration of this propofition is {o evi-
dent 5 confequence of the preceding propofition,
that it will be needlefs to detain the reader with a
*Petition of almoft entirely the fame words.

It appears likewife, that the like reafoning may

extended to the cafe of four or five, orin fhort,
of any number of impulfes.

lnt:;)_mithﬁa-ndmg 1_]1@ appare'nt muhip_licit.y and

i, :C}iof -iuch cafes, an ub';mvis rei.nark will fur-

OF the %l;«nelal rule, by_menns of Wh]cll—lhﬁ place

ody at any time may be eafily deter-

14 mined
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mined in all cafes; viz. whether the impulfes
be fingle, oraccelerative like the force of gravitys
or whether fome of them be of the former, and
others of the latter ‘{ort.

The obfervation which furnifhes the rule is, that
at the end of a certain time the body which is im-
pelled by two forces, will be found precifely at the
place where it would befound if the two forces acted
one after the other ; the time however muft not be
doubled. For inftance, 1n the cafe of fig. 26, Plate
1L the body A'is impelled by two forces, viz. one
in the diretion AD, which alone would drive it
as far as D in one fecond, and another force in
the direction A B, which alone would drive it to B
in one {econd. Now if you imagine that thofe two
forces be applied one after the other, viz. that
when the body 1s at D, the other force impels it 12
the diretion D C parallel to A B, and as far from
DasBis from A ; then C is the place where the
body will bedriven in one {econd by the compound
action of both the forces.

This obfervation is evidently applicable to the
cafe of four or more impulfes; and hence we de-
rive the following general rule for finding the place
or fituation of a body after a certain time, whent
the body is impelled by any given number of gived
forces,

Rule. Fmagine asif the body were im pelled by the
piven forces, not af once, but f'.;f-"t":!/i’i't’f".-' one (gﬁ'.:‘i‘ 1he

. 5
oife i in diredtiois Pe railelto their ori [3,1(71 f",'“_;"u’ﬂ ’

i ane
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Thus in the cafe of fig, 27, Plate 1L, the firft

L

force by itielf would impel the body to B 11 one
m'nut e; the fecond force wuuH by itfelf impel it

from B to E inone minute (B E being equal and
Parallel to A C); and the rmz'd force alone would
tnpel it from E to F inone minute (EF being
Parallel and equal to A D); therefore the joint ac-
tion of all the three forces will drive the body from
A tO F in one minute.

, inftead of one minute, any other portion of
t”he be made ufe of, the figures arifing therefrom
Will always be fimilar, {o that whether the. figure
be larger or finaller the point F will always be in
the right line AF ; which likewile {hews that when
4 dey is impelled by fingle impuld es (viz. fuchas
Produce 'equable motion) let their number- be
What it may, the courfe of the bedy between its
Original place A and the place I, where it will be
fok'lnd at the end of any time, is always rectilinear ;
fence the right line AF reprefents, as we have al-
Teady ohferved, the direftion and velocity of the
boh" motion.

Sometimes the direftions and the ftrength of the
*Wpulles are (o circumftanced as to produce no mo-
tion on the body 5 1n which cafe the forces are faid
t0 be balanced in oppofite directions; and to thole

Calics
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cafes the above-mentioned rule is equally appli-
cable. Thus if a bedy A, fig. 28, Plate II. be
impelled by a force which in one minute’s time
would drive it in the direftion A B as far as B, and
likewife by another force equal to the former, which
by itfelf would drive it in the dire@ion. A C op-
pofite to the direétion A B, to a place C, as far
from A as Bis from A ; itis evident that thofe two
equal, but oppofite, irmpulfes, atting at the fame
time, will not produce the leaft motion in the
body, for they deftroy each other.

Likewife if a body be impelied by three powers
in three different directions, and the compound
courfe which would be produced by two of thofe
forces be equal and oppofite to the third force, the
body will not be moved by thofe three forces.—
Thus if the body A, fig. 29, Plate I1. be impelled
in the direction ‘A B by a force which in one mi-
nute would enable it to go as far as B; alfo by a fe-
cond force, which in one minute would enable it
to goin the direftion A C as far as C; and laftly,
by a’'third force, which in one minute would enable
itto move in the diretion AE as far as E. Find the
courfe of the body which would arife from the joint
action of the two forces AB and AC, viz. by drawing
B D parallel to A C, and C D parallel to A B, and
joining AD. Now if this diagonal A D happens
te be equal to AE and oppofite to it, that is, in the
{amne right line, then the body A will not be moved
by the joint aftion of thofe three forces; for
the
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the two forces A B and A C are equivalent to the
force reprefented by A D; but this force AD 1
€qual and oppofite to the force A B ; therefore the
fum of the two forces AB and AC, is likewile
equal and oppofite to A E; hence the body will
not be moved from its original place A.

Since A B D C is a parallelogram, the line BD
1 equal and parallel to A C, as alfo ‘the line D C
to AB; and, in cafe of an equilibrium or balance
of the three forces, A D has been fhewn to be
®qual to, and in the fame right line with, A F,
Which is the fame thing as to fay that A D s pa-
failel to A E.  Therefore we eftablith the following
Propofition, which is of great ufe in mechanics.

V. If a body be impelled by three powers, or,
(which is the Jame thing) it be drawen by three powers,
i three different direfiions, and thofe powwers balance
each gther fo as to leave the body at veft y then thafe
Powwerg mnjl. kave the fame propoition i each other as
have the right lines (A B, BD, and A D) drawi pa-
Yallel 1o their direftions, and terminated by their mutual
Conconrfe. And vice verla, if the lines drawn pa-
allel to the diretions of the three forces, and termi-
"ated by their mutual concourfe, bear to each other the
[ame proportion that the forces bear toeach other, then
the body will remain at reff (2).

It

i o

(2) By trigonometry, the fides of plane triangles are as
the fines of thejr oppofite angles, Therefore in the tri-
' angle:




124 Of Compound Motion, &e.

[t will be hardly neceflary to obferve, that a ba-
lance of forces may take place amongft any number
of fuch forces ; fo that a body may remain perfedt-
ly at reft, though acted upon by four or five, or
any other number of forces. In this cafe the forces
are fometimes called preflires 5 for in fa& they only
prefs upon the body without being able to move it
out of its place.

V.. As thejoint aclion of feveral impuifes compel a
body to perform acertain courfe, fo whensver we ob-
ferve any paticuiar courfe of a body, we may imagine
that courfe to be produced by the joint aclion of two oF
wigre impulfes that ave equivalent to that ﬁ){gk Lt

>

Thus finding that a body A, fig. 26, Plate II.
has moved from A to C, we may imagine either
that the body has been impeiled by a fingle force
in the direction of A C, and proportionate to the
length of AC, or that it has been impelled by two
forces at once, viz, by one in the direction of A 1D,

angle ABD, fig. 29, Platell. AB is to BD as the
{ine of the angle ADE, or D AC, is to the fine of the
angle D A B ; hence any two powers will be to each other
reciprocally as the fines of the angles, which the lines re-
prefenting their direftions, make with the direétion of the
third power. Farther, A D is to A B as the fine of the
angle ABD is to the fine of BDA, or DAC; and in

like manner the power adting according to A E is to the

power aéling according to A C, as the fine of the angle

A C D is to the fine of theangle ADC, or BAD.

and
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and proportionate to the length of AD; and by
another force in the direéion of AB or DC, and
Praportionate to A B or DC,  Therefore, if fwo
Sides of any triangle (as A 1) and D C) reprefent botl
the quantities and the direCtions of two forces afling
Trom 4 given point, then the third fide (as A C) of the
fiangle wwill reprefent both the quantity end the direc-
tion of a third force, which
Will bo equivalent to the otfer 1o, and vice verfa.
Thus alfo in fig. 27, Plate IL finding that the
body A has moved along the line AF from A to¥
" 2 certain time; we may imagine, 1ft, that the
%0dy has been impelled by a fingle force in the di-
"&tion and quantity reprefented by A F; or 2dly,
that it has been impelled by two' forces, viz. the
O reprefented by A D, and the other reprefented
YA E; or thirdly, that it has been impelled by

CEans o ot ) FET ooty
actiig from :'f’ic’f:!;?u’ poinf,

three forces, viz. thofe reprefented by A D, AB,
MdAC; or laftly, that it has been impelled by

Uy e 2 Gt e
1y other number of forees in any diretionss pro-

Vidag 5 y .
'%ed all thofe forces be eguivalent to the fingle

R
'ee which is reprefented by A F.

This fuppofition of a body having been impelled

y 5 ~ 5 .
Ytwo or more forces to pertoring a certainl CouTic
Or, B o7 s
> On the contrary, the fuppofition that a body
Nag . £ g i3
. Sbeen impelled by a fingle force, whien the body

aE . 5 "
Stually known to have been impelled by feveral

0rces, ool ; 50 o TR
®s, which are, however, equivalent to that fingle

7

foree has ‘ o
“5 has been called ¢ke compofition, and réf

S

e T s
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of forces 3 and is of great ufe in mechanics, as wil
be thewn in the fequel,

In the preceding pages we have laid down the
laws relative to the congrels, or impaét, of bodies
when the bodies firike in a direftion perpendicolaf
to each other. It is now neceflary to examine thofe
cafes in which the bodies ftrike in an obligue diree-
tion, the effects of which could not have been con-
veniently explained previoufly to the doétrine of
the compofition and refolution. of forces, fince it
depends principally on that doétrine.

It has been fhewn, that if a body A, fig. 265
Plate Il. be ftruck by two powers at the fame timé
viz. by onein the direction from A towards B, and
by the other in the direétion from A towards D
the body will theréby be forced to defcribe the dias
gonal A C. Now let this motion be reverfed, viZ:
tmagine that the two powers or bodies K and s
are at reft, and that the body A, advancing fro®
C, along the line C A, frikes againft thofe tW9
bodies at the fame time ; the Coniéqu:ncc will beés
that both the bodies will be moved from the¥
places, fince they are both ftruck; that the 10
pulle will be divided amongft them in the propd™
tion of the line A B, which is perpendicular to th®
body K; to the line AD, which pcrpcndicﬂ}i"[
to the body L ; and laftly, that the body T. will be
impelled towards Q, whillt the body K is impcﬂfd
towards P. ; :
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It is evident that the force of the impulfe muft
be divided amongft the two bodies ; fo that the
greater is the quantity of it which is communicated
to the one, the {maller muft be the quantity of it
which is communicated to the other; alfo each of
thofe quantities muft be lefs than the whole origi-
nal force of the body A ; otherwife there would be
&n accumulation of force witbout any adequate
Caufe, which is not poffible. .

The force is not oaly divided amongft the two
bodies K and L; but it is divided in the proportion
of the lines BA to DA, which is eafily proved
thus : Since any force may be refolved into two of
More forces, therefore if we divide the force repre-
fenteq by the line A C into two forces, fuch as that
Ohe of them cannot poffibly a& mpon the body K,
Whilft the other ats direly againft it, we fhall by
that means determine the queftion.  Draw A D

“Parallel to the furface of the body K at the poink

OfCOnge{é; from C drop €D perpendicular to
A D, and through the point of congrels draw A B
Parallel to D C, which A B being perpendicular to
AD, mufl likewife be pcrnendieular to the body
&t the point of congrefs. Thus the force AC

i3 refolved into the two forces ADand DC, or
AB; 5 the former of which cannot have any action
Upon the body K, whilft the latter afts entirely
;;pon it. . For inftance, imagine that inftead of a
ts‘:irz':ol‘;i :f from C towards A, two bodies move
at point, viz. onein the direftion D A

ang . i q A o
d the other in the direftion B A, and it is evident
that

s B e T 2y
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that of thofe two powers, the one in the direction
B A will a& entirely and direétly upon the body
K, whilft the other in the diretion D A paffes by
it, and of courfe cannot affedt it.

By the like reafoning it 15 proved, that when the
force reprefented by C A is refolved into tiwo other
forces, viz. A By which is parallel tothe furface of
the body I. at the point of congrefs, and BC,. cr
its equal AD, which 15 perpendicular to it;the latteér
only will attupon the body L ; therefore the force
which acts upon the body K is reprefented by A B,
or its equal DC; and the force which aéts upon the
bedy L 1s reprefented by the line AD, orits equal
BC; and thofe twe forces are equivalent to ihe
force A G,

The inchination of the direétion of the firoke
to the body K, or to thedine A D, which is paral*
lel to the furface of it at the point of congrefs, 18
reprefented by the angle DA C ; and the inclina-
tion of the ftroke to the bedy L, or to the Jine
A B, 1s reprefented by the angle C AB. Now (b¥
trigonometry) when A C is made radius, D C, orits
equal A B; becomes the fine of the angle of incli-
nation- D AC; and BC, or its equal A D, be
comes the fine of the angle of inclination BA €4
e force C A, is o ik

the jamne J.'"U.?'."z.’ coi=

therefore the effect of the obi;
effect that wonld be produc

- - . ¥ . - 7 f A iy "' 4
iRyt a perpendicuiar direltion, as the fueof the ang®

gf inclivation is to radins ; which is a general and

ufeful law in the computation of. oblique 1M~

pulles.

In
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: In the prefent inftance the proportion of the'ob-
i1C1u<*‘: force C A to move the body K, is to that of
the fame force coming in a perpendicular diretion,
Bthe fine D C is to radius AC ; and for the body
Lit is as the fine BC to radius A C.

If in the above-mentioned cafe we imagine that
One of the bodies bé removed, whilft the other is
fixed, we fhall then form the cafe reprefented by
fig. 1. Plate I11. in which the body A, moving in
the direction A C, firikes obliquely at C on the
ﬁ_rm obftacle BF; where it is plain that the mag-
Uitude of the oblique ftroke is to the magnitude of
the ame firoke if it had come in a dire®tion pet-
Pendicular to the obftacle, as the fine of inclina-
F‘On, or of invidence, (vi.i. as the perpendicular A B)
] % to the radius A C.

If a body perfectly elaftic as A, fig. 1. Plate 111,
Brike obliguely at C on the firm obflack BF, .then after
ke roke this bady will be rgﬁ’mf‘?cd from that vbflacle it
the dirotion CE, iz fuck a manner as to form the angle
Y refledtion E CF, equal vo the angle of incideuce
ACB. ‘

The oblique force AC being refolved into two
forces, viz. DC perpendicular to the obftacle and
AD parallel to it ; the effet on the plain is the
rime as if the body had advanced towards it di-

&y from D, and according to the laws of gons
gzzf;bgtwcen perfetly elaflic bodies, (chap. vii:)
the do' ¥ A after the ftroke would be fent back in

reCtion CD. But of the two forces into

v :
OL. 1. K which
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whichthe original force of the body A was refolveds
this body retains the one reprefented by A D, fincé
this force was not concerned in ftriking the ob-
ftacle ;, therefore after the ftroke the body A is ac-
tuated by two forces, viz. one reprefented by C I
equal'to A B, equal to EF; and the other repre-
fented by CF, equal to D A, equal to D E, hence
it muft move in the diagonal CE; and fince the
lines CF, FE, are refpe&ively equal to the lines
CB, B A, and theangles at B and F are equal, be-
caufe they are right-angles ; therefore (Eucl. p. iv.
B. 1.} the triangle EFC is in every refpeét equal to
the triangle ACB ; confequently the angle of re-
flection ECF is equal to the angle of incidence
ACB. :

Some writers call the angle -ACD the angle of
incidence, and the angle DCE the angle of reflec-
tion ; viz. the angles made by the body with the
perpendicular DC; this however does not alter the
propofition, for the angle ACD is likewife equal to
the angle DCE;; thofe angles being the comple-
ments of the equal angles ACB, ECF, to tw¢
right angles.

In any cafe, whenever two bodies ftrike obliquely
againft each other, whether one or both be in mo-
tion, their diretions, velocities, and momentum®
after, the flroke may be eafily determined from what
has been explained in the laft paragraphs, together
with what has been delivered concerning the direft
impact of elaftic and nen-¢laftic bodies in Chape

‘ vIL
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VIL.  And the following example will fhew the ap-
Plication. !

Imagine that two non-elaftic bodies, A and B
ﬁg- 2. Plate 11I. moving, the former in the direc-
tion AC, the latter in the direction BD, do meet
atCD. Let the line MG be drawn through their
Centres and the point of conta&t. From the ori-
Zinal fituations of thofe bodies, viz. from A and
B,dro]a AM and BN perpendicular on MG. Then
the force of each body may be refolved into two
ﬁN‘Cﬁs, viz. that of A into AM, and MC; and
that of B into BN and ND.

Of its two forces, A retains the force A M,
Whilft the force MC is exerted againft the other
br3‘(‘1'}’- Of the two forces belonging to the body B,
the force BN is retained by it, whilft the force

D s exerted againft the other body. Therefore
the adtion of thofe bodies upon cach other is ex-
ﬂftly the fame as if they moved directly one from
M and the other from Nj hence whether they
Would, after the ftroke, proceed both ‘the fame
Way, or different ways, and at what rate, muft be
Uetermined by the rules of direét impact (chap vii.)

L.It when their velocities have been thus deter-
Mned 5 for inftance, 1t be found that if the bodies
ad moyed direétly from M and N, after the {troke
:Ee body A would liave moved as far as O, whilft
-©body B would have moved as far as G.  Then
:l“;';:lﬁ be r_ccolle&cd, that, in.the prefent cai_b of

“que collifion, the body A has retained the force

E 2 AM;

‘
i

|
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AM; therefore after the firoke the body A 8
attuated by two forces, viz. one equal and pas
rallel to A M, and another force, which 1s equal and
parallel to CO; in confequence of which this
body muft run a compound courle, which 18
found thus : Through the centre C draw C I equal
and parallel to AM ; through I draw 1 E equal and
parallel to C O ; then the diagonal C E exhibits the
velocity and the dire&ion of the bady A after the
oblique concurfe.

With refpeét to the body B, it has been faid that
at the concurfe this body retains the force B Nj
and that, if the bodies had mdved direély towards
cach other, B would, after the flroke, have moved
from D to G. 'Therefore through D draw DH
equal and parallel to BN, and through H draw
HY equal and parallel to DG; and laftly, the dias
gonal DF will reprefent the velocity and the direc*
tion of the body B after the oblique concurfe.

This is the cafe when the bodies are perfectly
hard or non-elaftic. But if they be perfeitly elal
tic, then fuppofe it be found by the rules for elafti€
bodies that, after the fuppofed diret concurfe, the
body A would have been fent back to Q in the
fame time that B would have been fent back to Re
Then after the oblique firoke the body A will b
actuated by twoforces, viz. one equal and parﬂ-ﬂel
to A M, and the other equal and parallel to CQ*
And the body B will likewife be aétuated by tWo
forces, viz. one equal and parallel to BN, and the

o othe®
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Other equal and parallel to DR, ‘Therefore in fig.
3> through Q draw QZ equal and parallel to AM,
alfo through Z draw 1Z equal and parallel to CQ ;
then the diagonal CZ reprefents the direction and
Velocity of the elaftic body A after the ablique con-
Curfe,

Again through R draw the line RX equal and
Paralle] to BN, and through X draw the line XY
Qual and parallel to DR, then the diagonal DX
wil] reprefent the velocity and direction of the elal-
fie body B after the oblique concurfe.

Ia thort, the cafes reprefented infig. 2, and fig, 3,
ey only in this, namely, that the bodies are fup-
Poled to be perfedtly hard in the former, but per-
“&y claftic in the latter, '

We might now proceed to examine the particu-
1:1_1»; Telative to the congrefs of three or more bo-
dies, a5 alfo of bodies of different fhapes, for hither-
10%e haye fuppofed the bodies to be quite {plreri-
Cal, &e. but this we fhall omit, firft, becaufe the
*ader may, by a little exertion of his ingenuity,
"fily derive it from what has been already ex-
Plained ; anq fecondly, becaufe the particular ex-
“Mination of -all the branches of compound motion
“ould fwell the fize of the work far beyond the
“mits of an elementary book *,

M

: drﬁr further information relative to this fubjed, the
eade 3
T may confult the 2d book of s’Gravefande’s Mat,
‘]EE'I_' of N.”‘

Phil, edited by Defaguliers,

X 3




Of Curvilinear Motionss

CHAPTER IX.
OF CURVILINEAR MOTIONS.

ITHERTO we have confidered the com=
pound motion which arifes from fimple im-
pulfes, or fuch as produce equable motion, It wilk
now be neceflary to apply the above-mentioned
rules to the cafes of that fort of compound mo-
tion, which arifes from the joint aétion of a fimple
and of an accelerative or continuate force ; in whick
cafe 1t will be found, that the body will defcribe not
a ftraight courfe, as when it is impelled by fimple
impulfes, but it will defcribe curve lines, which
differ according as the proportion of the forces dif+
fers ; excepting however when the forces at in the
{ame direction, or direétly oppofite to each othefs
in which two eafes, the motion of the body will
always be rectilinear.

Imagine that the body A, fig, 4. Plate III. B
impelled from A towards H, with fuch a force 3
by itfelf would enable it to run aver the equal
{paces AB, BF, FG, &c. in equal portions of timé?
for inftance, each of thofe diftances in one minuté
Imagine likewife that an attraive (coni&quenf]}"’
an accelerative) force, continually draws the {am®
body A towards the centre C, in fuck a mann®®
24
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@ by itfelf would enable it to run over the un-
equal fpaces AT, IK, KL, LM, in equal portions of
time, viz. a minute each.

Now, the joint action of both thofe forces, muft
<ompel the body A to tun the compound and cur-
vilinear courfe A N O P, &c.—Through Bdraw the
line BC, that is, in the direction of the centre of
attraction ;—through 1 draw 1N parallel to A B;
and it is evident, from what has been faid above,
that a¢ the ‘end of the firft minute the body will
be found at N.  Now if at this period the attrac-
tive force ceafed to a&, the body would run onin
the. diretion N'R, by the firft law of motion.
But fince the attractive force continues to act, the
bod}-’ at the end of the fecond minute will be found
At O ; for the like reafon, at the end of the third
Minute jt will be found at P,and fo on. The courle
then ANOP is not ftraight ; but it confifts of the
lines AN, N O, OP, &c. forming certain apgles
With each other.

If inftead of finding the place of the body at the
*0d of eyery minute, we had determined its place
At the end of every half minute ; theneach of thole
lings AN, NO, &c. would have been refolved into
W0 lines containing an angle. And in the fame
Manner, if we had determined the fituation ¢f the

ody at the end of every thoufandth part of a mi-
Tj—t\e, CaFll of the lines AN, NO, &c. would have
~*l relolved into a thoufand lines inclined to each

K 4 other;

i
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other 5 but fince the attractive force acts not ak
intervals, but conftantly and unremittedly ; theres
fore, the real path of the body is a polygonal courfe,
confifting of an infinite number of fides; or more
Juftly fpeaking, it is a"continuate curve line, which
pafles through the points A, N, O, P, &c. as #
fhewn by the dotted line,

The curvature of the path ANOP of a bodys
which 1s afted upon at the {ame time by an equable,
and by an accelerative force, varies according to the
proportion of the two forces, Thus if the equable
impulfe be increafed or diminifhed, in fuch a man=
ner as by it{clf would enable the body to pafs over
ipaces longer or (horter than AB, BF, FG; &c, 10
the like equal portions of time, as were fuppofed
above, the attractive force remaining the fames
then the curvature of the path will be increafed of
diminifhed accordingly, as is thewn in fig. 5 and
6. P. III,

When the two forces are ina certain ratio to each
other, then the courf¢ or path of the body is a cir+
cle; in other proportions within a certain limits
the path becomes elliptical, or an oval more or lefs
extended ; and in other proportions beyond thak
limit the path becomes an open curve, or fuch 45
never returns to itfelf,  Such curves are called pa*
vabolas or hyperbolas, and their properties, as well 8
thofe of the eipfs, are defcribed by all the writef?
on conig fedtions,

Ia
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In fig. 4, the centre of attra&ion C, has been
Placed not very far from the direCtion AH of the
€quable force. But when this centre i1s very far
from it, the right lines CB, CF, CG, &c. will be-
Come nearly parallel, andin many cafes, they may
Without error, be confidéred as being adtually pa-
Talle],

A cafe of this fort is reprefented in fig. 7. Plate
IIL. where the centre of attraion is fo remote from
AG, that the right lines BC, FC, GC, &c. which
Proceed from it, are not to be diftinguithed from
Paralle] lines. In thiscafe,if the [paces AL, AK, AL,
&c. be as the {quares of the times, viz. as the
{quares of one minute, of two minutes, of three mi-
Nutes, &c, ; whilft the {paces AB, AF, AG, &c. or
their equals 1N, KO, LP, &c. be fimply as the
FimES, then the curve or path of the body, ANOP,
 a fort of curve called a parabola, which is more
Or lefs open according as the projeétile or equable
force is more or lefs powerful. 'And fuch is the
Path which is defcribed by all bodies that are pro-
Jected obliquely near the furface of the earth, viz.
Cannon balls, ftones thrown by the hand or otheg
€ngine, and in fhort by all forts of projettiles; ex-
Ct‘pting however that deviation from the parabolic
Yurvature, which is occafioned by the refiftance of
the gir ; and which in certain cafes is very confider-
abk" For near the furface of the earth, the fpaces
Heferibeq by defcending bodies, are as the fquares

of
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of the times, (éccording to what has been fhewn 18
Chap. V.) and the centre of attraétion is about
4000 miles below the furface, (1.) :

The

e

{1.) The admirable doftrine of curvilinear motion de-
ferves the greateft attention of the philofopher, fince it
unfolds the grandeft phenomena of nature. It compre-
hends almoft all the movements which take place in the
world. It meafures and afcertains every particular relative
to the motions of ceeleftial bodies.—1It leads the human minds
through fafe paths, to the inveftization and knm}v!ed‘ge of
the moft complicated appearances, and the moft abftrufe
fubjeés. I fhall, therefore, in this place endeavour to
explain this. dottrine in as concife and compreheniive 2
manner, as the nature of the fubject, and the limits of the
work, may feem to allow.

Of Equable Mution in Circular Orbiis.

A centripetal force, in its full meaning, is that whereby
2 bedy in motion is continually drawn from its rectilinea¥
courfe, towards fome centre.  This force may likewife be
the attion of a {tring holding the body ; or it may be its
coherence with another revalving body, or it may be the
gravitating power, &c.

- A centrifugal force is the re-aftion or refiftance; which
a moving body exerts to prevent its being turned out of
its way, and whereby it endeavours to continue its motiof
in-the fame direction ; and as re-a&ion is always equal and
contrary to action, fo is the centrifugal to the centr}”
petal force.  The centrifugal force arifes from the inertia
of matter ; for the body that moves round a centre, would
fiy off in the direCtion of the laff moment, or laft par[if]"-
ol
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The paths of bodies that move round a centre of
attraction, are poffefled of feveral remarkable pro-

perties;

e, S

of its curvilinear courfe, viz. ina tangent to the curve,
Were the adtion of the centripetal force to be fulpended.
The equality of the two forces, viz. of the centripetal in
Sppofition to the centrifugal force, may be more eafily con-
Stived, by imagining that a revolving body is detained
Within jts circular orbit by a firing ; for this ftring muft
£qually endeavour to draw the bedy towards the centre of
altraction, and the centre of attrattion towards the body.
Since the ceatripetal force is proportionate to the fpace
Which the body defcribes in a given time by the ation of
that force, it is evident that the centripetal as well as the
entrifugal force, may be reprefented by the nafcent lines
_BC: be, fig. 8. Plate I1I, for whilft the body defcribes the
1nﬂniteiy {imall tangent AB, the fpace which the centri-
Petal force compels it ta pafs through in the fame time, is
*qual ¢ BC.
N.B. The lines BC, &¢, a8 well as AB, A b, arc drawn
8 large, merely for the fake of illuftration ; whereas by
?:f:ent'or_evana{cent lines, we mezan lines of the fame na-
® but indefinitely fmall, and ncar the point A.—The
ﬂlnle thing muft be underftood of other lines or quantities,
:h‘dl are nafcent or evanefcent in the following propofi-
Ons,
hf;p-ozﬁtion L Ina very fmall arch, the fine, the tm;zgm:,
o a”a ﬂm‘i the arch itfelfy are 10 each other nearly in the
5 of equality,
Pla_tehelnright-angl'ed triangles ABE, and ACD,\ fig. 9,
o the-aarc fimilat ; therefore, AE : AD :: BE: CD,
rch BFD, or angle BAD becomes very fmall,

or
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perties 3 that is their periods, their velocities, their

diftances from the centre of attraction, &c. follow

certain invariable laws, the knowledge of which i

exceedingly uleful in the invefligation of natural
phenomena.

= -

or fmaller than any given quantity, the point E will ap-
proach the point D indefinitely near; fo that the difference
between AE and AD will almoft vanith, and of courfe
the difference between BE (the fine) and CD (the tan-
gent) will likewife nearly vanifh ; viz. the fine and the
tangent will become nearly equal, And fince the chord
BD, and the arch BFD, are each of them longer than the
fine, and fhorter than the tangent ; theréfore in very {mall
arches, the fine, the tangent, the chord, and the arch ifelfy
are ncarly equal,

Prop. I1. In a circle the evanefeent, or infinitely finall fub-
tenfes of the angle of contaéty are as the fluares of the éon
ievminal arches.

In fig. 8. Plate III. BC, and é¢ drawn, perpendicular to
the tangent A&, are the fubtenfes of the angle of contatt
b A ¢, made by the tamgent Al and the circumference
ACD; which fubtenfes muft be imagined to be very near
the point A ; in which cafe we fhall prove them to be 10
each other as the (quares of the conterminal arches ACs
Ac.

In confequence of the parallelifin of the lines AD, BGs
Be, and of Ab, mC, ne; the line BC is equal to A 7
and beis equal to A 7. (By Eucl. p. 8. B. VL) AD . AC
:: AC:Am; and AD:Ac:: Ac: Axn; therefore AD
X Am= R}u and AD }'\_zz —a ¢F. Hence we have
ACP:Ad i Am x AD: Az x AD::Am:An:s
BC: b
Here
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Phenomena.  Thofe laws will be found mathema-
tically deduced from a few well eftablifhed princi-
ples,

—

Here AC, A ¢, may be taken for the arches as well as
for the chords which fubtend thofe arches; fince, by the
Breceding propofition, thejr are nearly equal.

Corellory. Since AD : AC:: AC: A= (= B’C);
We have BC = ACP.

AD

Prop, I11. [Tn the firf? or nafcent flate of circular moston,
P A L

the projeciile force snfinitely exceeds the centripetal forces
In fig, rc. Plate II1, the circle ACD reprefents the
Orbiv of the body A, moving equably along the faid cir-
Sumference ; vig. the body A is impelled by a projectile
: fQFCe, in the dire&tion AH perpendicular to AN, and is
& the fame time conftantly afled upon by an attrative
force in the direGion towards the centre N ; thofe two
forces being fo adjufted, or being in fuch proportion to
%ach other, as to keep the body in the circular orbit
ACDAa.
In the very fmajl arch AC, the line AB is to the line
m (= BC) as the force of projeition is to the attractive,
or Centripetal, force, at the diftance A N ; for whillt AB
"prefents the equable movement which arifes from the

Projedtile fore in a certain time, BC reprefents the devia~ |

Yon from that courfe, or the force whereby the body is
drawn towards the centre of attradtion in the fame time.
Now, by the preceding propofition BC (=Am): AC::
AC: AD; and when the zrch AC becomes extremely
»©ris in its nafcent ftate, then the diameter AD" be-
‘iolne; infinitely greater than AC ; 2nd of courfz AC, or
AB (which by p. 1. is narly equal to'ir) becomes infinitely
greater

e e
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ples, in the note immediately under this paragraphs
But the principal of them will be proved experi-
mentally in the fequel. For the prefent, the

reader

greater than BC, or Am viz. the projeile force infinitely
greater than the central force.

In order to compare, and to demonftrate with more ex-
pedition, the proportions relative to the velocities, the
forces, &c. of bodies revolving equably in different circu-
Jar orbits, as ACD. and 11.0O, fig. 10, it will be ufeful to
fubftitute letters inflead of thofe particulars, and whilft the
capital letters are applied to the body A moving in the cir=
cular orbit ACD, the fmalldetters of the fame name will de=
note the fame things with refpect to the body I moving i
the circularotbit 1L O. Therefore let

F, f; ftand for the central forces.

WV, @, for the circular welscities, or for any arches A Cs
1L ; fince inequable motions the fpaces pafied over in 2
giventime are as the velocities.

T, ¢, ftand for the periodical #imes.

D, 4, for the diameters, and

P, p, for the peripheries or circular orbits,

The meanings of thole letters will be-eafily remembereds
fince they are the initials of what they are meant to repr®”
fent.

Prop. IV, The ecentral forces aveas the fuares of the
velscities direstly, and asthe diameters inverfely.

By the fubftitution of the above-mentioned letters, the
: V2 o
equation of the corollary to prop. 2d. becomes F =3~ s
’ bg
1 V2 %
f::—q-u-,s hence F: i+ 2,
d L4

Prop:
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Teader would do well if he fixed in his mind two of
thofe laws, which are as follows, and whofe ufe 1s
Very extenfive.

ift.

—

Prop, V. In different circular orbits the central forces are
95 the diawmcters diredlly, and as the fquares of the periodical
timies inverfely.

In equable motions the velocity is expreffed by the quo-
tiene of the fpace divided by the time; and in circular

, : ; - P
Motich the periphery is the {pace ; hence V = = Since,

by p.iv. F= EJ. ; we bave FD = V* and FD} =

— P
= s therefore FD) x T = P 5 and FDT* = P~ Lut

the periphery of any circle is equal to 3,7416 multiplied
bY the diameter; therefore P* = 3,14160* x D> =FDT?;
nd 31416 X D = FT % hence we have the force F =
3liﬁlbi *xD

3"14.16-1 X d

for the circular orbit ACD fig. 10, and f=

“\7:' for any other circular orbit s I L.O ; there-
IDFEL Lfs . 2,14161°D 1 3,1416]° ﬂ'- 5

T et

pr@p VI. When the revolving bodies deferibe equal argas
i . “Wualtimes, then the central forces are as the cubes 5f the
"amfrfr;

In this cafe the arca is reprefented by VD, which being
tlual to the otherarea ¢ J, we have V:o::d: D, and V2

Z;:,z__ A, : 1 x 3 V1 __Uz ’

v "j : D* But (by prop.IV.) F : f:: .L_) = hence
=

B ' —::V*d: o*D; thercfore F: f:: d°d s D*D

‘.""':D:

Prop.
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wt. Wien bodies revolve in equal circles, the ctif
tral forces ave as ihe fquares of the elocities 5 or £
double projestile force balances a duadruple force of
centripell

L
e [

Prop. VIL. #hen ihe periodical times are equal, the cen
tral forces are as the radity viz. as the diffances from iht
centre of attraction, and vice verfa.

When T = ¢, the analogy of Prop. V. (viz. F:f:*
'D 2 _’{)bccomesF:f:: D: a’::E: _‘i (viz. as thé
2 8 T

radii); the converfe of this propofition is dlfo evidenfs
viz. that when F : f21 Dt 4, the periodical times muft b2
equal,

Prop. VIIL. When the diameters are equaly the centrit
forces are as the fuares of the welpcities.

'\.’ 2 %Iz

For (by Prop. IV.) F: fit —1 —;

Do d
D = d, this analogy becomes F : f:: V*: o*; viz., whef
the circles are equal, or in the fame circle, the forces ar®

therefore whed

as the fquares of the velocitics,

Prop. 1X. When the diameters, or diflances, and ‘lf
courfe the circles, are equal, the central forces are iriwrﬁ'&
as the [quares of the perisdical times.

Since in that cafe the analogy of Prop. V. (viz. F o
,.13_: fi)becamcsl*":f: R LR R
AT I> P

Prop. X. When the diameters ave equal, the p;rim’ff"!
times are inverfely as' the welncities.

Tt appears from Prop. V. that V : v ::%; i

t
: : 4
',[% ; (_l.(ﬁncc the diameters of circles bear to each other‘h

t b
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Centripetal attraftion. For inftance, if 2 body, which
§ 1mpelled with a certain velocity, and is attracte

with

“-“—-_ —

fame proportionas their peripheries ). Now when D) = 4, then
y . ' T

the preceding analogy becomes V:iwi: 1 —; orT 2 ¢

vig : ‘7‘
B 71 I ] gl mat e I r A TS -
rop. X1. W hen the velacities are equaly 1oe jorces are =
L 2 P 3 §
Vg }jﬁ‘.’:}’, as the diameters.

‘For in thatcafe, the analogy of p. IV. (viz. F: fi:
A : I 1 .
T S o e o e el oyl
RS e Dccome.‘.f.f..,_._, orEsfivd: D,
- c!) D d 'j

—ti et

Prop. XIL." #ben the welwcities ave equal, the periedical
o5 are as the diametersy or as the peripberiesy which is

the 7
¢ fame tiong,

P

B ! p

SY prop. V.-V 1o _._i 1L 3 and when V = o, then .
3

4
= I orP t= p T;whencewe have T: r 2P p & :
t

Y
y Prop, XTI, 7#hen the central forees are equal, the perio-
Qlcg] times

. s are as the [quare roats of the diffances, or of the
“ametors,

-

In Prop. V. it has beenfhewn that ¥ : - % . :f . Now
When B = f; then IR - .f; or D ## = d T= which
: ;i = h
Sives the analogy T*:#::D:4d; and of courfe’ T: ¢::

F %5
zhd 4,

Prop, XIV. When the central forces are equal, the [quares
gt;’f Velocities are as the diffances; and the periodical times

€ as the veloeities.
'BYpmp. IV. F f f V2 A L ha F = f-
3 v -...-[—).-.g,u\’ﬁeﬂ — Ja

v
L, 1, L then
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with a certain central force, defcribe a circle round
the centre of attradtion; then if the velocity be
doubled, or tripled, the attraétive force muft be

four
ie 2% ; "
then —~ = _and V* 4 = o> D; which gives the
D d
: S Ve e g [ S 2 -
analogy V* s w2 02 D d:: 2 2 —  (the diftances being
i 2 2

the halves of the diameters). Allo by p. XIII. Tz £: : D®
: ff;, and by the laft amalogy, V:v:: D T id > ; there-
fove T Noaa,

Prop. XV, Fben the ceniral forees are in J/E'r",' as the
Squares of the diameters, or of the diflances; then the }'v uares
{)fﬂyf fh.r:ﬂ' dical timzes are as the cubes of the diflances

Imagine the central forces to be as fome power, m, of the

diftances ; viz. F : f1: Dm: 4™, Now by prop. V. F: fai

"—?‘_-— : é 3 therefore D7 ¢ 4™ i+ —,?? : ‘gf? DT d TS
) " 1 : .
and ?T‘ . r‘f‘[ e T or D50 d™ s T2 and
. (4
D - A dﬂ..__l T henceD T—=i1 o I —m: :,I-\
2 2 = s
g

Now when the forces are equal then the power, m, VA=
,w’hn% or M = C‘, and then the 1aft a analogy becomes D 2 :
:: Tz ywhich is the fame thing as was fhewn in prop. XII ['
‘-"Jhen the forces are as the diftances, then m is the firft
power, or m = I,and in that cafe the ghove-mentioned
analogy becomes D°:d°::r:1::T:¢ and of coutfe
T =# whichis the cafe of prop. VIL.—Laftly, when the
forcesare inverfely as the fquares of the diftances, thnﬂx"

= == 2 and the nbm-c-memmned analogy, becomes D=
3 3 : a =
a“::T:r;orDJ:d’::T’;H-m-D_.;d % il o

H —
2 2
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uror hine times as ftrong as it was before, 1n or-

j§alat %
]

(l‘fl‘ to let the body move in the fame circle.

1 Bases

2 s ST
2A. b nen v

The planets of our folar fyftem follow this grand law of

Diture, The fquares of their periodical times are, as the
Cubes of their diftances from the common centie of attrac-
Yon, which is very near the centre of the fun;, as will be thewn

is Newton's hypothefis of mutual and uni-

ateraclion amona it thebodies of the univerle 15 Thewn

Obe {oconfonant with the ftrl teflt mathematic
Ahd o,
fd with all the

Cu“

neces, that none but t

fufe their aflent to it

Thic dotrine of circular moavements, which 1 have ex-

hils:
Wite] & gt G L i 31
L't\..! in 15 prepolitions, might have been condenfed into

- Lk Al
Bitrower compafs, had notmy principal ob been to
Fehdae a & . TR, 3 ~ . 3
hder the comprehenfion of it eafy to the reader ; 1 have

=
1

1S

1EANCES

e taught by experience, that in many
Mate laborious to-déduce every particular cafe from one
'mﬁ"“h“nﬁ» propofition, than to read a particular propo-
.mn for every jm.,lp cale.
H‘“"*“g in the preceding propolitions, ftated the pro-
Borting between the forces, the velocities, and the peri-
dltql times, of bodies that revolve in circular orbits; it
1&?[:“’ neceflary to render thofe propofitions practically
by fhewing in what manner they may be employed
au:e:}; determination of any particular cafe ; fince it has
o w}'thEn remarked, that the knowledge of the propor-
Able ich certain things bear to each other, will not en-
he S to determine any abfolute quantity, unlefs fome of
]Pwrt.culars be previoully determined by means ok i
"l experiments,

T herefore

[
N
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e

fo that the fauares of the times of their revolutigns %6
as the cubesof their diffances from the centres of /.-";(_J/’c—'
circles, then the central forces are inverfely as 1ht
[quares of the diffances 5 and vice verfa.

The

e

T herefore in order to render the expreffions of the me#”
fures of the above-mentioned forces, velocities, &c. mor®
ealy and concife, we fhall endeavour to involve in the™
only one unknown quantity, viz. a certain power of the
radius or diftance of the revolving body from the centr
attra&tion ; for when this quantity becomes knewn ithef
from experiments or by deduftion from other know®
quantities, we may thereby eafily determine all the othef

e of

particulars.

I. The attra&tive force is meafured by the veloeit
which may be uniformly generated in a given time, which
time we fhall call one, (meaning one fecond, or one mi*
nute, or, in thort, the unity of any other divifion of tir®
that may be ufed in the computation,) and fhall expf"' !
this force or velocity by 7%, (ViZ. an indeterminate pm"e
z of the radius r of the orbit).

I1. 1t has been thewn in page 67, that a bady, whl"*'b
begins to move from reft and proceeds towards a CE"“
of attraltion, will at the end of any given time ac”
quire fuch velocity as would enable it to move eqﬂﬁb]
through twice that fpace in an equal pertion of tim®
the action of the attradtive force were fufpended. "Ther¢”
fore the diftance through which a body will defcend tO_
wards the centre of attralion in the above-mentiol
time one, 15 £77,

4
II1. Hence if A C fig. 10, Plate I1L, be an arch deferib®
the bo?

in a certain time T, the diftance Am, whick 1
-\;,O“

2
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The foregoing theory of curvilinear-motion is
b ¢ - - . - -
Yery extenfive, fince it applies to a great variety of
terreftrial as well as celeftial phenomena.  But in

the
e

Would defeend through towards the centre of attraétion N in
e fme time, will be = ._.,_t__, for fince the fpaces
1
Which are thus defcended, as the fquares of the fimes, we
- 2
ha‘f'e.l’:'}""':: Lgws B

IV. The part AC of the circumference; which is de-
r:-!--’l
feriy p 1 : Fo— -
ed by the body in the time T, is = - fince in
yioo

the Circle ACD, we have AC|* = AD x Am (Eucl
P8, B, VL) =2AN x Am=AN x 2Am= T r

ST
T‘i ey
L = ,1"‘: rat ']] 1 o [
\‘_1';-—; therefore AC = - e : 2

V. The velocity with which the body moves in the cir-

tle 3 3
leig = 2+ = By prop. IV. the fquare of the velocity

iSa 1 . - . o g
S the product of the diameter, or of the radius, multiplied
ny the force ; and according  to the above-mentioned
Otat ' .
c Wtiop, (§- L.) the force is exprefled by »»; therefore the

Yo, : %
l2re of the velocity is = rr# = r#+1, and of courfe the
‘-’Q]QQ

ity itfelf is exprefled by » nt T
2

VI rctes : . -
+ The periodical time, or time of a whole revolution,

-_— 2, I— n " 3 .
€7 — (¢ being = 3,1416, &c. that is the cir=
“Umference of

is

2 circle whole diameter is one,) For fince

L3 (by




relate to

11

1
rfain circumitances

: 2rc (= the wholg circumizrence) :

At , SR . 4
V1L The-fpace through which, the body muft defcen®
towards the centre of attraction, in order to acquirea ¥&
locity equal to that with which it revolves, is equal @

half the radius, viz., Zr. For in Chap. V. it has bee?

fhey.n, that the fpaces deferibed by defc ding bodies aré
as the fquares of the times, or of the velocities. It b#
alfo been fhewn (§.11.) that the velocity r

a defcent through 7 . At prefent we wifh to know hoW

r.’

is acquired bY

low 2 body muft defcend, to acquire a velocity equal i
L8 S - 3 -t
r —— (§ Vi) hence we fay, as the fquare of 7% 15 "

~

7" to a fourth prop rtional 3

vigaat Bl e nh s nee Topl

r|-~ S v ik
Thus we have expreffed the meafures of the veloeit®?
peri hey

et fimple manner. 4
may be

i
power, and to any-P>

dical-times, &c¢, in 2

riodical revolution ; - the only clu‘.nm; which needs
! kn oWl
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interfere, which render the refult of the calcula-
tions {omewhat different from the. oblervations ;
that is, of the experiments. In terreftrial affairs,

the
e

k“\')wn, being the valuc of 7. But for the fake of illuf-
Yation, we fhall now apply it to the force of terreilrial
3!'9-\@[)'; in which cafe it is known, that a body near the
furface of the earth, will defcend from reft 16,087 feet in
the firlt fecond of time, s (wh]ch is the time 1); therefore,
39" — 16,087 fect, and 7" = 32,174 (§. 1I.) Hence by
fabficutine thofe values for %12 and r» relpeétively, the
"‘bﬁve-mu;moncd meafures will be exprefled ip known
termg,

Ex;-.mp‘;-: 1. Thevelocity of a body that revolves round the

2wt o az A O TR
%arth but near the farface of it is (by §. V.) » : o hicly,

by fubftituting, 32,174 for ", becomes 32,174 3 5 and this

“Comes (fince the {emi-diameter or radius » of the earth is

k“““’n to be nearly 21000000 feet) 32,174 X 21000000]%
= 25903,3 feet per fecond ;' fo that a body moving with
'“t‘moutv, would revolve continually round the earth;
that velocity being juft fufficient to balance the force of

SfRvity 5 bt this velocity is about 30 times as great as the

Inge:
litial ve locity of a cannon ball.

N, B. No notice of the refiftance of the zir has been

tak"“ in this example, or will be taken in the following
ey

*amples of this note.
"'\

he periodical time of the fame body under the fame

Cire ; = 1
llLumﬂancc; is (by §.VI.) # ng ¥ = —2c 12 =2 %
3 J 2 Az
1582 ’ 4
B1g16 5 45 (’5 = 5087",5; or 1 hour, 24, 47 55,
537",7 d

L 4 Example
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the refiftance of the air is one of the principal ob-
truders. The movements of the cceleftial badies
are

b e =

Example 2. By prop. IX. when the diftances are equal
or in the fame circle, the central forces are inverfely as the
fquares of the periodical times; and, by the preceding ex~
ample, the velocity which near the furface of the earth i5
equivalent to gra.vit}', is = 25993,3 feet per fecond.
Therefore, we fay as the fquare of the earth’s diurnal ro-
tation round its axis, is to the fquare of the periodical time
of the body mentioned in the preceding example, (viz. of 1*
24’47", 5, or nearly 85'); fo is the force of gravity (which we
thall call 1)to the centrifugal force of bodies near the equa~
tor of the earth ; viz. 2073600 (= the fquare of 24 hours)
:7225" 11 1:0,003485 = the centrifugal force near the
equator ; viz, the force by which bodies that are near the
equator, are attracted towards the centre, is to the forc®
with which they endeavour to fly off, in confequence of the
earth’s diurnal rotation round its axis, as 1 is to 0,003485%
or as 1000000 to 3485; viz. the former is almoft 302
times more powerful than the later.

By this means we may determine the centrifugal forc®
of bodies in diffecént latitudes ; for as the carth turns round
its axis, it is evident that thofe bodies on the furface of if2

which lie nearer to the axis, or, which is the {ame thing, aré

nearer to the poles, perform circles fmaller than thol®

which lie nearer to the equator ; though they are all p#f™
formed in the {ame time, viz. 24 hours. Hence (by prop-
VIL.) the periodical times being equal, or the fame, ;_h'c
central forces are as the radii of the circles, and as in dif-
ferent lgtitudes the radii are equal to the “cofines of the 13°
itudes, cherefore, as the radius is to the cofine of a Bive®
Jatitud®

s
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are generally influenced by more than one centre of
attraction. Thus the moon is attratted by the
carth and likewife by the fun. The planets are

attracted

——

latitude, {» is the centrifugal force of bodies fituated at the
Cquator, to the centrifugal force of bodies at that given la-
titude, Now as the cofines grow fhorter and fhorter, the
Dearer they come to the poles, {o the tendency of bodies to
fly off from the furface of theearth is greateft at the equator,
but it diminifhes as you approach the poles 3 and hence we
fee why the earth has been found by means of undoubted
Meafyrements and other obfervations, to be an oblate {phe-
T0id, whofe polar diameter is the fhorteft. And this fur-
lifhes a ftrong evidence of the earth’s daily rotation about
1S axis, :

Example 3. The mean diftance of the moon from the
C?“t?& of the earth is, 126720000 feet, or about 60 femi-
'_i‘&metcrs of the earth. Alfo the force of gravity at dif-
ferent diftances, is inverfely as the fquares of the diftances,
ad the radius of the earth is 21000000 feet ;- therefore, as.
the fquare of 1267200000, is tothe fquare of 2 100000C,
®is the force of gravity at the fusface of the earth, to the
foree of gravity at the diftance of the moon, viz. 160570
-Slg:wooocooooo 1 44.1000600000000 ;1 T :0,000274 3 [o
!at the force of gravity atthe furface of the earth, is to the

£
Rrce e, - : -
Ce of gravity at thc moon as I 18 to 0,000274 3 OF as
100n i e .
82000 to 274. And fince near the earth falling bodies
Pafs L HLEC o

SRy 16,087 feet in the Srft fecond of time therefore,

14 of a fout; which

¥> 1000000 ¢ 274 1 16,0873 0,0

fh

WS that the mcon, fhould its velocity ceafe at once,
W

onld 3 = n ” i

: Ud fall towards the earth, and in the firft fecond of time
Yould den P : .,

¥Ouid defeend throueh not more than ve5% ths of a foot.

Farther.
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attracted by the fun, and likewife by each other,
&ec.

On this account we might now extend our ex-
amination to the cafes in which two or three, of

more

Farther. By prop. XV. when the central forces are in-
verfely as the fquares of the diameters, then the cubes of
the diftances are os the fquares of the periodical times.
Therefore the diftance of the body, which circulates near
the furface of the earth (Example 1.) being one femidiameter
of the earth, and the diftance of the moon being 60 femi-
dizmeters ; alfo the period of the former being 84,8 we
may find the period of the latter by faying 1* a‘ 184,82
ta the fquare of the moon’s period ; viz. 1 : 216000 :: L 7191
. 155323(..)0, ; the {quare root of which, viz. 39411 ,3 of
27 days 8 hours 51%,3,’is the period of the moon’s revolu-
tion round her orbit, whichis nearly equal to what the

ers reckon ity viz. 27 7* 34'; and it would

altronor

have come out exactly like it, had the diftances beer ftatet
with exafinefs 3 and had we likewile taken into the account
cerizin. circumilances, which interfere with that period:
which however we have purpofely avoided in this examples
for the [zke of brevity,

Similar calculations may be inftituted with refpect to all
the planets of our folar fyftem, and the refult of the caleu~
lations will be found to coincide wor nderfully well with the
appearances ; which, as we have already remarked, is
ftrong confirmation of the Newtonian theory of univerfel
gravitation,

Exumplc 4+ Let a ball of one pound weight be faftened
o a ftring 2 feet long, and be whirled about a centre fo 23

to du{cuhc each revolution in balf a fecond, ln this cal®
the
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on two ac-
too intricate

and

eCan

~aIC L1lG AL

of the circle is 4 X 3,1410 =
The velocity of the ball is 25,1328 feet per fe-
the centrifugal force of ths
sree with which the ftring is

force of gravity (which
v of prop. V. (viz.
i F:f)w , by {ubftituting ’).ri”orD;ch

r T2 4 ford; 0%,25 for #°; and 1 for F; becomes

be
—(=a2r+a2cr f__%“"
\ :

—, equal to
e meafure of | force of the body in queftion;
:

e € \ . . Py ol by SR 4

s foree therefore is to to the force of gravity as 9#) to I
o thy, at fince i
Viz, it (b

weighs one pound when quicicent

retches the ftring with the wei ght of one pound;

efore when revolving accordinz to the fuppofition, it

il

wWill fie stch the {krin:

f\(‘.“' this central

. force of g,8 pounds,

¢ be called centripetal or cen-
lied to the tenacity of the
rce of the body; fo that the

etal force 0,8 times

ar it may be faid

of

#
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and extenfive ; and fecondly, becaufe in moft na-

tural phenomena, the difturbing caufe which arifes
from the. a&tion of a fecond or a third, or in ge-

o, nt‘rﬂf ’

| «
iy

Of the motion of bodies about a cenire of attraiion, but

in curves differmmg from cireles.

It has been fufficiently fhewn that a certain determinate
velecity is required to confine the movement of a body in
a cireular orbit round a centre .of attradlion; whence it
follows, that with a greater or a leffer velocity bodies
will move in ‘cutve lines different from ¢ircles. Thole
curves appear to be the conic feétions; and fince, frictly

fpeaking, the circle is likewife a conic fe@ion, therefore it

may be concluded, that in general the movements of bodies

£} round any centre of attradtion are performed in curves of

. the conic kind, provided the bodies do not meet with any

i obftrutting medium, or other attraction, in their way ; for

: under fuch circumftances, their paths may degenerate into

{pirals, or other curves of a more intricate nature. :

ay The movements of the ceeleftial bodies are not firictly
circular, though they do not deviate much from that ﬁéurs;
excepting however the comets which move either in very

A cceentric’ eliples, or elfe in parabolas or hyperbolas; and

1%y therefore in the laft two cafes they can never return to the

: fame parts of the heavens ; but they muft continually recede ‘

g from the common centre of attraction, which, in our folar

fyftem, is not far fiom the centre of the {un.

L _ « With relpelt tothe theory of circular movements, I have

' endeavoured to demontrate the principles, and to illuftrate

the practical oper:

tions in a maaner fufficicatly extenfives
being perfuaded that if that branch of compound motion be
well underftood, the reader (provided he is acquainted with '
bl the
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fieral of more than one centre of attialtion, is not
very confiderable; yet in the -courfe of this work,

1 i PR . .
the method of taking the above-mentioned cir-

cumances

the principal properties of the conic fections) will eafily

Comprehend what follows; I fhall therefore endeavour to
xplain the nature of the movements in curves of the conic
kind, ina manner more compr:henﬁve and concife.

In Big. r1. Plate TIL. ACD reprefents a circular orbit,
Az § reprefents an clliptical orbit, A 7E a parabolic, and
AKF an hyperbolic orbit, of bodies moving with certzin
Yelocities under the influence of the centre of attraction
N, which is the centre of the circle, and the focus of the
Conic fedtions.

Let AB, perpendicular to AD, reprefent the velocity
Which is neceffary to retain the bady in the circular otbit, and
et this velocity be called 15 for we fhall compare the other
degrees of velocity with this unity. Alfo let abody be project-
d from A in the direftion Al with any other degree of ve-
10':51}-‘ 7. It is now neceflary to determine the nature of the
Surve which will be deferibed with this other velocity »,
OF rather it is required to afcertain what the value of #
Muft be inorder to produce each particular conic fection.”

Draw mK parallel to Al, interfedling the circle as well
35 the other curves. Let AN be denoted by 4 the femi-
Yanfverfe axis of any of the conic fe&ions, by a5 the femis
f‘i“j“gilm by b3 and Am (=BC=Gz=Hr=IK) by «
Then the ordinate #C in the circle will be :M§,

Ut the ordinate mz of the ellipfis, and mK of the hypertola

Bt B
Bay be both reprefented by — X245 F

The
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.cumftances into' the account, will in many cafes be
fufficiently pointed out.

It 1s however proper to obferve, that the vari-
gus circum{tances which obftruct or influence the

movements

- i Do e a3 ;
The fluxions of thofe ordinates are 4% *¥ g

locities in every point of their refpeftive curves in the di-
rection Al; and inthe like proportion are the quantities

— thofe quantities \being the
2a F x|z

above .mentioned fluxions divided by the §

: quaritity,

S

Now when the point in the curve approaches the point

A fo neir as to coincide with it, then Am vanifhes, of

g 2

#=0; and the above expreffions become _%__ and ?_x
s, ;
2d % %

L S e : o . 4
——— ; lo that af the point A the velocity which retains the
2alsz

body in the circular orbit, is to the velocity which retains the

a

A - y BT -
body m_thc ellipfis or the hyperbola, as ¥ i Ry
2gly & 2.4
1.5 2 ! b
RAdE L 0T uay thereforendE = & ; and npd =
sk @

b ; .
—y Or gind = bbb, When x — 4 — AN, then 2y is the
= !

, % r . : i AT
parameter, and (fince the paramcter is a third pron:u':ulil*-l

1o the tranfverfz and conjugate di;lmetcrs) 2aiah e
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re far from being all known,

ST N o) L
SNfs oI Dodies,

Q

even thole that are

T fally underftood.

known,

b
i T
a

; which ¢quation being

b*

for the ellipfis,

for the hyperbola. And being

1ons become 2 ad —d* = * =

and z2iad + 4> =5

= annd, for

d

=

de——11=

nd

Q=31 5

d

P
&[:’1: {femiconjugate axis is & =

( he femitranfverleis g = ——— .

ola < TR
e : nd

? he femiconjugate is & — _,iﬁ_r

H=—2\z

ined thofe values of the tranverfe and con-

.;".{;-_' (]

-iameters, wherein # is the only indeterminate value,
> ‘—,.~

<ing certain fubflitutions inftead ¢f u, afcer-

¢ value of # muft be inorder to produce one

sh

¥ making # — 71, each of the above values be-
equall to 7. theref :
Squa) qUal to 4; therefore the two diameters become
"1 10 excl 1 . % 3
“£1 otaer, the curve is of courfe a circle. And

1R
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known, are moltly fluctuating in the intenfity of

their actions.  Much light has undoubtedly becs
thrown

——

in fa& the velocity which retains the revolving body in 2

circular orbit, has been called 1, or unity,

d d d
=k _

2—itil 2~—2 Q

. If we makesr = 2} Z, then a =
1

which is an algcbraical exprefion of infinity, And all the
other expreffions will likewife become infinite; hence; the
tranfverfe and conjugate diameters in that cafe becoming
infinite, the curve is the parabola.

1If we make # equal to a quantity lefs than the {quare root
of 2 (viz. lefs than the fquare root of twice that velocit!
which is required-to retain the body in a circular arbits)
nd

d
then the values - and’ -
2—n" 2m—rin|L

viz. of 2 and b, will b€

politive ; whereas, by the fame fubflitution, the valu®

. __”d_ becomes impoflible; which fhews, that when®

V1
nn—2 I

1s lefs than the fquare root of 2, the curve can only be eh®
ellipfis,

Laftly, if we make » equal to any thing greater than the
fquare root of 2; then the values of 2 and & for the hyps™
bola become pofitive ; whereas thofe for the ellipfis beco®™
impoffible ; hence in this cafe the curve muft be the hype™”
bola. :

We fhall conclude this fubjet with the following £°°
neral propafition, which, together with its corollaries, is #0°
plicable to a variety of natural phenomena.

In all detzrminate orbits, deferibed by bodics vevolving Wi,
certain velocities in now vefifling medinms, absut a contt® %

1 : AT o ey
attraliony the areas, which are deferibed by a firaight (i
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thown on this fubje@ by the ingenuity of {cientific
Perfons during the twolaft centuries,yet a great deal
ftill remains to be done, and a vaft field of {pecu-
lation offers itfelf to the induftry of future philo-
fophers,

In

. o

“Mneding the centre of attradlion and the revolving body, lie
M one invariable plane, and ‘are always propertional to the
Ymes in which they are deferibed.

Imagine the time to be divided into equal particles, and
that 4 body moving round the centre of attraétion N, fig.
'2, Plate T11. runs over the fpace A Bin the firft particle of
Ume, Tt is evident that, were the body left to itfelf, it
Would proceed ftraight to H, defcribing BH, equal to A B,
U the fecond particle of time; but at B imagine that the

ady receives a fingle inflantaneous impulfe from the centre
.GF attraltion N in the direction BN, fufficient to change
" direftion from BH to BC. Through H draw CH pa-
Z?]Ei\t;B.N, which will mt::et BCin C; and, agreeal?ly to
of compound motion, at the end of the fecond

Particle of dme, the body will be found at € in the fame
Plae with the trigngle ANB. Draw the lines NC,
» and the triangle NBH will be equal to the triangle

’ f{;; fince they ﬂz:nd 0111 the famie bafe NB, and betwccfn
I _éw'lrf::lié}a:ﬂ[ds; P:B, l(.:H (Eujl ;.'3-13”{3' I;‘[)-jclth:'l.ll
Squg] i guft .o the 'trl.mg L: = 151N, 1ince y have
esand the fame altitude (Eucl. p. 1. B. VL) By

“Very fame mode of reafoning it may be proved, that, if
ui;‘;?tﬁ]‘rﬁmllforcc zu‘;t upon the boely at the Lnd o-i" each
oy l(\;EDpar{lc%e of ‘urrie, foas to let the h-ody‘ Llc-itl‘l.bt‘ the
e i 3_ DE, .I'-l‘, &ec. thofe {paces wnl'l all ];5:1111 the

£ Im 3 the triangles ANB, BNC, CND, DRE, &'-c.

ik M wills
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In the prefent ftate of the world thc impmf;fc'
ments of fcience feldom die with individuals. The
accumulation of knowledge by I fing the under~
ftanding, and by furnifhing to:::!s to the {enfes, pro-
motes the difcovery of farther truths, and the 1n~

exhauftible

B

will be all equal, and will be defcribed in equal times. Con-
fequent]y two or three, or any number of them, will be de=
feribed in two or three, or the like number of particles of
time, viz. they are as the times.

Now imagine that thofe triangles are infinitely increafed
in number, and diminifhed in fize; then the polygonal p‘-llh
ABCDEF, will become a continuate curve; for the con”
ftant adtion of the centre of attration will be continuallf
drawing the body away from the direCtion of the tangent 2t
every point of the curve. And itis evident that the fecto”
ral areas of the faid curve, or number of infinitely fmall
triangles, muft be proportional to the times in which thef
are deferibed, and that the curve mult lic in one immove:
able plain.

Corollary 1. The welscities in different parts of the orbit
are inverfely as the perpendiculars drappcdﬁ-cm the centre 9
atiratiion on the tangenis to the orbit at .fbaj} parts or pointss
For fince the velocities are as the bafes AB, BC, CD, &¢
of equal triangles, they muft be inverfely as the heights of
thofe triangles, (Eucl. p.. 15, B, VL. and p. 38, B. 1)
which are the fame as the perpendiculars dropped - from the
centre N, on the tangents to the orbit at thofe points.

Corollary 2. The times in which equal parts, or arches 9
the orbit are deferibed, are direétly as thefe perpendicular® ® i
the .f{m_rfwm. For when the arches, or bafes of the

that
15

angles, areequal, the triangles are as their altitudes ;
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exhauftible fund of nature offers on all fides innu-
merable objects of inveftigation to the inquifitive
mind,

.

15, as the above-mentioned perpendiculars. But they are
likewife as the times; therefore, &c.

Corollary 3. 1If, by drawing lines parallel to the chords
AB, BC, of any two contiguous and ‘evancfcent arches
deferibed in equal times, the parallelogram be ‘completed,
the diagonal BG, when produced, will pafs through the
centre of attraction N, which proves the converfe of the
Propofizion; viz. that when the arcas, which are deferibed by
& fraight line, conneéling a moving bidy and a certain pointy
@re proportional to the times in qwhich they are defcribed, thes
the body is under the influence of a centripetal force tending to
that point.

Corollary 4. In every point of the orbit the centripetal
Jorce is as the fagitta, or verfed fine, of the indefnitely fmall
“rch at that point.— T he centripetal force at B isas BG, be-
Caufe BG is equal to CH, and CH is the deviation from
the firaight direction AH, which has been occafioned by
the centripetal force.  And the half of BG, viz. BO,is
t.he fagitta, or verfed fine, of the indefinitely fmall arch
ABC,

L)

M 2




OF inclined Planes, and

CrH AR a3

OF THE DESCENT OF BQDIES UPON INCLINED
PLANES ; AND THE BOCTRINE OF PENDU-
LUMS.

Piop. L. vv HEN a body is placed upon an in=

clived plasne, “the fmf’ n/ gravit)
whick wrges that body downwards, afls with a power

fo much lefs, than if the body defeended freely and per-

pendicularly downwards, 'as the elevation of the plang
is lefs than its /e:m‘/’f :

If BD, fic. 1, Plate IV, be an horizontal plane,
and a body A be laid upon it, this body will re-
main motionlefs ; for though the power of gravity
or (which is the fame thing) its own weight, draws
it towards the centre of the carth, yet the plan¢
DB fupports it exaétly in that direction ; hence n0
motion can arife.

But if the plane be inclined a little to the hori®
zon, as in fig. 2, Plate IV. then the bedy will de-
{cend gently towards the lowerend D, And 1if the
inclination of ‘the plane be increafed, as in fig. 3
Plate 1V. the body will run down towards D with

greater quicknefs,

1 ~ . T I‘
In the two laft cafes; or, in general, wheneve:

the plane is inclined to the horizon, the action ok

gravity is not entircly but partially counteraéted bY

the plane. For if, from the centre A of the body?

; . (s

1n the figures2 and 2 3,you draw two lines, viz. A
pcl"

3
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perpendicular to the horizon, and ‘AF perpendi-
cular to the plane ; thewhole force of gravity, which
Is reprefented by theline AE, is refolved into two
forces ; viz. AF and EF, whereof AF being perpen-
dicular to the plane, isthat part of the gravitating
Power which is counteraéted by tlie inclined plane;
or that part of the weight of the body which is
fupported by the plane BD ; and EF reprefents the
Other part of the gravitating power, which.urges the
bedy downwards along the furfacs of the plane,
Therefore the force of gravity which moves the
body, is diminithed in the proportion of AE to EF,
But the triangles AFE, EDG, and BDC, are equi-
angylar, and of courfe fimilar (becaufe the angles at
F, C, and G are right, and the angle AEF is equal
to the angle DEG, by Euel. p. 15, B. I.; asalfo
fqual to the angle DBC, by Eucl. p. 29. B. L)
I‘Iencc we have AE to EF, as DB to BC; viz, a8
the length of the plane is toits clevation, or as the
Whole force of gravity is to that part of it which
Wrges the body down along the inclined plane®,
Prop, 1L The fpace which is deferibed by a body
“feending freely from reff towards the earth, is to the
bace soirich it will c efcribe upon the furface of an i~

e

* If (by trigonometry) DB be made radius; BC be-
:TT:C": the iine of the angle of inclination BIDC ; therefore
- Winals force of gravity is faid to beto that part of it which
*Tg‘ @ body down an inclined plane, as vadiys is to the fine of

Bilrign T o "
£L5ane s in

ingtion to the horizoen.

M.3
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clined plane in the fame time as the length of the plane
is to its elevation, or as radius is to the fine of the plane’s
inclination to the horizon.

The force of gravity, which urges a body down

"along the furface of an inclined plane, is diminifhed
by the partial counteraction of the inclined planc
but its nature is not otherwife changed ; viz. it acts
conftantly and unremittedly. Hence the velocity
of the body 1s continually accelerated, and the
{paces it runs over are alfo proportional to the
{quares of the times ; though thofe {paces will not
be fo long as if the body delcended freely and per-
pendicularly towards the ground.

Now in order to afcertain how much the {paces
which is defcribed by a body running down an -
clined planein a certain time,1s thorter thanthe {pacé
through which it would defcend freely and perpendi-
cularly in the fame time, we muft recolle® what has
been proved inpage 64, relatively tothe{paces,which
are defcribed in the fame time, by bodies that ar®
a&ed upon by different central forces ; namelys
that in equal times, the {paces are as the forces?
then, fince the whole force of gravity is to thaf
force which draws a body.down the inclined planc
as radius is to the fine of the plane’s inclinatiod.
Therefore the fpace defcribed by a body which de-
fcends freely, is to the {pace which a body will de-
fcribe on an inclined plane, in the fame time a8
radius is to the fine of the plane’s inclination, OF ?5

the length of the plane is to its altitude.

Example:
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Example. Let- the length BD of the inclined
Planc, fig. 2, Plate IV. be 1o feet, and its elevation BC,
4 feet. It is known from experiment, that in the
firft. fecond of time, a body will defcend freely from
Telt through 16,087 feet. Therefore, by the rule
of three, we fay, as 10 feet are to 4 feet, {fo are
16,087 fect to a fourth proportional, viz. 10: 42 :
16,68‘7 : (ii‘_‘_ﬁi?’_l :) 6,435 feet, which {hews

10
that a body running down the inclined plane BD,
Would pafs over little lefs than fix-feet and a half;
Or 6,435 fect, in the firft fecond of time.

Prop. I11. If upon the elevation BC, fig. 4, Plate
_V- of the plane BD, as a diameter, the femicircle
BEGC 2 deferibed, the part BE of the inclined plane,
Whicl is cut off by the femicirele, is that part of the
Plane oper which a body will defeend, in the fame time
Yhat auoter body will defeend frecly and perpendicu-
lary along the diameter of the circle, viz. from B to Cy
zz_’]‘*"f}i isthe altitude of the plane, or fine of its inclina-
0% to the horizon.

The triangle BEC is equiangular, and of courfe
]m_‘lafa to the triangle BDC (for the angle at

'S common to both, and the angle BEC is
"3' Eucl, p. g1, B. IIL a right angle, and there-
::ve ;;iu\al to. tﬁhc righ: .angh: BCD) hence we
131‘¢:c(.('-JJ, to BC‘:_LS BC 15 to BE. .But, by the
ang = ji“% ‘P!'.npc?htmn,_ the fp.:lcif defcended freely
i:icﬁ,i._:;pel]tllﬂ?mr]}" 18 to t'he fpace run over an

ed plane in the fame time, as the length of
M 4 the
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the plane is to its elevation, viz. as-BD is to
BC ; therefore, the fpace run freely and perpendi-
cularly, is to the {pace run over the inclined plane,
likewife as BC is to BE. And fince BC is the
fpace freely defcended by a body in a certain
time, BE muft be the fpace which is run down by
a body on the inclined plane i the fame time,

Cor. A very ufeful and remarkable confequence
is derived from this propofition, namely, ¢kat & bady
will defeend from B over any chord whatfoever @
BE, or BF, ur BG, of the femicirele BEFC, exa&lly i
the fame time, viz. inthe fame time that it wounid deé-
feend freely from B o C.  "For if you imagine the
inclined plane to be BH inftead of BD ; then by
this propofition, the body will defcend either from
Bto F, or from B to C in the {ame time ; and
again, if you imagine the inclined plane to be B
then by this propofition, the body will defcend
cither from B to G, or from B to C, in the fam®
time. And, in fhort, the fame thing niay b®
proved of any other chord of the femicircle.

Prop. IV. The time of a body's defcending asz.;.'
the whole length of an fuclined plane, is 1o the time
its defeending freely and perpendicularly along the dj”
tnde of the plane, as the length of the plane is to 15 al
titude 3 or as the whole force of gravity isto that part
of it whick atls upon the plane.

The fpaces run over the plane being as the
{quares of the times, we have the {quare of the time

of paffing over BD, fig. 4, Plate IV. to the fquar¢ ° e
th
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the time of paffing over BE, as BDisto BE. But
BD i to BC 4 BC is BE, viz. BD, BC, and BE
are three lines in continuate geometrical propor-
tion ; therefors (Eucl. p. 20, B. V1.) BD is to BE,
3 the fquare of BD is to the {quare of BC. It
lias been fhewn above, that the {quare of the time
of paffing over BD, is to the fquare of the time
of paffing over BE, as BD to BE; therefore thofe
{guares of the times ate to each other as the fquare
of RD to the fquare of BC and of courfe the
fquare roots of thele four proportional quantities
are likewife proportional (Eucl.p. 22, B. VL) viz.
the time of a body’s defcending from Bto D 1s to
the time of its defcending frecly and perpendicu-
!'*‘le from B to E, or from B to C, as BD is to
BC, or as the length of the plane is to its altitude;
ot (by the 1ft propofition of this chapter) as the
Whole force of gravity is to that part of it which
ats upon the plane.

Prop. V. 4 body by defeending from & certain height
1o the fame horizontal line, will acquire the famevelocity
Whether the defeent be made perpendicularly, or ob-
f‘?“ﬂﬁ', over am inclined plane, or oUEr many Juceelfeve
Melined planes, or lnftly over a curve Jurface.
1ft. In page 64, it has been fhewn, that the
Velocity of abody defeending freely towards a cen-
h_“e of attraftion, isas the product of the attrac-
tive force multiplied by the time; and by the pre-
Fﬁding propofition it has been proved, that on an
"iclined plane the force of gravity is diminithed in
Proportion as the time of the body’s running down
the
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the whole length of the plane, is increafed, viz-
when the force of gravity is half as ftrong as it
would be in free fpace, the time is doubled ; and
when the force is one-third as ftrong, the fime is
trebled, &c. therefore the product of the time by
the force is always the fame ; for & multiplied by 2
is equal to 3 multiplied by 3, is equal to & multi-
plied by 4, &c. hence the velocity being as that
produ&, mufl, of courle, be always the fame, or
a conftant quantity.  For example, {uppofe, that
when the body defcends perpendicularly dows
from B to C, fig. 4, Plate IV, the whole force of
gravity adts upon it.  Let uscall that whole force
1, and let the time employed by the body in com-=
ing down from B to C be one minute, - then the ve-
Tocity acquired by that defcent js reprefented by
the praduct of the time by the force, viz. i by I»
which makes one. Now when the body defcends
from the fame altitude B, to the fame horizontal
boe DC, over the inclined plane BD, the force of
gravity which draws it downwards is diminifhed
for inftance, fuppofe it to act with a quarter of s
original power, then the time of the bady’s defcend-
ing from B to D will be four minutes, and the
velocity acquired by - that defcent, being as the
product of the force Ly the time, is as the pro-
du& of ; by 4, which is one, or the fame as when
the body delcends perpendicularly down from B
to C.
2dly. Suppofe that the body defcends from the
fame altitude E to the fame horizontal line DCs
fige
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fig, ¢, Plate IV. along the contiguous inclined
Plunes EF, FG, GD; by the time it arrives at D
t will have acquired the fame velocity as if it had
defcended perpendicularly from Bto C, or from E
Perpendicularly down to the horizontal line DC;
for, by the firft part of this propofition, it will ac-
Quire the {ame velocity whether it defcends from
E to F or from K to F, and by adding to both the
Plane FG, it follows that the body will acquire the
fame velocity whether it defcends along the fingle
Plane KG, oralong the two contiguous planes EF;
FG. And by the like reafoning it will be proved,
that the body will acquire the fame velocity whe-
ther it defcends along the fingle plane BD, or along
the contiguous two planes KG, GD, or along the
®ontigyous three planes EF, FG, GD, &c.

3dly. If the number of contiguous planes be
fuppofed infinite, and their lengths infinitely {fmall,
th@}’ will conftitute a curve line, like BH; whence
it follows, that a body by its -defcent along the
Carve line BH, or any other curve, will acquire
the fame velogity as if it defcended perpendicularly
from B to C.

Prop. VI. Let acircle be perpendicular 1o the ho-
"2on, aud if two chords be drawn from any two
Points in the circumference, to the point in which the
Circle souches the horizon s the velocities which are ac-
Wired by the defeents of two bodies along thofe
hords, will be gs the lengths of the chords refpec-

Fim1a7
Nvely
sl}_

It
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It has been fhewn by the preceding propofitions
that.a body will acquire the {ame velocity whethef
it defcends from B to DD. fig. 6, Plate IV, or from
E to D; D being the point of contadt with the ho-
rizontal plane GI; and likewife the fame v elocity¥
will be acquired: by defeending frem C to D, oF
from FtoD; (o that the velocities, which are ac=
quired by defeending along thofe chords, are re-
ipectively the fame as the velocities acquired by
defeending perpendicularly from E and F to I
And (from what bas been thewn in p. 65) thol®
velocities are as the fquare roots of ED and FD-
Now (Eucl. p. 8. B. VL) AD is to DB as DB
1 to ED; therefore (Eucl. p. 20, B.1v.) AD
1 to ED, as the {quare of AD is to the fquﬂle of
DB, and, for the fame reafons, AD is to FD, as th“
fquare of AD is to the fguare of CD. = Hence,
ternately, AD is to the {quare of AD, as ED is t0
the fquare of BD; and AD is to the fquare of ADs
as FD is to the {quare of CD; therefore ED is t€

. the fquare of BD,as FD is to the fquare of CD
that 1s, alternately, ED is to FD as the fquare of
BD is to the fguare of CD; and of courfe the
fquare root of ED is to the fquare root of FP
as BD'is to CD, and as the velocity acquired PY
defeending along BD is to the vels ocity acquired by
def'ccndmu 'eelmw CD.

Prop. VIL Ifihere be two planes of unequal leng hsy
dut equally incliued 10 the horizon, the times gf defc rert
along
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Slong the wohole lengths of thofe planes will be as the
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arare roots of their lengths refpetiively.

Let BD and EF, fig. 7, Plate IV, be two planes
""f unequal lengths, but equally inclined to the ho-
f2on 3 and it follows from prop. IV. of this chap-
ter, that the time of defcent -along the planc BD
Bty the time of the perpendicular defcent along
BC, as BD is to BC; alfo that the time of
defcent along EF is to the time of defcent
nlﬁng EC, as EF‘isto EC. The times of the
Perpendicular defcents along BC and EC are
% the refpetive fquare roots of BC and EC
(fee page 6z.) Now the triangles BDC and EFC

fing equiangular, and therefore fimilar (Eucl.
Py B VI1.) we have BC to EC as BD to EF,
3 of courfe the fquare root of BC is the {quare
"0t of EC, as the fquare root of BD is to the
“Quare root of EF; viz.as the time of defcent
alﬂ“g BD is to the time of delcent along EF.

. Cor. The fame thing muft be underftood (as
* may eafily be derived from the’ above pro-
fa??tion) of two or more cemiguous p!rtnc.% ﬁ_lni—“
s Y fituated, as BID, EHF; and hkcw'nc of

o curve furfaces that are fimilar and fimilarly
ﬁtu&ted; Gince thofe curves may be conceived to
Onfift of an infinite number of planes fimilarly
ﬁtuated. :

Nl:hUS much will fuffice for the prefent with re-

Pect to the properties of inclined planes, in which

we




174 Of inclined Planes, and

we have fuppofed the bodies to be {pherical, and
the planes as well as the bodics to be perfedty
{mooth and not obftructed, either by friction or by
the refiftance of the air. ' We fhall now explai®
the properties of pendulums or pendulous bodies?
a pendulum being a body hanging at the end of #
ftring, like A, fig. 8, Plate IV, and moveable abovt
a fixed point of fu/penfion C. A pendulum howeve!
may confift of a fingle body fufpended without anf
ftring, {uch as a rod of wood or othermatter fu fptf”d'
ed by one end, &c. but'in the following propofi”
tions a pendulum muft be underftood to be &
cording to the former definition, viz. a body ful
pended at the end of a ftring, &ec. and the {tring
mutft be fuppofed to be void of weight, as‘alfo ¥
move with perfect freedom about the point of ful
penfion, unlefs the contrary be mentioned. j
Prop. VIII. If a pendulum be moved to any dy’
tance from its natural and perpendicular direction, @
there be let go, it will defeend towards the perpet i
cular, then it will afeend on the oppofite fide nearl) #
far from the perpendicular, as the place whence ¥ b
gan to defeend s after whick it will again defeeh®
towards the perpendicular, and thus it will J{"?"{o
moving backwards and forwards for a roqﬁ‘r.ei‘f’f{iﬂ'
time ; and it wonld continué 1o move in that mdﬂw?'/ ?:’
ever, were it not for the refiffance of the air, and i
friction at the point of fufpenfion, Whick always ]“-“b”""i":g
its afcending 10 the fame height as that from whie
it laftly began to defeend.
Thv
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Thus the pendulum, fig. ¢, Plate IV. being
Moved from the perpendicular direction CB to the
Gituation AC, and there left to itfelf, will defcend
along the arch AB with an accelerated motion, in the
fame manner as if it deflcended over a curve (urface -
AR; forit is evidently the fame thing whether a
body defcends along fuch a furface, or is confined
by the ftring CB, fo as to defcribe the fame curve
4B. By the time the body arrives at the loweft
Point B, it will acquire the fame velocity as. if it
bad defcended perpendicularly from E to B, (by
Prop, V.) This velocity (if the retardation arifing
ftom the refiftance of the air and the friction be
*moved) will carry it beyond the point B with a
"tarded motion in an equal portion of time, as far
% D (fee page 71) viz. as far from Bas A is from

* It will then defcend again with an accelerated
n.mticm towards B, and {o on.  For fince the velo-
Sty of the pendulum in its alcent is retarded by the
Me uniformly acting power, which accelerates it
M its defcent, namely, by the force of gravity,
;}:ere Ftluﬁ: be the fathe time employed in deftroy-

8 s In generating any momentum.

‘It likewife follows from this confideration, that the
(:;-Cg.ht of _tlff: penduh::m cannot alter its time of

€At or aicent; for it has been'thewn above, that
;ud‘eslﬂfdiﬁ‘erem weights will move through equat
Toi?;j:; equal tnneﬁs,‘ towards a centre 0( actraétion,
the attraitive force be the fame.  And

[:]:C
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the motion of 2 pendulum is evidently owing to the
gravitating power.

The whole motion of the pendulum one way
called a wibratien or ofecillation. Thus the motioB
of the pendulum from A to D is one vyibration s
from D to A is another vibration, and foon. The
body which hangs by the ftring, is commonly called
the bob of the pendulum.

This property of the pendulum is fully confirmed
by a variety of experiments. A pendulum, if onc®
moved out of its perpendicular fituation, and thes
left to itfelf, will move forwards and backwards fof
a confiderable time (in fome cafes, for many hours) }
but every vibration will be a little fhorter than the
preceding, until at laft the pendulum will entirelf
ceafe to move. - That this gradual retardation i
entirely owing to the refiftance of the air, and 9
the friction at the point of fufpenfion, is provﬁ’d
by obferving that the fame pendulum has bee?
found to continue its vibrations longer and longe®
in proportion as thofe caufes of obftruction hav®
been diminifhed ; hence we conclude, that if th‘?‘c
caufes could be entirely removed, the pendulu®
would continue to vibrate for ever,

Prop. I1X. The velocity of @ pendulum in ils fﬁ’»’L’f—'/”,
point is as the chord of the arch whick it has fzrzjn?i“i".?ﬂ“
n its defeent,

Thus if there be two peadulums of equal Jengthes
as CF and CA, fig. ro, Plate IV. and the formeT.

f ; - g g : - S
of them delcends from F, whillt the latter delt@f“l
from
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Yom A ; then at the loweft point B the velocity
Of the former will be to the velocity of the latter,
35 the chord cor ftraight line FB is to the chord or
ﬂrﬁﬂhtlinc AB, or as the welocities acquired by
the ')e*pc:,dlcumr defcents GB EB; which is an
vident application of the propofitions V. and VI
of this Chapter.

Lop X. The very [mall vibrations of the fame
Pendyiym are pe fsmm'/ in times nearly egual; but the
Vibyations thr ough losger and unequal arches are per-
Formed in times [enfibly different.

It is evident (from cor. to prop. IIL.) that if the
Pendulous body, inftead of vibrating along circular
Aches, could move along the chords of thofe arches,
the fon;i. vibrations, whether long or thort, would

€all performed in equal times ; viz. each 1n the time
that 4 . body would employ in defcending per pendla‘-
]“‘1‘ along the diameter of the circle, or twice the
®Nath. of the pendulum. For inftance, in fig, 10,

late 1V, the pendulous body would defeend from F
W Boy from A to B along the chords or ftraight lines
"B or AB, exadtly in the fame time, viz. the time
it Would employ in the perpendiculat defeent from

Hip. ; and fince the defcent from A to B, or
~Tom F o B, is half a vibration, therefore each
Who)

¢ vibration would be performed in twice that
Ime,

But fince the body vibrates not alang: the chords
I]Lt;:zlonq the arches, tl u‘refor(, the un“qUi‘ll T
Cannot be performed in ['(‘j{]:“l times ({ee prop.

YoL, I, 2 IYI} :
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IV.); yet invery {mall arches the chords are nearly
équal to the arches that are {ubtended by thems
(fec prop. I. of the note in p. 139.) therefore the
vibrations along very {mall arches, though of un=
equal lengths, are performed in times nearly equal.

Prop. X1. Asthe diameser of a gircle is 1o its eir=
cumference, [o is the time of @ heavy body’s defeent from
veff through kalf the lengih of a pendulum to the 1me
of vite of the fimaileft vibrations of that pendulum.

The demonftration of this propofition depend?
upon certain difficult mathematical principles; we
fhall therefore fubjoin it by way of a note, for the
information of thole who are qualified to read its
and fhall now proceed to fhew the ufe of this curiov?
propofition by means of examples (1),

This
-

- . . -
(1) The analogy which is annotinced in the above Prf

e o ; g
polition, is deduced from the properties of a curve called th

cychid. It is therefore neceffary, in the firft place, to fhe?
& g . . ch

the nature and principal properties of thatcurve, from whi€

ds

:
ot
ig!

the above mentioned analogy may afterwards be derive

If a circle; as AB, fig. 11, Plate IV, refting on 2 rig’
. - . ’ . « le D
linc AL, touches it in a point A and if this circle

rolled along the faid line, until the fame point A int
wo AT --omﬁs Iif_,_"’"”

cumference, which firft touched the line AL, C
in conta@® with it in another point L; or till tl
ned 2 WBOT

o

&

T
he oF

oAt
e ciret®

AB, by rolling along the line AL, has perfor .
: Sl g : £ 11 paoth
yevolution ; then the point A will, by its two-fold 99

defcribe the earve ACDIL, which is called a cycloidis

The circle ABC is called the generating 7l

16
ALY

: A oy Al q* Boid 1 ;-'j-__HC 0
the Zafe; and DF, ere&ted perpendicularly in the mide

- 6
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This propofition fhews the proportionality of
four quantities ; viz. the diameter of a circle, its
Circumference, the time which a heavy body em-
Ploys in falling from reft through a certain fpace,

and

the bafe, and extended from the bafe to the curve, is the
@xis of the cyeloid. —ABC, DGF, HIK, repsefent the ge-
Berating circle in different fituations.

From this generation of the eycloid, the fullowing par-
ticles are obvioufly derived.

Y. The bafe AL is equal to the circumference of the gene-
"ating eircle.

I1. The axis DF is equal to the diameter of the generating
Circle,

IH. The part KL of the bafe, viz, the part between one
extremity of it and the place whick touches the generating
Circle in any fitnation of ity is equal 1o the correfponding arch
K, or GF, of the gemerating circle; the ordinate IE being
Paralig] ts the .‘5({;’2’.

IV, FEK, or its equal ME, is equal ts the remaining arch
IH, or GD,

V. The chord IK is perpendicular to the curve at I,

V1. The chord IH, being perpendicular to IX, ( for the
angle HIK in the femicircle is a right angle) is a tangent to
the curye at the point 1.

' VIL The tangent IH of ithe curve at I, or chord of the
“rcular areh HI, is equal and parallel 1o the chord DG,
s IX is equal and parallel to Fis.

i VIII, 7% length of the femicycloid DIL is equal to 4
the g 0

amcter DF of the generating circles and any cyeloidal
rel £ Vs . g e y
© 1D, cut af by a line 1E parallel to the bafe, is egual t2

N 2 twice
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and the time of a {mall ofcillation of a pendulum,
whofe length is equal to twice that {pace,

It 35 very well known that the diameter of 4
circle is - to its circumference, as one is to 3,1415

nearlys

twice the chord DG of the correfponding circular arch DGy
which is cut off by the fame line 1E,

Draw PT indefinitely near and parallel to IE, which
will cut the circle DGF in Q. Join DQ produce DG to
meet TP in §; from Q draw QO perpendicular to DS,
and draw GR, a tangent to the circle at G, and RD a tan-
gent at D, Then, fince PT is indefinitely near to EI
(3 is equal to the increment IT of the curve, whillt GO
is the increment of the chord DG ; for DQ_being nearly
equal to DO, muft exceed DG by the increment, or addi-
tional part GO. And this inerement or addition to the
¢hord has been made at the fame time that the curve DI
has been increafed of the part I'T, equal to GS.

Now the triangles DRG, GQS, being fimilar (fince
DR is parallel to QS, and the angles at the vertex G ar®
equal), and DR being equal to RG, Q_S muft be cql-wi
to QG ; hence GO is likewife equal to OUS, and of courl®
GS3 is equal to twice GO; but GS is equal to the inere
ment of the curve, and GO is equal to the contemporaneot®
increment of the chord DG ; therefore the increment of
the curve is equal to twice the increment of the chord:
And as this reafoning is applicable to any peint of the cur¥®
from'D to L, therefore we conclude, that fince from the
upper point D to the loweft L, the curve increafes .t"""cf
as faft as the correfponding chord of the circle DGY?
therefore any arch DI of the curve is equal to twice the
eorrefponding chord DG 5 and at L where the corrpro“rJiﬂg
chore |
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nearly; therefore if one of the other particulars be

known, we may find out the fourth by means of

the common rule of three.

" Example 1ft. The time in which a body will

defeend from ‘reft through 16,087 feet, viz. (one
fecond)

—

chord is DF, the curve or femicycloid DIL is equal to
twice DF, viz. twice the diameter of the generating

Circle,
IX. C4, CB, fig. 12, Plate IV, reprefent two equal fe-

Micyclsidal chesks [et contiguous to each other with their
bafes CE, CK, inthe fame diretion. BDA is an inverted
<yelsid equal to the cycloid of which CA or CB is the balf;
and its bafe reaches from the vertex B of one femicycluid to the
Vertex A of the other. At C fufpend a pendulum CLI, whafe
lengs), ;s equal 1o one of the femicycloids, As this pendulum
Vibrates in the plane of the cycloids, its flring will apply itfelf
P to one and then to the ather of thofe cheeks, by which means
the end 1 of the pendulum will mave precifely. in the curve
BD/]; viz, i1 a cyclod. .

It is evident from the conftrudtion, that BA is the bafe
°f the cycloid BDA; that BF = FA = CE = CK, and
th‘at CD = CLI = CLB = BID = twice the diameter
of the generating circle FGD, or EHB.

In any {ituation of the pendulum, as CLI draw LH
through the point where the conta&t betwecn the ftring .of
€ pendulum and the cycloidal cheek terminates, and drawy

through the end of the pendulum, both parallel to the
gi‘; BA; and join the points B, H, G, ¥, with the lines

sand (3F, :
th'{f‘;“ CLB 1'= equal to CLI the difengaged part LI of
“Hrng muft be equal to LB, and of courfe equal to
N3 twice
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{econd) being eiven, to find the time in which 3
o
pendulum of twice that length (viz. of 32,174 feet)
will perform one of its leaft vibrations.
Here we have 1: 3,141¢ :: 1”2 to a fourth pro-
portional, viz. to 3”,1415, which is the tirne in
which

twice the chord HB (by § VIII). ButBH is equal and
parallel to the tangent LM (by §. VII); therefore HB is
equal to ML, and confequently LM is equal te MI; henc®
the paraliels HL, IG are equidiftant from- the bafe BA,
and cut off equal arches HZB, FSG, from the generating
emicircles; therefore the chord FG is equal and l‘lCLi".l“‘:l
to the cherd HB; and to MI.  Allo MF s equal to 1Gy
thofe lines being the oppolite fides. of a ‘parallelogram-
Now as EM is equal to HL, and (by § 1V.) equal to the
arch HZB, or to the arch FSG ; the remainder MF, equal
to 1G, will be equal to the remaining part GD of the femis
circle; which proves that the extremity I of the pendulum
is always o the cycloidal curve ADB.

For the fake of brevity we fhall call the pendulum which.
yibrates ina cycloidy @ cyelsidal pendulum,

X. Thewelocity of a eycloidal pendulum in its loewe/? paiﬂ‘
is proportional to the [pace paffed through; wiz. to the a7t
of the cyeloid which the pendulum bas deferibed in its defeents

Thus in fiz. 12, Plate IV, If the pendulum begin @
defcend from 15 at D, its velecity will be as the arch 1D;
and if it besin to defcend from B, then when it arrives at
the lowelt point D, its velocity will be as the arch BID;
which we are now gr;‘lng to prove. .

Tt has been fhewn in chap. X. prop V. that a body wil

: s ; S o0
acquire the fame velocity whether it defcends obirg¥ Y
‘ from
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Which the pendulum of 32,174 feet will perform
each of its very fmall vibrations ; viz. little more
than three feconds.

Example 2. The time in which a body will de-
fcend from refl through 16,087 feet (viz. one fe-
cond) being given, to find the time in which a pen-
Qulum of four feet will perform one of its leaft
Vibrations.

Here

——

from I to D, or perpendicularly from Y to D.  Alfo
“the fquare of the velocity of a falling body is as _the fpace
Pafled through, or the velocity is as the fquare root
of the {pace ; therefore the velocity acquired by the pendu-
lum I, in its defcent from I to Dy is as the fquare root of

YD, viz, 2s /YD, But (Eucl. p. 8. B. VI.) DY : DG
*iDG : FD; therefore I)Y:DG XDG .. Now FD

l’mng an invariable quantity, DY muft increafe or decreafe

S%ording as the fquare of DG increafes or decreafes ; or
tha

D
t

fquare root of DY (viz. the velocity in queftion) is as
?G, which is equal to half the cycloidal arch DI ; hence
"€ velocity is as the cycloidal arch.

Xl AUl the vibrations of a cycloidal pendulum, qwhether
g or fhort, are performed in equal times,

In all forts of motion, 25 we have abundantly fhewn, the
Pace is as the product of the time muitiplied by the velo-
Sity 5 viz. Sis as TV, which gives the following analogy»
I T o 1. But it has been juft fhewn, that in the
Cafe of cycloidal vibration, the fpace is as the velocity
therefore the time muft be as unity, or always the {ame.

N & XII. {f
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Jine of a circular arch whafe radins is equal to VL, and wid
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Here half the length of the pendulum is 2 feets
thercfore in the firft place ‘we muft find out what
time a body will employ in defcending from reft
through 2 feet ; and fince the {paces paffed ovef
by delcending bodies, are as the fquares of the
times, (fee page ér\ we {ay as 16,087 feet are tO
two feet, fo 15 the fquare of one fecond to the
{quare of the time fought; viz. 16,087 12 : : 17!
T ey _ e
(— —~) 0,1243, the {quare root of whichs
16 087
Vize © ,3_.,.., is the time of a body’s defcent through

2 feet

=/

XiL. If a eyeloidal prmh!”m begin to defeend  from at)
point it jig. 13, Plate IV, towards the wvertex F;
velocily at anmy peint M (viz. !'f;'t' velecity - acquived fé.""

- deftending from L to M) will be as the [quare rook of

the difference of the [quares of the two arches Vi, a’ﬂf]

Vi ('z:iz.. as m‘—-f/x‘m],i); or it will bg as gt
| i
cofine is equal to VAL

Through the points I and M draw LR, MS, pﬁrfdlfif
the bale AB, which lines will cut the generating circle s
O and Q. And draw the chords VO, VQ,.

The velocity of the pendutum at the point M, after 2 do-
fcent from L, is equal to the velocity that would be acquir®
by 2 body defcending perpendicularly from R to 8 (by P"U‘Z',
oot @

V. of this c¢hep.) ; and this velocity is as the fguare

the (P'LC RS; or as L\\T-—-.J\ |}7 or as \,-"’—*‘ \’L_l H

or, laftly, as '\’i) —-\ —\‘5 (See the demonfiration of the

prol'uh.xon laft but one. _) Product
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2 feet. 'This time being found, we then fay, after

the manner of the preceding example; 1 13,1415

)
e oy 2. 741£x0" 4352 / 1
0’535::(__3 $15%X0 555 °— V17,1 nearly the

fime in which a pendulum of 4 feet performs its
keaft vibrations.

Example 3. The time in which a pendulom
of 36,1196 inches performs each of its fmall vibra-
tions (viz. one fecond) being given, to find the
{_bace through which a body will defcend from reft
In the fame time.

Firft

s,

Produce the axis DV tovards Z; at V ereét VL per-
Pendicylar to DZ, and equal to the length of the cycloidal
al:ch VMTI.. Let the lengths VM, VL, in the ftraight line
\" L, be made refpectively equal to the lengths VM, VL, of
the cycloidal arch. With the centre V and radius VL,
draw the femicircle LZP. At Mon the radius ere&t MX
Perpendicul
# X, and ka@ily join VX.

Then MX is the fine of a circular arch, whofe radius

ar to i, which will meet the circumfcrence

8 VX or VL, whichis cqual to the cycloidal hchcaVid,
and whofe cofine is VM, which is equal to the cycloidal
arch V M. (By Eucl. p. 47. B.L) MX is cc;'unl &
i

VXEVRIRY, or to VLV—YM .
XL If awhen the pend:

er body be fuppofed to move in the

ddum beoins 2 [.‘":_';':'.'t.'f.':.{ fram i,

a

.‘r;g, a7l
g the cyclad; anot

.f“”i.“{i‘)—[

LT 7D £ = . o,

le LEZP. from L towards 4 with a un Farm welocityy

Gual 1o the - : : : .
to the penduiun’s greatefl velectiy (: that which

”:3{3 VS | =
ihe pond o : o
e ding fram L to the verte¥ 73)

then
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Firft we fay g,1415 = 1 : : 37 0”,3183, the

time in which a body will defcend through a fpace

equal to half the length of the pendulum, viz-

through 19,5598 inches.

Then,

et

then any circilar arch XY will be deferibed by the above-men=
tioned body with that uniform welocity, in the [ame time that
the cycloidal arch which is intercepted between the two :orﬂf'
ponding points M and Ny is run over by the pendulum with
its ufual accelerated welscity,

Draw the line max parallel, and indefinitely near, to the
fine MX. Through X draw Xr parallel to the radiss
VL; and in the cycloidal arch take Mm equal to M m i

* the radius.

The arch X #, being indefinitely fmall, may be confidered
as a right line. Then the right angled triangles VM %
X x r, being fimilar, (becaufe the angles » X xand M xV
are equal, for each of them is the complement of V X 7%
a right angle), we have M X : VX (or VZ, or VL) :*
Xr(orMm): X x

Now the velocity of the pendulum'at, M (by § XII. of
this note) is as MX ; therefore the extremely fmall {pac®
M m in the arch, may without error be {uppofed to be de-
fcribed with that velocity, Alfo (by § X. of this not€
the greateft velocity acquiréd by the pendulum in its 657
feent from L to 'V, is as thearch LV, or as its equal the
radius LV, and 1s the fame velocity with which the circulé!
arch is equably deferibed ; therefore, the analogy of the pre-
ceding paragraph is, by fubftitution, converted into the fol-
lowing : viz. as the velocity with which the circular 9“."
X x is defcribed, is to the velocity with which the fl'ﬁ""‘_“

ycloidal arch M m is deferibed by the pendulum, as X x‘i
to
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Then, finice the fpaces delcribed by defcending
dems are as the {Lp_uim of the times, we fay, 28
the fquare of 0,3183 is to the fquare of one {econd,
f are 19,5598 inches to the {pace through whicha
bod) will defcend in one fecond ; viz. ©,10131489
‘1:: 19,5598 1 193,06 inches, or 16,083 feet 5 the
‘P?U"f* through which a body will defcend from reft
in one {econd.

In

\"'—-_

% M ; fo that thofz fmall lines are as the velocities with

Which they are deferibed.  But when the fpaces are as the

Yelo il
“lotmcs, the times muft be eq

}
i

1l 5 therefore, the circuiar
%ch X x is defcribed in the fame time that the correlpond-
ing & cycloidal arch Mz is defcribed by the pendulum, Now
as the fame thing may be faid of all other correfponding
Parts hetween X and Y, and M and N 3 therefore the whole
Cireylar arch XY 4s deferibed in the fame time in which

the correfponding cycloidal arch MN is defcribed. Hence
the, hole cyclo yidal arch LV, and quadrant I.Z, are de-
ﬁr'“l‘-d in the fame time.

le The time f- a w.‘ﬁzin Gj/:.fmna. n of a cyel idal
Pmd"“"fm isto the time in which a body wonld defcend per-

endi -
Pendi, cularly almg 1he axis of the fame cycloidy as ihe circum-

Je'”‘"e‘; a circle 95 to its diameter.

In the firft place, it is evident that the time in which the
SMicircle LZP is deferibed in the manner mentioned above,
o the time in which the radius LV could be deferibed
With the f; fame equable velocity, 25 the circumference of a
Circle s to its diameter, But the time in which the femi-
Circle LZP is defcribed, is equal to the time in which the
Pedulum will make a complete cycloidal ofcillation from L

ic
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In the preceding examples the calculations have
not been carried on to a great number of decimalé
purpolely to avoid prolixity ; the object being only
to thew the method of perfor ming the ca.lcula.l onss
but in many cafes it will be neceffary to extend the
operation to.a greater degree of accuracy. It s
likewife neccflary that the reader be informed of
the real length of t]le,pendulum, which vibraté

fecondss
=

to P, And the time in which LV (or its equal twice ov)
could be deferibed with that fame velocity with which ¢
circle is deferibed, is equal to the time of defcent 2lon?
the chord OV, or along the axis DV {fee chap. V. and
prop. VL of this chap.); therefore, the above-mentioned
analogy is, by fubftitution, converted into the followilg"
The time of 2 complete cycloidal ofcillation, is to the til®
in which a body would defcend perpendicularly along e
axis of the fame cycloid, as the circumference of 4 CircIC i#
. to its diameter. '

"T'his propofition evidently confirms prop. the 1th of th*®
note ; for fince every cycloidal vibration is in the fame rati
to the time of defcent thlough the axis, as the mvarl?‘-.b!a
ratio of the circumference of 2 circle to its diametets chey
muit be all performed in the fame time,

The very {mall vibrations of a common gircular pend”
lum, may witliout any fenfible error be fuppofed to follo®
the fame laws as thofe of the cycloidal pendulum ; for e
the vertex V, that is, when the arch of vibration does nt
exceed two or tliree degrees, the curvature of the- CVLI"l

coincides with the curvature of a circle whofe rﬂff’"“b '
equal to CV. viz. the length of the pendulum, TS g
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feconds, or of the real fpace which is pafled over
by defcending bodies in a given tines (fince the
Ob¢ may be eafily deduced from the other) in
Order that he may ground his calculations on as -
curate a foundation, as the prefent ftate of know-
}"dge can admit of.

In Qifferent parts of the world, the pendulum
Which vibrates feconds, is not of the fame length.
It

= R

hf'iﬂﬂnt‘.}r fhewn by the figure itfelf ; for when the pendulum
Vibrates not far from the perpendicular CV, its firing does
?‘ardl}‘ touch the cycloidal cheeks CA, CB; and of courfe

i Extremity V. muft deferibe a circular arch very neatly.
) XV, The times of fimilar ofcillations of different pen-
?Zj“”“; when the force of grafuifj is ﬁ;_pptﬁd to vary, are as
—f?uare roots of the lengths of the refpective jwzduf.’;ms di-
"¥Gtly, and a5 the [quare roots. of the refpeclive gravitating

fﬁrc.rs inw’ﬁ‘i}‘-

¥ the preceding propofition the time of a cycloidal vi-
réﬁon is to the time of perpendicular defcent along the
:\::3 i;1\_:111 im-:u-irqblc ratio; that is, ‘1hc fur:.n.:;r is :h t'r_;-: ‘:ixt-
25 the { éw the time c['tha.t pcrpem..hcul‘.:r dL‘{LC-ﬂt is direltly
of i (l-lar‘c root of the a}xls (or of its :inu]__w!s, viz. the 1C‘ngth
T l;ﬁﬂﬁuh-:m), and inverfcly as U}c ln-:]uu'.'L‘ roo.t of the
Yiab], 0! }_!r‘il\’tl}'; for whc_*n the gr‘:wnmtmg force is 1nva-
i ’ﬂmﬁ time of perpendicular defcent has beenlﬂltv'vn. to
V"‘Tiabl‘:e qulr':lrv?: root of the.fpacc-; atid when the time 1‘_3 in-
tag ‘Dec;l E];’Lu in the fame time) the iqu::re"mot of {h:,i {pace
OF the g;‘;_v;e‘t!] to.be as the fquare root of the yelocity, or
Fable, ;he '{:a".“g force; thereforc when £hsy_;n‘e both va-
quare reot of the {pace or length is as the tdme

ied
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It is a little longer on places that are fituated
nearer to the poles, and fhorter in fituations that
are nearer to the equator, (the reafon of which “"i'ﬂ
be fhewn hereafter). This difference, however, ¥
known with fufficient accuracy. But moft phild*
fophical writers differ with refpeét to the length ©
the pendulum which vibrates feconds in @t
fame latitude ; and of courfe with refpeét to the
real

i

multiplied by the fquare root of the gravitating force; of
the time is as the f{quare root of the fpace divided by the
fquare root of the gravitating force; that is, as the fque®
root of the length of the pendulum dire@ly; and the [-qu_;rG
root of the force of gravity inverfcly.

Independently of the cyeloid, the time of 2 any circul®
ofcillation may be found out by means of the followis®
problem, which is given by Profeflor Saunderfon in his Me*
thod of Fluxions. '

XV, To find the exa? time of one of the leaff ofcil. ‘“":9
of a given pendulum fwinging in an arch of a circle; dﬁf’ L
findy withous any fenfible ervory alfo the time of any ot
gfcillation, o

Leta pendulum "JD fig. 14, Plate IV. vibrate in the® r

ADC of a circle whofe diameter is 1D ; and fup mﬂ. it to?

I e
at the point E in its alcent from D to C. Let ¥ b :

pnfs the velocity acquucd by a heavy body in falling from® i
Bt F, (AC,EE, being the parallel chords of the ard i

ADC, EDE, which interfe& the diameter in B and F)2¥,

confequently the velocity of the pendulum at the F‘Gmt

eend”
Now I/ 1D exprefies the velocity acquired by defee iy
ot!

ing thro-.:g.: % ID, and fince a body with that yel _1

w0
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teal fpace which is paffed over by defcending bodies
In 3 given time.—In the works of the moft eminent
phiiot’ophcrs of this country, I find the length of
the pendulum, which vibrates feconds in or near
LDndon, ftated differently as follows: inches 39,2 ;
39,14 ; 39,128 ; 30,125 ; 39,1196, &c.

The

Would deferibe uniformly a fpace cqual to I ID in the
fime time in which it would fall through 3 ID. Divide
the fpace £ ID by the velocity ¥ID, and the quotient
VTB‘, exprefles the time wherein a heavy body would fall
thraugh a I ID; viz. through half the length of the pen-
dulum_

Draw ¢e indefinitely near to EE; then E¢ may be con-
fidered as the fuxion of the arch DE ; and -E___i will ex-

vV BF

Prefs the time wherein the fmall arch Ee is deferibed by the
Pendulum, or the fluxion of the time of a vibration. But.

E, - :ID x Ff (for, calling theradius ND, r; FE, y; and

Vll' xFD
FDax, we fhall have E ¢ =#* 4513+ Buty*=2rx— x4,
Whofe fuxion is 2yj=2r#— 2443 hence j = TE xR o
P Taarad 4% _ruz—yz’?‘ zrii'—z — a% There-
y 7 ¥
fore 52 452 = r__u_‘, nndm%: ™= 44 S
i ¥y V 2ry — xx
i A7 T - 1
:M-:Ee :V’Ml__ x VIDx r[.;thcrc-
IFx¥D ) VTF /FD
fore, B2 _vID 1D x :Ef___. Bia DB
VBF VT YEBF xFD

in
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The late Mr. John Whitehurft, an ingenious
member of the Royal Society, {eems to have con-

trived

in K, and KD in L; and when the arch ADC is {malls

the quantity I ¥ cannot differ fenfibly from 1K, nor i]_D‘

v 1E
from .fl_é' THch,o!efE')_P is very nearly equal to %
O e

v BF xFD

Upon the diameter BD deferibe the circle BGDG, cut«
ting the chords EE, e in G and g ; then will the fuxion Gf
x Ff,

L ; confequently —=

theareh D G be G ¢ 3
' X FD 5

.

1rf
YFBxEFD

—

; and therefore the fuxion of the time of Vi<

bration through DE will be L& e .LE x VID *%
v BF I

Gyg . hich in 28 is the time of the pend > ving

]_“—_D- ; which 1n fact 15 the time of the pendulum’s movids

5 :

from E to e.

But the fluent of this laft duxion is I‘L x VID #
K

DGR

BD

motion of the pendulum from D to C. And the time of

« this, therefore, is the time of half a vibration

T ‘-—-—-‘ ]
whole vibration through the arch ADC is "_“_ w 1D *®

f BN

BGDGB
T T
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trived and performed the leaft exceptionable ex-
Periments relatively to this fubject. The refult of

' h1s

When the arch of vibration is indefinitely finall, the

Juanticy }TI_’ becomes = 13 and the time (T) of one of
D

the Jeaft vibrations, will become T' = vID x E_(.B.EDGB 3

2

and therefore BD : BGDGB :: v 1D : T'; that is, as the
Yiameter of a circle is to its circumference, {o is the time
("/I-f)j of the defcent threugh half the length of the pen-
‘i‘ﬂum, to the time of one of the leaft oflcillations of the
Bendulym ; which is the fame analogy as was derived
from the properties of the cycloid. Wherefore the time of
Skillation in a cycloid, and in an indefinitely fmall arch of
A tircle, is the fame, viz. T =1 fecand, when the length
% the pendulum is 30,1196 inches ; as has been proved cx-
pe?imentally.

Thereforc, the time of an ofcillation in a circular arch in
Beneral, is T % %, or (inceIL =IK + KL) the ge-

feral expreflion of the time of vibration through any arch
ADC of 4 circle will be T+Tx 5L AndTx KL
i8the : e + K i
excefs of the time of vibration in a circular arch, above
ti:]timc of \'ibrai'i'(m in the arch of a cycloid, or above the
@ule of th(? leaft circular ofcillation 3 the lengths of the pen-

Ums being equal.
*ic: order to adapt the preceding expreflions to the prac-
A caleyl

Verfeq fine
th

ation, it is neceffary to obferve that BD is the
eh of CD, viz. of half the arch of vibration, DK is
alfof that verfed fine ; KL is a quarter of it ; and 1D is

Vo =
L.x, o twice
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his experiments fhews, that the length of the pen-

dulum which vibfates feconds in London, at 113
feet

twice the length of the pendulum ; hence if we call the

verfed fine of half the ‘arch of vibration s and call th®

length of the pendulum 4 ; then the above ftated expreffiol

T4Tx KL il become T4+Tx 3% e TH+TX
I1K 2b—za

a
8h—2a

Example 1, Suppefe it be required to find the time if
which a pendulum, that performs cach of its fmalleft vibras
tions in one fecond, will perform its vibrations in an arch
of 120%

In this cafe the length of the pendulum is & = 39,1 1963
the femiarch of vibration is 60° ; and its verfed {ine (wh"-*‘
is taken from the trigonometrical tables; and is reduced i?
the preportion of the tabular radius to the length of the pef”
dulum; by faying, as the tabular radius is to the length of
the pendulum, fo is the tabular verfed fine to the ver{ed fin®
in queftion) is 19,5598 = a; thercfore the time fought i8
= 1/ 4 37 x 195598 _ 107147

86 — 24 273,372
then if the number of feconds in 24 hours, viz. 86400" :36
¥

divided by the time of one vibration laft found; viz-
¥/,0714, the quotient 80735 is the number of \1br1t“)n
which the pendulum will perform in 24 houts, when it -
brates along the arch of 120° ; whereas when the fame pen”
dulum performs very {mall vibrations, it will vibrate C"“JI)
feconds, viz. it will perform 86400 vibrations in 24 hour™
Example 2. SUPPOﬂ, it be required to find the time of 0°

: : 1 tC5
vibration, when the .-l’_l&)l-\_-yn»'_ﬂhg;l('d PC[]C‘.U].LHH yibrd

v thfou:
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teet above the level of the fea, in the temperature

of 6o® of Fahrenheit’s thermometer, and when the
barometer

througha femicircle. Inthis cafe the verfed fine is equal to

the radius, or to the length of the pendulum, Vize a=b;

Confequently the exprefion T 4 T X =i ‘becomes
bb — 2a
s R S T W i’ — 1",166666 ; fo that the
8h— 26 o :

time of a {mall vibration of the pendulum, whofe length is
39,1196 inches, is to the time of one of its vibrations along
3 femicircle as 1 is to 1,16666, which is nearly in the
Proportion of 6 to 7.

We fhall conclude this long note with the demonftration
of another curious property of the cycloid.

XViI. If tws points be given in @ wertical plane, but not
bath in the fame line perpendicular o the horizony a body will
defeend from the upper print to the lower in the fborteft time
Polfible, if it be caufed to move alang the arch.of a cycloid,
Which paffes through thoje points, and whefe bafe is an bori-
Rontal line that paffes through the upper pont.

Thus if the two points be A and B, fig. 15, Plate IV,
d it be required that a body fhould defcend from A to B
" the fhorteft time poffible ; this object will be obtained by
c‘iuﬁng the body to defcend not along the ftraight line- AB,
4"5 it might at firft ight be imagined, nor along an archof a
Cirele, or other curve; but aleng the cycleid ADB, which
R i et e
brsher. 2 th; “mi_ A A ; ;C;L—mn o t1-r:=, remarkable
\Vé o )l’; ot cycloid is calle ‘tJe fm.qffva‘nﬁ .dg Cent o
iy all divide the demonftration of this property into three

@2z 1. If
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baremeter is at 3o inches,is 39,1196 inches ; whence

it follows that the fpace which is pafled over by
bodies

1. If a certain line, as ACDB, be the line of fwifteft de-
fcent between two points A and B it follows that a body
after its ‘defcent from A as far as C, will continue to de-
fcend qeicker along the fame line from C to D, than along
any other tine, as CED; for if this be denied, then it mult
be admitted that the body will defcend fafter along the lin€
ACEDB, than along the line ACFDB; confequently the
line ACFIDB is not the line of fwifteft defeent, which i
contrary to the hypothefis.

2. Let ADGB, fig. 16, Plate IV. bea curve between the
two given points A and B ; let DE, EG, be two indefinite-
ly fimall andl contiguous portions of it. Through the point
D, E, and G, ‘draw DL, £O, GP, perpendicular to thé
bafe AC; and through D draw DH parallel to the bal®
Now if this curve be fuch that the velocity with which the
indefinitely fmall portion D E is pafled over by a body
aftér its defcent from A to D, be always proportional
DHxa

DE
then the body after its defcent from A to D, will defcend
along the curve from D to G in lefs time than along: any
other way DFG ; and of courfe this curve will be the 11¢
of fwifteft defcent.

Through F draw FQ parallel to EG, and let FQ be fup~
pofed to be pafled over with the fame velocity as EG 5 d“’“‘#
FN perpendicular to DE, as alfo ME and GQ_ perpr?ﬂd"
cular to FQ, then the triangle FNE being fimilar to DEH’ g
as alfo FME fimilar to GEL, we have DE : DH : : F EF:
NE=""%TF; and GE: EL: :FE : FM= it

A
Henc®

(@ being a certain invariable line or quantit}’Ji
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bodies defcending perpendicularly, in the firft fe-
€ond of time, is 16,087 feet.—This length of a
[econd

. SN

7 DHXFE = EIxFE " BH
Hence NE: FM : - oE— —ar~ PR
g—L i DHﬁ : EI,y‘ﬂ; viz. NE is to FM as the

E DE GE
Yelocity with which NE is paffed over to the velocity with
Which PM is paffed over: whence NE, FM, are paffed
°-"ﬁ1' in equal times. And fince. MQ_is equal ta EG, the
Ume of defcent through M Q_will be -equal to the time of
dﬁfcent through EG; fo that the time of ‘defcent through
I“‘:lW*iIl be equal to the time of defcent through NEG.
Ut fince the angle MQG is a right onc, FG is greater than
_Q; fo that the time through FG will be greater than the
Ume through FQ,, or through NEG ;.and fince DF is
&reater than DN, thetime through DF will be greater than
e time through DIN. Whence the time of defeent alung
F, FG, will be greater than the time of* defcent along
DN; NG. A heavy body therefore, after its fall from A’
@D, will defcend from D to G along the curve DEG, in
5 time than along any other line ; confequently the curve
DEGp is the ling of {wifteft defcent between the points
and B,
_ 3+ Let ADEM, fig. 17, Plate IV. be a cycloid whofe
e s the horizontal line AG. Through any point D in
A draw DQ parallel to the bafe AG; and cutting the ge-
H‘Eruting eircle at N and the axis at Q. Draw the chords
.:N\ NM; through D draw DL perpendicular to the bafe ;
M dray, OF indefinitely near and parallel to LD. Now
= i"l‘deﬁnitcl:..r fmall part DE of the carve may be confia
ed as g right line coinciding with the tangent at DD, and
o3 It
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it fecond  pendulum s certainly not mathematically
exalt, yet it may be confidered as fuch for ali com”
mon purpofes ; for it is not likely to differ from the
truth By more than %=th part cf an inch.

XII. 7k

it may likewife be fuppofed to be defcribed by a body de=
feending from A, with the fame velecity waich the boedy has
acquired by its defcent from A to I ; for the acceleratiof
of velocity through hat indefinitely {mall fpace may b
confidered as next to nothing. Now we fhall prove that
this cycloid has the property of the above-mentioned cusves
viz. that the velocity with which the fmall portion DE is
defcribed by a bedy falling from A, is always pro,mrtlonal

0 —r5F (adenoting the axis GM of the cycloid).

From the above-mentioned propertics of the cycloid, the
{mall line DE, coinciding with the tangent at D, is de;\_llﬂ
to the chord NM. Whence the triangles DHE, NQMs

and GMN, are equiangnlar and of courfe fimilar; ther*”

fore DE:DH: : GM (=4): GN :P‘E?L“. ButGN

is as the volacity which is acquired by the heavy body i its
defcent from G to Q yor from L to D5 viz. as the vf]oc't)
with which the indefinitely fmall line DE is pafled ovels |
therefore the cycloid, having the property of the abov g-mel
tioned curve, is the line of {wifteft delcent, &e.

X * Sece Mr. Whitehurft’s attempt towards obtainiog
riable meafures of length, capacity, and weight. Alfo ®

mt

George § ChllChbmg Evelyr’s excellent paper on-the ﬂ"”d
i ard of weight and meafure, in the Philofophical r;alufaﬂloﬂ

for the year 1708
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XIL The times in whick fimilar vibrations (viz.
Vibrations through arches of the fame number of degrees )
o different pendulums are performed, are as the fquare
"oots oj the lengths of the pendulums.

Thus if the pendulum AB, fig. 18, Plate IV.
be four times as long as the pendulum CD, then
the time of a vibratien of the former will be double
the time of a fimilar vibration of the latter. For
(by cor. to prop. V1I. of this chap.) the vibrations,
4hd of courfe the femivibrations, being fimilar and
ﬁmﬂarly fituated, the time of the pendulum’s de-
feent along the arch GB is to the time of the other
Peadulum’s defcent along the arch HD, as the
Quare root of GB is to the fquare root of HD.
But the circumferences of circles, or fimilar portions
Of the circumferences, are as their radii ; therefore
the {quare reots of fimilar portions of the circum-
“fences are as the fquare roots of the radii; con-
i_erluﬁntly the times of fimilar vibrations are as'the
Qare roots of the radii, or of the lengths of the
Penduylyms,

T..hroughout the prefent chapter the force of
%::\‘;@y has been _ﬁ]ppuﬁ:d. invariable ; but when

Is not the cafe, as for inftance, when a pendu-
‘”m»‘ﬂ-‘hich vibrates near the furface of the earth, is
Sompared with 2 pendulum on the top of a very
(:;g:nflilﬂlifntain, or Wi_[h a Rr?ndu[um whicl} vibrates
grawim?;m’id -piane; in which cafe? t_he action of the
Tns hg e 01-1,tl'1c'penf]ulum 515 notAthe fame,

e of wibration is as the quorieil Qf I/tf
04 nar
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K fquare root of the length of the pendulum divided by
! the fquare root of the gravitating force.

This propofition will be found demonftrated 12
the note,

CHAPTER XI

OF THE CENTRE OF OSCILLATION, AND CENTPtg

OF PERCUSSION.

A HE attentive reader muft undoubtedly hav®
remarked, that though in the precedin
chapter much has been faid with refpeét to the
length of the pendulum, yet no mention has he'ff’
4 made of the point from which that length, or dit-
& tance from the point of fufpenfion, fhould be me4
fured. 'The reafon of this omiffion is, that the de-
: termination of that point, which is called /2 centf?
K of ofcillation, Tequires a very particular coni’1demt50‘f’;t
fuch indeed as could not without obfcurity be ™"
troduced in the preceding chapter.. We fhall n‘o‘ﬂ
endeavour to elucidate the nature of that P?”_’t’
A and to lay down the methods of determining 1.15
fituation or diftance from the point of fufpenfio? ’
i pendulums of different lengths and (hapes.
‘ -W’hﬂﬂ
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When the pendulum confifts of a fpherical body
faftened to a firing, a perfon unacquainted with the
fubject might at firft fight imagine that the fength
of the pendulum muft be eflimated from the point
of fufpenfion to the centre of the ball. But this is
ot the cafe; for in fa& the real length of the pen-
dolum is greater than that diftance, the reafon of
Which is, that the fpherical body does not move in
& flraight line, but it moves in a circular arch; in
Confequence of which, that half of itwhich is fartheft
from the point of {ufpenfion, runs through a longer
fpace than the other half which is nearer to the
Point of fufpenfion; hence the two halves of the
bﬂ“, though containing equal quantities of matter,
do actually move with different velocities, therefore
their momentums are not equal; and it is in con-
fequence of this inequality that the centre of ofcil-
Ation does not lie between the two hemifpheres;
that is, in the centre of the ball; but it lies within
the lower hemifphere, viz. that which has the greater
Momentum., Now irom this it naturally follows,
that if the ball of the pendulum could be concen-
tated in one point, that point would be the centre
of ofcillation; fo that the centre of of¢illation is
tha point wherein all the matter (and of courfe
the forces of all the particles) of the body or bodies
that may be joined together to form a pendulum,
May be conceived to be condenfed,

The gentre of pereuffion 1s that part or point of a
Pendulous body, which will make the greateft im-

preffion
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preffion on an obftacle that may be oppoled to it

whilft vibrating; for if the obflacle be oppofed to i€

at different diftances from the poiut of {ulpenfion

the ftroke, or percuffion, will not be equally pcr-:\'c;'i"ﬂfi

and it will foon appear that thiscentre of percuffion
does not coincide with the centre of gravity.

Let the body AB, fig. 1, Plate V. N. I, confifts
g of two equal balls faftened to a fiiff rod, move
in a direction parallel to itfelf, and it is evident that
the two balls muft have equal momentums, finc€
their quantities of matter are equal, and they move
with equal velocities. Now if in its way, as af
N. 11, an obftacle C be oppofed exaétly againft ifs
middle E, the body will thereby be effecually
.prpﬁd, nor can either end of it move forwards
for they exactly balance cach other, the middle of
this body being its centre of gravity, Now (hould
an obftacle be oppofed to this bedy, not againftits
middle, but nearer to one end, as at N. 111, then the
ftroke buno not 1n the direction of the centre of
gravity, 1s 1n fa¢t an oblique ftroke, in which caler
agreeably to the laws of congrefs which have bee?
delivered in chap. VIII.a part only of the momentuf®
will be fpent upon the obfiacle, and the body ad-
vancing the end A, which is fartheft from the ol

ftacle, as fhewn by the dotted reprefentation, will
proceed with that part of the momentum which

has not been {pent upon the obftacle ; con(LquelﬁW
in this: cale the percuffien is not fo powerful a5 i
fl*f* foregoing. Therefore there is a certain point it4
moving
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moving body which makes a ftronger impreflion -
on an obftacle than any other part of it.—In the-
Prefent cafe, indeed, this peint coincides with the
Centre of cravity; becaule the two ends of the
bf‘n‘i\j 1':@?0:';11;6 -{’Lruft . moved with equal veloci~
ties, But in a pendulum the cafe 1s different ; for
let the fame body of fig. 1, Plate: V. be fufpended
by the addition of aline AS, fig. 2, Plate V. which
line we (hall {uppofe to be void of weight and flexi-
bilits 2nd let it vibrate round the point of {fufpen-~
ficn S, 1t is evident that now the two balls will
Qot move with equal velocities; for the ball B, by
_"L {cribing a longer arch thanthe ball A n the fame
l”m, will have a greater momentum ; and of courfe
the point where the forces of the two balls balance
fach other, which is the centre of percui’ﬁcm,rlies
Uearer to the lower ball B; confequently this point
foes rigt coincide with the centre of gravity of the
bod} AB; but it 1s that point wherein the forces
of all the parts of the body may be conceived to be
Cncentrated. Hence the centre of ofcillation and
the centre of percuffion coincide; or rather they are
€Xattly the (ame point, whofe two names only allude,
the former to the time of vibration, and the latter
to its ftriking force.

If in fig. 1, Plate V. the balls A and B be not
Squal, their common centre of gravity will not be
1n the middle at 'E, but it will lie nearer to the hea-
Vier body, as at D, fuppofing B to be the heavier
bod}’ 3 fo that _the dll’nnccs BD, AD, may be in=

verfely
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verfely as the weights of thofe bodies. Now when
the above-mentioned body is formed into a pendu®
hum, as in fig. 2, though the weights A and B be
equal, yet by their moving in different arches, vize
with different velocities, their forces or momentums
become actually unequal; therefore in order to
find the point where the forces balance cach othefs
fo that when an obftacle is oppofed to that points
the moving pendulum may be effectually ﬁ:opfﬂd

and no part of it may preponderate, in which cafe

the obftacle will receive the greateft imprefion s
we muft find firft the momentums of the two bo-
dies A and B, then the diftances of thofe bodies
from the centre of percuffion, or of equal forces:
muft be inverfely as thole momentums., Thus the
velocities of A and B are reprefented by the fimilaf
arches which they defcribe, and thofe arches are 88
the radii SA,; SB. Therefore (he momentum of A
is the product of its quantity of matter multiplied
by SA, and the momentum of B is the produdt of
its quantity of matter multiplied by SB; confé”
quently AD muft be to BD, as the weight of B

multiplied by SB is to the weight of A multipﬁed
by AS. ‘Then D is the centre of percuffion. And

fince, when four quantitics are proportional, th®
product of the two extremes is equal to the pro-

duct of the twomeans; therefore if the weight ©

A multiplied by AS, be again multiplied by AD:

the produ muft be equal to the produét of the

weight of B multiplied by BS, and 1gammulttpll;‘
‘f
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by BD; that is, ke product of the body on one fide of
the centre of ofcillation multiplied by batk ils diflance
from the point of fufpenfion and its diflance from the
Centre of ofcillation, is equal 1o the produll of the body
% the other fide of the centre of ofcillation, multiplied
botj, by its diffance from the point of fufpenfion, and
its diffance from the centre of ofcillation.

The fame reafoning may evidently be applied to
A pendulum confifting of more than two bodies
®nnecred together, or to the different parts of the
lame pendulous bedy ; hence we form the following
Sneral law.

If the weight of each part of a fimple or compound
Peadulum be multiplied both by its diffance from the
“ntre of fufpenfion, .and its. diftance from the centre of
Yeillation or perculfion, the fums of the produsls, o
“ack fide of the centre of ofcillaticn, will be equal to
@k other.

From this law the rule for determining the dif-
Ynce of the centre of ofcillation from the point of
“penfion is cafily deduced ; but the application of
1 attended with confiderable difficulty, on which
“Ccount we fhall fubjoin it in the note (1),and

all now proceed to fhew an experimental or me-

chanical
\h_

(1) Leta pendulum confift of any number of parts or
Mall bodies A, B, C, D, E, joined together; leta, 4, ¢,
l:r;’“ﬁa“d for their refpective diftances from the point of
tio'-:?_ﬁon; and * for the diftance of the centre of ofcilla=

*from the point of fufpenfion.

The
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chanical method of ﬁndmg the centre of ofcillatio®
which method is general and eafy, at the fame tiP”
that it admits of fufficient accuracy.

The

R

The diftances of thofe parts, or bodies, from the centr® of
ofcillation will be ¥ —ay 2 — b, y—c,d — 2, g m z; D
E being fuppofed to be farther from the point of fufpm.ﬁ""’
than the centre of ofcillation is. By multiplying every o1
of thofe bodies, both by its diftance from the centre of fuf-
penfion and its diftance from the centre of ofcillation, we
have, apreeably to the above-mentioned law, the equatiﬂﬂ
Aax — Aaa+Bbx— Bbb + Cerx — Cec = Ddd — Ddr ¥
Eee — Eex ; which, by tranfpofition and divifion, is &
folved into the following ; viz.

_ Aaa + Bbb 4 Cec + Ddd 4+ Eee

T Aa -+ Bb 4 Ce +Dd 8

Should any of the bodies, 2s for inftance A and B, in &
peﬂ'

preceding inftarice, be fituated above the centre of ful
fion, then their diftances will be negative, viz. —a, “"Jf’
though their {quares aa, bb, are always pofitive, In this calt
Aaa + Bbb + Cec + Didd + Eee
—Au—Bb ¥ Cc+ Dd + Ee

Since the centre of gravity of a body or fyftem of bc‘d]"s’

the value of » is =

is that point wherein all their matter may be conceived ¥
be condenfed, therefore the product of all the matter of fur?
of the different weights A, B, C, D, E, multiplied by e

diftance of the common centre of gravity from the poisi®
ch b2 dy

fufpenfion, is equal to the fum of the produdls of ea
enft o*

multiplied by its diftance from the point of fufpe
. Hence the above flated value of » becomes Aaa + B ;
Cee ++ Ddd + Eee divided by the pradu&t eof the who'

body or fum of the weights, multiplied by the diltance :c
e
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The body whofe centre of ofcillation, or (whick
is the fame) of percuffion, is to beafcertained, muft
be fufpended to a pin or other {upport, but as
: freely

the centre of gravity from the point of fufpenfion. And
b‘ﬂng exprefled entirely in words, it forms the following
general

Rule 1. If all the bodies or pavts of a-body, that forms a
f’f?rdftl';'_!.',':, be F}?.‘!#’ﬁ;ﬁj{’{{s] each by r.".?c'/.‘]zmre ef its rlff.”(zr!ce_from
the point or axis of [ufpenfiony and the fum of the products be

10} dodd by the producl of the whole weight of the pendulum,
Multipliod by the diftance of the centre of gravity from the
Paing of [ufpenfion ; the quatient will be the diffance of the cen-
tre of ofzillation or percuffion from the point of fufpenfion.

The fituation of the centre of ofcillation may alfo be
f‘,’“nd by means of another rule, which we fhall likewife lay
SOwn, and fhall demonftrate ; fince in fome cafes this rule
¥ill be found preferable to the firft.

Ruyle 2. If the _ﬁzm of the produfts of all the parts or
we;g,z,,!’ multiplied each by the jé?l‘i.‘.??'[‘ of 1ts diftarce from the
“entre of gravity, or from a line pajfing through the centre of
grai”'-?)' parallel to the axis of wvibration, be divided by the
Produg of the whole mafs ar Bady, multiplied by the diffance of
‘f centre of gravity from the point of j:g’jnmﬁa::, the quotient
“ill be the diffance of the centre of ofcillation from the centre

$7avity 5 which being added to the dijlance of the centre of
B

7/ he | - ;

LeCaB fig. 4, Plate V. reprefent any fort of body re-
%:)I:r ‘gi.rrt‘gular, fufpendfd at C; O -its cerntre of: ofcil.!?.-
Paﬁ”’ its centre of gravity ; C O B its axis or right line

g through the point of fufpenfion, and centres of gra-

vity
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freely as may be prafticable ; and being once moved
out of the perpendicular fituation, muft be fuffered
to perform very (hort vibrations ; viz. {o {mall 85
to be juft difcernable, Then by keeping an €f®

ofl

—

_ vity and ofcillation. 'This body may be conceived to con*
it of an indefinite number of extremely fmall parts o
weights. Let W' be one of thofe fmall weights; joif
WC and WG, and from W drop WF perpendicular ©
CO. Then the produét of W, by the fquare of its diftanc®
from C, is W xC W% But (Eucl. p. 47+ B. L) cw
= WE'+CFF; and GWE =GFl+WF). (Eud
p- 7. B. 1L} CGP4+GF*=2CG xGF + CFl2; and bY
tranfpofition CF * = GF|* + CG» —~I0G x GF
Then by fubftitution (viz. by putting inftead of CF % if#
equal GF|® + CG)* —2CG x GF) the above ﬂatfd
equation becomes CW* = WF)* + GFj* £ CGI*~
2CG % GF = (putting GW)* for its equal GF* *
WFp) GW)* + CGF—2CG xGF. And multiplying
both fides by W, we have the fum of all the products W*
CW|* = the fum of all the W x GWJ* 4 all the W
X CGl*— the fumof 2ll the W x 2CG x GF.

But by the nature of the centre of gravity the fum of all
the W x GF is = o; for thofe which are one fide of th*
axis muft balance thofe which are on the other fide; 2™

of courfe all the W x 2 CG x GF alfo become =2
Therefore there remains the fum of all the W x Eﬁ?]zg
fum of all the W 2 GW)* + fum of all the W x CG"=
fum of all the W » GW + the whole body x CCI”

Or (taking away the fum of all the W x G W]* from —b{’th
des
3 fi
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on a clock or watch with a feconds hand, the ob-
ferver muft count the vibrations, and, if poffible,
€ven the part of a vibration, that are performed by

that

S

fides of the equation) the fum of all the W xCGlF=
the whole body x CG1*

T fum of all the W xCW *
Fhep GO = 8 S She Tai a0
whole body x UG
fum of all the W xGW|*
tie whole body x C(5

GO~ O fu'n of all the W e WxGW)e

the whole bouv xCG

(by tule the

1{‘1) =CG+ And laftly,
; which is
Tle the 2d. ’

In the application of the above-mentioned rules, it is fre-
Suently very difficult to find the fum of the produs of all
the weights multipiied by the fquares of their refpeétive dif-
Qnces, The method of fluxions is undoubtedly the moft
ex‘-t‘nﬂvg as it may be applied to all fuch figures or bodies
%have fome regularity of fhape, or fuch as may be expref-
fed by an algebraical equation. But in fome caflcs the irre-
g‘ﬂdrm of form is fo very great, that the centre of ofcillation
%an only be found out by means of the above-defcribed me-
Chanjcal methad.

In order to ‘find the fum of the wei chts, &c. you muft
Confider an indefinitely fmall part, or increment, or fluxion,
of the figure, as being a fmall weight, and multiply it by the
Guare of its diftance from the centre of fulpenfion or axis
of Vibration, according to rule the 1, or elfe multiply it
¥ the fquare of its diftance from the centre of gravity, or
om 3 line pafling through the centre of gravity, and pa-
Tallel to the axis of vibrati ony according to ryfe the 2d,; then

VoL, 1 P the
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that pendulum in one minute, and note the num~
ber. N, B. Should the pendulum appear likely tO

flop before the expiration of the minute, a gentlé
and

the fluent of that expreffion will be the fum of the produds
of all the weights, multiplied by the fquares of their refpec-
tive diftances, either from the axis of vibration, or from the
centre of gravity, &c. Laftly, this fluent muft be divided
by the produét of the whole body (to be had by commo?
menfuration) multiplied by the diftance of the centre of gra
vity, from the point of fufpenfion ; and the quotient will b
the diftance of the centre of ofcillation either from the
point of {ufpenfion, or from the centre of gravity, according
as the operation was performed either by rule the firft, of
rule the fecond.

A few examples will render the application of this method
more intelligible.

Example 1. Let CB, fig, 3, Plate V. be a right line, 0
\lfery flender cylinder fulpended at C; and call it a, (mcalli”g
cither its length or weight, for the one is proportionate
the other) G is its centre of gravity. Now if you call anf
part of this line », reckoning from C, then the increment 9F
fluxion of ¥ is &, which # may be confidered as one of th®
vaft many weights which form the whole line or flende
cylifder. The product of this weight by the fquare of is

diftance from C is #*%, and the fluent of this expreffion ®
& - -
— which, when » reprefents the whole extent CB, becomé®

f, and is the {um of the produéls of all the weights multd

plied by the fquares of their refpeétive diftances from C-
we
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and dexterous application of a finger once or twice,
will increafe a little its vibrations, and prolong its
attion without altering the time of vibration.—

For

We muft now find the product of the whole line mul-
tiplicd by the diftance of the centre of gravity G from C.

x " a
But CG = Z, therefore the product in queftion is 4 X =
2 2

2 3
or? . Laftly, divide the above fluent 'l by thelaft pro-
2 ‘ 3

¢ 3 a* oo B o
dud, viz. & = —, and the quotient —_ is the diftance of
2

the centre of ofcillation O from the pointof fufpenfion C ;
fo that CO is equal to % of CB.

Example 2. Let AB, fig. 6, Plate V. be aright line or
Very {lender cylinder faftened to a line GO void of weight,
and fufpended at O, The ends A and B are equidiftant
from O, and the axis of vibration is perpendicular to the
Plane which paffes through ABOG ; fo that every part of
the given line from A to G, or from B to @G, is at a dif-
ferent diftance from the axis of fufpenfion. Put OG =g,
and GP — x, whofe fluxion is %, and is a particle or fmall
Weight of the given line, which multiplied by the fquate of
OP, which is (Eucl. p. 47. B. 1.) =@ + ', becomes,
%%+ x*s. The fluent of this expreffion is a”x + .;f

The produ@ of the body GP by the diftance of the cenw
tre of gravity G from O is (GP »OG) ax. Thereforé the

3
a* x -+ 13 ]
di 3 e garn
Hance of the centre of ofcillation 18 ™= — a +

P2 {
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For the fake of greater accuracy, the attentive
oblerver may count the number of vibrations for 2
longer time, as, for inftance, during two, or three

or

¥_; which when GP = GB, beeomes OG + BGI* ; fo that
37 30G

the centre of efcillation is at C, viz. lower than G by the

B GI?

1
quantity ;_(.; .

Example 3. Let the pofition be exacily as in the pre-
ceding example, excepting only that the axis of fufpenfion
or of vibrationy; which was then perpendicular, be now pa”
rallel, to the line AB, as in fig. 7, Plate V. and in this cales
the centre of ofcillation will coincide with the centre of

- gravity G ; for here, all the parts of the given line, as As

G, P, B, &c. are equidiftant from the axis of fufpenfion #
fo that the weight & multiplied by the fquare of its diftanc®
from the axis of vibration DOC, becomes a*# ; the flueh*
of which is a®x, and this fluent divided by ax, quotes 4%
that is OG for the diftance of the centre of ofcillation.

Example 4. Let the pendulum confilt of an ifofcele?
triangle ABC, fig. 8, Plate V. fufpended at A, and
the axis of Vlbr.’ltl{m parallel to BC. Puat the .ﬂtilud
AD = a; bafe BC = =b; and AF = ». ']_hrough ¥

draw GH parallel to the bafe, Then a: b:: x: i

GH; and 2*% is its fluxion, which multiplied by the 1gué®

a
of AF, viz. by #% becomes b %% The fluent of this &
G
| S
pl’CﬂlQﬂJSl—x. .
41 The
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or four minutes, and then taking the half; or third
part, or fourth part of the number; for that part
will

5

-~ a8

(?J

The triangle ABC = — : and the diftance of its centre

2.

: ; 28 7 : )
of gravity from A is = — 3 hence the produt ef the tri-

) i
ngle by this diftance is (‘fﬁ X 2_‘?) = 27 Therefore
2 3 3
. - ba* ah F - &
tivide the above fluent, —, by — and the quotientis 3= 3
4a 3 44’

Which when x is equal to the altitude AD = 4, becomes
b ]

o . . - T

';r-; fo that the diftance of the centre of ofcillation from A

e equal to 2 of the altitude of the triangle.

Exa nple 5. - Let the pendulum confilt of afpherical body
f“rp'nfied at O, fig. g, Plate V. by means of a line O,
Which line weighs fo little with refpet to the body, that its
“’t'ight may be coufidered as = 0. Imagine DERD to be
2 fettion of the {phere through its axis, and perpendicular
% the axis of ofcillation KL. GE the radis perpendicular
DR, G the centre of gravity, and V the centre of of-
Cllagion,

Let SFPS be any concentric circle; and put the ordinate

M‘J’ GP=x#; ¢= the circumference of a cipcle whofe
Tadiys g one, and draw NM parallel to GR. Suppofe a
“Hliadric furface to ftand on the circumference SFPS,
*0d to be terminated by the furface of the fphere; then the
mrcumfcrence SFPS =cx, and the juft mentioned cylindric
{urface will be — 2057,

The diftange of the particles in each fetion of this
*Ylindric furface, from the centre o gravity of the fection,

P 3 or
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will be the number of vibrations an{wering to 0n®

| minute,
' With

or of a line paffing through G parallel to KL, is GP=%3
therefore the fluxion of the weight or furface is 2 cy*Hs
A which multiplied by the fquare of the diftance GP, vizr
cyx*

by % gives the fluxicn 2 cy#%% ; whole fluent is —— -
2

In order to expunge from this expreffion one of the va=
riable letters, it muft be confidered that in a circular arch
the fine is tothe cofine as the fluxion of the latter is ta the
fluxion of the former; for in fig. 1o, Plate V. where BE
=y is the fine; AE=x1s the cofirie ; if you draw C

indefinitcly near and parallel to BE, and BD parallel to AGs
BD becomes &, or the fluxion of the cofine, and CD be=
comes #, or the fuxion of the fine; and fince the right”
angled triangles ABE, BCD, are equiangular (the anglé®
CBD, EBA, bcing equal, becaufe each of them is the com”
plement of ABD to a right angle) and fimilar, we have A

toEB, as CD to DB, viz. x:y:: j:a= . Al if the
¥

radius be called a; fince the fquare of AB, or @7 is Equal 4

S AVa*—y*, Now by fubftitution the Auen®

. ok . ;
€3 %" becomes 3 ca*yi—s ¢3¥ (for the fluxion of the B |
2 L
Yy il
Ty =24 X
a*—y

. . )
mer ; viz. 2oz =20yx* X W= cyxE X
¥

3
— — = i ; s BT 2 i
| T ) X 20y Ry =2 0@y 20D A
i ‘\/d'-—y' d
I and the fuent of this laft expreffion is % ¢ a%y’—2¢y*)- An |
. . 2 4 =
when' y=a = radius, this fluent becomes 3¢ 4’3 il

*ocab

e
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With that number of vibrations, performed in
one minute, the diftance of the centre of ofcillation
from

The folidity of a {phere, whofe radius is 4, is exprefled by
% ¢a%, which multiplied by the diftance GO =4, in fig. 9.
becomes 2 ca *d.

Laftly, divide the above fluent by the laft produét ; viz.

7 %
divide 2 ¢a® by 2 cad, and the quotient ?'i'is the diftance
= = Sa
of the centre of ofcillation V' from the centre of gravity G,
#d of courfe OV = 44 2
5d

Should the point of fufpenfion be fitiated clofe to the fur-
face, as at D; then the diftance between the centres of
fulpenfion and of gravity would become equal to radius,
Viz, d—ga; and in that cafe the diftance between the centres

9F ofcillation and ef* gravity will be 24 and the diftance be-
s

Yween the centres of ofcillation and fufpenfion will be

iy

3 that is 7, of the diameter of the fphere.

Lt plainly appears from the foregoing explanations and ex-
*Mples, that when the firing of a pendulum is fhortened,
Evary thing elfe remaining unaltered, the centre of ofcillation
chaliges its place ; unlefs indeed the weight of the pendulum
o bob be fuppofed to be condenfed in onc point, which
Cafe cap have place only in the imagination.

Con!'equcm]y what has been demonftrated refpetting the
:TC::_‘:;&;I }:‘endulufn mlﬂlﬁ be conﬁfiered 45 3 matter ?nere.ly
Whighi ‘.peculanon, fince from it ?ve qcrw.e the time f“

eircular pendulum performs its vibrations. But in
P4 practice
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from the point of fufpenfion is determined bY
means of the following eafy calculation.

Divide fixty feconds by the number of vibrations
which the pendulum in queftion has performed i2
: one minute, and the quotient is the time of on€
| vibration. =~ Square this time, (viz. multiply it by
itfelf) and multiply its {quare by the length of the

pendulum that vibrates feconds, viz. by 39,1 196
inches, and the laft produ& fhews the diftance 18
inches of the centre of oftillation or percuffiod
from the point of fulpenfion in the pendulum in
queftion.

Example 1. Let a cylinderical fick AB, fig. 3
Plate V. ofabout a yard in length, be fufpended 8¢
A, and be caufed to vibrate, Having obferved that
it performs 76 vibrations in a minute, it is requir®
thereby to find the diftance of its centre of ofcilld”
tion from the point of fufpenfion-A.

Divide 60 feconds by 76 vibrations, and the
quotient, 0”,79 nearly (viz. 79 hundreths Of."'b
fecond) 1s the time in which the pendulum L
queftion performs one vibration. Then fince the
lengths of pendulums are as the fquares of the time
of vibration; therefore fay as the {quare of o

fccoﬂd’
=

all it8
£ the

pradtice a cycloidal pendulum would not- perform
vibrations in equal times; becaufe by the application ©
firing to the eycloidal cheeks, the free part of theftring wotl
be fhortened, and the centre of ofcillation would chang® ,
place eontinually,
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ff:cond, which is one, is to the fquare of 0,79
hundredth parts of a fecond, viz. 0,6241; {ois the
length of the pendulum which vibrates feconds,
Viz, 39,1196 to the length fought; that 1S,
¥:o0,6241:: 39,1196 ; where fince the firlk pum-
ber is unity, you need, according to the preceding
Tule, only multiply 39,1196 by 0,6241; and the
Produ® 24,4 i8 the diftance fought; fo that the

centre of ofcillation C in the flick AB is 24 inches

and 4 tenths diftant from its extremity A; viz.
about two thirds of its length.

Example 2. An irregular body {ufpended by
One end has been found to perform 20 vibrations
n a minute. Required the diftance of its centre
of ofcillation from the peint of fufpenfion ?

Here the time of one vibration is (£2) 3 feconds;
the {quare of which is g; and 39>115 56, multiplied
by g, gives 352,0764 incheg, or nearly 29 feet, for
the diftance fought.




C’f the Mechanical Powvers

CHATPTTER XIL

OF THE MECHANICAL POWERS,

Y HE preceding chapters contain the do&rine
of motion in a manner rather extenfive for
an elementary work. The abftrac mode in which
this {ubject has been delivered, may poffibly have
deterred the novice from the ftudy of natural pi‘-i’
lofophy. -Perhaps he expected that after everf
theoretical chapter his attention fhould be relieved
by fome experimental application of the doctriné
But if fuch had been the plan, either the work
would have been protracted to an immoderat?
length, or many ufeful branches of the theory would
have been fupprefled.

The importance of the doétrine of motion, and
its being the foundation of almoft all the phen®”
mena of nature, were the motives which placed it
before every other branch of natural philofophy”
and the reader may perhaps be pleafed to hear, that
whoever underftands the leading principles of the
foregoing theory, will meet with very little diffi-
culty 1n the perufal of the following parts of pht*
lof L)pl)\a
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lofophy. He will alfo find that the doftrine of
motion, which he may formerly have looked upen
as a difficult and almoft a ufelels fubje of {pecu-
lation, is of general and extenfive application.
}«\u) tool, every engine of art, every ececono-
mical machine, all the infiruments of butbandry,
and of navigation, the celeftial bodies, &c. are
conftrufled, and act conformably to the laws of
Motion.

The knowledge of this doétrine anfwers two
tenfive objects. It ferves to explain natural ap-
Pearances, and it furnifhes the human being with
Weful machines, which enable him to accomplifh
fuch effefts, as without that affil ftance would be
Utterly out of his power. —The application to na-
tural phenomena will be inftanced in almoft every
Chapter of this work.—The fecond objett will be
Confidered immediately.

Mechanics, in its full and extenfive meaning, s
the (cience which treats of guantity, of extenfion, and
O‘f motion. Therefore it confiders the ftate of bodies
€ither ‘at reft or in motion. That branch of it

Which confiders the ftate of bodies at reft, as their
¢quilibrium when conneéted . with one another,
theiy preffure, weight, &c. is called Statics. That
Whick treats of motion, is called Dyramics.  Both
t_h‘?fff expreflions are, however, ufed in treating of
bolid bodies; for the mechanics of fluids has two
fenominations analogous to the above. It is cailed

Hydroftatics,
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Hydroflatics, when it treats of the equilibrium oF
quiefcent ftate, and Hydrodynaniics or Hydrauliiss
when 1t treats of the motion, of Ruids.

What belongs exclufively to fluids will be no-
ticed in the (econd part of thefe elements, The
equilibrium of folids has been fufficiently examined .
in the preceding pages, and will be taken farthef
notice of in the following; fince in treating of mor
tion, of aétions, of forces, &c. it will naturally ap°
pear that when thofe forces are equal and oppofit®
to each other, an equilibrium takes place.

The aftive application of the do&rine of motioh
confifts in the conftruftion of machines for the
purpoles of overcoming refiftances, or of movind
bodies. Thus if a man wilh to remove a ftone oF
a ton weight from a certain place, for which pur*
pofe he finds his firength inadequate, he makes ule
of a long pole, which being applied in a certail
manner, actually enables him to move the ftone
Thus alio another perfon may wilh to convey fom®
heavy article to the top of his houfe, he makes vl
of a fet of pullies with a rope, &c. and by that
means eafily accomplithes his objeét.

Infinite 1s the number, add the variety of m#
chines; but they all confift of certain parts or fif®”
ple mechanifms, varioufly combined and connect®
with each other. Of thofe fimple machines we C_"“]
reckon no more than fix or at moft feven; Vi&°

the Lever, the Wheel and Axie, the moveable Pf;""
¢y
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ky or Syfem of Pulleys, the Inclined Plane, the
W edye, and the Screw *

The ation or the effet of every one of thofe
Mmechanical powers, depends upon one and the fame
Principle; which has been fu]ly explained in chapter
IV, ¥V, and VI; butwe fhall for the {ake of perfpicuity
blltﬁ, repeat it in the following three or four para-
Staphs, wherein the attentive IEI.L[(.E' will find the
Principles or analyfis of all forts of f machines.

- The force or momentum of a body in motion,
B to be derived not merely from its quantity of
Matter, or only from its velocity, but from both
®onjointly ; for the heavier any body is; the greater
Power is required to ftap it or to moveit; and on
fhe other hand the {wifter it moves, the greater is
s force, or the fironger oppuht!on muft be made
0 flop it. Thercfore, the force or momentum,
the produd of the wei ight or quantity of matter by
the velocity. Thus if 2 body weighing 10 pounds

move
oy

w .
¢ The writers on mechanics do not agree with refpect to
ig

humber of the mechanical powers, Some exclude the
lncllnCd plane from the number ; whilt others reckon it
U of the principal, and confider the wedge and the fcrew
mia only {peciesof it. The balance has been likewife recka
0:1«@ 2 peculiar meclianical power. But it has been re-

Jed
ed by others, either on account of its being nothing

Mare o =

& € than a lever, or becaufe by the ufc of a balance noad-

itio ’ e MR .

to bm] power is obtained, which advantage ou"ht in truth
€ the charafteriftic property of a mechanical power,




222 Of the Vi .:Lme?u cal Porvers.

2
move at the rate of 12 feet per fecond, and anothe®
body weighing § pounds move at the rate of 24
feet per {econd, their momentums will be equal s
that is, they will firike an obftacle with equal for¢®
or an equal power muft be exerted to ftop the® j
for the product of 10 by 12, viz. 120, Is equal 9
the produét oi 5 by 24.

The forces of bodies acting on each-other by t

interpofition of machines is derived from the fam®

he

principle. Thus the two bodies A and B, fig: 1is
Plate V. are conneted with each other by the 19
terpofition of an inflexible rod AB (the fim pleft o
all machines) which refts upon the prop or fix

point I'.  If the rod move out of its horizont®
fituation into the oblique pofition CEE, the bodf
A will be forced to delcribe the arch AE, x&fl)'i[t
the body B defcribes the arch BC; and tho'
arches, being defcribed in the fame time, will 1€

prefent the velocities of thofe bodies refpectively?
therefore, the momentum of A 1s to the mome?”

tum of, B, as the weight of A multiplied by the Mcl
AE, is to the weight of B multiplied by the qrch

BC.

The velocities of A and B are likewife rcp[‘tiéﬂted
by their diftances from F; for the arches AE,BY
are as. their radit FA, FB. Thofe velocities ar¢
alfo reprefented by the perpendiculars EG, CD?
for fince the triangles EFG, CDF, are Cqu-qnt‘dl‘r
and fimilar, (the angles at G and D being “dl it

and thofe at F being equal) we have EF to FC, % :
GE
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GE to €D. Therefore the refpective momentums
of A and B may be reprefented cither by AXAL,
and BXBC; or by AXAF, and B XBI'; or laitly
by AXEG, and BXCD.

Note. The laft expreffion is ufed when the me-
tion of bodies that are fo circumftanced, refults
from the action of gravity ; viz. when one body re-
Cedes from, whilft the other approaches, the centre
(’_f the earth ; becaufe gravity adts in that direc-
top,

This is the principle of all forts of mechanifms; fo
that in every machine the following particulars niuft
be indifpenfably found. 1fl. One or mote bodies
Muft be moved one way, whilft one or more bodies
Move the contrary way. One of thole bodies or
fet of bodies is called the weight, and the other is
Glled the power, or they may be called oppofite
f“i"'l?.u;-';-‘,—_ adly. If the produét of the weight of one
° thofe powers, multiplied by the fpace it moves
thmu’fh in a certain time, be equal to the product
“fthe weight of the oppofite power multiplied by
the € fpace it moves through in the fame time ; then

¢ oppofite momentums being equal, the machine
Will rem; in motionlefs. But if one of thofe pro-
Qu‘LS or momentums excecds the other, then the
Omer is faid to preponderate, and the machine
;r‘)li;nox e in the 'dire@tion of the pI""pOﬂ( lerating
r; whilft the oppofite power will be forced ta
Ln(:f; the contrary way. And the preponderance
refented by the excels of one momentum over

the




254 Of the Mechanical Powers.

the other; for inflance, if one of the above-men«
tioned products or momentums be 24, and the
other 12, then the former is faid to be double the
latter ; or that the former 1s to the latter as tw@
to one.

By a flri¢t adherence to thofe particulars, the at*
tentive reader will be enabled to eftimate the

power and effect of every machine, excepting, how”
ever, the obfiruction which arifes from the imper-
fe&ion of materials and of workmanthip; as “‘“
fully appear from the following paragraphs.

In the explanation of the properties of the me-
chanical powers, we {uppofe the rods, poles, plan¢®
TOPES, &c. to be deftitute of W'“glh, io\whmb ad~
hefive property, and any i['i?{_.i.,riet‘t]ﬂ[i; for wher

the properties of thofe powers have been eftablifh”

ed, we (hall then point out the allowances prupﬁr
to be made on the {core of fri€tion, irregularity @
figure, &c.

THE LEVER.
A lever is a bar of wood, or metal, or othef
folid fubftance, one part of which is fupported by
or refts againft a fieady prop, called the fuler ruths '

o ik is
about which, as the centre of motion, the level

moveable.

ot
The ufe of this machine is to overcome 2 ‘7“'3

1
obftacle, by means of a given power. —Thus if 19

ftone A, fig. 12, Plate V. weighing roco 1701”’d % '
ups ‘

be required to be lifted up ({o as to pafs a rope = :
de |

3
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Ger it, or for ‘fome other purpofe), by means of
the ordinary ftrength of a man, which may be
Teckoned equal to: 100 pounds weight ; a pole or
lever CE is placed with one end under the ftone
at K ; it is refted upon a {tone or other fteady body
t B, and the man prefles the lever downat C. In

1

this cafe the man’s ﬁ’lt"]C"L
lEhr

1s ‘equal to the
1 part of the ftone’s wagnt, therefore its ve-
lﬂut\' muft be ten times greater than that of the

ﬂ,Dl]C :

+
Umes as-long as the part BE in order that the
I 5

that 1s, the part BC of the lever muflt be ten

Power md the weight may balance each other;
and if CB is a little longer than ten times BE,
then the ftone will be raifed. Indeed in this cafe
ﬂ-lﬂ part CB needs not be fo long ; for as the ftone
Is not to be enmmv lifted from the ground, a
kﬁ"u momentum is required on the part of the
Power at C.

In general, to find the proper length of the lever,
Ve need only multiply the weight by that part of

i

Ye Jever whi ch is between it and the fulcrum;
'1 -
8 divide the produét by the power; for the

Qotient will be the length BC, which is neceflary
1.
O form an wmha“L"n n-J of courfe a little more
th

tan fh"{‘ j 10 [ 1w ,1

be {ufficient to overcome the
(LP

'iua_
If when the length of the lever is given, you

Wif

3 h to find what power will be neceffary, to over-

Co < b
e a known obftacle or welght ; multiply the

It by that part of the lever which is between

Q i
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it and the fulerum, then divide the produ& bY
the other part of the lever, and the quotient is the
aniwer.

The poflible different fituations of the weight, the
fulcrum, and the power, are not more than threes
hence arife three kinds of levers; to all of whichs
however, the preceding calculations are equally ap*
plicable. Thofe fpecies are, 1. when the fulcrum
is placed befween the weight and the power, #
the one already deferibed. 2. When the ful®
crum is at one end, the power at the other ends
and the weight between them, as in fig, 13, Plat®
V. And 3. When the fulcrum is at one end, the
weight at the other end, and the power betweed
them, as in fig. 14, Plate V.,

Some writers add a toult ) {pecies, viz. the benk
lever; but as this differs only in fhape from the
others, 1t does not conftitute a proper difference of
kind.

Hitherto we have fuppoled that the weight and
the power at in direftions perpendicular to tsz‘
arms of the lever ; but when this is not the cM®
the diftances of the power and of the weight from th°
centre of motion muft not be reckoned by the
diftances of the points of f{ufpenfion from that
centre, but by the lengths of the perpendiculars let
fall from the centre.of motion on the lines of H°
direction of the forces. For inftance, in fig. £5
Plate V. the power at P, a&ts by nicans of

ok
ftring PB, on the end B of the lever, in a direél ;
Bl
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PR, ablique to the lever; andin cftimating the
momentum of the power, you muft multiply the
force or power ai)p]ied to the ftring, not by the
]Eilgth CB, but by the length CD, of the perpen-
icular, let fall from the centre of motion C, on the
line BP, which is the /ine of direction of the power.

Thus alfo in the bent lever ABC, fig. 16, Plate
V. whofe centre of motion is at B ; the momentums
of D and E are the weight of D multiplied by
8G, and the weight of E multiplied by BF. The
Teafon of the laft remark is eafily derived from the
Sompofition and refolution of forces (fee chap. VIIL)
Therefore we may in general {ay, that in any fort of
&ver, and in whatever direftions the power and the
Weight ast on it, if their quantities be inverfely as the
Perpendiculars let fall from the centre of motion on their
fpetive direftions, they will be in equilibrio; that is,

Aance each other.

It will be hardly neceffary to remark, that when
t}}& lever is loaded with feveral weights at different
Uiflances from the centre of motion, the' momen-
"am on each fide of the centre of motion is equal
t:‘) the fum of the produéts of all the weights on
tht fide multiplied each by its diftance from the
;2“3 of mot:[on. ‘T hus in.ﬁg. 17, Plate V. the
{hen::ﬂ—tm? of thfe fide '1\]-3 is .EQual to the ﬁ..lrn. of

Products of E multiplied by DA, F multiplied
¥GA, and H multiplied by OA; and the mo-
:;‘trum of the fide AB is eqx.ml. to the fum of €

iplied by BA, and K multiplied by LA.
Qz The
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The ufe of the lever is fo general and {o extenfiv
that leversof all forts and varieties are to be fe wund
in almoft every mechanifm;—in the w.a':,f.l'ks of pas
ture as well as thole of human ingenuity.

) The, bones of a human arm, AC, fig. 18; Plate
V.and indeed the greateft number of the move”
able ‘bones of animals, are leversof the third ki ind-
3 In fig. 18, D is the centre of motion; the pos wel
(viz. the infertion of the mufcle BC, the contracii

h of which moves the arm) is at C, and the effec
produced, or the weight 1s lifted, at A,

In this natural lever the power is not advantag®
oufly fituated; for as it lies very near the centr®
of motion, it muft be much greater than the weight
il which is to be lifted at A. But the lofs of powe*
is. abundantly compenfated by other adv antd ﬂbq
the principal of which is the compaétnefs o the
: limb.

The sxon crow, fig. 19, Plate V. which is cot™
' monly ufed by carpenters, black(miths, ftone-mA4”
is bent

| i

fons, &c. isa bent lever, flattened at A. It
a little in order that the weight may be lefs apt to
flip off ; and it is flattened for the purpofe of 1t
I ":ft-.-d 1t0 NATTow erevices:
o, 20, Plate V. or p-"-ff

P
of ot

being more eafily a
0

joi

15 10 the middle, and thew

1

b the two extremities; but

Fh (("L')Luhu!i i’ m the i UiC';'U.Tll. the

al ; and of courie wh

i TSt ST I L
i welghts are €c
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muft be equal ; but when one of the weights ex-

the other, then that arm to which the former
15 fufpended, will defcend, &c. And this is all the
ule that can be made of the balance, viz. to find

When two weishtsare t:iu:,ﬂ or um‘:qn;ﬂ’*.

* Common balances are fubjelt to many imperfeQtions,

ch are as i*:l]l'(’\-’\-

iHt. A balance is frequently in equilibrio, when the oppo=

s in its fcales are not equal. This arifes from

of 11_11'{-‘;5.'"1011 being not equidiffant from the
Lentre of motion; in which cale the empty fcales may be
Made to balance each other ; vet when egual weights are
but in them, thofe weights will not balance each other ; for

. “13_‘,‘ are {ifpended at uneqt 1al diftances from the centre of

1

M
“0lon, their momentums are actually unéqual,

2dly, The beam is frequently made too flight 3 in which

€1t is apt to be bent more or lefs by the weights that
4 put into the feales; and of courfe the apparent equili-
Hum canpot be depended upon.

3dly. Balances feldom are fufficiently fenfible. This
th1-'»’l arifes from wvarious eaufes, as from the great weight
:Jr the beam, from roughnefs and friction at the point of

R Penfion; from the centre of gravity of the beam being
“Onfidera} ably below the centre of mation, &ze.

}Jd]‘.ncec have been made in this country a and ellewhere,
Of 2 Wanderful degree of fenfibility ; viz. capable of having
nt.l— equilibrium difturbed by fofn nall aquantity as +—i-—5
"t of the w eight in each feale.  See the ,am}z;g; | de Phifigue,
%L 334 and the Phil. Tranf, for the year 1798, p. 148.

nd =
o I have heard of fcales even of a greater degree of fen-
byl ]f-}

he

o
W




230 Of the Mechanical Powers.
The feelyard, fig. 21, Plate V. (which many

" writers called by the latin name fatera romana) 18

a lever of the firft kind, whofe fulcrum or centré
of motion isat A ; the weight B is fufpended al-
ways at the fame diftance CA from the centre of
motion ; but the power or counterpoife E may be
fhifted from one point to another all along the arm
AD; by which means a great variety of weights
may be balanced by the fame counterpoife E, whof€
momentum increafes in the proportion of its dif-
tance from A, The whole length of the arm AD
is marked with numbered divfﬁons, each of which
indicates the weight of B, which is balanced bY
the counterpoife E, when E is placed at that paf
ticular divifion. Thofe divifions are alcertained bY
trial; for the two arms of the fteelyard being v
equal in weight, their momentums, when loade®
with the weights B and E, cannot be ef’cimnted
merely by the produdts of thofe weights multipli€
cach by its diftance from A.

The fteelyard was rendered more perfect by Mre

* B. Martin, a philofophical inftrument maker of veff

diftinguithed ability, who fixed a weight C to the
fhort end of the beam (asis thewn in fig 22, plat®
V.) capable of juft balancing the oppofite arm AD
in which cafe the momentums-of E and B 3
equal to their weights multiplied by their refped™™®
diftances from Aj; confequently the divifions oft
the arm AD may be eafily determined by meA*

furement, -
When
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When a lever is fupported at its two extremitics
A and C, fig. 23, Pi ate V. and the weight W is
f‘dl‘pcnd:‘d at a point B between A and C, thofe
two points A and C may be alternately confidered
One as the power and the other as the fulcrum;
from which confideration ‘it appears that the pro--
Portion of the weight which is fupported by one of
thofe props, is to the other in the inverfe propor-
tion of the diftances AB, BC ; hence when a weight
1 carried by means of a pole between two men, in
the manner commonly practifed by draymen when
u‘u carry a cafk of beer, the weight may be made
% bear harder upon one of the men than upon the

Other ; by placing it nearer to the one than to the
0”.1&1'_

THE WHEEL AND AXLE,

The wheel and axle (by fome called axfs in pe-
d’ﬂf/fw) confifts of a cylinder, AB, fig. 1, Plate
I, and a wheel DF faftened to the cylinder, and

all Moveable round the common axis, which is fup-
Ported at its two ends B and G.

In this mechanical power, theweight C 1s raifed
.Y rope which coils about the axle, and the power
“ 15 applied to the cncumﬁlenuc of the wheel.

fre it is plain that the velocity of the weight 1s
'O the velocity of the power, as the circumference
f the axis is to the circumference of the wheel, or

Caufe circles arc as their diameters) as the dia-

*Heter of the axle is to the diameter of the wheel 3
Q 4 hence
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hence the equilibrium in this mechanifm takes place
when the weight of E is to the weight of C,
the diameter of the axle is to th. diameter of the
wheel.

Inftead of the power E, the wheel may be fur-
nifhed with little handles o {pokes, as reprefented
in the figure, which may be moved by hand. OF
long {pokes may be fixed through the axis, and the
hands of one or more men may be applied to the
ends of thofe I‘po!\‘es, as in fig. 2, for the effe& will
be the fame as if there were' a wheel ; which is {o
evident as not to need any farther illuftration.

Cranes for raifing great weights, capftans, and
windlafs, fuch as are ufed on board of fhips, af
engines of this {ort.

Fig, 3, Plate VI. reprefents a very powerful e
oine, nearly of this fort. ABKI, and CIDH, ”"‘
two cylinders of unequal diameters, (but the di¥*
ference of thofe diameters muft not be very Q,T‘F-ﬂt)
firmly connected”together and moveable by 1 meaB®
of the handle F round the common axis EG, “‘IU{"
extremities reft upon two fupports, The {ame
rope is faftened with one end at D, and s wound
round the {mall cylinder CD; then it defcends '-1”'“1,
paffes round the pulley Z, to the frame of whiclll
the weight W is {ulpended; and laftly, the othe?
end of the rope is fafiened at A to the larger €¥°
linder. Now by moving the cylinders round; the
rope will unwind itfelf from the fmall cylinder, 3
WJIl coil itfelf round the large cylinder, as is cle* y
ﬂle“ ]
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e
=53

by fig. 4, which reprefents the cylinders as
feen by an eye placed in the direction of the axis.
If the cylinders were of equal diameters, the lower
part- Z of the 1'<)r,w, or the weight W which i1s [uf-
pended to 1t, would not be mov ed; for inthat cafe,
as much of the tope as 15 difengaged from one cy-
linder at each revolution, would be coiled round

+3

the other cylinder; but the cylinders bein

equal diameters, 1t 1s evident that at
tion of the handle F, more of the rope will be
coiled round the cylinder ABIK than will be di-

d from the cylinder C
the weight W will be rail

Chgage DIH; and of courle

e
28
-

E MOVEABLE PULLEY, OR SYSTEM OF
PULLEYS.

The pulley isa thick circular piece of wood, or
metal, or other folid matter, moveable round
Centre pin or axis, ‘which is fixed in a block or
frame, in the manner reprefented by A. fiz. s,
Pj'-Lt:: VI. In this fig. the frame is faftened to 2
eady beam; a mpc* 15 },uum over the pulley, to
: veicht W 15 fulp .,nn] d, and

'-»_i to the other end of the rope.

e power P is
1 'm: cafe it is evident, that in order to raile th
it, the power P muft move downwards as muck
ioht W moves upwards; or 1n other words,

g
|
i

3

qual; hence no advantage
ailm, ?.\;cq}w:: the con-
oing the direftion of the motion';

r
10
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fo that the aétion of this pulley'is exacly analagous
to that of the balance. Therefore the third me-

chanical power is not faid to be the pulley in ge-

neral, but it is faid to confift of a meveable puileys

Ty

or moveable pulleys, as thewn in the figures 6, 7, and
8, Plate VL for in thofe cafes, power is evidently
gained.

In fig. 6, the rope is faftened to the hook at F;
it pafles round the pulley BD, to the block of which
the weight W is fufpended, and is then held by the
power at E.  When the power pulls the rope, the
block, with the weight, are raifed, and the rope is
thortened on both fides; for inftance, when the
pulley, block, &c. are at the dotted fituation ms
the rope has been fhortened of the lengths AB,
CD; wviz. double the height mD; and that quantity
of rope has been drawn by the power; therefore in
order to pull the weight up from the fituation W
to that of the dotted reprefentation, the power muft
have moved through twice that fpace; that 1%
with double the velocity of the weight; hence the
equilibrium in this cafe takes place when the power
15 to the weight as one is to two.

Fig. 7, reprefents the fame cafe, excepting only
that in this the diretion of the power E is clmngt’d_
by the interpofition of 4 fixed pulley F; fo that i
W weigh two pounds, the power, or oppofite weight
E, muft weigh one pound to balance it ;- and thens
if a little more weight be added to E, the weight
W wiil be raifed. '
In
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In fig. 8, there is a block or frame contaming
three pulleys, and having the weight W faftened to
its hook; there is allo another block faftened to a
fteady beam, and containing three other pulleys.
The fame rope paffes through them all, and is faf-
tened with one end tothe upper block, whilft the
power E is applied to its other end. - Here it is
evident, that in raifing the weight, the rope muft
be fhortened at a, &, ¢, d, e,:and f; viz. fix times
as much as the weight is railed; and of courfe the
power E muft move with fix times the velocity of
the weights therefore the equilibrium takes place
when E is the fixth part of W3 viz. if W weighs
fix pounds, E needs not weigh more than -one
Pound, in order to balance the weight W3 butif
E weigh a little more than one pound, then the
Weight W will beraifed *.  The like reafoning may
be extended to any other number of pulleys.

Fig.

e

* The circumferences of pulleys are generally grooved,
Or hollowed, in order to receive and retain the rope.  The
Axis; or centre pin, is fometimes fixed to the block, and the
P"‘HC}’ moves round it ; and at other times the axis is fixed
-'Tl the pulley, and its two etids move in two holes made in
M block. '

A great degree of friction is the principal defelt to which
this mechanical power is liable, and which arifes from three
Saufes; viz. from the diameter of the axis bearing a con-
fideraple proportion to that of the pulley, from the pulley’s
’ mbbi"g againt the fides of the block, and from the ropes
hot being fufi ciently pliable,

0
1914
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another variety of
this mechanical power. Il confills

Fig. 9, of Plate VI.

of one fixt, :md

oné¢ moveable ‘pulley ; but in fal each of thofe
pulleys performs the office of three pulleys, for it
confifts of three grooves of unequal diameters, as 1S
fhewn by the lateral repreibﬂ‘m!ion of one of them
at R. The {ame rope which is faftened with one
extremity to one of the blocks, paffes fucceffively
over the fix grooves, and the power is applied at
its other end E.

In order to underftand the aétion of this con-
firuétion, it muft be confidered, that in the com-

binatien of fig. 8, ‘,\.‘L;u'e ti;e pulleys are all of the

meter, cach pulley muft move fafter than
the preceding pulley, becaufe a greater length of
rope muft pals over each pulley than over the pre-

ceding pulley, as may be eafily compr e'ﬂcm d by

P
infpecting
The principal contrivance a, which have been made for

the purpole of diminithing thofe caufes of oﬂ:,u_;;gn, WHU'
be mentionzd in the next

f.‘,ﬂ:ip‘.i':l'.

I the defcription of this mechanical power we have coi=
fidered the ropes as alling always perpendicular to the
horizon; but when thatis not the cafe, as for inftance;
. 7, Plate Vi, the hook S and the pulley
thent
the

would be, 1f in fig

& were placed at a greater diftance from each other
the velocity of the weight is. to be eftimated not E.}
of the rope which is drawn, but by the pC”‘L”‘ll

ht to which the weight is raifed. And the 11""‘

tood with refpelt to the direction of




L¥d Gl

al Powers. 239

1

infpe@ing fig. the 7th, where it is evident, that if

-

3 -
the we

be raifed one foot, the ropes muit be

thortened of a foot each, viz. a foot from B to A,

and another i"-,_- st from D to C; hence whilfk the
length A B pafles over the 1_'-J]!c3,‘ B D, twice that

pulley F, if equal in diameter |
two g‘g';,‘:,,ll‘.[-lxllls, whilt

Yevolution. It is allo

F were of double the
the fame thing, of double the diameter of BD; then
each of the pulleys would make one revolution n
the fame time. Now returning to the conftruction
of fig, o, it will be eafily u,‘.n'lr.rehendcd, that as

the three grooves of the upper pulley, asalfo the
three of the lower pulley, belong to one {olid body,
they muft revolve in the fame times therefore,
their diameters, or their circumferences, muft be
Made in the proportion of the quantity of rope,
%hich muft pafs over them in the fame time.
Thus whilft one foot length of the rope pafles over
ﬂlc ik groove 4, two feet of rope mufl pai [s over
the {fecond groove b, three feet of rope muft L

her

Over the third eroove ¢, and fo forth. Therefore,

7

the diameter of the fccond groove &, muil be twice
the diameter of the firft groove @ 5 the diameter of
the third groove ¢, quft be three times that of the
Bift 45 the diameter of the fourth groove 4, mufk
Be four times that of a; &c. or, in other words,

the
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the diameters of the groeves a4, 3, ¢, d, ¢, v muft
be in arithmetic progreflion ; the difference of the
terms being equal to the diameter of ‘the firfk of
{malleft groove. :

It is evident, that in this conftfu@ion, in order to
raife the weighty fix ropes muft be fthortened, and
of courfe the power muft move through fix times

the {pace that the weight moves through, confe
quently the equilibrium takes place when the power
is equal to the fixth part of the weight W,

The principal advantage which is attribtited to
this conftruction, is the reduction of friGtion ; for
in this, there are only two axes and four furfaces
which rub againft the blocks; whereas in the con-
ftruction of fig, 8, where the pulleys are all fepa-
rate, there are fix axes and 12 {urfices which rob
againft the blocks. But, in my opinion, this ad-
vantage is more than compenfated by the imper*
fections which are peculiar to this conftruétion
for, in the firft place, if the grooves are not made
exadily in arithmetic progreffion, or if they be*
come otherwife by the accumulation of dirt, &¢
then the rope mult partly flide over them, which
will occafion a confiderable degree of friction s
and fecondly, even when the grooves are of the
proper dimenfions, ifi.the rope happens to ftretch
more 1n one place than'in another, which is gene”
rally the cafe, then the above-mentioned fliding
and friction will alfo take place.

THE




THE INCLINED PLANE.

A plane fuperficies inclined to the horizon, is
another mechanical powet ; its ufe being to raife
weights from one level to another; by the applica-
tion of much lefs force than would be neceffary to
Taife them perpendicularly. Thus in fig. 10, Plate
VI. AB reprefents a plane inclined to the horizon-
tal plane AC ; where if the weight D be rolled up-
wards from A to B, the force neceffary for the pur-
pofe will be found to be much lefs than that
Which would be required to raife it directly and
Perpendicularly from C to B.

In this cafe the effe& which is produced, con-
ffts in the raifing of the weight from the level of
AC to the level of B; but to effet this, the power
Wmuft have moved from A to B; (for the power
Ats in that direftion, whilft the weight or gravity
of the body adts in the direftion of the perpendi-
Slar CB;) thercfore the velocity of the weight in
thig engine, being to the velocity of the power, -as
the perpendicular height BC of the plane is to its
Sngth AB, the equilibrium takes place when the
Weishit is to the power, as the length of the plane
B to its perpendicular beight.

This property may be clearly fhewn by the fol-
lowi“g experiment :—Let AB, fig. 11, Plate VL

¢ a plane moveable upon the horizontal plane AC;
Yz, fo as to admit of its being placed at any re-

quired
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quired angle of inclination, which is eafily accom-
plithed by means of a hinge at A, and a prop be-
tween the two planes. The upper part' of the

plane mufl be furnifhed with .a pulley B, over

which a flring may eafily run. Let the cylin-
drical weight I be made to turn upon flender pins
o ' iy

1

LY. O WSt e Tl hich the hook ¢ is faltensd witl
1n the frame &y 10 which the hook e 18 faltened with

a L, which paffing over the pulley B, lolds
the ht Efulpended at its other extremity.—

I'he pulley fhould be fituated {o that the Tope & Bs
may be parallel to the plane. ]

This plane may be fixed at any angle of incli*
nation, and it will always be found, that if the

of the body E be to the weicht of the
!l o =

body D, together with that'of its frame F, as the
perpendicular height CB of the plane is to its length
AB, the power E will juft fupport the cylinder D+
with its frame I upon the plane, and the leaft
touch of a finger will caufe the cylinder D to nl'ccﬂd
or defcend ; the counterpoife or power E mowing
at tI*e fame time the contrary way

I

r—t
T
r\
::. .
i
]

ﬂ:li_i"’;:"l 15, e els ‘\.f.h |-\ I'e( H]nal to d{ AW u!‘) th“'
‘\‘L; l‘i. .IA) 5 al L! Li’ J‘1‘|‘_’ 'YI en [_uc '_'inglc U‘ 1[_',!(:]j
the leaft force |

will be fufficient to move the body ; that is, whef
e

ﬂﬂLf!.')[} 'R”:'li“.fa."-""‘ ar &)i‘[f[ii]'lt;‘:n ni)h.\."fl

the plane AB | -illel o ‘LI horizat; O

T 1 1o¢
upon an horizental '7 ane, the lieavieft bi,m ml L—""L
be moved with the leaft power, were it not for thH
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frition, which is occafioned by the irregularity of
the contiguous furfaces, &c.(1.)

THE

(1.) The above-mentioned explanation of the property of
th inclined plane, applies only to one direftion of the
Power; namely when the power alls in a direction parailel
o the plane; but the general theory will be found in the
following propofition:

When a budy or <eight W is fuflained upon a plane,
Which 15 inclined ta the-borizon; viz. when the power P is
Juft [ufficient to balence the weicht upsn that plane; then the
Power is 1o the weighty as the fine of the plane’s tnclination is
o the finewwhich thedireition of the power matkes with a line
Perpendicular to the plane.

Let AB fig. 12, Flate VL 'be the plane inclined to the
horizon AC, and let a weight at O be fupported partly by
the plane, and partly by a power which acts in the direftion
OV. Through O draw EOQC perpendicular to AB, and
4t C, where EC mests the horizontal plane, erect CV per-
Pendicular to the horizon, to meet the direftion of the
Power as at V.

Now the body W, fituated at O, is balanced, or kept at
reft, by three powers, which (fee prop. IV. chap. VIIL)

e the fame proportion to each other as have the right
0es parallel to their r.efpe&ive direétions, and terminated
¥ their mutual concurfe; namely, by the power which is
B0V, by the gravitating power, which is as VC; and
¥ the reaition of the plane, which is as OC; hence the
Power is to the weight, viz. P2 W ::0V : VC; or (fince
t_he fides of plane triangles are as the fines of their oppofite
Ngles) P W :: fin. OCV, or BAC: (for thofe angles are
“Qual fince the right-angled triangles BOC, and BAC

YOL, 1, R have
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THE WEDGE.

; The wedge has been juftly confidered as a {pe-
cies of inclined plane; for it confifts of two
inclined

have a common angle at B) : fin. VOE, or VOC ; for thof®
angles being the complement of each other to two right

angles, have the fame fine.

From this propofition the following corollaries are evi
dently deduced :

1. Since P: W ::fin, BAC: fin. VOC; it

. ¢ - i g
Wik P s W ot ¢ thereiisie e
fin. VOC fin. BAC 1erefore if

weight W, and the inclination of the plane, or fin. BAC
remain the fame, the power muft increafe or decreafe i
verfely as the fine of VOC ; hence when the direction of the
power is perpendicular to EC, or parallel to the plane ABs
then the fine of VOC, being the fine of a right angle, is
the greateft fine poffible, and, of courfe in that cafe ¢
power P, which is required to fuftain the weight W, is £
leaft poffible; or, which amounts to the {ame thing, then
the greateft weight may be fuftained by a given power
Alfo when the direftion of the power coincides with 06
namely when the power afls in a dire&ion pcrp':lldicubr
to the plane, then the angle VOC vanifhes, and the power
muft be infinitely great.

2. If the direCtion of the power be parallel to, or cotll”
cide with the plane, then the equilibrium takes place whet
the power is to the weight:; OB: BC:: (Euclp- 8'
B. VL) BC : BA; viz, as the elevation of the plane i$ @
its length ; oras the fine of its inclination is to radius.

3. If the direction of the power be OR; that is, pﬂl’ﬂlk}

. e (4

1o the horizon, then the cquilibrium takes place whert * )

1
§o
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inclined planes joined bafe to bafe, as fhewn in
fig. 1, Plate VIL. where AB or GCis the thick-
nefs of the wedge at its back, upon which the force
or power is applied (be it the ftroke of a mallet, or
any other prefiure) ; the middleline FD is the axis
or height of the wedge; DG and DC are the
Ieagths of its-flant fides; and OD is its edge,
which is to be forced into the wood or other folid;
fince the ufe of this inftrument is for cleaving of
Wood, (tone, and other folid fubftances; or, in ge-
neral, for {eparating any two contiguous {urfaces.

——

Power §s to the weight :: OR : CR :: (fince the triangles
ORC and BAC are fimilar) BC: CA; viz. as the eleva-
tion of the plane is to its bafe.

4. The power muft fuftain the whole weight, when its
dire@ion is perpendicular to the horizon.

5. The power is to the preflure on the plane: . OV :
OC :: fin, OCV : fin. OVC :: fin. BAC: fin. OVC.

6. The preceding analogy,by alternation, becomes B'fin,
Bac.. peell. : fin. OVC, from which it appears that whea
the power and the inclination of the plane, or angle BAC,
emain invariable, the preflure on the plane muft increafe or
decreate according as the fine of OVC increafes or de=
Ceafes ; therefore when the direiion of the power is pa-
Yalle] 1o the bafe; and OV C becomes a right angle; whofe
"eis the greatelt, then the prefiure on the plane will like-
Wife be greateft.

17- When the direftion of the power is parallel to the
p‘a‘n% P: preflure : : O8: OC:: BC: AC.
baé';ghin the c’airc.fliiou of the power is pa-allel to the
> then P ; preflure ;: OR : OC:: BC : BA.
R 2 Hence,
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Hence its application is very extenfive, and in fact,
{ciffars, knives, nails, chifels, hatchets, &c. ai€
nothing but wedges under different (hapes.

Strictly {peaking, in the geometrical language, #
wedge may be called a triangular prifin; for it may
be conceived to be gencrated by the motion of #
plane triangle in a direction parallel to itfelf, as that
of the triangle GCD, from GCD to ABO. And
it is called an #fofceles or fralene wedge, according #
the generating triangle, or face, GCD, is #fp/cel’
or [calene.

The action of the wedge, is evidently derived
from that of the inclined plane; yet a variety of
circumftances has rendered the mvefligation of the
power of the wedge more puph.\mt‘r than ¢hat o
any other mechanical power *

The moft rational theory fhews, 1. That whi®
the preflures on the fides of the ifofceles wedge are nfjﬂ‘";
and’ aft in direfiions jne)prf.rdmfllzr to thofe jfides, the
equilibrium takes place, when the force on the back ‘?f
the wedge is 1o :mjvm of the prefures on the fdess ®
GF, wiz. half the thicknefs of the back, is to either o
its flant fides, GDyor CD. 2. That when the _'P?":'!:

U/_;,-rf.-‘

T

* The proportion between the power, which is aPP“ed
to the back of the wedge, and the effedt which is prﬂdhcg ‘
oit the fides, has been ftated differently by different autho™®’
“Thofe who wifh to examine the reafons of thole dsﬁuffﬂ
cp:r‘mn: m:;y coni ul* Rs—zcsz-:m s Comp. Syft, of Phib Fr
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Jures are equal, but aét in direGions equally inclined to
the fides of the ifofceles wedge, the equilibrium takes
Place when the force on the back-is to the fum of the
“efiftances upon thke fides, as the produét of the fine of
kaif the vertical angle GDC of the wedge, multiphied
by the fine of the angle whick the direftions of the re-
Sfances make with the fides, to the [quare of radius.
And 3. that when in a fcalens wedge three forces acl-
ing perpendicularly upon its three fides, kecp each other
in equilibrio, thofe three forces are refpectively propor-
Yional to the fides.
The three parts of this propofition will be found*
demonftrated in the note (2).
From

——

(2) In order to demonftrate the firft part of the above-
Mentioned propofition, let AKD, fig. 2, Plate VIL repre-
fene the facc of an ifofceles wedge. B and E are two obitacles,
Which prefs upon its two fides in direCtions perpendicular to
tofe fides. Suppofe the wedge to be impelled downwards
* far as the dotted reprefentation GLF, in confequence of
Which the obftacles B and E muft be driven to the places

and M. Through O and M draw OI and MQ_pa-
r_‘""“‘fl to the middle line or axis CD of the wedge; which
"es will meet thole fides in two points 1, Q. Join I, Q,
% alfo O, M, with the lines IQ, OM. Then it is evident
from the parallelifin of the lines, that OM is equal to IQ ;
~hce the part 1Q_of the wedge muft have advanced as far
-;Zc(iiM 3 therefore YN, or 10, or QM, rcprgfents the ve~

.Y of the wedge (that is of the power); whilft BO and
“% Teprefent the velocities of the obftacles.
R3 Now
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From this it follows that by the addition of 2
little more force on the back of the wedge, than
that which is fufficient to form the equilibrivm,
the refiftances will be overcome, &c.

It

.

Now the triangles JOB, and ACD are equiangulars
(the angles at C and B being right, and the angle BIO
equal to CDA; Eucl p. 29. and 32. B. L.} and of courle
fimilar (Eucl. p. 4. B. VL) therefore confidering half the
wedge and one obftacle, OB:OI:: AC: AD; that
is, the velocity of the obftacle B is to the velocity of the
power, as half the thicknefs of the wedge is to its flant fider
Likewife for the fame reafons we fay that the velocity of the
prefing obftacle E is to that of the powet, as half the
thickne(s of the wedge is to its flant fide. Therefore, by
adding thole proportional quantities, we fay that the velocity
of the obftacle B plus the velocity of the other obftacle E
is to the velocity of twice the half wedge, (viz. of the
whole wedge) as the whole length AK of the back, is 1a
the fum of the fides AD, DK ; or as half the length of the
back is to one fide, '

But when oppolite powers, which a& upon each othels
are inverfely as their velocities, they form an cquilihrium;
therefore when the power on the back of the wedge i 10
the fum of the refiltances on the fides, as half the length @
the back is to one flant fide, the wedge remains motion]ds’
which is the firft part of the propofition.

In order to prove the fecond part of the propofition i L
ABC, fig. 3, Plate VII. be the face of an ifofceles wedg“”
HC its height or middle line, E and ¢ two obftacles whic?
prefs upon, or are to be removed, in the directions EF,
equn]I)} inclined to the {ides of the Wedge.‘ Let the forces

¥ . rcpl,c(en‘:ﬁ‘
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it alfo appears that the fmaller the angle GDC
s, the lefs force will be required to drive the wedge
to any folid fubftance,

We

—

Feprefented by the line EF, be refolved into two other forces;
Viz, FD parallel, and DE perpendicular, to AC; then the
former of thofe forces, being parallel to the fide of the wedge,
Cannot have any power upon it; therefore the original force
EF will have juft the fame effect upon the wedge as the
lefler perpendicular force DE; the former being to the
atter as radius to the fine of the inclination of the force EF
to the fide AC. But, by the firft part of this propofition,
this perpendicular force DE is to the power on the back of
the wedge which balances it, as AC is to AH, or as radius
% the fine of the angle ACH, (viz. half the angle at the
Vertex of the wedge) therefore, by compounding thofe ratios,
EF xED : power on the back X ED : : force EF : power
On the back : : fquare of radius : fine of half the vertical
ngle x fine of the inclination of the refiftance.

The oblique force ¢f on the other fide of the wedge, being
®qual to EF, will require another power equal to the former
0 the back of the wedge, to balance it; therefore the fum
Of the refiftances on the fides of the wedge is to the whole
POwer on the back, as the fquare of radius is to the produck
“f the fine of half the vertical angle multiplicd by the fine of
Lh? inclination of the refiftances to the fides of the wedge.

' Lo order to prove thelaft part of the propofition, let GD,
F'Fa and GE,; fig. 4, Plate VII. reprefent the direGions of
tv«:e three forces perpendicular to the fides of the {calene
tl](;d'-:,“&' ; A B C Produce E G fraight towards O, and
"hr:ugn F draw FO parallel to DG. Then fince thofe

¢ forces balance each other, they muft be (by prop. 1V.

R 4 of
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We fhall laftly obferve, that when the wood
fplits below the edge of the wedge, as is (hewn by
fig. 5, Plate VIL which is generally the cafe ; then
the fide of the wedge muft be confidered as equal
to either fide of the cleft; for in fact if we fuppofe
that the wedge is lengthened downwards to the
very apex of the cleft; the effect will be the fame. .

THE SCREW.

The {crew is the laft mechanical power that re-
mains to be deferibed.  This is likewife confidered
5 a fpecies of inclined plane; it being in faék no~
thing

—_

of chap, VIIL) refpectively proportional to the threé
fides of the triangle GOF ; but this triangle GOF 1
equiangular, and therefore (Eucl. p. 4. B VL) fimilar, t9
the triangle ABC; therefore the three forces are likewif®
refpectively proportional to the three fides of the triangle @
wedge ABC.

The triangles GOF and ABC are equiangular; for the
four angles of the quatrilateral figure AEGT are equal 1
four right angles (Eucl, p. 32. B. 1) and fince the angl®®
at E and F are right, the two angles FAE and FGE mul
be equal to two right angles; that is, equal to FGE plt*
FGO. Therefore taking away the common angle FGEs
there remains the angle FAE equal to FGQ. = Alfo in the
like manner is pruvcd that the angle DBE is equal t0 e
angle OGD, and likewife equal (Eucl p. 29. B- L)
FOG. Andlince the two angles at O and G of the tri-
angle r(JO are refpeltively equal to the two angles 8%
and B of the triangle ABC; the third angle of the form<s

mufl be equal to the third angle of the latter.
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thing more than an inclined plane coiled round a
eylinder ; and the nut or perforated body which
moves up or down a {crew, moves up or down an
laclined plane in a circular, inftead of a redtili-
hear, direction.

Either the ferew A may be moved forwards and
backwards in a fixed nut as in fig. 6, Plate VIL or
the fcrew A remains fixt, and the nut BC, or perfo-
Iited plece, 1s made to move upon the fcrew as in
fig. 7.—By way of diftinétion A s called the male
ferewe, and the nut B with its perforation fhaped
like an hollow ferew, is called the female ferew.—
The {piral projections e, f, g, &c. are called the
~threads of the {crew.

The power which moves this moft ufeful, and
moft powerful engine, 1s applied either to one end
of the ferew, which is generally furnifhed with a
fort of head or pim%tmn or to theend of a lever
Which is fixed either in the head of the fcrew as in
fig. 6. or in the nut BC, as in fig. 7. And then
indeed it ma iy with more propricty be called an
engine compounded of a fcrew and a lever.

In all cafes the equilibrium takes place between
the effect which is produced at the end of the fcrew
O at the nut, and the power, when the former isto
the latter as the circumference defcribed by the
PoOwer in one revolution, is to the diftance between
two contignous threads of the fcrew. Thus fup-
p(‘ﬁng that the difance between the threads be
half ap inch and the length of the lever CD be 12

inches ;
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inches; the circledelcribed by the end D of the lever
will be about 76 inches, or 152 times the diftanec
between two contiguous threads; therefore if the
power at the end D of the lever be equivalent to
one pound, it will balance a preffure of 152 pounds
acting againit the end of the fcrew in fig. 6 ; or it
will fupport a weight of 152 pounds on the board
B, fig. 7, &c.

The reafon of this is {o evidently dependent on
the properties of the inclined plane, that nothing
more needs here be faid about it.

The leaft refletion on the preceding explanation
of the nature and properties of the mechanical
powers will fufficiently prove that, f’cri&]y (peakings
the real and origmal mechanical powers are not
more than two in number; namely, the lever and
the inclined plane; fo that all the others are only
fpecies of thofe two; the balance, the wheel and
axle,and the pulley, being {pecies of lever; and the
wedge with the {crew being {pecies of inclined plane-
It is however immaterial whether thofe powers D€
reckoned all primitive and diftin@ from each others
or not; for the theory remains always true and the
fame. - The only advantage which might be deriv ed
from the 1dea of the original mechanical pO‘w'"f_lq
teing only two, is that their properties might, '
that cafe, be explained in a much more concile
manner ; yet it is to be obferved that, after a €¢I

tain limit, theories became obfcure and perplex xing»
n
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in proportion as they are rendered more concife
and comprehenfive.

Before we quit the prefent chapter it will be
Proper to make the following remark, the object of
Which is to prevent the eftablifhment of wrong no-
tions in the mind of the reader, with refpect to the
Powers of the above-mentioned engines.

Beginners in this branch of natural philofophy
fréquently imagine that by mcans of the mechani-
cal powers, a real increafe of power is obtained ;
Whereas this is not true. For inftance, if amanbe
Juft able to convey 100 weight from the bottom to
the top of his houfe in one minute’s time, no me-
¢hanical engine will enable him to convey 300
Weight to the fame height in the fame time; but
the engine will enable him to convey the 300
Weight in three minutes; which amounts to the
famc thing as to fay that the man could, without
the engine, carry the 300 weight by going three
times to the top of the houfe, and, carrying 100
Weight at a time, provided the load admitted of
15 being fo divided. Therefore the engine increales
the effedt of a given force by lengthening the time
of the operation; or (fince uniform velocity 18 pro-
Portional to the time) by increafing the velocity of
that force or power.

Thus again, if any aé Give force is able to raife a
Weight of 10 pounds with a given velocity, it will

¢found impoffible, by the ufe of any inftrument,
ta
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to make the fame force raife a Welght of 20 poundss
or in general a weight more than 1o pol 1ds, with
the fame velocity ; but it may, by the aid of the
inftruments, be made to raife ‘the weight of 20
po-unds with half that velocity; or, whigh is the
fame thing, it may be made to raife it to half the
height in the fame time ; for it 1s not the power Of
force, but the momentum, (viz. the produ& of the
force by the velocity) that may be increafed or di-
minifhed by the ufe of thofe engines.

The power, or 2 acting force, is fo far from being
increafed by.any machine, that a certain part of if
1s always loft in overcoming the refiftance of me-
diums, the friction, or other unavoidable imperfec:
tions of machines.  And this lofs in fome com-

pound engines is very confiderable,
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CHAPTER XiL

8F COMPOUXD ENGINES; OF THE MOVIXNG
POWERS; AND OF FRICTICN.

LL the inftruments or machines which con-
nect an active force with a certam effed,
however complicated they may be, will, upon ex-
dmination, be found to confift of the already de-
feribed mechanical powers. - Thofe component
fimple mechanifms are frequently varied in (hape;
their connedtion is infinitely diverfified ; but their
Nature and their properties remain invariably the
f&mc.

- Varlous are the powers which have been em-
Ployed as firft movers of machines; but the prin-
Cipal of them are, 1., The natural firength of a man
O number of men. 2. The ftrength of other ani-
Mals, and principally of horfes. 3. The force of
rUnning water. 4. The force of the wind.  5.The
tlaftic force of the fteam of boiling water. 6. The
claftic force of fprings. - 7. The fimple weight of
hea"}’ bodies.

A great part of moft machines relates to the
Power itfelf; viz. it confifls of contrivances necef-
fary for the generation, application, prefervation,
nd renovation, of the ative power or force.  The

effect
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effect which is to be produced by that aétive forces
is derived from the proper application of the above~
mentioned fimple mechanical powers ; which di=
vide, or concentrate, orregulate, the original forces
As for the effects which are produced by machiness
it is" impofiible to afcertain their number, or even
to arrange them under general and comprehenfive
titles. ‘

The beft machine for the production of any par=
ticular effect, is that, which (all circumftances of
fituation, materials, &c. being confidercd) will pro-
duce that effe& in the fimpleft, fteadieft, fafefts
and cheapeft manner poffible.

It is not my intention to defcribe the princ‘pal
machines, that are now in ufe amongft the en=
lightened nations of the world ; that being incomt*
pa.tiblc with the nature and the limits of the pre'f‘ﬂt
work. Thofe perfons who may be defirous of €3
amining the peculiar conftruftions of the variou
engines of arts, manufattures, navigation, aeco”
nomy, &c. will find a great variety of books writte?

xprefsly on the fubje®, in almoft every Ianguﬂé’éc
of Europe; - but in none more fo than in the
French.

In the prefent chapter, the methods of cof”
puting the powers and the effets of machines
general, will be briefly ftated ; and the defcript!
of a few mechanifms will be inferted merely for the
purpofe of exemplifying the application of the

hmthou ; whence the reader may be enabled >
;ud'—"’

jon
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Judge of the power and effe& of any other machine
that may fall under his examination.

A compound engine either confifts -of ene fimple
Mmechanical power repeated two or more times; or,
it confifts of feveral fimple mechanical powers
Varioufly combined, and connected with each other.
In any cafe, the power and the effeé muft be efti-
Mmated from the refult of the effeéts of all the com-
Ponent fimple mechanifms feparately confidered,
Which is done in the following manner :

Find what proportion the power bears to the el
fect in each fimple mechaniim 3 put all thefe ratios
One nunder the other, and find their fum, which fum
Will exprefs the proportion between the power and
the effect of the whole compound engine*. Thus
fuppo{é that a machine is compounded of three
fimple mechanical powers, viz. a lever, an inclined
Plane, and a moveable pulley ; and fuppofe that a
Power applied to one end of the lever will produce
3 double effe& at the other end ; for inftance, cne
Pound will balance two pounds ; then the propor-
Yon of the power to the effe, is as one to two.

Uppofe alfo that in the inclined plane, the power
is
\\—-_;

* The fum of two or more ratios is obtained by multi-

Plying the antecedents together and the confequents toge-

Wer ; angd the two products will form a ratio, which is cal-

":d the fum of the given ratios. Thus the ratio of 2 to 3

f;ufh the _m'-‘in of 2 to 5; plus the ratio of 4 to 7, is equal
€ ratio of 10 to 105; viz. of 2X2 X4 103X 5X7.
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15 to the effect as three to {even 5 and laftly, that 1
the pulley, the power is to the effet as one t@
two., Now thofe three ratios being written one

under the other thus . ; and
=
multiplied. viz. all the antecedents 1 2
together, and all the conlequents
3': 28

together, the two produéts thence arifing will ex*
hibit the “proportion which the power bears to the
effect in the whole compound engine ; viz. that #
power of 3 pounds will balance a-weight of 28
pounds.

Otherwife the effe of a compound engine maf
be computed by confidering the velocities of the
power and of the effect; for they are to each othef
inverfely as their velocitics, viz. the power is to th
effect as the velocity of the latter is to that of the
former. ‘Thus in a certain compound engine I i
that the power muft move through szoo fe€¥
whillt the weight moves through 3 feet; I thef®
fore conclude that a power of g pounds will b¥
lance a weight of §oo pounds in that machine, “‘_1;
of courfe a little more than 3 pounds will rail?
the goo pounds weight.

Fig. 8, Plate VIL. reprefents an engine confiftiné
of three levers CD, DG, GH, each of which move?
round 2 pin or axis fixed to a fteady polt, and i
difpoled fo as to aét upon each other. Let Chs

6 e

DE, GK be cach one foot long, and AD, EG; KI’I
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be each three feet long, then the weight I of one
pound will produce a prefiure of three pounds at G
on the end of the next lever, and this force will
Produce an effet equal to 3 times g5 or g pounds,’
on the end D. Laftly, the end D of the third
lever CD. being prefied downwards with a force of
9 pounds, will balance or keep {ufpended at the
Oppofite end C the weight W, of 3 times g, viz:
of 27 pounds. And a little addition of power to
the end H wiil enable the engine to lift ‘up the
Weight W *.

By increafing either the number of levets, or the
difference of length between the two parts of each
lever, the effect at the end C may be increafed to
a0y degree. But the great defect of thisengine is,
that the end C with the weight W can be raifed a
Very fhort ways '

* The effe& of this compound engine may be calculated
act(«‘!‘ding to the preceding rule, by fetting down the pro-
Portion between the pewer and the effe in each of the
Fhr@t levers; then multipl yirig the antecedents together and
the Confequents together, their produéts will give the an-

fwe $ .
i Thus fince the two parts of each lever are as one to

} K

Aree, therefors we have = - 1 - 3
-3
f L%
1. 27

:hich fthews, that in order to form the equilibrium, the
“Wer I muft be to the weight W as I to 27, the fame as

Doy T . s i o «
€&.—The fame thing may be done with other engines.
voL. 1, Fi
s ig.
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Fig. g, Plate VIL reprefents a combination of
four pulleys, three of which are mowveable and one
is fixt. Butthis combination muft not be reckoned
a fingle mechanical power, becaule the fame rope
does not run over all the pulleys. It 1s, therefore, 2
repetition of one and the {ame mechanical power.

Three ropes are faftened to the beam EF, at Gs
H, and K. The firft rope goes round the pulley
A, to the block of which the weight W is faftened;
and is then tied to the hook of the block of B-
The fecond rope goes round the pulley B, and i,
faftened to the hook of the block of €. The third
rope goes round the pulley C, as alfo round the
fixt pulley D and holds the counterpoile or power
B ;

The pulley D being fixt to the beam, does nothing
more than change the diretion of the motioB?.
therefore if the power I weigh one pound, it wil
balance a weight of two pounds affixed to the
block of the pulley €. Then the pulley C a&inb
with a power of two pounds, will balance a weight
of twice'two, or of 4 pounds affixed to the b]odi
of the pulley B, and this will balance a weight y

: g ! 1 _ FheE
of twice 4, or 8 pounds, affixed to the block of tl L

_ 1 ] i - 1 W
pulley A ; fo that 1n order to pull up the weight

; L . Tireta G
of 8 pounds, the power I needs be very litile he

vier than one pound.
; ) RN R ~ P o 1enee
This engine is fubje& to the fame inconvente™
: e o L A 1jet
as the preceding; wiz. the weight W can be rail

but a very hittle way.

Fig:
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Fig. 10, Plate VIL. reprefents a combination of five
Wheels A, B, C, D, E; each of which turns round
3 centre-pin, which is fuppofed to be fixed toa
ﬁﬂady frame., Thofe wheels are connefted with
each other in the following manner: The wheel A
bas 4 {mall wheel or pinion o faltened to, and con-
Centric with, itfelf,  This pinion is furnithed with
teeth, which move between the teeth on the cir-
“Umference of the next wheel, which is likewide
furpifhed with a pinion which a&s in a fimilar
Manner on the next wheel, and {o on, excepting
the laft, which has an axle inftead of a pinion,
and round this axle a rope is applied, to which the
Weight W is {ufpended.—The power I is applied to
the circumference of the firft wheel. ;

This engine confifts of a repetition of the wheel
*d axle ; for the pinion of each wheel 15 in fact its
Wle, excepting that inflead of acting immediately

Une

Pon the weight by means of a rope, here it exerts

s force againft the next wheel by means of its
teety,, :

Let the circumference of each wheel be equal to
Ve tines the circumference of its pinion, Then if
:Wﬁght I of one pound be fufpended to the cir-
Qumference of the wheel A, the pinion o will a&k

U the circumference of the fecond wheel with a

Urce equal to five times the power I, viz. equal to
csui(;‘fufds, and this force of ;5 po?nds on tl.le Cii:—
Ny :lence of the ijecond wheel will enab_le its pi-
0 act on the circumference of the third wheel

5 2 with
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with a force equal to § times g5, viz. 25 pounds:
After the fame manner the foree of 25 pounds oF
the circumference of the third wheel will enable its
pinifon to a&t on the eircumference of the fourth
wheel with a force equal to s times 25; viz. 125
pounds, in confequence of which foree applied toth®
circumference of the fourth wheel, the pinion of th#!
wheel will a& on the circamference of the laft whee
with a force equal to z times 1253 viz. 625 pounds:
which force will Iuhnce a weight W of g times 625
viz. of 3125 pounds. Therefore the power 1of
one pound will balance the weight W of 3125
pounds.

Fig. 11, Plate VIL. reprefents an engine ‘cot®
pounded of a lever, a ferew, and a wheel and axles
The lever AB 1s moved by the application of @
band to the handle A.  As the lever AB turns th®
axis with the ferew D, which 1s all fixed tocrether’
the ferew D, working into the teeth of the \‘-hﬂl
C, will move this round its axis E, in Lonlequt’“"
of which the weight' W will be drawn up of let
down accerding as the lever AB is turned one “"1.'3’
or the other. Let the power which is commua’”
cated by the hand be equivalent to one pous®’
then if the circumference which is pucurrfd by
the handle A, be equal to 100 times the Jiftanc®
between two contiguous threads of the {crew

this  ferew will @@t on the eircumference Oft o
1
whee! Cwith a force equal to 100 pounds; and '
the diameter of the wheel € be to the dnmcficr
the
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the axle E as 8 to one, then the power of 100
pounds on the circumference of the wheel C will
¢t with a force equal to 8 times 100; viz. of 800
Pounds on the circumference of the axle E, about
Which the rope of the weight W is wound. There-
fore it appears that with this epgine a weight or
Power of one pound will balance a weight W of
Soo pouads.

A ferew, like D, fituated {o as only to turn round
an axis, but without moving backwards and for-
Wards, and always working on the circumference of
A wheel, as C, is ufually called an endiefs ferew.

Fig. 12, Plate VII. reprefents an improved crane
for raifing of goods or heavy weights. This de-
fcription has been taken from the appendix to Mr.

ergufon’s Letures, which I have preferred to
Sther deferiptions of fimilar engines; firft, on ac-
Sount of the improvements it contains, which will
“aturally fhew that a variety of collateral abjeéts
Muft be kept in view by the contrivers of {uch
Machines; and fecondly, for the purpofe of making

© reader acquainted with the meaning of the
p“i“Cipal terms that are ufed in mechanics.

Ais the great wheel of this engine, and B its
e, on which the rope C winds. ~This rope goes
o%r 3 pulley D in the end of the arm of the
2ib * E, and draws up the weight F, as the

e ———

* Gib; a projefting tranfverfe beam.
s 3 winch
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winch* Gis turned round. His the largeft trundles

I the next, and K is the axis of the fmalleft truf® \

dle, which is fuppofed to be hid from view by the

upright fupporter L. A trundle M is turned by the

great wheel, and on the axis of this trundle is fixed

the ratchet-wheel § N, into the tecth of which the |

catch O falls. P is the lever, from which goes®

rope QQ, over a pulley R, to the catch ; one end

of the rope being fixed to the lever, and the othe?

end to the catch. S is an elaftic bar of wood, 0%

end of which is fcrewed to the floor 3 and, from th®

other end goes a rope (out of fight in the ﬁgulf}

to the farther end of the lever, beyond the pin of

axis on which it turns 1n the upright fupporter T

The ufe of this bar is to keep up the lever a8

prevent its rubbing againft the edge of the whe
il

Jdies

% Winch or winder, an infbrument with a crooked hat
the ufe of whichis'to turn any thing round.

# A dmall wheel, which is turned round by the teeth uf"ﬁ
laxge wheel, which derives various denominations fro® !
various {hapes. It is called pinion when it is obleng» o
the teeth are longer than the infide folid part ; the teeth ar®

then called the leaves of the pinisn. When the {mall whe®
o calle

is thaped like that which is reprefented at H, it is the
@ traadle, or fometimes a lantern,and even a drui.

1 & ratchetiwheel or ratchet, is'a wheel generally ha
atch©
tC

ary

ving
its teeth bent one way, whercin a folid piece, called 2¢
click, falls, by which means the ratchet-wheel, when the ¢
bears upon it; can turn one way only, but net the contr

Way.
y V, and
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¥V, and to let the catch keep in the teeth of the
ratchet-wheel. But a weight hung to the farther
end of the lever would do full as well as the claftic
bar and rope.

When the lever is pulled down it lifts the catch
out of the ratchet-wheel, by means of the rope QQ,
and gives the weight F liberty to defcend; but if
the lever P be pulled a little farther down than
what is fufficient to lift the catch O out of the
watchet-wheel N; it will rub againft the edge of the
wheel ¥, and thereby hinder the tao quick defcent
of the weight, and will quite ftop the weight, if
Pulled hard. And if the 'man who pulls the lever
fhould inadvertently let it go, the elaftic bar will
fuddenly pullit up, and the catch will fall down
and ftop the machine.

WW are two upright rollers above the axis or
pper gudgeon * of the gib E.  Their ufeis to let
the rope C bend upon them, as the gib is turned
to either fide, in order to bring the weight overthe
Place where it is intended to be let down.

N.B. The rollers ought to be {o placed, that if
the rope C be flretched clofe by their utmoft fides,
the half thicknefs of the rope may be perpendicu-
1&_1'13’ over the centre of the upper gudgeon of the
&b,  For then, and in no other pofition of the

R

"i""? 3 . . . . -
" The pins or extremities of an axle, which pins meve in
Oles, & Y
s, &c. are called gudeeons in large works, and pevers of

Pivsts in fmall works.

s 4 rollers,
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rollers, the length of the rope between the pulley i1
the gib, and the axle of the great wheel, will be als
ways the fame, in all pofitions of the gib, and the
gib will remain in any pofition to which it i$
turned, '

When either of the trundles is not turned by the
winch in working the crane, it may be drawn off
from the wheel, after the pin near the axis of tilc‘
trundle is drawn out, and the thick piece of
wood 1s raifed a little behind the outward {upportef
of the axis of the trundle. But this is not mates
rial; for, as the trundle has no friction on its axi8
but what is occafioned by its weight, it will bé
turned by the wheel without any fenfible refiftance
in working the crane,

This engine is to be fituated in a room with the
gib E projecting out of it, fo that the-load may b®
raifed from the ftreet or other lower fituation, bY
turning the winches of the trundles asat G.

This crane has four different powers, = The thre®
trundles H, I, K, are furnithed with different nuit”
bers of ftaves* ; the largeft has 24 ftaves, the nest
12, and the fmallet 6, The great wheel A has g6
cogs 43 therefore the largeft trundle makes fout

revolutions for one revolution of the wheels H¢
next makes 8, and the {malleft makes 16.
__J_../f'

Uil S
* The flicks or cylindrical bars of trundles, which P&
form the office of teeth, are called ffaves,

4 Cogs are the wooden teeth of a large wheels
& = «‘;;f]Ch
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winch G is occationally put upon the axis of either
of thefe trundles, for turning it; that trundle being
then ufed which gives a power belt fuited to the
weight. ‘The leng h of the winch is fuch, that in
every revolution its handle defcribes a circle equal
to twice the circumference of the axle B of the
wheel. So that the length of the winch doubles
the power gained by each trundle.

If the winch be put upon the axle of the largeft
trundle, and torned four times round, the wheel
and axle will be turned once round ; and the circle
defcribed by the power that turns the winch, being
In each tevolution double the circumference of the
axle, when the thickneG of the rope is added
t\crem the power goes round 8 times as much
fpace as the weight rifes throwrh ; and therefore
(making fome allowance for fricion) a man will
nife 8§ times as much weight by the crane as he
Would by lis natural {trength without it; the
Power, in this cale, being to the weight as 8 to 1.

If the winch be put upon the axis of the next
frundle, the power will be to the weight as 16 to ¥,
becapfe it moves 16 times as faft as the weight
Moves,

If the winch be put upon the axis of the {malle(t
trundle, and turned round, the power will be to.
the weight as 32 to 1.

B‘Ji, if the weight fhould be too great even for
this power to raife, the power may be doubled, by
-‘lr*lwing up the weight by one of the parts of a

double
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double rope, going under a pulley in the moveable
block which is hooked to the weight below the arm
of the gib. And fuch is the attual reprefentation
of the figure. Then the power will be to the weight
as 64 to 1. Whillt the weight is drawing up, the
ratch-teeth of the wheel N flip round below the
catch or click that falls fucceflively into them, and -
thus hinders the crane from turning backward, oF
detains the weight in any part of its afcent, if the
man, who works at the winch, fhould accidently
quit his hold, or choofe to reft himfelf before the
weight be quite drawn up.

In order to let down the weight, a man pull5
down the end Z of the lever, which lifts the catch
out of the ratchet-wheel, and gives the weight liber
ty to defcend.  But, if the defcent be too quicks
he pulls the lever a little farther down, fo as 10
make it rub againft the outer edge of the round
wheel V, by which means he lets down the weight
as flowly as he pleafes; and by pulling 2 Jittle
harder, he may ftop the weight, if necefary, in any
part of its defcent, If he accidentally quits hold of
the lever, the catch immediately falls, and fOP°
both the weight and the whole machine,

In the conftruétion of machines in general, the
queftions which occur in the firft place, relate 19
the choice of the power, and to the eftimation ©
its qmntltj 5 viz. whether the force of wmd oL

water, or of a man, &c, fhould be preferred, 2 ;
v.hzt
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what is the value or quantity of any one of thofe
powers ?

Of the principal ative powers which have been
enumerated at the beginning of this chapter, we
fhall briefly mention the common eftimation of
their forces ; but we thall take more parficular no-
tice of the force of wind, of water, and of f{team,
when we come to treat of the properties of air, of

the fteam of water, &c.

The power which can be applied as the firlt
mover of a machine, in the eafiet manner, and
whefe adtion is moft uniform, is the fimple weight,
fuch as is applied to clocks, jacks, and other ma-
chines ; but this fort' of power requires to be re-
newed after a certain period ; that is, it muft be
wound up, or raifed, on which account it is moftly
ufed for flow movements; elpecially when a very
regular action is required.

The force of running water, and that of the wind,
where the fituation of the place admits of their be-
ing ufed, are very powerful and advantageous
movers of machines, fuch as mills, pumps, fawing
engines, &c.—They may be applied to the working
of the greateft engines. Running water is prefer-
able to mnd on account of its acting with much
more conftancy and nniformity.

The fteam of boiling water is likewife a moft
Powerful agent ; and the recent improvements which
have been made by feveral ingenious mechanics in
this country have extended the application of it

from
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from the {malleft to the largelt engines. - The ap~
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plication of this power requires a very nice con-
ftruétion of the mechanifm, and is attended with 4
confiderable confumption of fuel, which particulars
are not to be obtained 1n every fituation.

A {pring 1s likewife a ufeful and commodious
moving power ; but a {pring, like the weight, re-
quires to be wound, or {et up, after a certain time 3
viz, when it is quite unbent 3 on which account it
is morg commonly ufed for flow movements, {uch
as watches, table clocks, &c. But this fort of
power differs from the weight in a very remarkable

.circumiftance ; which is, that its action is never unt-

form. It 1s ftrongeft when moft bent, and it de-
creafes in proportion as it unbends.

In order to remedy this defect, and to render the
attion of a {pring uniform and effectual, a curiou®
contrivance has been long in ufe, and is as follows
An hollow groove of a {piral form is made round #
folid. piece of metal, fuch as is reprefented at ig
13, Plate VIIL. which is furnilhed with an axis AB;
round which it turns in the frame of the machiné
and 1s connected with a wheel g, whofe:tecth act
upan the other wheels of the machine.” This i'pifl“:
)

15

piece is called the fufee, and ferves to render f
o s It
aftion of the {pring equable or uniform. 3t

o . o T acr O3
connefted with the {pring by means of a {ring

e = = " - GRb o
chain F, one end of which is faftened to the {piie
which is not {een in the figure, and the other €2

is faftened to the loweflt part & of the fpiral gr00Yer
\,Vhﬁ'“
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When the fulee is turned fo as to wind the ftring or
chain upon it, the fpring is thereby fet up, or bent,
and when afterwards the machine is left to itfelf,
the force of the fpring will, by pulling the chain or
ftring, force the fufee to turn round 1its axis in a
direGtion contrary to that in which it was wound
up. Now when the ftring bears upon the {malleft
part ¢ of the fufee; viz. neareft to the axis where
a greater force is required to produce-a certain ef-
feft, the fpring pulls the chain with its greateft
force, becaufe it is then bent moft ; whereas when

the ftring bears upon the lower and larger part of
the fufee, where lefs force is required to produce the
above-mentioned effe@, there the fpring pulls the
P.rmrr or chain with lefs force, becaufe then it s
bent lefs. Therefore the decreafing force of the
fpring is compenfated by the increafe of powe er with
which the ftring or chain ats on the axis AB;
hence the teeth of the wheel g aét always with the
fame degree of force upon the next wheel ; and
thus the motion of the mechani{m is rendered uni-
form. This mechanifm will ,be found almoft
univerfully applied to pocket watches and {pring
clocks,

The natural ftrength of living animals s the laft
Power that remains to be taken notice of ; and here
we fhall not extend our obfervations beyond the
force of men and horfes, concerning which the fol-
IO_WiDg particulars are deferving of notice. The
different writers on ‘mechanics do not quite agree

in
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i in the cftimation of the mean ftrength of a man}
: nor is it likely they fhould, confidering how the
conftitution of men varies according to the dif-
ference of climate, of nourithment, and of other
circumitances. Upon the whole, 2 man of ordi-
nary {trength is reckoned capable of raifing a weight
of 600 pounds avoirdupoife ten feet high in one
i minute, and to be able to work at that rate for 10
~ hours out of 243 or to do any other work that
; may be equivalent to it. I am however inclined
: to think that this eftimation is rather above than
.‘F below the real fact.

I By means of a judicious application of the human
I ftrength, the effet may in fome cafes be increafed,
and on the other hand an improper application of
b it will diminifh the effeét. Thusif two men work
at 2 windlafs, or axle, by means of handles or le:
vers, they will be able to draw a weight of 79
pounds more eafily than one man can a weight of
! 30 pounds, provided the handles or levers are at
oght angles to each other.

i A man is able to draw horizontally not above
noor 8o pounds; for in that cafe he can only et
ploy half the weight of his body.

N. B. Here it is not to be underftood that 2
man cannot draw a cart or cun'iaga that “’6:'{3,'115
‘ more than 8o pounds ; for the weight of the cart
" is fupported by the ground ; but we mean, that a
1 man will not be able to draw fuch a cart as will
require more than 8o pounds to move it along.

" :
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1f 2 man weigh about 140 pounds, he can exert

no greater force in thrufting horizontally at a height

even with his fhoulders, than what is equal to 27
Pounds.

A horfe, in general, 1s reckoned capable of doing
45 much work as five men.

A horfe draws with the greateft advantage when
the linc of direftion is a little elevated above the
horizon ; and the power afts againft its breaft.

A horfe is reckoned capable of drawing againft a
refitance of 200 pounds at the rate of 23 miles an
hour, and to continue that exertion for eight hours
out of 24.

The ftrength of the horfe, like that of a man,
may be rendered more or lefs efficacious, by means
of a proper or improper application of it. " In ge-
ng up a fteep afcent, five men can carry a much
Ereater weight than a horfe. And in certain af-
tents, men will be able to carry fome weight, where
3 horfe will not be able to carry himielf. In mills
and other machines, where the circular motion of a
horfe s employed, the diameter of the circular
Walk (hould not be lefs than 25 or 3o feet; other-
Wife, the motion is neither very advantageous, nor
Pleafant to the animal, With refpe to the quan-
tity of power, it muft be obferved, that in the
Practical application of a moving power to a ma-
Chine of any fort, it is not enough to employ a
Power which is barely {ufficient to overcome the
%bftacle, or to produce the effeét ; but fuch a

power
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power muft be applied as will produoce the defired
effet in the moft advantageous manner poffibles
for inftance if a power of a pound, applied to &
machine, will produce a certain effeét in one hour}
whereas if a power of two pounds were applied t©
the fame machine, it would produce the like ef
fect in 2o minutes, it is evident, that the applica~
tion -of the latter power would be more advan®
tageous than of the farmer; for though the lagtef
power be double the former, yet the time of ifS
performing the operation is lefs than half the time€
of the former powers performing the fame opers®
tion. . Sa that the wmoft advastageous power ﬁf
mewing a mackine is thaty whick being multiplied by
the time of performi g a ' de
the leafl produci®.

With refpeét to friftion, two objects muft b?

EH u.'... (Lf’t’-.f, I).rodr”‘“

obferved ; viz. the lofs of power which is occd”
fioned by it, and the contrivances which have bee?
made, and are in ufe, for the purpole of diminifh”
ing its effects.

A body upon an horizontal plane fhould be €&
pable of being moved by the application of th®
leaft force 5 but this is not the cafe ; and the pﬂ”
cipal caufes which render a greater or lefs quantity

* For a farther invefligation of the moft adv mtaf’ﬂous
application of powers to machines, fee Gravefand’s M2®
Elem. of Nat. Phil. B, I. chap. 21, and the following
fcholia ; alfo almoft all the writers on mechanics. &
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of force necefliry for it, are, ift, the roughnefs of
the contiguous {urfaces ; 2dly, the irregularity of
the figure, which arifes either from the imperfect
Workmanthip, or from the preflure of one body
Upon the other; 3dly, an adhefion ot attrattion
Which is more ot lels powerful according to the
nature of the bodies in queftion; and 4thly, the
imt‘rpoﬁtion of extraneous bodies 3 fuch as moif-
ture, duft, &c. X

Innumerable experiments have been made for
the purpofe of determining the quantity of ob-
ftruction, or of friftion, which is produced in par-
ticular circumftances*. But the refults of appa-
Tently fimilar experiments, which have been made
by different experimenters, do not agree ; nor is it
]‘kel} they fhould, fince the Ieuft difference of
fmoothnefs or polith, or of hardnefs, or in (hort of
Any of the various concurring circumftances, pro-
Quces 5 different refult. Hence no certain and de-
terminate rules can be laid down with refpect to
the fubject of friction.

If 2 body be laid upon another body, and foon
After be moved along the furface of it, a lefler
fﬁrCﬁ will be found fufficient for the purpofe, than
f the body be left fome time at reft before it be

Moved, This arifes principally from an actual
\&;

* Sec Mr. Coulomb’s Effay in the tenth vol. of the
::l €moires des Savants Etrangers. And M. de Prony’s Ar=
liteGtyre Hydraulique, § 1089, and following.

Yor, 1. T change
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change of fieure, which is produced in a longet OF

2 8 P 24

fhortér time according to the nature of the bodies
o

Thus the maxintum of adhefion between wood

and wood takés place in a few minutes’ time ; be” |
tween metal and metal it takes place almoft imme- |
diately. A hard and heavy body laid upon a fofte® |
one will fometimes continue to increafe its adhe
fion for days and weeks.

When a cubic foot of foft wood of eight pound?
weight is to be moved upon a {mooth horizonta!
planc of foft wood, ‘at the rate of three feet pet
fecond; the power which is neceffary to move it
and which is equivalent to the friftion, amounts to
between § and ; of the weight of the cube~
When the wood is hard the friction amounts to b
tween 5 and § of the weight of the cube.

In general the {ofter or the rougher the bodi€®
are, the greater is their friction, Yet when f"‘fo
pieces “of metal, extremely well polifhed, are la
one upon the other with an ample furface of con”
tac, they adbere to cach other much more forciblf
than when they are not {o well polithed.

Tron or fteel moves cafieft in brafs, Other ﬂ'{“"
tals, aéting againft each other, produce more fric”
tion,

The frition, ceteris paribus, increafes with
weight of the {uperincumbent body, and almo

the

8
the fame proportion.

The friGion or obftru&ion which arifes

: Y Ca bt ced

the bending of ropes about machines, is influe® b

fron®
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by 4 variety of circumftances, fuch as their pecu-
liar quality; the temperature of the atmofphere,
and the diameter or curvature of the furface to
which they are to be adopted: But when other
circumftances remain the fame, the difficulty of
bending a rope inicreafes with the {quare of its dia-
meter, as alfo with its tenfion ; and it decreafes ac-
cording as the radius of the curvature of the body
to which it is adapted, increafes. :

Of the fimple mechanical powers the lever is
the leaft fubjeét to friction,

In a wheel, the fri¢%tion upon the axis is, as the
weight that lies upon it, as the diameter of the axis,
and as the velocity of the motion. But upon the
whole, this fort of friction is not very great, pro-
vided the machine be well executed.—In common
pulleys, efpecially thofe of a fmall fize, the friction
15 very great. It increafes in proportion as the di-
ameter of the axis increafes, as the velocity in-
Creafes, and as the diameter of the pulley decreafes.
With a moveable tackle, or block, of five pulleys,
2 power of 150 pounds will barely be able to draw
Up a weight of oo pounds.

The fcrew is fubject to a great deal of friction ;
fo much fo that the power which muft be applied
to it, in order to produce a given effet, is at leaft
double that which is given by the caleulation in-
dependent of friction, But the degree of friction
n the fcrew is influenced confiderably by the na-
ture of the conftrution ; for much of it is owing

T 2 to
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to the tightnefs of the fcrew, to the diftance be-

tween its threads, and to the [hape of the threads;

the {quare threads, like thofe of fig. 14, Plate VII.
producing upon the whole lefs friction than thofe |
which are fhatp, as in the figures 6 and 7 of the

fame plate.

The friGtion which attends the ufe of the wedge,
exceeds, in general, that of any other fimple me-
chanical power. Its quantity depends fo much
upon the nature of the body upon which the wedge
aéts, befides other circumftances, that it is Anﬂ‘ﬁoi'
fible to give even an approximate eftimate of it.

The friction of mechanical engines does not only
diminifh the effe&, or, which i1s the fame thing
occafion 4 lofs of power ; but is attended with the
corrofion and wear of the principal parts of the ma-
chine, befides producing a confiderable degree of
heat, and even actual fire ; it is thercfore of great
m*port'ma in mechanics, to contrive means €a-
pable of diminifthing, if not of quite removing, the

effeéts of friction.

In compound ergines, the obftruftion wh rich
anfes from fri&ion can be afcertained only by mean?
of actual experiments. ~ An allowance, indeed, may
be made for each fimple component mech anical
power; but the error in eftimating the fricion of
any one fingle power is multiplied and increafed
fo faft by the other parts, that the eftimate gene”
rally turns out very erroneous. Befides, much de-

pends on the execution of the work; the auahf"_
(l.l
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of which cannot be learned -but by experience.
Novices are generally apt to expe(t too much
or too little from any mechanifm,—In" general
it can only be faid, that in compound engipes, at
leaft one-third of the power is loft on account of
the friction.

The methods of obtaining the important ob<
je& of diminithing the frifkion, are of two forts,
viz. either by the interpofition of particular unétu-
ous or oily fubflances between the contiguous
moving parts; or by particular mechanical con-
trivances.

live-oil is the beft, and perhaps the only fub-
ftance that can be ufed in {fmall works, as in
watches and clocks, when metal works againit me-
tal. But inlarge works the oil 1s liable to dran off,
unlefs fome method be adopted to confine it,
Thercfore for large works tallow is moftly ufed, or
greafe of any fort ; which is ufeful for metal, as
well as for wood. In the laft cafe tar is alio fre-
Quently ufed,

In delicate works of wood, viz, when a piece of
wood is to flide into or over wood, and when a
Wooden axis is to turn into wood, the fine powder
of what is commonly called dlack-iead, when inter-
Pofed between the parts, eafes the motion gonfider-
ably, and is at the fame time a cleap and durable
ﬁibﬁnncc

Though olive-oil be the beft and the enly {ub-
flance that isufed for delicate mechanifms ; yet it 13

3 far
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far from being free from objeions. Qil, when in
contact with brafs, is liable to grow rancid, in which
ftate it- flowly corrodes the brafs. In different
temperatures it becomes more or lefs fluid ; but
upon the whole it grows continually thicker, and of
courfe lefs fit to eafc the motion of the parts, &cC»
Trifling as thofe defects may at firft fight appears
they are however of fuch moment in delicate works
that in the greatly improved ftate to which watch-
work has been brought in this country, the change-
able quality. of the oil feems at prefent to be the
principal, if not the only, impediment to the per=
fection of chronometers,

The mechanical contrivances which have bee?
made, and are in ufe, for the purpofe of diminifhing
the effets of frition, confift either in avoiding the
contact of fuch bodies as produce much frictiofs
or in the interpofition of rollers, viz. cylindrical bo"
dies, between the moving parts of machines, or be
tween' moving bedies in general. Such cylinder®
derive, from their various fize and application, the
different names of rollers, friftion-wheels, and fricr
tion-rollers.

Thus in mill-work and other large machings,
wooden axes of large wheels terminate in iron guc'i'
geons, which turn in wood, or more frequentl}i .”1
iron or brafs, which conftruétion produces lefs e
tion than the turning. of wood in wood. In t_bc
fineft fort of watch-work the holes are jewelled, ""‘_Zr'l
¢ B

many of the pivots of the wheels, &c. oV
. " 1]0165

thé
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holes made in rubies, or topazes, or other hard
ftone, which when well finithed are not lable to
wear, nor do they require much oil.

In order to underftand the nature of rollers, and
the advantage with which their ufe is attended, it
mufl be confidered, that when a body is dragged
over the furface of another body, the inequalities of
the {urfaces of both bodies meet and oppoife each
other, which is the principal caule of the friction
or obftruétion ; but when one body, fuch as a catk,
a cylinder, or 2 ball, is rolled upon another body,
the furface of the roller 1s not rubbed againft the
other body, but is only {uccefiively applied to, or
laid on, the other; and is then fucceflively lifted
up from it. Therefore, in rolling, the principal
caufe of friGion is avoided, befides other advan-
tages ; hence a body may be rolled upon another
body, when the (hape admits of it, with incompa-
tably Jes exertion than that which is required to
drag it over the furface of that other body. In
fa& we commonly fee large pieces of timber, and
enormous blocks of ftone, moved upon rollers, that
are laid between them and the ground, with eafe
and fafety ; whenit would be almoft impoflible to
Move them otherwife.

The form and difpofition of friction-wheels is re-"

DPrefented by fig. 1. Plate VIII. which exhibits a

front yiew of the axis J of a large wheel, which
moves between the friction-wheels A, B, ¢ Hete
the end d of the axis (and the fame thing muft be

T 4 underftood
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underftood of the oppofite extremity of the axis)
inftead of moving in a hole, moves between the
circumferences of three wheels, each of which 18
moveable upon its own axis, and Is unconneéted
with the others. - Now if the end 4 of the axis
turned ‘in a hole, the furface of the hole would
ftand @ill, and the furface of the axis would rub
apainft it 5 whereas when the axis moves between
the circumferences of the wheels A, B, C, its fur=
face does not rub againft, but is fucceffively ap-
plied to the circumferences of thofe wheels; {0
that this fort of motion has the fame advantag®
over the turning of the axis in a holc-,r that the
moving of a heavy bedy upon rollers has over the
fimple method of dragging it upon the grouﬂd‘
In this conftruétion the contaét of the axis 4, move?
the wheels A, B, C, round their axes, where indcﬁ‘l
fome fridtion muft unavoidably take place, buf
that friftion is very trifling 5 for if the circumf€”
rence of the axis 4 be to that of each wheel #®
ofie to 20, the axis muft make 20 revolution®
whilft the frition-wheels will turn round once only*

A few years ago the fame principle was ﬂPP“Cd

Ty ol e t
in a very ingentous manner, by Mr. Joha Garnet

then of Briftol; to pulleys, and other forts of "
cular motion round an axis, for which he obtainet
a patent. The ufe of this application has pl‘C’r"E

very advantageous, efpecially on board of (HIP™
where it has been found, that with a fet of Mr-

Ao a8
Garnttt’s pulleys, three men were able to draw ;
muc
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much weight as five men were barely able to ac-
complith with a fimilar fet of common pulleys.
One of thofe pulleys i reprefented by fig. 2, Plate
VIIT. where the thaded part BB Bis the pulley, A
is the axis, and 7, ¢, ¢, ¢, &, ¢, are the cylindrical rol-
lers, which are: fituated between the axis and the
infide cavity of the pulley. The ends of the.axis
A, arefized in a block, after the ufual manner.
Every one of the rollers has an axis, the extremi-
ties of which turn in holes made in twa brafs or
iron flat rings, one of which is vifible in the figure.
After having given a general explanation of the
aftion of rollers, the advantage which Mr, Gar-
nett’s pulleys muft have over thofe of the common
fort, needs no farther illuftration. I fhall however
only obferve, that the fri¢tion of the pivots of each
roller in the holes of the brafs rings is very incon-
fiderable ; for thofe holes are made rather large,

the ufe of the axes to the rollers being only to

Prevent their running one againft the other.  Nor
does the addition of weight upon the pulley in-
Creafe that friction ; for the addition of weight
Bpon the puﬂcy will prefs the rollers harder upon
the axis A ; but not upon their own axes, as may
be eafily underftood by infpecting the figure,




CHAPTER XIV.

DESCRIPTION OF THE PRINCIPAL MACHINES,
WHICH ARE NECESSARY TO ILLUSTRATE THE
POCTRINE OF MOTION, AND OF THEIR PAR-
TICULAR USE.

HE doéirine of motion in all its extenfive
branches is derived, as we have already
fhewn, from a few general principles; and its ap~
plication ‘to particular circumftances requires only
the knowledge of a few experimental fadts, fuch 2%
the natural defcent of bodies towards the earths
the time of vibration of a pendulum of a determi®
nate length, &c. Then whatever relates to other
complicated movements may be derived, by mea®
of firi& and unequivocal reafoning, from thofe fe¥
principles, and few afcertained faéts or narural law®
Yet notwithitanding the affent which a rationd!
being muft give to the clear and evident demo”
firations that are derived from thole principie"’
it muft be allowed that an experimental confirm#”

tion of any theoretical propofition never fails f?
til-

imprefs the mind with a pleafing, lafting, and {'»1_
ble 1H°

C:{l_’!i’:‘

factory conviction. Though the unavoida
perfe&lons of machines render the refult of
riments {eldom {o accurate as to coincide Lk“&_y
‘\’l:ij'
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with the theory, yet when the error is not very
great, and at the fame time it feems to ‘be propor-
tionate to the imperfedtions of the mechanical
conftrution and operation, the mind of the ob-
ferver will always feel itfelf fufficiently fatisfied.

In this chapter the reader will find the defcription
of the principal machines which have been con-
tiived for the purpofe of confirming in an experi-
mental manner the propofitions which relate to
motion.

The fpace deferibed, and the acceleration gained,
by bodies which defcend freely towards the earth
has been often attempted to be proved by means of
dire¢t experiments; but the refiftance of the air
which oppoles a confiderable and lutuating impe-
diment, and the difficulty of meafuring the time of
defcent when falling bodies have acquired a great
degree of velocity, which foon increafes beyond the
Power of our fenfes to eftimate, have always ren-
dered the refult of fuch experiments precarious and
Unfatisfactory. * But we are indebted to Mr.

—

% Dr., Defaguliers obferved the time that a leadenrball, of
tWo inches in diameter, employed in defcending from reft
thlcn.mh 272 feet ; that is, from the infide of the cupola of
St, Paul’s cathedral, wherein the experiment was tried, to
the floor ; and found it tobe 455 feconds, whereas it fhould
Baye been 4,1 feconds ; for in 4,5 feconds it ought to have
dEfCtnded through fomewhat more than 325 feet. bm. his
Courfe of Experimental Philofophy.

Atwood,
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Atwood, F.R.S. for a very curious machine of his
contrivance, which obviates the abovementioned
impediments, and exhibits the phenomena of acce=
lerated and retarded motion in a commodious and
fatisfactory manner; or, in Mr. Atwood’s words,
“ which will fubject to experimental examination
“ the properties of the five mechanical quantities
< that is, the quantity of matter moved, the cof”
% {tant force which moves it, the fpace defcribed
< from reff, the time of defcription, and the velo:
“ city acquired.”

The reprefentation of this machine in fig. 3
Plate VIIL is divided into two parts for the con*
veniency of the plate, which however. can make 0@
difference with refpeét to the explanation; for the
reader needs only imagine that thefe two parts 8
placed one upon the other, and are joined at the
places which are indicated by the fame letters, B
G H, fo as to.form one entire figure,

The foot or pedeftal of this machine is in th¢
form of a crofs, with adjufting fcrews, which fer¥®
to {et the machine in a fteady and perpcndicUIar
fituation. A ftrong wooden pillar XGT, about five
feet high, is firmly fixed upon the pedeftal, 2
fupports the wooden ftage VD, which is fecur®
upon it by means of the{crew at D. Upon this ftagé
there 1s another {lage or ftand, to which the whe.fl'
apparatus is fixed. This apparatus confifts ok #
brals wheel a, &, ¢, whole {teel hiorizontal axis ;110"'3_5
upon four friftion-wheels; viz, one end of the axi®

1€
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| Tefts updn the circumferences of two friction-
Wheels, and the other end refts on the circumfe-
Tences of the two others. The axes of the four
| friction-wheels are fupported by, and move in, holes
Made in the brafs frame which is faftened to the
Upper ftage, and whofe fhape is {ufficiently indicated

! b}’ the figure.

There is a groove all round the circumference of
the wheel «, 4, ¢, for the reception of a fine flexible
filk line, at the extremities of which the bodies
A, B are {ufpended. By this means the motion of
the wheel 2, #, ¢, with ‘the filk Jine is rendered fo
Very free, that when the bodies A and B are equal,
fone of them be gently impelled upwards or down-
“:"_E'.rds, both bodies will readily move in contrary
Uitections ; the frition of the axis being almoft
®tirely removed by the application of the friction-
Wheels,

KEL is a {cale or tod, civided into inches and
tf’“ﬂ}s.; and is fo fituated that one of the bodies,
¥iz, A, may move very near the furface of it. Cand

are two little ftages, either of which may be fixed,

¥ means of the lateral fcrew M or N, on any part

O the feale LEK.  The former of thofe flages
“ves to ftop the body A, when defcending, at any
"quired height. The latter ftage has a perforation
1‘1fﬁciently large to permit the free paffage of the
Ofly A; but its ufe is ‘to fupport occafionally 2

;:Q‘ght in the form of a bar, like the one {een upon
*~The perlpe&ive reprefentation of this ftage I,

is
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15 confiderably ftrained for the purpofe-of rendertng
its conftruction more intelligible.

Upon the pillar of this machine there is adapted
a fimple {ort of time-piece, confilting of a pendu”
k tum which vibrates {econds, and is kept in motio®

= -

=

II fora few minutes by means of a wheel and weight
8 0. On the axis of the wheel there isa hand oF
“1 index, which indicates the number of {econds o8
't the dial Z. The ufe of this time-piece is to {heW
}[‘ by the beats of the pendulum, the time which
h employed by the body A in alcending or defcend”
!5 ing through a given {pace *.

'4r The ufeful property of this machine is to dim”
!!.'J nifh the force which a&s upon, and occafions the
il efcent of bodies, in confequence of which a body
i will defcend much flower ; hence the obferver will
’ be enabled to perceive the fpace it moves throug™
as alfp its acceleration in a given time, &c. in
clear and commodious manner. I fhall endeavo¥

R

I| * It hardly needs be oblerved that thofe who have 2€0®”
“ } mon clock, that beats feconds, may have the machine chs
] flructed without the laft-defcribed appendage. Befides i
I fhall jult mention that the abovementioned machin® has
been improved, or rather altered, by fome phuoiopblcdi i
ftrument makers ; but as thofe alterations are not of & ‘”e
importance either with refpect fo its conftruction of ©
performance, I have preferred Mr. Atwood’s original co’
ftruction; fuch as is defcribed in his very valuable treatt®
on the retilinear motion, and rotation of bodies.

o
R L o e

to
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to render the explanation of this property more in-
telligible, previoudly to the narration of the expe-
nments.

When the weights or bodies A and B are exactly
equal, they will balance each other, and of courfe
will remain at reft. But if a body of little weight
be added to one of thole badies, as for inftance to
A, then A will preponderate, and confequently will
defcend ; the oppofite weight B afcending at the
fame time. Now in this cafe both the bodies A,
B, and the wheels are put in motion by the gravity
of the {mall additional body; {o that the fum of
all thofe bodies, being moved by a fmaller force,
muft move through a fhorter {pace in a given time,
than if the force were greater.

For inftance, imagine that the weights A and B,
together with the weight which is required to put
the wheels in motion (which is- equivalent to the
inertia of the wheels) amounts to 4 ounces, and
let the weight of the body which is added to A be
half an ounce, then it is evident that a mafs of mat-
ter of 4% ounces is put in motion by- the gravity
of a body of half an ounce; that is by the gravity
of 2 body equal to the gth part of the matter which
I put in motion, which amounts to the fame
thing as if that mafs of matter were attracted by
the earth with the ninth part of its ordinary at-
traftion. But it has been thewn in page 64, that
the fpace which is defcribed ina given time by a
dei‘Cending body, is proportionate to the force of

) gravity;
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gravity; therefore if in the natural way a body
defcends from reft through 16,087 fect in the firlt
fecond of time, in the above-ftated circumftance
the body A will defcend through the ninth part of
16,087 feet, viz. through 21,4 inches, in the firft
fecond of time. Thus by adding a {maller weight
to the body A, that body may be made to move a3
flowly as the obferver pleafes.

The other properties of defcending bodies remain
unaltered by this machine. Thus the {paces which
are defcribed by the ‘defcending body A will be
found to be as the fquares of the times; that 1s, if
A defcribe 21,4 inches in the firft fecond of timé
it will defcribe 4 times 21,4 inches in the fecond
fecond of time, g times 21,4 inches in the third, &€
Thus much may fuffice with refpect to the princis
pal effect of this machine. I fhall now add IVITe
Atwood’s computation, and general mode of con*
du@ing the experiments.

In the firflt place he afcertained the ingrtia of
wheels when the filk line with the bodies A, B w43

the

removed, and found it equivalent to 2 ounces (1 ):
e The
< ]J_]l/

] ; 4 -1 thell
(1.) Having removed the weights A and B, with the8
¥ - ! . g cie 1€
filk line, Mr. A.afixed a weight of 30 grans to a fik 1
o
in, 2

i 1 gin
confequently too inconfiderable to have any fenfible effect
e wheé

(the weight of which was not fo much as % of a gra

the cxperiment); this line being wound round th

. . : : - me
ab ¢, the weight of 30 grains, by defcending from reft, €°
municat®
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“ The refiftance to motion, therefore, arifing from
the wheel’s inertia will be the fame as if they were
abfclutely removed, and a mafs of 22 ounces were
uniformly accumulated in the circumference of
thé wheel aéc. 'This being premifed, let the
boxes A and B be replaced, being fufpended by the
filk line over the wheel 4 4 ¢, and balancing each
other.

municated motion to the wheel, and by many trials it was
obferved to defcribe a fpace of about 38,5 inches in three
feconds. From thefe data the inertia of the wheels may
be determined in the following manner:

If the weight of 30 grains had defcended through g times
193 inches in three feconds, as it would bave done by itfelf,
the inertia of the wheels would have amounted to nothing;
but fince it moved through 28,5 inches in three feconds, its
Tetardation was occafioned by the inertia of the wheels.
Let the quantity of this inertia be called x; then the attrac-
tive force of the carth upon the mals x+ 30 muft be lefs
than upon the body of 30 grains alone; therefore x4 30
defeends flower than the body of 30 grains would by itfelf;
9, properly fpeaking, the fpaces which are defcribed in
the fame time, are inverfely as the mafes ; for the quantity
of force being the fame, the effect upon x + 30 muft be as
Much Jefs than the effeét upon 20, as 30 islefs thanx4 303
hence in the prefent experiment the fpace defcribed by the
bcdy of 0 grains in three feconds, is to the {pace deferibed

¥ ¥+ 30 in the 'fame time, as x4 30: 30, viz. g X 193:
385 2 x + 30: 30; therefore ¥4 30 = LR
' 38,5
=13 53,5,grains, and x = 1323,5 grains, or 23 ounces.

VOL. 1. 13 il &
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« To proceed in defcribing the conftruion of
the enfuing experiments. In order to avoid trou-
blefome computations in adjufting the hhﬂl]["’ﬁ’s
of matter moved, and the moving forces, foine de-
terminate weight of convenient magnitude may be
affomed as a (tandard, to which all others are re-
ferred. This flandard weight in the fubfequent
experiments is ¥ of an ounce, and is reprefented bY¥
the letter m. The inertia of the wheels being
therefore equal to 23 ounces, will be denoted by
112 Aand B are two boxes conftruéted {o as t9
contain different quantities of matter, according #°
the experiment may require them to be varied?
the weight of each box, including the hook 19
which it is fufpended, is equal to 3% oz. or 67¢
thefe boxes contain fuch weights as are reprciﬂcniﬂd
by Q, each of which weighs an ounce, or 4m: other
weights of { an ounce =2m, {=m, and aliqﬂ."t
parts of m, may alfo be included in the boxe”
according to the conditions of the different exP*”
riments,

“1If 4% oz. or 1gm, be included in cither BO¥
this with the weight of the box itfelf will be 25
{o that when the weights A and B, ‘cach beind
2 ¢ 7, are balanced in the manner above reprefente™
1l eir whole mals will be o, which being WJL‘L
to the imertin of the wheels, 11, the fum will be
61 m. Moreover, three circular weights, fuch #

, od 3

that which 1s reprefented by Y, aré Conﬁrmf"
of thet®
t

each of which 1s equal to 1 oz, or m: 1{ oie
. pe&
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be added to A and one to B, the whole mafls will
now become 63, perfedly in equilibrio, and
moveable by the lealt weizht added to cither (et~
ting afide the effeéts of fridtion) in the fime man-
ner precifely as if the fame weight or force were
applied to communicate motion to the mals 6_, ",
exifting in free fpace and without gravity.”

OF THE MOVING FORCE.

¥ Since the natural weight or gravity of any
given {ubftance is conftant, and the exa® quantity
of it eafily eftimated, it will be convenient in the
fubfequent experiments to apply a weight to the
mafs A, as a moving force : thus when the {y(-
tem confifts of a mals = 63m, according to the
preceding defcription, the whole being perfectly ba-
lanced, let a weight of & oz. or m, fuch as Y, be
applied to the' mals A, this will ‘communicate mo-
tion to the whole fyftem.” But fince now the
whole mafs is 6.4, and the 'vainfv* force is the gra-
Vity of one of thole parts unly, “ therefore the
force which accelerates the defcent of A, is & part
of the accelerat ing force by which bodies defcend
fre= zly towards the earth’s {urface.”

Thus by v varying the weights, the moving forge
May be altered without .1.rc1mg the mals; or the
Moving force may be mace to be in any required
Tatio to the mafs.
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OF THE SPACL DESCRIBED,.

“ The method of eftimating practically the {pace
defcribed from quielcence, 1s next to be confidered-
The body A delcends in a vertical line, and a fcale
of about 64 inches in length, graduated into inche
and tenths of an inch, 1s adjufted vertically, and ﬁ'}
placed that the defcending weight A may fall in the
middle of the {quare ftage, fixed to recewve it at
the end of the defeent; the beginning of the de-
{cent is eftimated from o on the feale, when the
bottom of the box A is on a level with o. The
defcent of A is terminated when the bottom of
the box ftrikes the ftage, which may be fixed af
different diftances from the point o, {o that by
altering the pofition of the ftage, the fpace de-
fcribed from quiefcence may be of any given mag
nitude lefs than 64 inches,”

CONCERNING THE TIME OF MOTION.

“ The time of motion is obferved by the beat
of the pendulum which vibrates feconds: and the

’ experiments intended to illuftrate the clementdy
propofitions may be eafily fo conftrutted, that the
time of motion fhall be a whole number of fe
conds 3 the eftimation of the time therefore adpit®
of confiderable exaltnels, provided the obfer™®
take care to let the bottom of the box A begi®

its defcent precifely at any beat of the pr.ndu]um’
then
9
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then the coincidence of the ftroke of the box
againit the ftage, and the beat of the pendulum
at the end of the time of motion, will {hew how
nearly the experiment and the theory agree to-
gether. There might be various mechanical de-
vices thought of for letting the weight A begin
its defcent at the inftant of a beat of the pendu-

dum ; but the following method may perhaps be

{ufficient : let the bottom of the box A, when at
© on the {cale, reft ona flat rod held in the hand
horizontally, its extremity being coincident with
o; by attending to the beats of the pendulum,
and with a little practice, the rod which fupports
the box A, may be removed at the inftant the
pendulum beats, {o that the defcent of A (hall
commence at the fame inftant,”

OF THE VELCOCITY ACQUIRED.

“ It remains only to defcribe in what manner
the velocity acquired by the defcending weight A,
At any given point of the fpace through which it
1119 defcended, 1s made evident to the fenfes. The
Yelocity of A’s defcent being continually accele~
Tated, will be the famein no two points of the fpace
dEanbcd this 1s occafioned by the conftant ac-
tion of the moving force; and fince the velocity of
Aat any inftant is meatured by the fpace which
Would be defcribed by 1t, moving uniformly for a

&iven time with the velocity it had acquired at

v 3 that _
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that inftant, this meafure cannot be experimentally
obtained, except by removing the force by which
the defcending body’s acceleration was caufed.”

“ In order to fhew in what manner this 1s ef-
fucted praftically, let us fuppofe that, according
to a formeg example, the boxes A and B = z3m
each, fo as together to be = gom ; this with the
wheels “inertia 11 will maks 612: now let =
be added to A, and an equal weight m to B, thole
bodies will balance each other, and the whole mafs
will be 63m. 1t a weight m be added to A, mo-
tion will be communicated, the moving force
being 7, and the mals moved 64m. In a former
example, the circular weight, equal #7, was made
ufe of as a moving force ; but for'the prefent pur-
pofe of fhewing the velocity acquired, it will ke
convenient to ule a flat rod (like that which 55'
fhewn at T on the perforated ftage) the weight of
which is alfo ¢qual to m. Let the bottom of the
box A be placed on a leyel with o on the fcale, the
whale mafs being as deferibed above, 6 3m, perfeﬂI}'
balanced in equilibrio. New let the rod, the weight
of which = m, be placed on the upper furface of
A ; this body will defcend along the fcale prccirﬁly
in the fame manner as when the moving force "
was applied in the form of a circular weight. S9P7
pofe the mafs A to have delcended by confiant acs
celeration of the force m, for any given time, ©F

. - a'..
through a given fpace: let the perforated ﬂﬁ?“
: 4
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be fo affixed to the fcale contiguous to which the
weight defcends, that A may pafs centrally through
it, and that this perforated flage may intercept the
rod m, by which the body A has been accelerated
from quiefcence. After the moving force m has
been intercepted at the end of the given fpace or
time, there will be no force operating on any part
of the {yftem, which can either accelerate or retard
its motion ; this beinz the cale, the weight'A, the
inftant after m has been removed, muft proceed
uniformly with the velocity which it had acquired
that inftant : in the {fubfequent part of its defcent,
the velocity being uniform will be meafured by
the fpace deferibed in any convenient number of
feconds.”

OF RETARDED MOTIGN.

« The motion of bodies refifted by conftant
forces are reduced to experiment by means of thé
inflrument above defcribed, with as great eafe and
Precifion as the properties of bodies uniformly ac-
Celerdted. A fingle inftance will be fufficient &
thus fuppofe the mafs contained in the weights A
and B, and the wheels, to bic 61a7, when perfectly
1 equilibrio, as in a former example ; leta circular
Weight 7 be applied to B, and let two long weights
or rods, each equal to m, be applied to A, then
will A defcend by the action of the moving foree
7, the mals moved being 64m : {uppofe thag when

% SR ' it
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it has defcribed any given {pace by conftant ac-
celeration, the two rods m are intercepted by the
perforated ftage, while A is defcending through it;
the velocity acquired by that defcent is known, and
when the two rods are intercepted, the weight A
will begin to move on with the velocity acquired,
being now retarded by the conftant force m ; and
fince the mafs moved 1s 62m, it follows, that the
force of retardation will be ' part of the force
whereby gravity retards bodies thrown perpendi-
cularly upwards. The weight A will therefore
proceed along the graduated feale in its defcent
with an uniformly retarded motion, and the fpaces
defcribed, times of motion, and velocities deftroy-
ed by the refifting force, will be fubje& to the fame
meafures as in the examples of accelerated motion
above defcribed.”

Befides thofe properties, Mr. Atwood’s machine
miay be eafily adapted to other ufes, fuch as the ex-
perimental eftimation of the velocities communi-
cated by the impact of bodies elaftic and non-
elaftic; the quantity of refiftance occafioned by
fluids, &c. Mr. Atwood alio (hews its ufe in ve=
rifying practically the properties of rotatory mo-
tion*,

After the preceding fufficiently ample deferip-
tion of the general mode of ufing this inftruments

e

# Bee his Treatife on Motion, Se&t, VIIL
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we -fhall by way of example {ubjoin three or four
experiments, and fhall leave its further application
to particular cafes, for the exercife of the reader’s
ingenuity. It is however neceflary, in the firfh
place, to obviate fome doubts which may naturally
occur with refpe@ to the performance of this ma-
chine; the accuracy of which may be difturbed by
three caufes, viz. the fri¢tion of the axes of the
wheels, the weight of the filk line, and the refift-
ance of the air. '

¢ The effeéts of frittion are almoft whelly re-
moved by the friction-wheels; for when the fur-
faces are well polithed and free from duft, &c..if
the weights A and B be balanced in perfe& equili-
brio, and the whole mafs confifts of 63, accord-
ing to the example already defcribed, a weight of
¥ £ grain, or at moft 2 grains, being added either
to A or B, will communicate motion to the whole,
which {hews that the effets of friction will not be
fo great as a weight of 11 or 2 grains. In fome
cafes, however, efpecially in experiments relating to
tetarded motion, the effects of frniétion become
lenfible ; but may be very readily and exa@ly re-
Moved by adding a {imall weight of 12 or 2 grains
to the defcending body, taking -care that the
weight added is fuch as is in the leaft degree
{maller than that which is juft fufficient to fet the
Whole in motion, when A and B are equal, and
balance each other, before the moving force is ap-

plied.”
The
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The ik line by which the weights are fufpend-
ed 15 72 inches long, and weighs about 3 grains:
a quantity too imall to affeét fenfibly the refult of
the experiments.

The effec of the refiffance of the air is likewife
infenfible ; for that refiftance increafes with the ve-
focity, and in the experiments which are performed
with this machine, the greatelt velocity communi-
cated to the bodies A and B, cannot much exceed
that of about 26 inches in a {econd.

Experiment 1ft.  Let A and B, together with the
2% oz. (which are equal to the inertia of the
wheels), amount to 16 oz, or63m; then add 2
weight of 2 oz, that 1sm, to A, and A will defcend
and will defcribe from reft three inches in the firfl
fecond ; fo that if the [quare ftage be fixed eve?
with the 3 inches on the fcale, and A be permitted
to defeend from o on the fcale juft when the pen”
Julum ftrikes, it will be found that exactly whes
the pendutum flrikes the next firoke, the body B
will ftrike againft the ftage. If the experiment be

epeated with this variation only, viz. with the
fage fixed even with the 12 inches on the fcales
then the weight A will {inke the fluge exaltlf
when the pendulam firikes the fecond ftroke aftef

the commencement of A’s motien. And if the
fiage be fixed even with the 27 inches, the ftroke
of A on the ftage will coincide with the
fircke of the pendulum ; and fo on.

¢hird

Ferd
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" $ere it is evident that the quantity of matter
in motion is reprefented by 64 parts, and this quan-
ity is put in motion by the gravity of one of thofe
parts ; therefore the moving force being the 6.4th
part of what the earth would otherwife exert upon
the whole mafs, this mafs muft move through the
64th part of that fpace which, if delcending freely,
it would move through in the fame time. Butin
the natural way defcending bodies pafs through
16,087 feet, or 193 inches, in the firlt fecond;
therefore in this experiment the body A muft de-
{cend through the 64th part of 193, viz. 3 inches
nearly. In two feconds it mufl defcend through 4
times 3, or 12 inches; in three feconds it mufk
defcend through ¢ times 3, or 27 inches, &c. the
fpaces being as the {guares of the times.
Experiment od. If the weight of A and B,
together with the inertia of the wheels, be made
equal to 62, and a weight of 2m be added to A,
then the whole mafs in motion will be 64m, and
the moving force 2m, viz. 55 of the mafs; there-
fore in the firft fecond of time A will be found to
defcend through a fpace equal fo the 32d part of
193, viz. 6 inches. Ta two feconds it will delcend
through four times 6, viz. 24 inches, and fo on.—
Thus the force may be varied at pleafure, and the
fpace deferibed by the defcending body in a given
time will be found proportionate to the force.
Experiment 3d. Let the quantity of matter be
637, as in the firft experiment ; add a bar of the
Weight 7 to A, and place the perforated ftage even

with
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with the 12 inches, and let the weight A commence
its defcent when its upper furface is even with the
© on the fcale. It will be found that in two feconds
the bar on the body A will ftrike againft, and re-
main on, the perforated ftage, after which the body
A, not being any longer acted upon by any acce-
lerative force, will continue to defcend with an
equable motion, and will defcribe (according to the
law which has been mentioned and proved in

. page 67.) a fpace equal to twice the above-men-
tioned delcent in the fame time, that is, 24 inches
in 2 feconds. Thus the degree of velocity acquired
after any other defcent may be proved experi-
mentally.

Experiment gth, Let A be equal to a24im
and B equal 23] m, and apply to the upper {urface
of A two rods, each of which is equal , then will
the weight A preponderate and defcend by the
action of a moving force equal to m ; the whole
mafs moved being equal to 63 Fix the per-
forated flage at 26,44 ; then the weight A by de-*
{cending from reft through 26,44 inches, will
acquire a velocity equal to 18 inches per {econd ¢
(viz. the fquare root of 4% 1930’\'( 26’44) and at

]
that inftant the .two rods, each of which is equal t0
7, being intercepted by the ftage, the body A will
continue to defcend with an uniformly retarded
motion ; which will be precifely the fame as if 2
mafs of 61, without gravity, were projected with
a ves
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avelocity of 18 inches in a fecond in free fpace, and
a force or refiftance equal to m were oppofed to its
motion; wherefore A (with the other parts of the
fyftem) will lofe its motion gradually, and will
defcribe a fpace equal to 25,6 inches (that is,
18X 18X61

4% 193
ftroyed: A will therefore be oblerved in the expe-
riment to defcend as low as g2 inches, before it
begins to afcend by the fuperior weight of B,

The next machine we fhall defcribe is called a

_) before its motion is entirely de-

whirling-table, and its ufe 1s for fhewing, in an ex-
perimental way, the nature and properties of cen-
tripetal and centrifugal forces.

The machine 1t{elf is exhibited by fig. 1, Plate
IX. and the apparatus is reprefented by the num-
bers 1, 2, 3, &c. adjoining to it*,

Upon the fteady table £/ £, the two ftrong pillars
é, ¢ are immoveably fixed, which are alfo {teadily
ferewed to the crofs piece 4. Within this frame
the two upright hollow axes are fituated fo thas
€ach of them may turn with a pointed pin in a hole
on the table, and with its upper extremity through
4 hole in the crofs piece ¢4, The lower part of

—

* Whisling tableshave been varied more or lefs in tha ape and
fize by almoft all the different mzkers of thofe infiruments.
Thar which I have preferred has confiderable advantage in
Point of fimplicity and durability. This machine was con-
Yived and made by M. J. B, Hass,

each
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each axis is immoveably connected with a doubly
grooved wheel or pulley KH, CY parallel to the
table. The

the table, round a firong pin or axis which is fixed

grooved wheel B turns al{o parallel to
to the table; and a catgut-ftring is difpofed round
the wheel B, and round the large or {mall eircum-
ference of the wheel at the bottom of each axis, 1
the manner which is clearly indicated by the figure-
In this difpofition it 1s caly to concetve that by
applying the hand to the handle at A, and turning
the wheel B, both the axes will be caufed to turn
round. A focket, or tube I, I is connected with #
circular brafs plate FG, ED, and flides f{recly uP
and down each axis. From the infide of each of
thole tubes or fockets a wire pafles through P
oblong flit, and projects within the cavity of th®
axis, where it 1s fhaped-like a hook; fo that a ftring
may be tied to this hook, which paffing upw:‘--rds
through the aperture of the axis, may be pulled o
let down in fuch a manner as to let the plate ;mi‘l
focket move up or down the axis. Upon thol®
plates, femucircular leaden weights ¢ o may be
placed occafionally,—Thofe weights, being P¢'
forated, are flipped over two wires which procee
from the plate ED, or FG, as they are indicat
by the figure; by which means the weights are
prevented from falling off.

To the upper part of each axis (viz. to the part
of it which proje&s above the crofs piece ab)

varicty of different mechanifms may be occﬂﬁm;'
ally
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ally fcrewed fo faft as to turn with the axis when

the machine is 1n ation.

The oblong picces which are reprefented in the

foure as bein

‘ o attually fixed to the axes, are cailed

L

searers.— I heir conftru&ion being exactly the fume,
we need deferibe only one of them.

A perforated brals plate with a {trong fcrew
which fits the {crew at the top of the axis, is fixed
in the middle of the bearer M L fo that when the
hearer is fcrewed to the axis, the hole 1n it com-
municates with the cavily of the axis. On one
fide of this hole, a perpendicular projedion T rifes
above the furface of the bearer, and- a fimilar pro-
jection rifes above the end L of the bearer, which
s on the other fide of the central hole. Two
imooth, ftrong, and parallel wires are ftretched
between thofe two projections by means of the
fcrew-nuts at W, A cylindrical heavy body V is
pertorated with two longitudinal holes, through
Which the abovementioned wires pafs, {o that the
bady may be freely moved backwards and forwards
Upon thole wires, On that fide of the cylinder V,
which lies towards T, there 18 a hook, to which a
fring is faftened. This firing pafies through a
bole in the projection T'; after which it goes round
the grooved pulley S, which moves round an axis
n an upright frame 4, fixed to the bearer, and
Whofe fituation is fuch that the ftringin its defcent
At T, may pals through the middie of the hole in
the bedrer, and of the cavity of the axis, fo asto
be
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be faftencd with its extremity to the hook of the
wire which proceeds from the focket of the plate
ED. Alter this defcription it is eafy to under-
ftand, that the cylinder V and the plate ED are
connected together by means of the ftring, and

C

'tha.t if ¥ be drawn towards W, in which fituation

appears. in. the figure, the plate ED with its
fupermcumbgnt weights will be pulled towards the
upper part of the axis; otherwife the weight of
the plate ED will draw the cylinder V towards
T, and will itfelf delcend towards the lower part
of the axis.

Either of thole bearers may be removed from,
and one of the following mechanifins may be
ferewed falt upon, the axis.

No. 1. reprefents a circular baard, turned upfide
down, having a flrong {crew in its middle, which
fits the {crew at the top of either axis of the ma-
chine. There is a hole through the middle of this
board and of its ferew, which opens the comt nuni-
cation with the cavity of the axis, But this hole
in' the middle of the board may be occafionally
filled up with a piece of wood in the form of #
ftopple, which is furnithed with a fhort pin, thab
when the piece of wood is h:ged in the hole, pro”

Je€tsalittle above the furface of the buard.
No. 2, is an oblong bearer, w hu l* may be c reweds
7= !G
T ek

like any-of the others, upon one of the axes o
machine. It bhas an upright projeéion at €2

end, and a.firong and {mooth wire is fretched be
twﬁeﬂ
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tween thofe projeGtions by means of the fcrew nuts;
A,B. Cand D are two perforated brafs balls; of
unequal weights; which are connected together by
means of a brafs tube, and are freely moveable
upon the wire AB from one end to the other:
On the cutfide of the brafs tube which conneés
the two balls, there is fixed, exaétly at the com-
mon centre of gravity of thofe balls, a fhort wire
E as an index, which ferves to fhew when the
commion centre of gravity of thofe balls is placed
exaétly againft the middle of the bearer.

No. 3. reprelents a board having at its lowerend
C, a ferew which fits the fcreiv at the top of one
of the axes of the machine, upon which it may
be fumly fcrewed; but this ferew is fituated a
kttle aflant to the board, {o that when placed upon
the axis of the machine this board may ftand in-
tlined to the horizon, making an angle of 307or 40
degrees with it.

On the upper fide of this board ate fixed two
glas tubes, AG and BF, clofe fropped at both
ends; and each tube is about three-quarters full
of water. In the tube BF is a little quickfilver,
Which, in confequence of its weight, remains un-
'fie'i“the water at the end B In the other tube A G
1S a piece of cork, which being lighter than water,
floats upon it towards the end G; and is fo {mall
0ot to flick faft within the cavity of the tube.

No. 4. is an axis or ferong wire fixed to aboard,
and having a fcrew at its lower part beneath the

VoL. 1. x board
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board, which fits the fcrew-hole at the top of oné
of the axes of the whirling table. Two circular
brafs hoops, AC, BD, made very thin and plable,
foldered to each other, and foldered or fcrewed
to the axis, at I, have each a hole at the upper
part through which the axis paffes freely ; fo that
if ahand be applied to the upper part E of thofe
hoops, they may be flattened down ‘as far as the
pin O, which is feen acrofs the axis. ~In this cafe
the hoops will change their circular form into an
clliptical one ; but, beingelaftic, they will refume
their circular form as foon'as the preflure is re-
moved.

No. ¢. reprefents a hemifphere, which is to be
fituated upon the board No." 1, when that is fixed
upon one of the axes of the machine, in the fol-
lowing manner: A pin with a ferew e (which 9
not fixed tothe hemifphere) is {crewed in the mid*
dle of the board fo as to projed a little above 1its
and the hemifphere A is laid upon it, there being @
cavity 4 7 on the flat part of the hemifphere made o2t
purpofe to lodge the pin; but this cavity 18
an oblong groove, as is pretty well indicated DY
the dotted line on the figure of the hemifpheres
and it is made {o that the hemifphere by fliding
over the pin the whole length of that groove, may
be placed either concentric with the board, or out
of centre with it. The lateral wire C, with the

finall ball B, may be fcrewed occafionally on the
© fide
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fide of the hemifphere A, in a dire@ion' oppofite
to that of the abovementioned groove.

No. 6. reprefents a forked wire with 4 ferew at
its lower part, which fits the ferew in the middle
of the board No. 1. This fork ferves to fupport
the wire C with the two unequal balls A and B3
but this wire being in no way connected with the
forked wire, muft be balanced upon it, that is, it
muft be Jaid with the common centre of gravity
upon the fork ; which is eafily dotie by trial.'

No. 7. reptefents a ball of about two inches in
diameter, haging a hole from fide to fide, through
which a wire BA pafles quite freely. This wire
out of the ball at A is {haped like the letter T,
eiach of whofe projeftions is longer than the ra-
dius of the ball, and bas a blunt termination. On
the other fide B the wire terminates in a ring, to
which a {tring 15 tied.—We fhall riow proceed to
defcribe the experiments which are to be made
with the whirling table and its apparatus.

Experiment 1. Fix the board No. 1. upon one
of the axes of the machine, dnd put the piece of
wood or flopper with the pin, in the middle of it.
Take the ball apparatus, No. 7, make a loop on the
end C of the flring, taking care that the length
CA be not greater than the radius of the board.
Put the loop of the firing over the pin i the mjd-
dle of the board, ahd leave the ball upon the
board. ~ Then apply a hand at A, and turn the
Wheel B of the machine, which will give the board

X 2 a Whil‘l-
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a whirling motion. It will be found that the ball
does not immediately begin to move with the
board ; but, on account of its zieriia, it endeavours
to continue in its flate of reft, in which it ftood
before the machine was put in motion. But, by
means of the friction on the board, that suersia 1s
eradually overcome; fo that by continuing to
whirl the board, the ball’s motion will become
equal to that of the board; after which the ball
will remain upon the fame part of the board, it
being then rélatively at reft wpon the board. But
if you ftop the board {uddenly, by applying a hand
to it, the ball will be found to go on in virtue of
its inertia, and continue to revolve, until the fric-
tion of the board, by gradually diminifhing its ve-
locity, finally ftops it. This fhews that matter is
as incapable of ﬁ’oppiﬁ.g itfelf when in motion; as
it is incapable of moving itfelf from a flate of
reft.

Experiment 2. Remove the piece of wood witlt
the pin from the middle of the board. Inftead
of the firing with the loop, put a longer ftring to
the ring B of the ball No. 7. Let this {tring dow?
through the hole in the middle of the board, and
through the cavity of the axis, and faften it to
the ring of the wire whicly proceeds from the focket
of the plate FG ; the weight of which will draw
the'bafl ‘towards the centre of the board. Car¢
muft be had to let the ftring be of fucha length

2s that when the plate FG 1s quite down, the ringf-
. Bo
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~ B of No. 4. be about an inch from the hole in the
middle of the circular board. The weight of the
plate FG muft be very little more than {ufficient
to draw the ball to the abovementioned fituation;
for which purpofe the leaden weights muit be re-
moved from over the plate FG,,its own weight
alone being fafficient for the purpofe.

Having placed the ball fo that the ring B may
be about one inch diftant from the centre of the
board, put the machine in motion by turning the
wheel B; and it will be found that the ball by
going round and round with the board, will gra-
dually fly off to a greater and greater diftance from
the centre of the board, raifing up the plate FG
at the fame time; which fhews that all bodies
which revolve in circles, have a tendency to fly off,
{o that a certain power from the centre muft act
upon them in order to prevent their flying off. If
the machine be ftopped fuddenly, the ball will
continue to revolve for fome time Jonger; but the
frition of the board gradually diminifhing its ve-
locity, its tendency to fly off will allo decreafe, and
the weight of the plate FG will gradualiy draw it
hearer and nearcr the centre, until its motion
ceafes entirely.

Experiment 3d. Let the apparatus remain as
n the preceding experiment, excepting only that
the firing, being dif fengaged from the plate FG
muft be let out of the flit in the axis, and the ope=
fator muft hold its extremity in his hand. With

X 3 his

-
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his other hand the operator muft throw the. ball
upon the circular board as it were in a dire&ion
perpendicular to the firing, by which means the ball
will make feveral revolutions upon the board (the
machine being in this experiment at reft). 'But if
whilft the ball is revolving you gradually pull the
lower end of the firing below the board, you will
find that the ball, in proportion as it comes ncarer
to the centre of motion, and of courfe it performs
its revolutions in {maller circles, will revolve fafter;
which fhews, as faras fuch a machine can do 1t, that
the fame moving force will enable a revolving body
to defcribe a circular orbit faiter when the circle 1s
fmaller, and flower when the circle is larger. (See
chap. VIIL.)

Experiment 4th. Remove the circular board,
and inftead of it, put the bearer on the axis; fo
that both the bearers may be upon the machine, 3
15 reprefented 1n the figure,

Let the cylinders R V, be of equal weightss
place equal weights upon the plates FG, ED; and
adjuft the lengths of the firings which connetl
thofe cylinders with thofe plates, fo that when the
plates are quite down the eylinders may ftand 3t
equal but fmall diftances from the centres of theif
refpeétive bearers. The catgut ftring muft be put

cither over both the large, or over both the finall
(ot

tgut

circular grooves at the bottom eof the axes
which account it is neceflary to have two.ca
ftrings, viz. one longer than the other) then put Fh':

a ;_nﬂChmc
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machine in motion, and the cylinders R,V will be
feen to recede from the centres of the bearers, and
to advance towards the ends X and W, raifing at
the fame time, and to an equal height, the plates
¥G, ED. Thisexperiment proves that when equal
bodies revolve in equal circles, with equal velocities,
their centrifugal forces are equal.

Experiment §th. Inftead of the cylinder R,
place another cylinder of half its weight, viz. equal
to half the weight of V, on the wires of the bearer
PN; adjuft the ftrings fo that when the plates
FG, ED are quite down, the diftance of the cylin-
der V from the centre of the bearer ML may be
half the diftance of the other cylinder from the
centre of its bearer, which is eafily thewn by the
divifions which are marked upon the bearers; and
leave the reft of the apparatus as in the preceding
experiment. Now when the machine is put in mo-
tion, there will be two bodies revolving, one of
which is half the weight of the other, but the for-
mer revolves in a circle which s as large again as
the circle in which that other revolves, And it
Will be found that the equal weights of the plates
FG, ED will be equally raifed; which fhews that
the centrifugal forces of the revolving bodies (which
raife the plates EG ED) are equal asleng as the
Produéls of the bodics multiplied each hy its ve-
lﬁcity, viz. the momentums, are equal.

The proportion of the weights of the two bodies
May be varied at pleafure; but the firings muft be

o i adjuftod




312 Machkines to liufirate

adjufted fo that their diftances from the centres of
the bearers may be inverfely as thofe weights; and
the plates FG, ED, which are loaded with equal
weights, will always be lifted to equal heights ; the
products of the bodies by their refpettive velocities
being always equal,

Experiment 6th,  Repeat the preceding expe-

riment, with this difference, that the cylinders bé
left at equal diftances from the centres of theif
sefpective bearers; alfothat theweights on the plates
FG, ED be in the proportion of the weights o
the cylinders, viz, when V weighs as much again 33
‘R, the weightof the plate ED muft be double the
‘weight of the plateFG, &c, Onputting the machin®
in motion it will be found that the plates FG, EP
are maifed to the fame height; which proves that
when revolving bodies move with the fame velo
city, their centrifugal forces are proportionate
their refpeCtive quantitics of matter.

Experiment 7th. Put cylinders of equal weight?
on the wires of the bearcrs PN, ML. Place th¢
catout ftring round the wheel B, the wheel Y, a0
round the fmall wheel H, which is exa&ly the dit
pofition reprefented by the figure,  Alfo, adjuft the
ftrings between the cylinders and the axes
that when the plates FG, ED are quite dowm
cylinders may lie at equal diftances from the ¢en”
tres of the bearers, Farther, if the <:iI'f:urnft:rﬁﬂ‘:6
of the whedl Y be equal to twice that of the whee

‘ 4 . on
H, yoy mufl put four times as much weight he
thé

thé

a
¢
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the plate FG, 4s upon the plate ED. If the cir-
cumference of the wheel Y be equal to three
times that of the wheel H, you muft put ning
times as much weight on FG as upon ED. In
fhort the weights on the plates muft be inverfely
as the fquares of the circumferences of the wheels
Y and H; On putting the machine in motion it
will be found that the plates FG, ED are raifed
to an equal height ; which fhews that when equal
bodies revolve in equal circles with unequal velo-
cities, their centrifugal forces are as the {quares of
the velocities. i ‘

Experiment 8th, Let the catgut ‘remain in the
fame Gituation as in the laft experiment; and let the
circumference of the wheel Y be to that of the wheel
H as two to one (in which propottion the circumfe-
rences of thofe wheels of whirling machines are gene-
rally conftrutted), Alfo let the cylinders R and V be
of equal weights, but adjuft the {trings fo that when
the plates FG, ED are quite down, the diftance of
the cylinder R from the centre, of the bearer PN
be two inches, whilft that of the cylinder V from
the centre of the bearer ML be 3% inches¥. The
circumference of the wheel Y being equal to twice

P—

% Inftead of inches, the diftances may be of any other
denomination 3 providcd they be in that prOportiOn. The
bearers are generally divided dnto équal parts which are
longer than jnches; fo that the diftances may be made
¢qual to 2 and 3 of thofe divifions, :

the
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the circumference of the wheel H, it follows that
when the machine 1s put in motion, V muft make
one revolution whillt R makes two; therefore their
periodical times are as one to two, and the {gquares
of thofe times are 1 and 4; the former of which is
contained four times in the latter. But the dif-
tance of R is 2, the cube of which 1s 85 and the
diflance of V 15 3%, the cube of which is 32 nearly,
in which 8 is contained 4 times; therefore the
fquares of the periodical times are as the cubes of
the diftances. . Now let the weight of the plate ED
be 4 ounces, equal to the {quare of the diftance 23
and the weight of the plate FG be 10 ounces,
nearly equal to the [fuare of the diftance 35 then
on turning the wheel B, which will put the axes in
motion, it will be found that the plates FG, ED
are raifed-toan equal height,

This experiment proves that when equal bodics

revolve in unequal circles, and the fquares of the
times of their going round are as the cubes of theif
diftances from the centres of the circles, then theit
centrifugal forces are inverfely as the {quares of their
diftances,

Experiment gth. Remove one of the bearets
from the machine, and place the mechanifm No. 3
vpon the axis. (See the def {eription of this me”
chantlm in p. 30z.) On turning the wheel B, it
will be found that the contents of the glafs tubes
AG, BF will, in confequence of their centnru“ﬂl

forces, run to '.xudfs the outward and uppermelt ends
Ul
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of thofe tubes. And fince with equal velocitics
the heavielt bocies have the greateft centrifugal
force, therefore the quickfilver in the tube BF will
go quite to the end F of the tube; its weight
being greater than that of an equal bulk of water ;
but in the tube AG the piece of cork will be found
at the bottom of the water; the water being much
heavier than an equal bulk of cork.

Experiment 1oth, Remove the apparatus No.
3, and place No. 4. upon the axis. On putting the
machine in motion, the upper part E of the hoops
will defcend towards the pin O, and the quicker the
machine is whirled, the nearer will the hoops come
to the pin, their middle parts receding at the fame
time from the axis; fo ‘as to affume an elliptical
form. This effect arifes from the different centri-
fugal forces of the different parts of thofe hoops;
the centrifugal forces of thofe parts which are far-
ther from the axis of motion being greater than of
thofe which are nearer to it. |

It appears therefore, that when globular bodes,
whofe matter is fufficiently yielding, revolve round
their axes, their figure cannot be perfectly {pherical,
but it is that of an oblate fpheroid.

Experiment 11th. Remove the preceding ap-
Paratus from the axis of the whirling table; place
the board No. 1. upon it; fix the pin ¢ of the ma-
chine No. 5. inthe middle of the board, with the
hemifphere A upon it, but without the wire C.
If the hemifphere A be placed concentric with the

' board,
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boird, on whirling the machine, the hemifphere
will be found fo remain in its place upon the board ;
the centre of gravity of the hemifphere coinciding
with the centre of motion. Bat if the centre of
the hemifphere be placed a little on one fide of the
centre of motion, then on whirling the machine,
the larger portion of the hemilphere, which lies on
one fide of the centre of motion, will acquire &
greater centifugal force, and confequently will draw
the hemifphere that way ; fo that the pin {fliding
through the groove 47, the hemifphere will at Jaft
be found with the part 4 upon the pin.

~ If the wire C with the little body B be fcrewed
on the fide of the hemilphere, and the latter bé
placed upon the pin, concentric with the board;
on whirling the machine, the fame thing as the laft
mentioned effe& will take place; for though the
hemifphere be placed concentric with the boards
yet when the body B is affixed to it, their commo®
centre of gravity is different from the ceptre of
gravity of the hemifphere alone. J

Experiment 12th., Nearly the fame thing 1
fhewn by means of the apparatus No. 2. For whe?
this 1s {crewed upon the axis of the whirling tables
(the plccadmg mechanifm being removed) if th€
index E, viz. the -centre of gravity of the W0
Qodies C,D, be placed exatly over the centre O
the bearer AB, the whirling of the machine will
not move the faid bodies upon the wire AB}

but if the centre of gravity K be phccd ever {1‘0
littie
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little an one fide of the centre of motion, on whirl-
ing the machine; the two bodies will move towards
that fide, as far as the upright proje&tion A or B.

Experiment 13th. ~ The fame thing may be
fhewn by means of the mechanifm No. 6. Place
the circular board No. 1: upon one of the axes of
the whirling rhachine; fix the forked wire D, of
No. 6. in the middle of it; balince the bodies
A,B, with their conne@®ing wire, upon the fork 3
then put the machine in motion by tuining the
wheel B, and the bodies A,B will remain balanced
upon the fork and will turn with it.

A vaft variety of machines have been invented
for the purpofe of illuftrating other branches of
the doftrine of motion and equilibrium ; but as
the propofitions which relate to {uch other branches
are very eay and evident, the particular deferip-
tion of thofe machines would render the work
voluminous; without proving of much advantage
to the reader. 1 fhall therefore only add a fhort
account of the manner of fhewing, by means of
Pendulums, the principal phenomena which attend
the collifion of bodies; and the defcription of 2
Machine which ferves to thew a few of the cafes;
Which relate to the compofition and refolution of
forces, with which this chapter will be concluded.

The phenomena which attend the diret collifion
‘_'-‘f bodies, viz. when their centres of gravity lie i
the direction of their motion, may be very com-
Modioufly exhibited by means of pendulums, fuch

as
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are reprefented in the figures 4, g, 6 of Plate VIII;
tor if one of the pendulums as A in fig. 5, be re-
moved to a certain diftance from ‘the perpendicu-
lar, as to the fituation BC, and be then let go, the
impulfe ‘which its ball gives to the next pendulum
D, will force the latter to move from its ftate of
reft, and to defcribe a certain arch, which will be
longer or fhorter according to the quantity of mat-
ter of the body which is ftruck, and according to
the momentum of the firiking body, which mo*
mentum may be increafed or diminifhed by elevat
ing the firiking’ body to a greater or leffer anglés
and by varying its weight. The pendulums may
alfo be made to ftrike againft each other after hav-
ing been botli put in motion, either the fame way 0F
contrary ways. ,

The effeéts of the collifion, viz. the direftions of
the bodies after the ftroke, and their velocities, may
be eftimated by obferving the arches which they
defcribe after the impaét.

In this manner the experiments may be perfor®”
ed on claftic, as well as non-elaftic, bodies. Whe?
the bodies are*required to be elaftic, ivory balls
are fulpended to the threads; but when the bo‘-
dies are to bz non-elaftic, the balls are made of foft
wax*, or of moift clay. And though the forme*

be
o

for this

* White wax may be rendered fufficiently {oft :
orporating
¢ may
r0Ss

purpole by melting it ‘over 2 gentle fire and inc

it with about one quarter of its weight of olive-oil
after w#
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be not perfeGly elaftic, nor the latter perfedly
non-elaflic; yet the difference which arifes from
their imperfet properties, is fe trifling, that i&
may be fafely negleGted in thefe experiments. . And
Liere it is proper to obferve that in performing fuch
mechanical experiments, wherein fome allowance
muft be made on account of friction, of refiltance
of the air, of imperfect elaflicity, &ec. the refult
muft be reckoned conclufive as long as the effedt
1s fomewhat lefs than what it ought to be accord-
ing to the theory ; but if the effect is greater than
that which is determined by calculation ; then fome
defe in the machinery, or error 1n the theory, muft
be fulpected.

In the abovementioned figures the.threads of the
pendulums are reprefented as being fixed to com-
Mmon nails; but a machine, or fland, may be eahiy
contrived (and many machines of this fort- are de-
letibed in almoft all the books of mechanical phi-
lﬂfophy *) upon which two or more pendulums may
be cafily fufpended; where the lengths of the pen-
dulums might be accurately adjufted, and where a
graduated arch, as in fig. 5, might be eafily applied,

—

afterwards, when cooled, be eafily formed into balls, and the
ﬁ,"urc of the balls may be eafily reftored, after being altered
in the coyrfe of the experiments.

* The beft defcription of the conftr u&;on and ufe of
fuch 5 machine, is, in my opinion, that which is given at
large in the fecond Book of s’Gravefande’s Mat. Elem. of
Nat. Phi, edited by Defagulicrs. |

for
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for the purpofe of meafuring the arches from which
the pendulums are permitted to defeend, or thofe
to which they afcend.

The facility with which fuch thachines may be
contrived and conftructed renders the particulaf
defcription of any of themin this place fuperfluous;
one particular mechani{m cohcerning it is however

. deferving of notice; and fuch is reprefented by fig:

7, Plate VITL. When a pendulous body; fufpended
by a fingle ftring, is raifed to a certain height 18
order to give it motion, theleaft jerk or irregularity
of the hand is fufficient to make it deviate from
the proper plane of vibrationy in which cafe the
firoke on the other pendulous body will not be
given in the direftion of its centre of gravity ; henc®
the effe® will not turn out conformable to the
theory. Now the fufpenfion which is reprefented
in fig. 7, avoids the poffibility of that deviations
and thereforc fuch fufpenfion has been chertlly
adopted for experiments of the abo*\'umentmnc’d
pature. DE is aflip of brafs, the form of w Tich 18
fufficiently indicated b; the figure, It is faftened
to the ball by means of a fcrew, and the thre?

BDEC, whofe two .extremities are faftened at B
and C to 4 bracket, or horizontal arm of the Mm%
chine, paffes through two holes in the pmlé&lo”s
D.E of the brafs ﬂlp.—-—lt is evident that this pen”

dulum muft vibrate in a plane perpendicular * L5

the plane BD EC of the figure, withoutany pols

fible deviation.
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Fig. 5. reprefents the cafe when the bodies are
&qurﬂ, and with this apparatus one of the bodies
may be made to ftrike againit the other at reft; or
they may be made to ftrike againft each other
when they are both in motion. The fame variety
of experiments may be performed with the pen-
dulums fig. 4. but in thefe the quantities of mat~
ter are unequal.

Fig. 6. reprefents the cafe in which three equal
elaftic bodies lie contiguous to c;cll other, where
if one of the outer bodies,as F, be lifted up to G, and
then be permitted to defcend againft K, the ftroke
will be communicated from E to D; fo that E
will remain at reft, and D will be impelled up to
H.—For the various cafes of collifion which may
be exhibited by means of pendulums, fee chap.
VIL

Various ‘machines have been contrived for the
purpofe of illuftrating the compofition and refolu-
tion of forces; and the weights fuftained by ob-
lique powers¥. One of the cleareft methods of
thewing the compofition of forces is the following :

Sufpend two pendulums ACL, BD, as reprefent-
ed by fig. 8. Plate VIIL fo that their balls may be
very little above the furface of a flat and {mooth

———

* Such machines are particularly defcribed in moft of
ﬂ?“ works on_mechanics and natural philofophy, efpecially
Gravefande’s  Elem, of Nataral Phil. and Muflchen-
broek’s Philofophy. :

VOL. I. ¥ table
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table LM RK. Place an ivory ball, E, upon the
table, in contat with both the balls of the pendu-
lums; then if you draw the pendulum A a cer-
tain way out of the perpendicular dire@ion, and
then let it fall againft the ball E, in the dire€tion
EO, the ball E will be forced to move from E to
O.—Replace the ball E in its former fituation;
raife the pendulum B fo as to make an angle with
the perpendicular, equal to that made by the other
pendulum, then let it fall upon the ball E, where-
by this ball will be forced to move from E to H-
Laftly, put the ball E once more 1n its former fitu-
ation ; raife both the pendulums at the fame times
and to the fame angle to which they were before

raifed feparately; then let them go both at the

{ame inftant, fo that they may both ftrike the
ball E at the fame time; and the ball E will there=
by be forced to move ftraight from E to G, which
is the diagonal of the parallelogram GHEOQ, whofé
fides are the direétions of the feparate impulfes
EQO, and EH.

The effeét may be varied by increafing or di-
minifhing one of the impelling forces, which mu
be done by increafing or diminifthing the weight
of one of the balls A or B.

In the ufe of fuch a machine, care muft be had
to let the two pendulums firike the ball E at th
very {ame inflant ; which requires a nt:onﬁdf—‘fﬂ'?Ie
degree of dexterity. Mechanical means might
deed be eafily contrived for the purpofe of dif

ing
chargiPe -
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charging both the pendulums at the proper time;
but it is hardly worth while to conftru&t a compli~
cated machine for illuftrating fo evident a propo-
fition.—1In this machine the two pendulums are {uf-
pended nearly after the manner of fig. 7, viz. each
pendulum is. fufpended by two threads, but the
flip of brafs is omitted.

\

CHAPTER XV.

CONTAINING THE APPLICATION OF SOME PARTS
OF THE FOREGOING DOCTRINE OF MOTION 3
WITH REMARKS ON THE CONSTRUCTION OF
WHEEL CARRIAGES.

F all the branches of mechanics the proper-

ties of the centre of gravity occur moit fre-
Quently, and are of the greateft confequence, to the
human being.

Whatever body refts upon another body muft
have its centre of gravity {upported by that other
body, viz. the line drawn from its centre of gra-
Vity ftraight to the centre of the earth; or, which is
the fame thing, the line which falls from its centre
_Uf gravity perpendicularly to the horizon, muft be
Intercepted by, or fall upon, the other bedy ; other-
Wife the former will not be fupported by the latter.

Y 2 The
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The '1b0vwknho.n, 1 ling, that is, a line drawn
from the centre of gravity of abody, or {yftem of
bodies that are connelted together, perpe: mn,ulm i
to the plane of the horizon, is called the Jine of di=
reéfions 1t being . fact the line along which the
body will direét its courfe 1 its defcent towards
the centre of the earth ; and, of courfe, in order t@
be fupported, it muft meet with an obftacle in that
e b{‘;—dj’ CDOG

will reft very well with its bafe upon the Gm-mtl

line, Thusin fig. g. Plate VIIL

or other horizontal plane, becaule its line of direc-
tion 1 F, drawn frop its centre of gravit vy, per-
pendicular to the plane of the horizon, falls withis
the bale YG O, every point of which is fupperts
r body ABCD

be laid upon it, the whole willfall to the grounds

ed by  the ground; but if anoth:

for in the latter cafe the centre of gravity of til‘“’_
whole will be higher up, as at K, and the line of
dire&ion K H falls out of the bafe. 'Thus alfo 18
fig. 1o. Plate V1L the body
inclined plane AB, becaule its line of dire
falls without its bale ; whes

Ly
5 1 A = - }
D will roll down £8°

G0

£as the

fine of direttion falls within its bafe, wi
down that plane, unlefs the friction prevent:
which' cafe it will remain at reft ; but Hictior
not prevent the rolling down of the body D.

pafe

It is therefore evident that the narrower the

- - o 1
ls,th:: eafiera body may be moved, and, on the CU;
trary, the broader the bafe is, and the nearcr £he
- e A . - 5 o ~0re
fine of direétion is to the middie of rity the T -
firmly
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firmly does the body ftand.  Hence it appears that-
a ball, ora circular plane figure ftanding upright;
fuch asa wheel, is moved upon a pline with greater
facility than any other figure; for the leaft «changé
of pofition s fuflicient to remove the line of direc=
tion of a fpherical or circular body, eut of the bafel
Hence alfo it is that bodies with narrow termiina-
tions, fuch as an egg or a ftick, &c. cannot be
made to ftand upright upon a plane; at leaft not
without the utmofl dificulty.

The application of the properties of the centre
of gravity to anymal ceconomy is ealy and evident.
If the line of direétion falls within the bafe of our
feet, we remain ereft ; and the fteadieft, when that
line falls in the middle of that bafe; otherwife we
inflantly fall to the ground. :

On account of the great importance which the
Prefervation and management of that centre is to
animal motion, the infinite wifdom of the Creator
has jmplanted in all animals a natural propenfity
t0 balance themf{elves in almolt every circumftance.
Mﬂny- animals acquire the habit of keeping them-
felves upoen theirdegs within a few hours after their
birth, and fuch is particularly the cafe with calves.

It js wonderful to reflect, and to oblerve, how a
child begins to try and improve his ftability. He
Senerally places his feet at a confiderable diftance
from eacly other, by which means he enlarges the
bafe, and diminifhes the danger of a lateral fall —
be endeavours to ftandquite eret, and with hjs body

Y 3 1m-
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immoveable, fo as to prevent as much as pofiible
a fall backwards or forwards;—and when he lifts
up one foot, he inftantly replaces it upon the
ground, finding his inability to reft upon fo {mall
a bafe as that of one foot. Farther advanced iz
years, he adopgs farther methods of preferving and.
ufing the centre of gravity, and that without thé
leaft knowledge of the mechanical principle upon
which he acts. Thus a man naturally bends his
body when he rifes from a chair, in order to throw
the centre of gravity forwards. He leans forwards
when he carries a burden on his back, in order t@
let the line of direétion (which in that cafe de-
fcends from the commion centre of gravity of his
body and burden) fall within the bafe of his feet:
For the fame reafon he leans backwards when hé
carries 2 burden before him ; and leans on one fidé
when he carries fomething heavy on his oppofit®
fide.

Human art improved by conftant exercife and
experience, goes far beyond thofe common ufes ©
the centre of gravity, and line of diretion. we
fee, for inftance, men who can balance the™”
felves fo well as to remain erect with onme f0%F
upon a very narrew ftand, or upon a rope, and gvel
with their heads downwards and their feet UPPe™”
moft,—Their art entirely confifts in quickly co¥®
terpoifing their bodies, the moment that the lin®
of diretion begins to go out of the narrow palt?

upon which they reft. Thus, if they find ther”
; fC-‘."”’
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{elves falling towards the right, they ftretch out the
left arm or the left leg, and wice verfa; for though
the weight of the arm be much lefs than the weight
of the body; yet by being extended farther from
the fulerum, its momentum may be rendered equal
to that of the reft of the body, which lies vaftly
nearer to the fulcrum, or to the line of diretion.~
See chap. V1. _

This explanation likewife thews the great ufe of
a long horizontal pole in the hands of a rope-
dancer ; for as the extremities of the pole, which
are generally loaded with leaden weights, lie far
from the rope, which 1s the fulcrum; when the
pole is moveda little one way, the momentum of
that extremity of it which lies that way, is in-
creafed confiderably, and fo as to counterpeife the
body of the man, when he finds himfclf going the
other way.

Notwithftanding the ufe of thecentre of gra-
vity which mankind acquires naturally or merely by
experience ; yet in many cafes people are feen to
aQ contrary to the laws of nature; and the confe-
Quences are fometimes quite fatal. Thus we fre-
Quently find that when a boat or carriage 1is avers
fetting, the perfons in it rife fuddenly from their
feats; by which means they remove the centre of
gravity of the whole higher up; and thereby ac-
celerate the fall, (exaétly like the cale which has
been reprefented in fig. 9, Plate viil,) which they
Mmight probably prevent, either by remaining on

Y 4 their
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their feats, or rather by lowering themfelves down
as clofe as they could to the bottom of the boat or
carriage.

The natural application of the mechanical laws
might be inflanced in almoft every occurrence of
life ; for whatever moves muft move conformably
to thofelaws. But, to avoid prolixity, we thall only
mention a few more particular inftances: whence
the attentive reader may eafily learn how to apply
the foregoing doétrine of motion toa variety of oc-
currences.

The man, or the horfe, that runs in a circalar
path, naturally - leans towards the centre of the
circle, or towards the concave part of the curvie
linear pathway; and that in order to countcraét
the effect of the centrifugal force, which would
otherwile. throw him out of the perpendicular-
And the {wifter he runs, the more he leans towards
the concave fide; the centrifugal force encreafing
with the velocity. ‘

Whena man is to hold a great weight in his
hand, he naturally places the hand near the bodys
for if he extend his' arm, the momentum of the
weight which is placed at the end of it, as if it
were at the end of a long lever, becomes too greﬂfi
for his power; confidering that the arm becomes &

lever where the power and the fulerum lie near on€
extremity, viz. near the (houlder, and the weight
liesat the oppofite extremity.

_perfonf
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Perfons who are accuftomed to ufe a hammer
generally hold'it by the loweft part of the handle,
for the purpofe of rendering the ftroke as power-
ful as poﬁ'ib]e; for in-that cafe the head of the ham=
mer, by being fartheft from the centre of motion,
moves- with the greateft velocity,‘-and, of courfe,
firikes with the greateft momentum. But fuch
perfons asare not fufficiently accuftomed to ufe a
hammer, generally place their hand near the head
of the inftrument, by which means they render
the ftroke of very little effect.

Thelike obfervation might be made with re-
fpec to theufe of almoft all other tools and in-
ftruments, including thofe which are commonly in
ule, fuch as fciffars, knives, razors, &c. And ‘it
it is by the different management of fuch inftru-
ments that a mechanical hand is diftinguithed
from an unmechanical or clumf{y one; and that a
perfon poffefled of ufeful experience, ufeful habits
and ufeful knowledge, is diftinguifbed from one of
the contrary defcription ; excepting indeed when
the aukward management of tools, &c. 15 wilfully
adopted, under the refined idea, and for the purpofe
of fhewing, that a perfon has never been under the
difgraceful neceflity of handling any mechanical
inftrument.

Of the different machines of luxury or conve-
nience, that are in ufe amongft civilized nations,
none have been more generally adopted, and more
univerfally ufed, thaf wheel carriages ; and yet it

15
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is very remarkable, that, notwithftanding the pre-
{ent greatly improved ftate of mechanical know-
ledge, thofe machines are by no means conitruéted
or ufed in the moft advantageous manner pof-
fible.

Could the furfaces of bodies be rendered per-
fetly fmooth, flat, and deftitute of adhefion, it
would be as eafy to drag a body upon a plane, as
it would be to move it upon wheels ; but as thisis
far from being the cafe, the advantage which arifes
from the ufe of wheel carriages, 1s too evident to
need any particular demonftration ; and, in fact, we
almoft every day obferve, that a fingle horfe is able
to carry upon a cart fuch a load as ten horfes
would perhaps have not ftrength {ufficient to move
on the bare ground.

When a heavy body is dragged opon the grounds
the friction is very great, becaufe the ground ftands
ftill and the body moves upon it, fo that all
the inequalities of the ground, the accumulation
of dirt, and ftones, the finking of the ground,
%c. form {o many obftables to the moving bodys
which cbftacles muft be overcome by the power
- which is applied to draw it. But when the body
is carried upon wheels, asupon a cart, or waggon:
&c. the furface of the rims of the wheels does not
rub on, butis fuccefively applied to the grounds
(agreeably to what we have faid above with refpect
to rollers; fee page 27g) and the obftacles arifing

from finking, from frones, fand, &c. offer an ob-
lique
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lique oppofition to the whesls, which IS overcome
vaftly eafier than a dire€t oppofition, and the more
fo the larger the wheels are in diameter; fo that by
the ufe of large wheels the fri€tion againft the
ground is almoft entirely removed. There is howsy
ever another fort of fri¢tion introduced by the ufe
of wheels, viz. the friction of the wheel upon the
axle; but this friction, when the parts are properly
fhaped, and oiled or greafed, is not very material,
efpecially when the wheels are large; for wheg 2
wheel turns upon an axle, the force neceffary to
overcome the friCtion is diminifhed in the ratio of
the diameter of the wheel to the diameter of the
axle.

A wheel carriage is drawn with the leat power,
when the line of draught pafles through the centre
of gravity of the carriage, and in a direction pa-
rallel to the plane on which it moves, © It therefore
follows that the height of the cartiage fhould be
regu!ated by the pature of the power which is to
draw the carriage; viz. whetheritis to be drawn
by highor low horfes, by bullocks, &c. It muft
however be obferved, that, from the make of his
body, a horfe draws with the greateft advantage
when the traces, or the thaft, makes a fmall angle
with the plane which paffes through the axles of
the wheels. But this angle muft not exceeda few
degrees, otherwife part of the power of the horfe
}s employed in lifring up the fore wheels from the

‘ ground ;
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ground; confequently the power is not enfirely
emploved in drawing the carriage forward.

Four-wheeled carriages are almoft always made
with the two fore wheels {maller than the hind
wheels. The fore wheels are made {maller than
the others for the conveniency of turning, as they
require lefs room for that. purpofe. The {mallnefs
of their fize does allo prevent their rubbing againft
the traces: but, thofe objelts excepted, fmall wheels
are by no means {o advantageous as thofe of a lar-
cer diameter, as has been already mentioned, and as
will be confirmed by the following illuftration.

In fig, 2. Plate IX. let the hollows BGC, and
DFO be equally large, and equally d-eep in the
ground. - It 1s evident that the large wheel A will
not go fo far into the hollowing, as the {mall wheel
R. Befides, even fuppofing that they defcend
equally deepinto thofe hollowings, the large wheel,
by the power atting far above the impediment, may
be eafily drawn out of it ; whereas the {mall wheel
can hardly be drawn out by means of an horizon-
tal draught, unlefs indeed when the ground gives
way before it, which is not always to be expected-

The idea of the two large wheels helpipg to drive
the fore fmall ones, is a vulgar error, which has not
the leaft foundation in truth. The abfurdity of
this idea m]-“at 'Dc proved various ways, but by
none more fatisfactorily than by the following ex*
periments
Take
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Take a real carriage, or the model ofa large one,
having two large and two {mall wheels. Faften a
rope at each of its ends, but equally high from the
ground ; then extending one of thofe ropes hori-
zontally, let it go over a pulley, which muft be
“placed at fome diftance from the carriage, and tie
45 much weight to the defcending extremity of the
rope, as may be juft {ufficient to move the carriage.
This done, difcharge this rope; turn the carriage
with its otherend towards the pulley, and, in fhort,
repeat the experiment with the other end of the
carriage foremoft. Tt will be found that precifely
the fame weight will be requived to draw the car-
riage, and to draw it with equal velocity, whether
the large or the {mall wheels be placed foremoft.
The figure, or rather the breadth of the rims of
the wheels, Jinfluences confiderably the motion of
the carriage. Upon a-fmooth and hard road no
advantage 1s derived from the ufe of broad wheels ;
but upon a foft road the broad wheels are much
more advantageous than narrow ones; the latter
cutting and finking into the ground ; on' which
account they muft be confidered as always going
up hill, befides their fuffering a great deal of fric-
tion againft the fides of the ruts that are made by
themfelves; whereas the broad wheels produce
nearly the fame effect as a garden-roller; that is,
they fmooth and harden the road, befides thelr
moving with great freedom. It muft however be
obferved, that upon fand, as alfo upon ftff clayey
.roads,
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oads, lels force is required to draw a cart with nar-

-row, than one with broad, wheels. Upon fand the

broad wheels form their own obftacles, by driving
and accumulating the fand before them. Upon
clayey roads they gather up the clay upon their
furfaces, and become in a great meafure clogged
by it.

Some perfons imagine that the broad wheels, by
touching the ground in a great many more points
than narrow wheels, muft meet with proportion-
ably greater obftruttion. But it (hould be confi-
dered, that though the broad wheels touch the
ground with a larger furface, yet they prefs upon
it no more than narrow wheels do. Let, for
inftance, two carts be equal 1n every refpeét and
equally loaded, excepting that the wheels of one
of them be 3 inches broad, whilft thofe of the
other be 12 inches in breadth. It is evident that
the latter wheels reft upon the ground with a fur-
face which is equal to four times the furface upon
which the former wheels reft. But fince an equal
weight 1s fupported by the wheels of both carts,
every three inches breadth on the furface of the
broad wheels fuftains a quarter of that weight s
whereas the three inches breadth of the narrow
wheels fuftain the whole weight; o that the broad
wheels touch the ground as much lighter as they
are broader than the narrow wheels. It is for the
{ame reafon that if a heavy body in the form of 2
parallelepipedon, viz. like a brick, be dragged upo?

* a Planﬂ
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a plane furface, the fame power will be required to
draw it along, whether its broad or its narrow fide

be laid upon the plane.
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“ If the wheels were always to go upon {mooth
and level ground, the beft way would be to
make the fpokes perpendicular to the naves;
that is, to ftand at right angles to the axles ;
becaufe they would then bear the weight of the
load perpendicularly, which is the ftrongeft way
for wood. But becaufe the ground 1s generally
uneven, one wheel often falls into a cavity or rut
when the other does not; and it bears much
more of the weight than the other does; in
which cafe, concave or dithing wheels are beft,
becaufe when one falls into a rut, and the other
keeps upon high ground, the fpokes become
perpendicular in the rut, and therefore have the
greateft ftrength when the obliquity of the load
throws moft of its weight upon them; whilft
thofe on the high ground have lefs weight to
bear, and therefore need not be at their full
ftrength. . So that the ufual way of making the
wheels concave is by much the beft.”
« The axles of the wheels ought to be perfeétly
ftraight, that the rims of the wheels may be
parallel to each other; for then they will move
cafieft, becaufe they will be at liberty to go on
ftraight forwards. But in the ufual way of prac-
tice, the axles are bent downward at their ends ;
which brings the fides of the wheels next the
“ ground
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¢ ground nearer to one another, than therr oppo-
“ fite or higher fides arc : and this not only makes

« the wheels drag fidewife as they go along, and

¢ gives the load a much greater power of cruthing

(19

them than when they are parallel to each other,

&L

but alfo endangers the overturning of the car-
¢ riage when any wheel falls into a hole or rut, or
¢ when the carriage goes in a road which has one

¢ f{ide lower than the other, as along the fide of a-

“ hill;”* for on that conftruction the carriage
ftands upon a narrower bafe, ‘than when the rims of
the wheels are parallel to each other.

~ Upon level ground a carriage with four equal
wheels may be drawn by the {ame power with
equal facility, whether the load be placed on any
particular part of the carriage, or .1t be.{pread
equally all over it. ‘

Upon a two wheeled carriage the moft adyanta-
geous difpofition of the load is, when the centre of
gravity of the weight coincides with the middle of
the axle, or witha perpendicular line which pafles
through that middle.

A carriage having the two hind wheels large, and
the two fore wheels {mall, when going upon an ho-
rizontal plane, fhould have the principal part of
the load laid towards its hind part ; but when go-
ing upon uncven roads, up and down hill, and
when' the load cannot be eafily fhifted, the beft

e

#* Fergufon’s Létures, lecture iv,

way
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way is to lay the load principally in the middle, or
to fpread it equally all over the carriage.

he common prafice of carriers, who place the
principal part of the load upon the fore axle of the

waggon, is evidently very abfurdj for by that

- means they prefs that axle with greater force upon

the wheels, and the fore wheels deeper into the
ground, in confequenece of which thofe wheels,
which turn oftener round than the large wheels,
will not only wear much fooner, but require a
greater power to draw them along, and efpecially
over any obftacle,

The lower the centre of gravity of the load is
fituated, the lelsapt is the carriage to be over-
turned. - The following obfervations are of Profe{-
for Anderfon of Glafgow.

¢« In Glafgow and its nei

“ horfe, on a level turnpike road, draws 2 cwt.
(11

ghbourhood, a fingle
in 2 cart which weighs about 10 cwt. having
wheels fix feet high, and its axle pafling through
the centre of gravity of the load and cart, bur,
in a common cart, he draws only the half of

“ that load. Two horfes yoked in a line,
¢

L1
€<

€

in a common cart eafily draw 3o cwt. upon
an even toad. And fix herfes, yoked two a-
breaft, draw 8o cwt. in a common waggon.”

“ Six horles, in fix carts, with high wheels, can

draw 150 cwt, on a level road ; and fix horfes,

(19

L 1

A ; R
 in three common carts, with two horfes in each,
L 1Y

can draw, upon an uneven road, go cwt, that

Yor." 1. 7 e |
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“ is 10 cwt, more than they can doin a waggon ;
¢ the weight, tear and wear, and the eafe in draw=
“ ing a waggon, or three carts, being, it is faid,
“ nearly equal ; and the price of the three carts
“ being lefs than that of the waggon.” *

CHAPTER XVIL

OF PROJECTILES.

WHATEVER body is impelled by any power,
and is afterwards left to proceed by itfelf, is
called a projeffile, which denomination is derived

‘from a Latin word, the meaning of which is to

throw, to hurl. Thus the bullets which are
thrown out of fire arms, ftones that are thrown by
the hand, or by afling, or by any other projeting
inftrument, &c, are called projefiiles.

It has been already fhewn (in chap. IX.) that
projectiles, unlefs they be thrown perpendiculatly
upwards or downwards, muft deferibe a curve lines
becaufe they are acted upon by two forces, one of
which, viz. the impelling force, produces a7

e g

* Inftitutes of Phyflics; Mech: feét, xviis
equablﬁ
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equable motion ; whillt the other, viz. the attrace
tion of the Earth, produces an accelerated mo-
tion.

It has likewife been fhewn that projectiles de-
{cribe {uch curves as are called by the mathemati-
cians parabolas 5 or rather that they would defcribe
fuch curves, if they were not influenced by cer-
tain fluGtuating clrcumftances, which caufe the
paths of projectiles. to deviate more or lefs from
true parabolic curves.

Thus much might have fufficed with refpett to
the motion of projeétiles. But the great ufe
which 1s made of them both in peace and in war,
obliges us to confider this branch of the dotrine of
motion in a more particular manner, and to derive
from the theory fuch rules as may be of ufe in the
practical management of projectiles.

There are three caufes, which force the’ projec~
tile to deviate from the parabolic path: viz. 1ft,
the force of gravity’s not acting in diretions per-
pendicular to the horizon; 2dly, The decreafe of
the force of gravity according to the {quares of the
diftances from the centre of the Earth; and 3dly,
the refiftance of the air.

The effefs which are produced by the firft and
{econd of thofe caufes, are too fmall and trifling;
for the centre of the Earthis at fo- great a dif-
tance from the furface, that both the height and
t%xe diftance to which we are able to throw projec~
tiles, are exceedingly {mall in proportion to it.

z2 But




840 Of Projectiles.
But the refiftance of the air offers a very confider=
able oppofition to the motion of projectiles, and
its action is fo very fluGtuating, that, notwith-
{tanding the endeavours of {everal able philofophers
and mathematicians, the deviation of projectiles
from the parabolic path has not yet been fubjected
to any determined and practical rules.

After the preceding remarks it will be eafily al~
lowed, that the only method we can follow Is to lay
down the theory on the {uppofition that the pro-
jectiles move in parabolas, and then to fubjoin 2
concife ftatement of the refult of the principal ex~
periments, which have been made for the purpofe
of fhewing the deviation of the real path of
projectile from the parabolic curve.

When a body is projected obliquely from any
kind of engine, fuch as a ball from the can®
non A, fig. 3, Plate IX. in the direétion AGC;
the force of gravity, a&ing upon it in di
reCtions nearly perpendicular to the horizontal
plane A B, forces it to deviate from the ftraight di-
re€tion AC, and to deferibe the parabola ADBs
laflly falling uwpon the horizontal plane at B3
whence it evidently follows, that a ball or any othef
projectile cannot move even for a moment in 3
ftraight line ; but that 1t muft deviate more or
lefs from the ftraight line of its initial diretions
and muft immediately begin to incline towards Fhf
ground ; excepting however fome particular caless

namely, when the (hot has acquired a rotatory mo-
’ tion
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"tion round its axis, or when its fhape’ is fomewhat
oblong and bent ; for in thofe cafes it may deviate
not only fideways, but even upwards for a fhort
time.

The diftance AB between the mouth of the
projecting engine and the place where the fhot falls
upon the horizontal plane, is called the range of
the fhot, ot the amplitude of projetion; DE is the
keight of its path, or of the parabola ADB. The
angle CAB, which the direction of the projection,
or of the cannon, makes with the horizontal
plane, 1s called the ang/e of elevation. 'The time
during which the thot performs the path ADR, is
called tke time of flight, and the force with which
it ftrikes an object at B, 1s its momentum.

It will be found demonftrated in the note that
thofe particulars, ‘viz. the range, the height, the
angle of elevation, &c. bear a certain determinate”
proportion to each other, fo that when two of
them are known, the others may thereby be found
out, It 1s demonftrated likewife, that, cezerss pa-
ribys, the greateft range or greateft diftance’ to
which a fhot may be thrown upon an horizontal
blane, takes place when the angle of. elevation is
equal to half a right angle, or 45 degrees (1.); we

{hall

.

(1.) Propofition I. A body which is projested in @ direc-
ion not perpendicular, but obliguey to the horizon, will de-
Jeribe a parabola 5 and its welocity in any point of that parabe-
z 3 Ia
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fhall therefore proceed in this place to fhew a prac-
tical method of determining the moft ufeful of
thofe particulars, when the angle of elevation, and
the greateflt range the cannon is capable of; are
known.—-This greateft range, viz. the diftance to
which the cannon when charged with the ufual
quantity of powder, and elevated to an angle of
45° 1s capable of throwing the fhot, muft be af-
certained by 'means of atual experiment and
menfuration in every piece of artillery, efpecially
with large cannons, and mortars; fince the balls
from thofe pieces defle& much more from the
ftraight dire&ion.—The angle of elevation 1s af-
certained by means of a graduated circular inftru-
ment, and a plummet, or a level.

Let

la 15 the Jame as it would acquire by defeending perpendicular’y
through a [pace equal tothe fourth part of the parameter be-
longing to that point as a wertex s fuppofing that the farce of
gravity is uniform, and that it adls in direftions perpendiculat
fo the horimontal plane; alfs that the air offers no refiffant?
to the motion of projectiles, :

Let a body be préjected from A, fig. 5. Plate IX. in
the direction AE, and let AE reprefent the fpace, through
‘which the projecting force alone would carry it with a8
equable motion in the time T, Alfo let AB reprefent the
fpace through which the force of gravity alone would caule
it to defcend in the fame time-T. Complete the parallelo=
gram ABEC, and it is evident that the body, being inl=

pelled both by the projecting forceysand by the fore® of
gruvif}’!
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Let the greateft horizontal range of a cannon,
or mortar, be 6750 yards, and let the actual angle
of elevation be 25°; the other particulars may
be found by delineating this cafe upon paper ; for
which purpofe the inftruments that are generally
put

gravity, muft, at the end of the time T, be found at C,
Now AE is as the time T, becaufe it reprefents the {pace
defcribed uniformly; but AB is as the fguare of the time
T ; therefore AE or its equal BC, is as the fquare of AB,
And the fame reafoning ‘may be applied to any other con-
temporary diftances, as AH, AF, or FG, AF. But AE
is a tangent to the curve at the point A, AF dis a diameter
at the point A, and BC, FG, &c. being parallel to the
tangent AE, are ordinates to the diameter AF ; and fince
the fquares of thofe ordinates have been demonftrated to be
as the refpeflive abitiffas AB, AF, &c.; thercfore the
curve ACGD is the parabola.

The velocity of the projectile at any point, as A, in the
curve is fuch, that the fpace AE would be defcribed uni-
formly by i, in the fame time that the body would em-
ploy in delcending perpendicularly by the force of gravity
from Ato B. Aifo (fee p. 66.) the velocity acquired by
the perpendicular defcent AB is fuch as would carry the
body equably through twice AB in the fame time, (that is,
in the fame time that AE is deferibed;) therefore the ve-
locity which is acquired by the perpendicular defcent AB,
is to the velocity with which AE is deferibed, as twice AB
is to AE. But the velocity acquired by the perpendicular
defcent through AB, is to the velocity acquired by the per-
pendicular defcent through a quarter of the parameter be-
longing to the vertex A of the parabola ACG, alfo as

Z A twice
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put ina common cafe of drawing inftruments, are
quite fufficient, viz. a pair of compaffes, a ruler
with a {cale of equal parts, and a protractor.

Draw an indefinite right line AK, fig. 4. Plate
IX. to reprefent an horizontal plane, paffing

through

twice AB is to AE; for that parameter is (by conics)

e 5
Al T

equal to ——, and 2 quarter of ‘it is , and, by the
AB 4 B 2

laws of gravity, the velogity acquired by the perpendicular
defcent AB, is to the velocity acquired by the perpendicular

=z

4 A

defcent

s as the fquare roots of thofe fpaces; ' viz.

AE

BA 15 orastwice AB is to AE, There-
2 BA 2

forey fince the like reafoning may be applied to any other

as AB? isto

point of the parabolic path, we conclude that, univerfally,
the velocity of the projeélile in any point of its path is the
fame ‘as would be acquired by a perpendicular deféent
through a fpace equal to the fourth part of the parameter
belonging to that point as a vertex.

Corollary 1. It is evident that the projeétile muft move
in the plane of the two forces, viz. in the plane which pafles
through AE, AB, and is, of courfe, perpendicular to the
horizon.

Cor. 2. It follows from the laws of compound motions
that the projectile will defcribe the arch AC, in the {ame
time'in which it would defcend by the force of grav]ty fromx.
A to B, or in which it would deferibe unifarmly the fpace
AE. -

Cor. 3. When a body is projeceed from A inthe direc-

tion AE, il the parameter which belongs to the verte* ‘E‘:
171
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through the point of projection A. Make AB
perpendicular toit, and equal to twice the greateft
horizontal range, viz. equal to 13500 yards; which
is done by making it equal to 13500 divifions of

the

be equal TOE“?", the parabola muft pafs through the
point C.

Cor. 4. Either in the fame, or in different parabolas,
the parameters belonging to different points are to each
other as the fquares of the velocities' of the projectile at
thofe points ([ee p. 65); whence it follows, that at the
vertex of the parabola the velocity or the momentum of
the projectile is the leaft, and at equal diftances from that
vertex the velocities or the momentums are equal.

Propofition 11, The initial velocity being giveny 1o find
she direction in wwhich a body muft be projeited in order to hit
a given point.

Let A, fig. 6, Plate IX, be the projeting point, and C
the objet; or point which is required to be hit.

The velocity of projection being given, the parameter of
the parabola which muft pafs through the point C will eafily
be found by means of the preceding propofition; viz. by
finding the fpace, through which a bedy muft fall from
reft, inorder to acquire the given velocity ; for that {pace
is equal to the fourth part of the parumetef belonging to the
point A.

Join AC, draw the horizontal line AL, and at A ere&
AP perpendicular to the horizontal line AL, and equal to
the above-mentioned parameter. Divide AP into two equal
parts at G, and through G draw an indefinite right line
KGH parallel to the horizontal ling AL. Through A

draw
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the fcale of equal parts, for thofe parts muft re-
prefent yards. Upon AB, as a diameter, defcribe
the femicircle AFB. At A, by means of the pro-
tractor, draw the line of projeftion A F, making an

angle of 25° with the horizontal line AK,
Through

draw AK perpendicular to the direftion AC of the objedt,
which AK will meet KH ina point K. With the centre
K and radius KA draw the circular arch PHEA. Through
the point or chject C draw BCI perpendicular to the ho-
rizon, and if this perpendicular mects the circular arch, as
at E and I, draw AE, AI; and either of thofe dire&ions
will anfwer the defired purpofe.

Join Pland PE ; and the triangles PAE, EAC are fimi-~
lar ; the angle PAE being equal to the angle AEC (Eucl
p- 29, B. L) and the Angle APE equal ta the angle EAC
(Eucl p. 32, B.1II.) Henee PA: AE : : AE: EC;
therefore PA . = ;_‘,T—]_L: Farther, the triangles PAI,
AIC are alfo fimilar ; the angle PAI being equal to the
angle AIC (Eucl. prop. 29, B. I.) and the angle API equal

10 IAC (Eucl p, 32, B. 1IL.) Hence PA: Al:: Al:
iy
| -~ 1C; and PA = .‘i‘_é'_ Therefore fince PA is the pa-
rameter belonging to the point A of the parabola, which is
to be deferibed by the projedlile, &c. the faid parabola (PY
cor. 3 of the preceding prop.) muft pafs through the

abject and the zenith, is divided into two equal parts by
; 5 ; 7
the line AH; for KH being equal to KA, the angle AHEK
is equal tothe apgle HAK, and likewife equal (o accOU“t_
w7 - of

point C.
Corollary 1. T'he angular diftance CAP between the
|
¥
i
)
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Through the point F, where AF cuts the femi-
circle, draw O F perpendicular to the horizon AK.
Divide AO into two equal parts, and at the point
of divifion C ere& CD perpendicular to the ho-
rizontal line AK ; alfo make CID equal to a quar-
fer

of the parallelifm of KH, AB) to the. Angle HAB. But
KACisequal to GAB ; for they are bothright angles ; theres
fore, fubtraing the angle GAC from both, there remains
KAG equaltoCAB ; confequently GAH isequal to HAC,

Cor. 2. The two dire@ions Al, AE are equidiftant
from the direCtion AH; for KH being perpendicular to
PA and to 1E, thearch AH is cqual to HP. and EH is
equal to HI,

Cor. 3. When the directions Al, AE coincide with
AH, then the diftance AC is the greatelt diftance to which
the projectile can be thrown upon the plane AQ with the
given velocity of projection. Hence it appears that when
the object Cis placed upon the horizontal plane, as in fig,
7, Plate IX. where AC coincides with AB, AK coincides
with AG, PHA becomes a femicircle, and HAC half a
right angle; then the greateft diftance to which the pro-
je&ile can be thrown, takes place, viz. when the angle of
elevation HAB is half a right angle.

Cor. 4. The velocity of projection being known, the
greateft diftance AL, to which the projeétile can be
thrown upon the horizontal plane, or greateft range, is
likewife known ; it being equal to half the parameter A P
for AL is equal to the radius KH, or AK, which is the
half of AP, i

Cor. 5. When the point of projeCtion A, and object
C, are both upon the fame horizontal plape, asin fig- 73

then
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ter of OF; then the path of the fhot is reprefent-
ed by a curve line, which paffes through the points
A,D,0. Take the diftance AO in your compafies,
and, applying it to the fame feale of equal parts
as was ufed before, you will find it equal to §170,
which reprefent yards. If you apply the diftance

CD

then the diftance AC of the objet is as the fine of twice
theangle of elevation CAE, or CAl; for (Eucl. p. 32, B.
1II.) CAE isequal to APE, and likewife equal (Eucl. p.
20, B.IIL) to half AKE, whofe fine is EN; and EN is
equal to AC. EN is likewife the fine of double the
angle CAl; for CAIl = APl = § AKI; and I§ = NE,
is the fine of the angle AKL

Cor. 6. If AE be the direCtion of the proje&tile, the
greateft height of the parabelic path above the horizon, is
equal toa q'uarter of AC,and is as the verfed fine of twice
the angle of elevation CAE. For divide AC into two
equal parts at T, and ereét TR perpendicular to it. Di-
vide TR into two equal parts at V3 then TV isequal to
half TR, and to a quarter of EC. It is evident that AC
is an ordinate to the axis TR of the parabolic path;
and that V muft be the vertex of that parabola ; for
the direction AE being a tangent'to the parabolic curve,
the part V'T of the axis is (by conics) equal to the part
VR. Farther, CE is cqual to AN, which is the verfed
fine of the angle AKE, viz. of twice, the angle of E‘[SVﬂ‘_
tion EAC, or TAC; therefore TV is equal toa quarter of
EC, and is as the verfed fine of twice the angle of cleva-
tion CAE.

Cor. 7. The preateft height, to which the projetile
will alcend, when the direétion of the projection is perpel~
diculat
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€D to the fame fcale, it will be found equal to
6og divifions, or yards; which fhews that with
the angle of elevation equal to 25° the cannon in
gueftion will throw the fhot to the horizontal dif-
tance of 5170 yards, and that the vertex, or great-

eft

dicular to the horizon, is equal to a quarter of the paras
meter AP ; for in that cafe AE, EC, and AP coincide;
confequently a quarter of CE becomes the fame thing as
a quarter of AP.

Cor. 8. In the cafe of the preceding corollary, the time
of the projectile’s remaining in the air, is the fame that 2
body would employ in defcending from P to A, merely by
the force of gravity; for the projetile. will be as long in
alcending, as in defeending along a quarter of AP; viz,
it will employ twice the time which is required to defcend
along one quarter of PA, and which is equal to the time
that 1s required to defcend from P to Aj; the {paces de-
fcribed by defcending bodies being as the fquares of the
times.

Cor. 9. The time of flight when a body is projeQted
in any direCtion, as for inftance AE, is as the fine of the
angle of elevation EAC; for it is as the chord AE, or
as half AE, which is the fine of the angle APE, or of
half AKE, which is equal tothe angle of elevation CAE.

From the abovementioned two propofitions, with their
corollaries, * the moft ufeful properties of projectiles have
been derived, and are concifely exprefled together with the
refults of experiments, in the following prattical rules,
which every gunner fhould imprefs in his mind; for when
the greateft range that a piece of artillery is capable of with
the ufual charge of powder, is known, and which muft be

learned
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eft eight of its path ADO will be equal to 6o3

yards.
By the like means the range an{wering to any

other angle of elevation may be afcertained ; and
the

Jearned from afual experiment; thofe rules will anfwer
all the necellary cafes in gunhery; excepting the obftsuc-
tion which arifes from the refiftance of the air.

Rules for Shooting.

1. Horizontal ranges as right fines of twice the angles of
elevation,

2. Heights as verfed fines of twice the angles of elevation.

3 Times of flight, or times in the air, as right fines of the
angles of elevation.

4. The time of flight at an elzvation of 45° is equalto the
time of perpendicular defcent through a fpace equal to
the horizontal range.

5, The impetus is equal half the horizontal range at 45°
of elevation. 7

6. The height is equal to a quarter of the horizontal rang®
at 45° of elevation.

7. In afcents or defcents, (viz. when the. point of projec-
tion and the obje@ are not both upon the fame hori-

' zontal planc) for the beft elevation take the comple-
ment of half the angular diftance between the object
and the zenith,

8. The charges of powder in the fame piece are nearly 45
the horizontal ranges.

The inftruments which are required for the practical 2P~
plication of thofe rules, are a graduated circular inftrument

with a plummet or 2 level, and a table of fines and verle
{ines 3
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the reafon of this practice will be found demon-
ftrated in the note.

If, on the other hand, the diftance of the ob-
je€t, and the cannon’s greateft range being known,
the angle of elevation neceffary to hit that object
be required ; you muft proceed by the reverfe of
the preceding method. Let, for inftance, the
diftance of the object from the cannon be 5170
yards, and the cannon’s greateft range, 6750 yards.
Draw a right line AO, fig. 4. Plate IX, equal to
s170 divifions of the fcale of equal parts. Make
AB perpendicular to AO, and equal to twice the
cannon’s greateft range; viz. to 13500 divifions
of the fame feale. Upon AB, as a diameter, de-
{cribe the femicircle AFB. At O eret the line
OG perpendicular to the horizontal line AQ, and
the perpendicular OG will meet the femicircle
either in one, or in two points, of not at all.
Should this line meet the {emicircle in one point,
it muft be at Y, its middle, and then the required
angle of elevation is YAOQ, viz. of 45° If OG

fines: but there is an infirument in ufe, called the gumner’s
callipers, which anfwers every purpofe relative to the ap-
plication of thofe rules; as it contains a graduated circle,
and is fufceptible of the application of a plummet, &c, A
table of fines and verfed fines, together with many other
tables and meafures are likewife marked upon it.—See a
very good defcription, and account of the various ufes of
the gunner’s callipers, in Robertfori’s Treatife on the Ufe
of f\-’Iathem. Inﬂrum.

meects
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meets the femicircle in two points,as at F and G,
which is the cafe in the prefent inftance ; then
either the direétion AF or AG will anfwer the
purpofe ; and if the angles which thofe directions
make with the horizon AO; be mealured by means
of the protracor, the former will be found equal
to 25° and the latterto 65°. But when the perpen-
dicular OG does not meet the femicircle, then we
muft cenclude that the given power, or force of the
cannonin queition, is not f{ufficient - to throw the
{hot to the propoled diftanee.

It follows from the foregoing conftruction, that
the higher thedireftion line cuts the femicircle,
the longer is the horizontal range; not exceeding
however the middle point Y ; for SY, which is
equal to the radius of the circle, is longer than any
other line that can be drawn in the femicirle AYB;s
parallel to the horizon ; hence the horizontal range
is the greateft when the angle of elevation is 45%
It is alfo evident, that at equal diftances from the
point Y, as at F and G, the horizontal range will be
the fame; the height of the path only being dif-
ferent. When the angle of elevation is 9o% then
the line of direCtion, becoming perpendicular to
the horizon, coincides with the line AB, and t}"‘ﬁ
horizontal range becomes equal to nothing, ViZ:
the fhot willafcend to a quartet of AB, and wil
then defcend again to A.

When the angle of elevation is half a right

‘ €
anple, that is 45° the time of flight;-viz. of th
= {]1Lt 5
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fhot’s remaining in the air, is equal to the time
that a body would employ in defcending perpen
dicularly, by the force of gravity, from a heighg
equal to the horizontal range, which may be found .
by the rules given in chap. V.—In order to find
the time of flight, at any other inclination, as for
inftance, the inclination OAF; fay as AY (mea-,
fured on the feale of equal parts) is to AF (alfo
meafured on the fame fcale), fo is the time that a
body would employ in defcending perpendicularly
through a fpace equal to the greateft Lorizontal
range, to the time in queftion, which will be known
by the common rule of three,

Thus much may fuffice with refpeét to the fup-
pofed parabolic paths of projeétiles, 'We fhall now
fubjoin a fhort account of the refult of fuch ex-
periments as have been made for the purpofe of de-
termining how far the parabolic theory may be de-
pended upon.

In the common prattice of dire¢ting cannons, an
arbitrary allowance is made for the deviation of the
fhot from the ftraight line. Pratice indeed ren=
ders fome gunners very expert; but their practical
accuracy cannot be reduced to certain rules; viz.
fuch as may be of ufe to other perfons.

Mortars, which throw the {hots in general with
lels velocity than cannons, have heretofore been
directed by means of a graduated inftrument; pre-
ferring, of the two directions which produce the
fame horizontal range, that which may be thought
Preferable according to the nature of the objef.

-

YOL, I. A A ; But
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Rut of late another method has been found moré

advantageous in practice,—The mortar is fteadily
$ixed upon its bed or carriage; at an elevation of
45°; but it is loaded with more or lefs powder
according as the fhell is required to go farther or
nearer; not exceeding, however, the greateft hori-
zontal range the picce is capable of; the errors of
amplitude having been found to be lefs with an
elevation of 45° than with any other elevation;
and the horizontal ranges having been found to be,
cwteris paribus, nearly as the charges of powder;
viz. half the weight of the full charge will throw the
fhell nearly to half the greateft horizontal range; 2
quarter of the weight of the full charge will throw
the fhell to a quarter of the greateft range, &c.

It has been found that a 24 pounder (viz. 2
' cannon whofe ball - weighs 24 pounds) when
charged with 16 pounds of gunpowder, and elevated
toan angle of 45°, will generally range its fhot upo
an horizontal plane 202 50 feet, which is nat above
one fifth of the range affigned by the theory, viZ-
of what it ought to be, if the air could be removed:
—TlLe oppofition which the fhot meets with frod?
the air in this cafe has been eftimated by the ge*
nious Mr. Robins, equivalent to 400 pounds'
Hence it appears that ihe path of a f(hot 13 far
different from the parabola.

i

# Robins’s Effays on Gunnery.

The
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*The refitance of the air varies principally ac-
cording to its fluftuating qualities, viz. tempera-
ture, gravity, &c. according to the fhape of the
fhot, and according-to the velocity with which the
fhot is impelled, viz, the initial or incipient velo-
city.—When that velocity is fmall, the refiftance of
the air is very trifling; but when the initial velocity
is very confiderable, the refiftance of the air be-
comes fo great as to render the theory quite in-
applicable to practice. The refiftance fometimes
amounts to 20 or 30 times the weight of the thot,
and the horizontal range frequently is much lefs
than the tenth part of what it-eught to be, accord-
ing to the parabolic theory.

It has been found that with the fame angle of
elevation, the horizontal ranges are in proportion
to one another as the fquare roots of the initial
velocities, and that the times of flight are as the
ranges; whereas, according to the theory, the times
ought to be as the velocities, and the ranges as the
faquares of the initial veloeities.

Mr. Robins likewife found that very little ad-
vantage was gained by projecting a body with a
velocity greater than 1200 fect per fecond.  When
a 24 pound thot is projefled with the velocity of
2000 feet jn a-fecond, it will meet with fo great
an oppofition from the air, that when it has ad-
vanced not more than 1500 feet, viz. in about one
fecond, its yelocity will be reduced to that of about

AA 2 1200
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1200 feet per fecond. In confequence of this quick
reduction of velocity, Mr. R. concluded that a
certain proje&ile velocity at the fame angle, might
carry a fhot farther than a greater vcl_ocity; for
the body projeéted with the greater velocity, when
its velocity becomes equal to that of the other pro-
jetion, has a lefs angle of elevation, on which ac-
count it may go not fo far from that point, fo asto
make the whole diftance fhorter.

No gun to carry far fhould be charged with
powder whofe weight exceeds one fixth, or at moft
one fifth part of the weight of the fhot; for in
field-pieces that quantity of powder will impel the
fhot with the initial velocity of about 1200 feet
per fecond.  In a battering piece, when the object
is near, the weight of the powder thould be about
one third part of the weight of the thot.

When the initial velocity 1s greater than about
§100, or 1200 feet per fecond, the refiftance of the
air {feems to be three times greater than it ought, if it
yaried only as the fquare of the velocity. ¢ The ve-
«¢ Jocity at which the variation of the law of refift-
¢ ance takes place, is nearly the fame as that with
¢« which found moves. Indeed if the treble res
“ fiftance in the greater velocities is owing t0 @
“ vacuum being left behind the refifted bodys it 18
¢ not unreafonable to fuppofe that the celerity
« of found is the very laft degree of celenty with

¢ which a projeétile can form this vacuum, and
¥ ¢ can
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% can in fome fort avoid the prefiure of the at-
¢ mofphere on its hinder parts. It may perhaps
“ confirm this conjeture to obferve, that if a
¢ bullet, moving with the velocity of found, does
“ really leave a vacuum behind it, the preflure of
“ the atmo(phere on its fore part is a force about
* three times as great as its refitance, computed
“ by the laws obferved for flow motions.*”’

A fhot, befides its being drawn downwards from
the line of direftion, is fometimes defleGted fide-
way ; which takes place when the fhot by rubbing
againft one fide of the cavity of the piece, acquires
a rotatory motion round its axis, and proceeds
through the arr with that motion; for in that cafe
the fide of the f(hot, which in its courfe through
the air turns forwards, meets with greater refiftance
than the oppofite fide, whofe motion coincides with
that of theair. Itis ealy to" conceive that when
the axis of rotation happens to be parallel to the
horizon, then the rotation will contribute to the
fhot’s deflection, not fideways, but upwards or
downwards.

We fhall laftly obferve as a firong inftance of

¥ Robins’s Effays on Gunnery,—The reader may derive
confiderable information from Dr. Hutton’s Paper on e
Force of fired Gunpotder, and the initial Velocities of Can-
non Ball, &c. in the 68th vol. of the Phil. T'rans, And from
the Chev. de Borde’s Memoirs in the Hift, of the Acad. of

Scienc, for 176g, :
the
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the difficulty which attends the practical manage-
ment of projectiles, that even with the very fame
piece of ordnance, like fhots, equal weights of
the fame fort of gunpowder, and the fame angle
of elevation, the places on which the fhots firike
the horizontal plane frequently differ by feveral
vards from each other.

END OF THE FIRST VCLUME,

'

Luke Hanfard, Printer,
Great Turnftile; Lincoln'sslon Ficldsa
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