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LECTURE

IV.

Of Hydrostatics
in general .
Of the
Particles
os a Fluid , the Form , Size,
&c .
‘The Hydrostatic
Laws of
Fluids . Of the Gravity
and. Pres¬
sure of Fluids . The Hydrostatic
Paradox
demonjlrated .
The Ratio¬
nale of the Swimming
and Sinking
of
Bodies expounded . Of Absolute
, Re¬
lative
, and Specific
Gravities
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Solids
and Fluids ,
Nature
W
Use of
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or WaterPoise . The Nature
, Use , and new
Structure
of the Hydrostatic
- Balance . The Common
Balance
im¬
proved on Hydrostatic
Principles.
A largeT keee of Specific
Gravities.
The Quantity
of Pressure
how efimated. The Centre
of Pressure
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culated. Various Hydrostatic
Pro¬
blems
in Geometry
, Mechanics,
Philosophy
, &fc. The Usefulness
of
Hydrostatic
Science . The Theory
4/ large relating

to the Motion

of Bo¬
dies
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dies in rejijling Mediums
ter , &c.

24.9
,

as

Air , Wa¬

Hydrostatics

is
thatof
Part Na¬
of
Philosophy which treats
the
ture , Gravity , and Pressure of Flu¬
ids . Fluid is a Substance whose Particles
yield to the least partial Pressure, or Force
impress ’d.
And hence his reasonable to
ipfer , that those Particles must be exceed¬
ing small , smooth , round , and ponderous
Bodies ; and observe all the Laws of Mo¬
tion and mutual Action in common with
those of all other Matter (L). The follow¬
ing are the Laws and Properties of Fluid
Bodies.

I. All
(L ) 1.' That the Characters of a Fluid intended in
this Definition are all of them necessary, v/ill appear
from what follows. The first is, that they are exceed¬
ing small ; for that the Smallness of the Particles con¬
duces to Fluidity, is evident from hence, that the Points
of Contact between Spheres are in Proportion to their
Diameters , and therefore grow less with the Spheres, PI.XIV,
though not in the fame Proportion . And the less the Fig . 1.
Points of Contact , the less will be the Cohesion, and
of course the greater the Disposition pf the Particles tq
Fluidity.
2 . To illustrate what I have said , letABCD

be

a

Sphere inscribed in a Cylinder £ FG H ; it is demon¬
strated by Geometers, that the Superficies of the Sphere
is equal to the curved Surface of the Cylinder , and that
the’ Superficies of any Segment of the Sphere LDM is
equal to the correspondent Surface IKGH of the Cy¬
linder ; if therefore the Line IK move on till it coin¬
cide^
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I. All Fluids are incomprejjible, except Airor , they cannot by any Force be compressed
into
cides with HG , the Superficies of the Segment of the
Sphere LD M will become the Point of Contact with
the Plane PIG , and that of the Segment of the Cylin¬
der IKGH will become the Periphery of the Base of
the Cylinder ; but this Periphery of the Base will be as
the Diameter HG of the Cylinder , which is equal to
the Diameter of the Sphere A C ; therefore the Point
of Contact of the Sphere with the Base of the Cylinder,
or the Plane which it touches, will be proportional to
its Diameter f whence it follows, that tbe Point of
Contact between two Spheres will be in Proportion to
their Diameters.
3. The second CharaSieriJlic of the Particles of a
Fluid is, that they are smooth;by this means they be¬
come lubricous , and apt to ilide or move by each other
with the greatest Facility and Freedom ; and therefore
their Disposition to Fluidity is proportionably promoted
and augmented ; for want of this Quality , though the
Particles of Matter were possefs’d of all others men¬
tioned in the Definition , yet would they never constitute
a Fluid , since nothing is a greater Obstruction thereto,
than Asperity or Roughness of the Superficies.
4. A third CharaEleriJiic is their Roundness or Sphe¬
ricity;for the more spherical the Particles , the fewer
Points they touch each other by, and the less the
Points of Contact are ; on both which Accounts the
Attraction of Cohesion will be diminished, and their
Disposition to Fluidity or Volubility will be increased.
5. The fourth Characteristic in the Definition of the
Particles of a Fluid is, that they are ponderous or heavy
this Property , Fluids do not only gravitate
Bodies. By
in common with all other Sorts of Bodies, but also they
derive from hence a Power or Force of Pressure peculiar
to themselves ; and by that means act upon Solids in a
very different Manner than that in which Solids act
upon each other , as will be shewn farther on.
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into a less Space than what they naturally pos¬
sess ;as is proved by the Florentine Experi¬
ment of filling a Globe of Gold with Wa¬
ter, which , when press’d with a great Force,
causes the Water to transude or issue
through the Pores of the massy Gold , in
Form of Dew , all over its Surface (LI).
II. All
6. The surprising Subtiltyor Minuteness of the Par¬
ticles of Fluids deserves our farther Speculation and Re¬
mark . So small are they, as to escape the Sight assisted
by the best of Glasses; that they freely pal’s through
the Pores of the densest Matter , as Gold,c & . that they
become invisible in Vapour ; and so light as to rife in
Air , yea, in Air that is greatly rarified and attenuated,
And it is well known , that Water has its Particles so
very subtile as to pass by Ways that Air will not, and
perhaps is exceeded by nothing in this wondrous Pro¬
perty, but the Particles of Fire and ardent Spirits.
(LI ) 1. This Experiment must be made with a
Globe , for this Reason, because a Sphere contains a
greater Quantity of Matter under the same Superficies,
fhan a Body of any Figure whatsoever. This may be PI. XIV
made appear in the following Manner ; let AB , BC , p' ;a. 2.
CD , and A D be four Lines, of which the three first
c
are of a given Length , and the fourth variable ; and
let it be required to dispose them in such a manner as
to comprehend the greatest Area possible.
2. Let AB and BC make a given Angle ABC;
then will the triangular Space A C B be given. Upon
C , with the Radius C D , describe the Semicircle « D «,
then ’tis plain the other Part of the Area, or the Tri¬
angle made by the Lines AC , C D , and A D , will
be greater or lesser, according to the Position of the Line
CD ; for as ’tis made CD or ed, the variable Line
will be AD or A d\ and the Triangle form’d will be
ACD or AC d3 whose Area will be

X CD , or
<id>
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II. All Fluids gravitate , or weigh,

in

pro*

portion to their Quantity of Matter ; and that

pot only in the Air, or in Vacuo, but in
proprio
td , ( c d being ilrawn perpendicular to AC pro¬
duced. )
3. Now , ’tis evident this Triangle will be greatest,
when cd is a Maximum, that is, when it becomes CD;
and consequently the Triangle A C D is the greatest
possible when CD makes a right Angle with AC j
and in this Cafe the Point C is in a Semicircle de¬
scribed on AD as a Diameter . Therefore , also the
.other Angle B, being in a Semicircle described on the
same Diameter AB , will make the other Part of the
Trapezium a Maximum and
;
so the whole Trapezium
ABCD inscribed in a Semicircle, will be greater than
any other , whose three Sides AB , BC , CD , are the
same.
4. Since what has been demonstrated of the Trape¬
zium , is true of any other Polygonal Figures (because
they may he resolved into Trapezia) and since the Sides
of a Polygon , when infinitely small, do coincide with
the Circle ; therefore the Circle is the most capacious
Figupe, or contains the greatest Area under the fame
Periphery.
5. For Example ; suppose a String C were disposed

.7 C

into the Form of a Circle ; then as 22 : 7 : : C : 22
7C
za Diameter of the Circle : the Radius therefore is -—
44
and since the Area of a Circle is equal to the Periphery
multiplied into half the Radius , therefore C x
7C C _
88

“

7 C

- —

Area of the Circle . Again , suppose the seme

String disposed in the Form of a Square ; tsie Side would
C
CC
be — , and the Area — —7- ; hence the Area of the
4
to
Circle
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proprio Loco; or , a Fluid weighs the fame
communicating with a Quantity of that
Fluid , as in Vacuo; which all Philosophers
(till very lately ) have denied (LII ).
III. From

7c c c c

Circle would be to that of the Square as ^-ww to —^

88

7

i

,

i6 *

or as j-r to that
—,
is, as 14 to 11.
88 16
6. Now since a Sphere may be considered as made
up of circular Areas, it plainly follows, that a Sphere
will contain a greater Quantity of Matter under the
fame Surface than any other Solid. Thus a Sphere will
be found by Calculation to be more than twice as big'
as a Cube of the fame Surface ; and therefore the Water
contained in the Globe mult , when the Figure of the
Globe was altered, be either compressed into a less
Space, or make its Way through the Pores of the
Globe , as in the Experiment we find it will ; which
therefore evinces its lncompressbility.
7. Some Philosophers are inclined to think that Wa¬
ter is not absolutely incompressible, or that the Par¬
ticles thereof do not touch each other ; but are kept at
a Distance by a centrifugal Force superior to any
Force we can apply in compressing them . But because
this is an Hypothesis that has scarce any thing more than
bare Possibility to recommend it, at least nothing is
offered to render it probable or necessary ; therefore we
are not to admit it among the Principles of the New¬
tonian Philosophy.
(LII ) 1. That Fluids gravitate, or are heavy, in
the same Manner with Solids, is evident, because the
Earth ’s Attraction , which is the Cause of Gravity,
equally affects the Particles of all Sorts of Matter ; and
therefore excites the same Endeavour or Tendency to¬
wards the Centre of the Earth in the Particles of a
Fluid , as in those of a solid Body ; and this is what we
call their Absolute Gravity.
2. Now since in Fluids of the same Kind , as Wa+
ter , all the Particles are reasonably supposed equal and
alike

H Y D R ds TAT 1 G8.
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III. From the Gravity of Fluids arijes
their Prejsure, which is always proportional
thereto ; and since We may suppose all the
Particles of a Fluid to have equal Bulk
and Weight , the Gravity of the Fluid , and
consequently its Pressure, will be always
proportional to the Altitude or Depth thereof
Whence
alike in all Circumstances , they will be all equally af¬
fected by Attraction , and therefore have among them-<
selves an equal Tendency towards the Earth ’s Centre,
Whence , since they gravitate equally, if they are
equally obstructed in their Descent ( as by the Bottoms
of Vessels, (Ac.) they will all retain the fame Position
among themselves, as if they were affected by no Kind
of Power at all ; and thus they are said to be relatively
at rejl, or in a State of Quietus among themselves.
3. Since no one Particle of the fame Fluid has 3
greater Share of the attracting Power than another , no
one will tend to descend before another ; and therefore
among the Particles of the fame Fluid , there is no such
Thing as we call Relative or Ref.dual Gravity, which is
nothing but the Excess of Gravity, by which one Body
tends downwards more than another, as will be more fully
explained hereafter ( See Annotat. LVIII ).
4. Now because Philosophers found that a Bucket
of Water in Water weighed nothing (that is, that there
was no Relative Gravity in Water) they very strangely
inferred there was no Absolute Gravity of any Part or
Particle of Water , whilst it remained in Water , but
only became heavy when taken out , or separated from
the rest. But their Mistake is easily evinced by the
following Experiment ; let a Bottle or Vial with Shot
in it to make it sink in Water (when close corked ) be
hung at the End of a nice Balance, and then immersed
into a Jar of Water ; while thus hanging in Water , let
it be counterpoised very exactly by Weights put into
the Scale at the other End , Then pulling out the Cork
2
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Whence the Weight and Pressure of Flu¬
ids on the Bottoms of Vessels, &c. must be
equal.
IV . “The Prejsure of Fluids upwards is PI. XV.
equal to the Prejsure downwards, at any given
*•
Depth . To illustrate this , and the forego¬
ing Proposition , let A BCD be a Vessel
of Water , whose Altitude EF suppose to
consist of a Column of 10 aqueous Par¬
ticles: Then , ’tis evident , the first or up¬
permost Particle 1 can affect the next Par¬
ticle 2 only by its Weight or Pressure,
which therefore is as i ; and since that
Particle 2 is immoveable , and Action and
Re-action equal and contrary , the said
Particle 2 will re- act upwards upon the
Particle i with a Force which is as i . In
the same manner the Particle 2 acts on the
Particle 3 by Pressure downwards , with 2
Degrees
the Water will rush into the Bottle and destroy the
Equilibrium, by causing the End of the Balance to de¬
scend ; which will be a plain Proof that JVater bat
Weight in Water .
5. But to carry this Experiment farther ; let now
the Equilibrium be again restored, by adding more
Weights to those in the Scale : then taking the Bottle
out of the Water let the Water be poured out , and
weighed , and the Weight will be found exactly equal
to that . which was added to the Scale to restore the
Equilibrium above - mentioned . This ihews that Water
(and all Fluids) weigh the fame in their own Element as
out of it.

1
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Degrees of force , arising from its owii
Weight and that of the Particle above it;
and accordingly it is press'd upwards with
an equal Force by the Re- actiosl of the
Particle 3 : And so of all the rest. Wherefore
the Propositions are manifest.
V . The Presure is upon all Particles of
the Fluid at the fame Depth equal in every
Part ; or, the Particles of a Fluid , at the
fame Depth , press each other every way , and
in all DireSlions equally. For
if any Par¬
ticle were press'd more on one Part than
another , it must give way , or yield , till
the Pressure became every way equal;
otherwise an incessant intestine Motion of
the Particles would ensue , which is absurd;
and contrary to Experience (LII1).
VI . From
(LIII ) 1. There are several Ways th shew that the
Pressure of Fluids is every Way equal ; but the most
•simple and evident, I think , is by taking a very long
Glass Tube hermetically sealed at one End ; and im¬
mersed in a perpendicular Position with the open End
in another tall Tube Or Jar of Water ; the Air in the
Tube being compressible will yield to the Pressure of
the Water below, and admit the Water to rise in the
Tube , to Heights which will be always proportional td
the Altitudes of the Fluid above it ; and this will be
the Cafe when the lower Part of the immersed Tube is
bent into a right Angle, that the Water may come
upon it laterally : and thence it will appear that the
Frcjfure of Fluids is every Way equal, and proportional to
the Altitudes.

j
i
|

_j

J]
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VI . From the mutual Pressure and equal
Action of the Particles it follows , that the
Surface of a Fluid mufl be perfedlly smooth
and
2. This likewise may be /hewn from mechanical pj ^
Principles , for let the Sphere A be supported by two p -' A1V*
others in an horizontal Position B and C ; join the ’S* 3Centres a, b, F ; and draw the Perpendicular as ; let
er be a Tangent to the Sphere B in the Point c, where
the Sphere A touches and presses it, intersecting the
Perpendicular as in r ; and let ae express the Force
of A downwards ; then since ae is resolvable into two
Forces ac and ce, of which the latter being in the
Tangent to B, does not at all affect it, and the other
a c being perpendicular to the Surface ; this other Force
ac is that alone by which the Body A presses B.
3. But since ac is an oblique Force , that is, neither
perpendicular nor lateral, let it be resolved into the
two Forces ad and dc\ of which the former is perpen¬
dicular , and so does not affect the Body B in press¬
ing it sideways; but the other dc being in an horizon¬
tal Direction is all the Force with which A pressesB
in a lateral Direction ; but since dc is parallel tabs,
we have a c : dc :: ab : fb ,- and since the Particles of
a Fluid are equal, we have fb — b c ~ ac ,- therefore
fb I— ab , and consequently dc z=. \ ac ,- that is, the
Force with which A prejses B laterally is jujl half the
Force with which it presses it directs. *
4. And since by the third Law of Motion the Pres¬
sure of the Sphere D upwards is equal to that of A down¬
wards, and so the Force upon the Bodies B and C in a
lateral Direction is the fame, that is, half the direct
Force; therefore the whole Force with which the Body
B orC is urged laterally by the joint Action of A and D
is equal to the whole Force with which either of them act upon
them fngly. From
what has been said, it appears, that
the Force with which the Body A or D presses the
Body B or C , is less than the Force of Gravity , or
that by which they act perpendicularly , that is, ac is
less than a e.

Vol . I.
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and even ; for should any Part stand higher
than the rest by any Force, as Attraction,
&c. it would immediately subside to a Le¬
vel with the other Part by the Force of its
own Gravity , when that Force is re¬
moved.
VII . The Figure of the Surface of all
Fluids is spherical or convex ; for all the
Particles equally gravitating towards the
Centre of the Earth , will take their Places
from it at equal Distances at the Surface,
and so form a Part of the Superficies of a
Sphere , equal to the Bulk of the Earth
(LIV ).
VIII.
(LIV ) i . Besides the Reason of the Thing , we know
by Experiment , that the Surface of large Waters , as
thole of the Sea or Ocean , is convex ; for a Person
standing on the Shore, and viewing a Ship under Sail,
directly before-him, will lose Sight thereof by Degrees,
the Hull or Body of the Ship first disappearing, then
PI . XIV . the lower Parts of the Masts, then the Tops of the
I ig. 4lower Masts, and lastly, the top of the tallest Mast ; as
represented at A, B, C , where the Ship gradually de¬
scends below the horizontal Line H O , or Line which
hounds the Sight, as it proceeds on the convex Surface
of the Earth from A to C.
2 . The

Reason why we fee not this Convexity

in the

Surface in Fluids of small Extent , asinVcsl 'els, Ponds,

tg' c. is because the Superficies of a Sphere so large as
that of the Earth will so nearly co-incide with a Plane,
for a certain Space, as not to be difcernable from it ; and
therefore the Surface of Fluids within that Space or
Extent , will appear plain, or nearly so ; and what that
Extent of Surface is, as the Reader may be curious to
know, I will shew by the following Calculation.
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VIII . Since Fluids press equally every
way , the Pressure of each Particle against
the Side of a Vessel will be proportional
to its Altitude ; and consequently the Pres¬
sures of the Particles I, 2, 3, 4, &c. of a
perpendicular Column against the Side B C
will
3. Let A C be the Semidiameter of the Earth =
4000 Miles , or 21120000 Feet ; (for 5280 make one1
Mile ) A E a Part of the Earth ’s Surface, A F a Tangfcnt thereto at the Point A. Now it is found by Ex - pj XIV
perience, that nothing is distinctly visible to the Eye
'
<S
that does not subtend an Angle of one Minute at least.
Let B D then be the least Distance between the Con¬
vex Surface A E , and the Tangent Line A F , that is
difcernable to the Eye ut A ; then will DAB, con¬
tained between the Tangent and the Chord A B, be one
Minute . If now on A B we let fall the Perpendicular
C G , then in the right - angled Triangle A G C , we
have all the Angles given, and the Side A C , to find
the Side A G . For since D A C is a Right Angle, and,
D At ! - 1 Minute , the Angle G A C == 89“ 59' ; and
therefore the Angle A C G = 1 Minute also. There¬
fore we fay.
—‘— >—;— > 10,000000
As Radius go° Is to the Angle A C G i Minute — 6,463726
So is the Side AC — 21120000 — 7,324694
6144 — 3,788420
To the Side A G —
4. But 2 AG — A B — 12288 Feet, which is £
little more than two Miles and a Quarter ; and there¬
fore, unless the Surface of Water be more than two
Miles Extent , it will not appear different from a Plane ;
the Distance D B being in any less Extent insensible.
Hence a Ship on the Sea will depart about two Miles
and a Quarter before we sensibly lose Sight of any Part,
because till then she will seem to be failing on a

z6o
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will be as a Series of Numbers in Arith¬
metical Progrelsion , whose first Term is o ;
therefore the Sum of all the Pressures is equal
to the Number of Pressures multiplied by half
the greatest Presure: But the Number of
Pressures is as the Number of Particles , or
Altitude of the Fluid BC ; also the greatest
Pressure is as the same Altitude : Wherefore
the total Presure againfl the Side of a Vefel
is as the Square of the Altitude of the Fluid

(IN ).
IX . Hence
(LV ) i . That the perpendicular Pressure of Fluids
on the Bottoms of Vessels is estimated by the Area of tht
Bottom multiplied by the Altitude of the Fluid, is evident,
1 suppose, to every Reader. For suppose a Vessel were
2 Feet wide, 3 Feet long, and 4 Feet deep, and fill’d
with Water to the Brim ; then the Area of the Bottom
is 2 X 3 — 6 square Feet, and every square Foot be¬
ing prels’d by the Column of Water , containing 4
cubic Feet, ' tis plain the whole Bottom will be press’d
by 6 X 4 — 24 cubic Feet , that is, by the whole Num¬
ber of cubic Feet which the Vessel contains.
2. But the Quantity of the lateral Pressure, or that
against the Side of the Vessel, is not so obvious ; yet
among the several Ways of computing it, I think none
so easy, natural , and universal, as that I have mention ’d, viz. by considering it in a single Column of
Particles , as a Series of Quantities in Arithmetical Progrefjion, because this depends entirely on the single Prin¬
ciple already established, viz . that the Action or Pressure
of Fluid Particles is every IVay equal. By which I shall
endeavour farther to illustrate this Matter , and facilso
tate the Method of Computation.
3. Upon the uppermost Surface of the first Particle 1,
which coincides-with the Surface of the Fluid , there is
no
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IX. Hence if the Vessel AC be of a pi. xv.
Cubical Form, the Pressure against a Side Fig. 1.
BC
no Gravity , and consequently no Pressure ; therefore
the Beginning of the Series, or first Term is 0, or no¬
thing . The Body of the first Particle presses the second
Particle 2 with its own Weight which is as 1, and it
presses the Side of the Vessel with the fame Force, and
therefore the second Term of the Series will be 1. The
second Particle presses the third Particle 3 with the
Force of its own Weight , and the Weight of that
above it, that is, with a Force as 2 ; and since it presses
the Side of the Vessel with the fame Force , the third
Term of the Series will be 2. After the fame Manner
it is shewn, that the fourth Term will be 3, the fifth
Term 4, and so on . Whence it is evident the several
Pressures will be as the Series, o, I , 2, 3, 4, 5, 6,
7, 8, g, 10, £* .
4. Now that the Sum of such a Series is equal to
the greatest Term multiplied by half the Number of
Terms , is known to every Person versed in common
Arithmetick , and may be easily shewn by an Example.
For suppose the Series were 0, 1, 2, 3, 4, 5, 6, 7,
8, 9, 10, 11, then the Number of Terms is 12, and
the half thereof 6 ; also the greatest Term is 11 ; but
6 X 11 — 1 4- 2 + 3 + 4 + 54 * 6 + 74 - 84 - 94 10 + 11 = 66 = : the total Pressure against the Side of
the Vessel. Now this is manifestly but half the Pressure
upon a Line of the fame Length in the Bottom of the
Vessel, iiz. a Line of 12 Particles , for since each Point
sustains the Pressure of 11 Particles , the whole must be
132.
12X11=
5. It may here be objected that I have taken 12 Par¬
ticles in a Line at the Bottom , whereas there is but 11
at the Side, and therefore the Length of the Side and
Bottom is not the fame, as in the Supposition we make
it . But it is to be considered, that when the Particles
are supposed indefinitely small and numerous , as is the
real Cafe of Fluids , the Difrercnce^ of Length occa¬
sioned by one single Particle will he infinitely small,
find therefore will make no Error in the Computation,

S3
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B G is half that upon the Bottom C D;
and consequently , the total Pressure against
the
6 . Let the Sum of all the Pressures, or the total Pres¬
sure against the Side of a Vessel, be represented by S,

the Number of Terms in the Scries by N , and the
greatest Term by G ; then since S —£ NG , and since
N and G are ever proportional to each other, we shall
have S a$ J N N , or 2 S as N 1; and since halves
are in the fame Ratio with their Wholes , we have S as
N " ; that is, the Sum or total PreJJure will be as the Square
of the Number of 'Tersns, or Altitude of the Fluid,
7. For Example, in the above Series, if we take the
Sum of 4 Terms , it will be ost- r st- 2st- 3—6 ; and then
of 8 Terms , the Sum will be o -p 1+ 2+ 3-J- 4-}- 5st-6
+ 7= 28, which is 4 Times 6, and 4 over. Now
fhele Sums ought to be as 1 to 4, because the Altitudes
were as 1 to 2 ; and though the Sum of any Number of
Terms will always be a little more, than 4 ' l imes the
Sum of half that Number of Terms in this Way of
computing , yet when the Number comes to be exceed¬
ing great, the Excess will become indefinitely small,
and therefore may be neglected in the Cafe of Fluids.
8. Or yet more clearly and accurately in Symbols
thus ; since S is always as { GN or as GN ; and in
the Series above adapted to Fluids , G —N — 1, therefore
GN —NN —N ; and so S will always be as NN — N ;
but when N is indefinitely great , N 1will be infinitely
greater thanN , which therefore will vanish in that Cafe
in the Expression N N — N ; and so S will ever be as N%
that is, the Sum or total Pressure will be as the Square
of the Altitude of the Fluid.
9. This Way of considering the Quantity of lateral
Pressure by the Arithmetical Series is universal, whereas
the common Method restrains it to the Property of a:i
equicrural right -angled Triangle , and to a Vessel of a
cubical Form ; which I shall here give for the fake of
such as would fee the Demonstration of a Thing in se¬
veral Ways . ABCD is a Vessel of a cubical Form , that
Is, whose Side BC is equal to the Length of the Bot¬
tom C D ; if then the Diagonal -B D be drawn , wo
shall have the Lines is —Hi , 2S—B2, 3^—83 , ^4
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the Sides and Bottom is equal to three times
the Weight of the Fluid on the Bottom of such
a Veffel.

X . The

= B 4, &c. but B 1, B 2, B 3, B 4, &c. being as
the Altitudes of the Fluid , will represent the lateral
Pressures in the Points 1, 2, 3, 4, t5 c. therefore also
the Lines a 1 , b 2 , c 3 , d 4, &c. will represent the
same lateral Pressures ; hence when the Distances
B 1, 12, 23, 34, &c. are indefinitely small, the Lines
a 1 , b 2 , c 3 , d 4 , £sV. will be infinitely near each
other ; and so all those Lines drawn in the Triangle
BCD will make the Area of that Triangle . Therefore
the Sum of all the lateral Pressure against the Side BC,
will be as the Area of that Triangle . But the Area of
the Triangle BCD is as the Square of the Side B C , as
we know from the Elements of Geometry. Consequently,
the Sum of all the lateral Pressures is as the Square of
Dthe Altitude of the Fluid BC . E ro . Now the Pressure on the Bottom of the Vessel
CD being equal to C D X B C , and the Area of the
Triangle B D C being equal to B C X { C D ; it is
plain , the Sum of all the lateral Pressures against any
one Side, is equal to but half the Pressures on the Bot¬
tom of such a Vessel ; and so the Sum of all the Pres¬
sures against the four Sides is twice that upon the Bot¬
tom ; and that the whole F orce of the Fluid is equal to
three Times the Force of its Gravity.
xi . Hence we fee how very differently Fluids act
from Solids, which act upon each other by their Gra¬
vity only, whereas Fluids act by Gravity and by Pres¬
sure jointly . Solids act only downwards , but Fluids
every way equally . Solids act with a Force proportional
to their Quantity of Matter , but the Force of Fluids
only.
is not according to their Quantity , but their Altitude
of
Bottom
the
on
Preffure
of
12. The Quantity
Vessels, or Planes oblique to the Horizon , is easily esti¬
mated from what has been said above ; for let A K be
such an inclined Plane, and AE the Surface of the Wa¬
ter ; then will the Pressure upon the Points A, G , H,
I , K , be as the Altitudes BG , CH , DI , EK . If now
on the said Points we erect the Perpendiculars G b, He,

S4

Id,
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PI. XV,
Fig. 2.

X. The Weight, Pressure
, or EffeB of

a Fluid upon the Bottom DE

of any Vessel

ACDEF,

I d, & c. equal to those Altitudes respectively,
and sup ¬
pose the same Thins ; done for every other
Point in the

Line AK , it is evident the Triangle A « K
will be as
the whole Pressure on the Line
A K . But the said
Triangle is equal to AK X j e K ; and supposing
=rGH = HI = IK , and cf drawn parallel to AK AG
; we
shall have | e K = / 'K = rH = CH ; therefore
AKXCH,
will be as the total Pressure on the Line AK.
13. If AK were the Section of a Plane,
then the
Surface of that Plane multiplied by CH , will be
the Ex¬
pression for all the Pressure on that Plane ,
provided CH
be the Depth of the Centre of Gravity H ,
from the
Surface of Water . But to give a more general
Theo¬
rem of the above Rule , lets , b, be two
Weights
ing from an horizontal Plane , at the Distances hang¬
ac , bd\
and join their Centres by the Line s b,
and let x be
their common Centre of Gravity , and x 0 its
Distance
from the Plane c d, perpendicular to which draw
ay and
bz then
;
since a ; b :: bx : a x, by the Property of the
common Centre of Gravity ; and by similar
Triangles
we have b x : a x : : x z ; xy. Therefore a
X xy — bX
x z ; but xy —x 0— y 0— xo — ac and
;
x z z— 0—
x 0 —bd — xo ,- therefore aX xo — ac — b X
b d — xo ,that is, a X a cf- - b X b d — a j - - b X x 0.
That
is,
in Words , The Product of the Weights
multiplied by their
Dijlanccs from the Plane is equal to their Sum
multiplied
by the Distance of their common
Centre of Gravity from
the Plane.
14. Now that this holds true in Lines and
Planes is
evident, because the indefinitely small Particles of
Lines
and Planes may be considcr’d as very small
Weights,
and as what has been demonstrated of two
, holds
equally for all, therefore the above Rule is
applicable
to all Sorts of Surfaces, or the Pressure upon
the Bot¬
toms of Vessels, however posited or figured,
may be
exactly computed thereby.
15. Thus supposeA B C D E F represent a
Vessel of
a Prismatic Form , whose Bottom is an
oblique trian¬
gular
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ACDEF , is proportional to the Altitude
A E only, and not to the Quantity of the Fluid
in
gular Plane D EF , in which let F G be drawn
dicular to the Base DE , then if we make F xG: *perpen¬
: : 2 PI. XIV.
; 1, the Pont x will be the Centre of Gravity of the
Plane , and x 0 its perpendicular Depth from the Surface Fig . 7.
of the Fluid ABC , when the Vessel is fill’d with Wa¬
ter . Now suppose A F = 1 Foot ; FG = 6 Feet;
ED — 2 Feet ; CE — DG — gFeet ; and let the
Plane F be be parallel to the Surface of the Fluid ACB.
Then we have F G : F * G h : x a\ that is 6 : 4 :: 2
: 1' — xa\ therefore x aj - - a 0 — x 0 ~ 2 -j Feet , the
Depth of the Centre of Gravity of the Triangle FE D,
whose Area is FG X EG — bXi — 6 square Feet.
Therefore 6X2,
—
14
Cubic Feet of Water , whose
Weight is equal to the Pressure on the Bottom of the
Vessel.
16. Thus in cafe of a Cylindric Vessel whose Bottom
is cither an Ellipsis, a Cone, a Segment of a Sphere,
£sV. if the Quantity of the Surface, and Centre of Gra¬
vity be found, tne Content of the Vessel is then known

by the Rule above. Thus also if the Surface of the
Side of any Vessel in any Form or Position be multiplied
by the Depth of the Centre of Gravity , the Product:
will be the Number of Cubic Feet, whose Weight is
equal to the Pressure on such a Side or Surface. And
since a Cubic Foot of Water weighs 1000 Ounces,
or 62! Ib. Averdupoife Weight , the Quantity of Pres¬
sure may be easily expressed in any Denomination of
Weight , as will be more particularly shewn hereafter.
17. One Thing more the Reader should be appriz ’d
of, and that is the Centre of Pressure, which is that
Point in which we may conceive the whole Pressure to
be concenter’d or united ; or to which if a Force were
applied equal to the whole Pressure, and acting in a
contrary Direction , it would exactly balance or restrain Fig. 8.
the Effect of the Pressure ; or it would keep the Plane
(otherwise free to move) in Equilibria with the total
Pressure, unequally distributed over all its Parts . Thus
jf ABCD be a Vessel of Water , and the Pressure on the
Side
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in the VeJJel:
' For every Column of Par¬
ticles G H , which presses downwards on
the

p-

-

Side A B be equal to twenty Pounds ; if a be the Cen¬
tre of Pressure, and a String abc were fix’d thereto go¬
ing over the Puilv b, and sustaining a Weight £ of
twenty Pounds , then would the Side AB be kept in
Equilibria by those two equal and opposite Powers.
18. Now the Centre of Pressure is the fame as the
Centre es Percussion^ as is evident from hence, that in
the Line AK the percussive Force of every Point G,
H , I, K , is as the Velocity , that is, as the Distance
AG , AH , Al , AK , from the Point A considered
as the Point of Suspension. But those Distances are
as the Altitudes GB , HC , ID , K E , which are as the
Pressures on the foresaid Points : Therefore since the
Pressures, and percussive Forces are always alike, the
Centre of one must be the same with that of the other,
but the Centre of Percussion of the Line AB is two
Thirds of its Length distant from the Point of Suspen¬
sion A, therefore also the Distance of the Centre of
Pressure a is y of the Side AB below the Surface of the
Water . See Annot. XXIX.

'

Scholium.

19. The Reason why a greater Force of Pressure is .
allow’d to an oblique Plane or Bottom of a Vesstd than
what is equal to the Gravity of the Fluid , is this, that
every Point in the Line A K is prefs’d with a perpendi¬
cular and lateral Force at the same Time , and by both
obliquely; and of those two oblique Forces, or Pressures,
one direct Force is compounded, which is greater than
either , and acts in a Direction perpendicular to the
Plane . But since both the oblique Pressures are always as
the Depth of the Fluid , the direct compound Pressure
will be in the fame Ratio likewise. Hence as there is
a greater Number of Points in the Line AK than in the
Line A E , and each is press’d perpendicularly with a
Force proportional to the Depth , ’tis necessary that we
estimate the whole Force by the Area of the Triangle
A e K , and not of A £ K, as we must have done if
Fluids press’d like Solids by their Gravity only.

Hydrostatics.

the Side of the Vessel E F, has its Force de¬
stroyed by the equal Refaction of the sub¬
jacent Particle H in the Side, and so cannot
at all affect the Bottom of the Vessel. Again;
the Pressure of any Column of Particles
LM upwards , against the Side of any
Vessel CD , is equally re- acted by the Par¬
ticle of the Vessel over it, and so its Force
or Pressure on the Bottom must be the same
jis that of another Column of Particles AB
of equal Altitude with the Fluid : Whence
the Proposition is evident (LVI ).
XII . Hence
(LVI ) 1. There is nothing in the Explication of the
Hydrostatic Paradox difficult to be understood, but the
Manner how the Point M comes to be pressed with the
fame Force as the Point B, which has the whole Height
of the Fluid above it . But this Difficulty will soon va¬
nish when we consider that the Pressure among the Par¬
ticles of a Fluid at the fame Depth is every IVay equal;
therefore if LH be parallel to the Bottom DE , ’tis
plain there will be the fame Pressure upwards in every
Particle H , I, Q_, L , as there is downwards, and' every
where as the Altitude A I. The Particle at L there¬
fore presses upwards against a Particle in the Sid<\ of
the Vessel with a Force equal to the Weight of the
Column of Particles Al , which Force is destroyed by
the equal Rc-action of that Particle in the Side of the
Vessel. The fame Fluid Particle L also presses the
Particle immediately beneath it in the Column M L
with the fame Force, which added to the Weight of the
Column LM makes the fame Pressure on the Point M,
as there is on the Point B arising from the Pressure on
the two Parts AI -J- IB.
the Pressure upward at the Point L is equal
2. That
to the Weight of the Column Al , is evident from
hence, that if it be removed (that is, if a small Hole
l^e there made) the Fluid will from thence be thrown
up
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XII. Hence
Fluid .,

as

a very small Quantity of ii
APR .S, may be made to counter¬
balance

up in Form of a 'Jet (TEau to the Height of T nearly,
which is in the fame horizontal Line with the Point A,
or Level of the Fluid . All which well consider’d
is, I presume, sufficient to evince that the Pressure on
the Point M and every other Point in the Line D E is
the fame with that on the Point B.
3. From what we have said, ’tis also plain, that the
Top of the Vessel CNRF is prefs’d upwards with a
Force every where proportional to the Altitude of the
Fluid AP , which Force of Pressure upon the whole Sur¬
face is equal to the Weight of a Body of Fluid of the
fame Base, and whose Altitude is AP . The Sides also
are prel's’d every where outwards with a Force propor¬
tional to the Altitude of the Water , and in the fame
Manner as they would be at the Depth were the Fluid
every where of the fame Bulk as in the Body of the Ves¬
sel, and of the fame Altitude as at A.
Pl .XIV
Fig . 9.

4.

The

Consequence of this will be, that if an In¬

strument be contrived with a Bottom AB and Top CD
connected with pliant prepared Leather EF , so as to be
Water -tight , and if in the Middle of the upper Part at
G be inserted a small Tube G H, and W ater pour’d in
so as to raise the upper Part DC that it may float freely
on the Surface of the contain ’d Water , then any
Weight I, laid thereon will cause the Water to rife so
high in the small Tube as will be equal to the Height of
a Cylinder of Water of the fame Base D E , and whose
Weight will be equal to that laid on ; and if another
Weight K be added, it will raise the Water to twice
the Height in the Tube ; if a third Weight L be ad¬
ded, it will rife to three Times the first Height , and
so on. Whence it appears that since the Bore of the
Tube may be exceeding small, the greatest Weight
may be fustain’d or counterbalanced by the least assign¬
able Quantity of Water in the Tube.
5. But this Matter will be best explain ’d by Calcu¬
lation and Example . Suppose then DC — 6 Inches in
Diameter , the Area of the circular Surface will be
28,27
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balance or be equivalent to the Weight or
Force of any given Quantity TKGV , how
great soever .
XIII. When
28,27 S<3uare Inches ; and since a Square Inch of Wa¬
ter weighs Tcls of an Ounce Averdupois, therefore a
Pound will contain 27,7 Cubic Inches ; consequently
as this Number is but half a Cubic Inch less than the
other , ’tis evident that a Cylindric Column of Water
whose Base is 6 Inches in Diameter , and Height one
Inch , will weigh nearly one Pound ; if therefore I be
one Pound , trie Water by its Pressure will rife one
Inch in the Tube ; if K be another Pound , then I + K
will raise the Water two Inches , and so on. If the
Bore of the Tube be 75 of an Inch Diameter , the
Quantity in the Tube one Inch high is to that in the
Vesiel one Inch high, as the Square of TVto the Square
of 6, that is, as Tit>to ^ 6, as 1 to 3600 ; and in that
Proportion are their Weights also; whence ’tis plain
the Water in such a Tube will sustain 3600 Times its
own Weight.
6. In like Manner we may consider how great
an Effect might be produced by only blowing with
one’s Breath thro’ the Tube HG into the Vessel
ABCD . By this Means , if the Dimensions of the
Vessel were large, and the Tube long and small, a Man
with the Breath of his Mouth might raise any given
Weight , how great soever. Suppose, for Instance, the
Area of the Top DC were 1000 square Inches , and
the Distance between the Top and Bottom AD —L of
an Inch , then will there be contain’d in the Vessel 250
Cubic Inches of Air, of the fame Density with the ex¬
ternal Air . If now more Air be blown thro ’ the Tube
into the Vessel, it will condense the internal Air, and
by increasing its Spring cause it to raise the moveable
Top DE , though charged with a very great Weight.
7. Thus since the Weight of Air presses upon every
Square Inch with a Force of 15 Ib.as( will be Ihewn
hereafter ) if we place on the said Top DC , 1000 X 15
— 15000 Ib. and then blow into the Instrument 250
Cubic Inches of Air , it will double the Density of
the internal Air, and consequently its Spring , which

3

will
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XIII. When any Body is immersed in
a Fluid, it loses jujl so much of its Weight as
is equal to the Weight of an equal Bulk of the
Fluid ; but the Weight lofl by the Body is
gain'd
will then hold the great Weight in Equilibria, and if
ever so little more be blown in it will raise it ; for in
that Case the Air will press upwards with a greater
Force than that of the Weight downwards.
8. If 500 Cubic Inches of Air were blown into the
Instrument it would sustain 30000 Ib. and to on. But
in such Cases we must suppose the Parts EF sufficiently
strong to bear such a Pressure from within ; for since
the Air is a Fluid it presses every Way equally. Now
because the Bore of the Tube is small ( suppose the 100th
Part of a square Inch ) a Person blowing through the
same would meet with no more Resistance than the
Pressure of the Air on the Area of the Bore, which
when the Air is of a double Density, or when 25O
Cubic Inches are crowded in, will be but -,Vo of
a Pound , which may be easily overcome by the
Force of the Muscles in blowing, especially if we use a
Stop-cock to sliut off the Air in the Tube every Time
we take in fresh Air to -our Mouths.
9. If the Top of the Instrument DC were fix’d, and,
a Wire passing thro ’ the Tube GH were fix’d to the
Bottom , and suspended at the End of a Balance, then if
the Bottom be nicely balanced by Weights in the Scale
of the other End , and after that Water pour’d in till the
Top and Bottom were separated to their utmost Di¬
stance ; to balance this Water will require one Pound
Weight for every Inch in Height in the Vessel, and it
will after that require one Pound Weight for every
Inch that it rises in the Tube , which plainly sliews that
the Force of Fluids is always proportional to the Height,
and not the Quantity of the Fluid . Note, I have sup¬
posed in this Article that the Diameter of the Vessel is
six Inches , as before in Art. 5 . Another remarkable1
Instance of this Hydrostatic Paradox , I shall give when
I come to consider the Su/imtning of an heavy Body in a
2
lighter-

Hydrostatics.

271

gain 'd by the Fluid , which will be so much
heavier than before (LVII ).
XIV . If
lighter Fluid , and which will be a very clear Illustration
of the Matter . See Annot. LXI.
(LVII ) This is the fundamental Principle of every
Hydrostatic Process, particularly of the whole Doctrine PI .XIV.
of Specific Gravities which
;
therefore cannot be made Fig . 10.
too plain and easy to be understood. To this End,
let ABCD be a Vessel filled with Water to the Height
EF ; and let I be a cylindric Body (heavier than Wa¬
ter ) to he immersed therein , as at L . By this Immer¬
sion of the Body I , a Quantity of the Fluid abed,
equal in Bulk to the Body, will be displaced by the su¬
perior Force or greater Gravity of the Solid : And this
Quantity of Fluid must ascend, ( as being confined to¬
wards the Bottom and Sides) and so raise the Surface of
the Liquor from E F to G H ; and then will the Quan¬
tity E F G H be equal to the Bulk of the immersed
Solid abed.
2. But as the Solid comes to enter the Fluid , each
Particle of the Fluid by its Vis lnerties will resist the So¬
lid, or endeavour to oppose its Descent with all its
Powef ; and so the whole Body of the Fluid that is re¬
moved or displaced by the Solid will resist It by the united Force of all the Particles : But this Force is equal
to the Gravity of the Fluid removed, as is ev ident from
hence, that the Fluid so removed is obliged to ascend
or move in a Direction quite contrary to Gravity ;
JVherefore the Solid in its Descent will be resist. d bya Force
equal to the Gravity of an equal Bulk of the Fluid.
3. A Consequence of this will be, that , since Action
and Re-action are equal , there will be just as much of
the Gravity of the descending Solid destroyed, as is
equal to the renitent Force, that is, to the (jravity or
Weight of an equal Bulk of the Fluid . Whence it is
evident that all Bodies immersed in Fluids will weigh
lighter if suspended therein at the End of a Balance,
than in the Air ; and lighter in the Air than in Vacuo,
where only the true, real, or absolute Weight of Bodies can
be Jhewn or known.
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XIV . If any - Body E could be found
without Weight , it would, if placed on the
Surface
4 . And since the Force which resists the Descent of
Solids is proportioned to their Bulk only, it follows,
that equal Bodies immersed in Fluids lose equal Parts
of their Weight ; and therefore a lighter Body loses
more of its absolute Weight , than a heavier one of the
same Bulk . And consequently if two Bodies of unequal
Bulk are in Equilibria in the Air , that Equilibrium will
be destroyed on their being immersed in the Fluid ; be¬
cause that which has the largest Bulk will lose most
Weight in the Fluid.
5. Again ; it is plain the Weight of the Fluid is
augmented in the fame Proportion , as that of the im¬
mersed Solid is diminished ; for the Force or Action of
the Fluid on the Bottom of the Vessel CD is before Im¬
mersion to that afterwards as the Altitudes CF to CH,
or to the Bulks of the Fluid EFCD and G H C D.
And since those Bulks act only by their Gravity , it is
plain the Action of the Fluid is increased only by the
additional Gravity of the Quantity GHFE , which is
equal to that which the Solid loses by Immersion, as
was before shewn in Art. 2 . All which Cases answer
very exactly by Experiments.
6. From what has been premised we may easily ap¬
prehend what is meant by Specific Gravity, viz . thai
which is peculiar to any Sort or Species of Matter or Body,
when considerd or compar’d in any given Bulk or Magni¬
tude, as a Cubic Inch, for Instance . Thus we fay,
the specific Gravity of common Water is to the Spe¬
cific Gravity of Lead, as the Weight of a Cubic Inch
of Water to the Weight of a Cubic Inch of Lead . And
as the Absolute Weight of Bodies is their whole Power of
Gravity in Vacuo, so their Relative Gravity is that
which they have in any resisting Medium , as Air , Wa¬
ter, &c. and is equal to the Absolute Weight diminish¬
ed by the Weight of an equal Bulk of the Medium.
PI. XIV .
7* What relates to the Absolute and Specific Gravities,
Fig . 11. the Magnitude, Density, & c. of Bodies, will best be
understood by symbolical Computation ; in order to
which
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Surface of a Fluid A B, float thereon 'without
any Part immersed; for being devoid of
Grato which let A and B be two Bodies of equal Bulk , but
different Quantities of Matter ; and let B and C be two
other Bodies with equal Quantities of Matter , but of
different Bulks.
f D rcDensity
1
And let j B —Bulk
? in the Body A.
l M —Quantity of Matter )
f D Density
—
1
Also "j B Bulk
—
J- in the Body B.
(- M— M !.ter
J
C dDenhty
—
1
And
‘j bBulk
—
in the Body C.
t m Matter
—
J
8. Then , because the Density of any Body is pro¬
portional to the Quantity of Matter under equal Bulks,
we shall have D D:
:: M: M : and, because when
the Quantities of Matter are equal, the Bulks must be
reciprocally as the Densities, therefore we have D : d ::
b:

Whence D consequently
_
- —— ;
T) MB
— db M . But B — B , and M = m ; therefore DBm
— db M . Whence we have D : d :: b M : m B ; and
B : b :: d M : D m ; and M : m D
:: B : db.
9. The Specific Gravity of Bodies being as the
Weights , that is, as the Quantities of Matter , in equal
Bulks, will be as the Density : Therefore D : d :: S :
s and
;
by Substitution of Ratios we have the general
Theorem above become SB ?n~ sb M. And since the
Absolute Weights ( A, a, ) of any two Bodies are as
the Quantities of Matter , we have S B a — Ash.
Wherefore S : / •:: Ab : a B ; that is, the Specific Gra¬
vities will be as the Absolute Weights directly, and
the Bulks inversely, or as the Absolute Weights divided
by the Bulks.
10. Also A : a S:: B : s b ; that is, the Absolute
Weights of Bodies are in the compound Ratio of their
Specific Gravities and Bulks . Or the Absolute Weight
of any Body is had by multiplying its Bulk and Specific
Gravity together.
Vol . I.
T
B.
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Gravity , it could have no Force to dis¬
place any Particles of the Fluid , and sink
therein.
XV . If any heavy Body F , lighter than an
equal Bulk of the Fluid , be placed on its Sur¬
face , it will Jink or descend therein , till it has
removed or displaced so much of the Fluid
whose Weight is equal to that of the Body;
For then the Pressure upwards and down¬
wards on the under Surface of the Body is
equal ; and consequently the Body will be
there quiescent , or in Fquilibrio with the
Fluid . Hence the whole Solid is to the im¬
mersed Fart , as the Specific Gravity of the
Fluid to that of the Solid LVIII
(
).
XVI . If

ii. Again ; because B : b A
:: s : a S , it appears
that the Bulk. or Magnitude of Bodies will be as the
Absolute Weights directly , and Specific Gravities in¬
versely. Or the Magnitude of any Body is had by
dividing its Absolute Weight by its Specific Gravity,
jpl.5CIV.
(LVIII ) i . This Cafe is not strictly true but in VaFig . 12. cuo;for in the Air such a Body maybe consider’d as
fustain’d in two Mediums , viz. Air and Water ; in one
of which it will sink or descend, and in the other rife.
And therefore to represent the true State of this Matter
universally, we must raise a general Theorem in the
Manner following : Let AB CD be a Vessel filled
first with an heavy Fluid to the Level E F , and from
thence with a lighter Fluid to A B. Suppose the So¬
lid X sustain’d by those two Fluids ; let the Part in the
heavier be call’d A, and that in the lighter B ; and let
the Specific Gravities of the heavier and lighter Fluids
be as a and b.
2. Then since the Part A displaces a Bulk of the
Fluid equal to A, the Absolute Weight of that Bulk of
Fluid will be A a, by( Annot. LVII . Art. io .) and for
the
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XVI . If a Solid, as G , equal in Weight to
an equal Bulk of the Fluid ., be immersed there¬
in, it will take any Situation indifferently in
any Part of the Fluid , as at G , H , I, without
any Pendency to ascend or descend therein:
For being totally immersed , it must re¬
move a Parcel of the Fluid of equal Bulk
and Weight ; and consequently the Pressure
*
upwards
the fame Reason the absolute Weight of a Bulk of the
lighter Fluid equal to B will be B b. Let c be the
Specific Gravity of the Solid X ; then the Sum of the
Weights of the two Portions of the Fluids must be equal to the Weight of the Solid ; otherwise it could not
be fustain’d by them : Therefore A as- - B ^ — X c —
A -j- BXc . Hence A a •— Ar — Be B
— b. Conse¬
quently , A : B c — b : a — c ; and compounding,
A : A + B ( —X ) :: c — b : a — b.
3. These two Theorems are thus exprefs’d in Words:
1. As the Part of the Solid within the heavier
Fluid is to the Part contain ’d within the lighter :
So is the Difference between the Specific Gra¬
vity of the Solid and lighter Fluid , to the Diffe¬
rence between the Specific Gravity of the Solid
and the heavier.
2. The Part of the Solid in the heavier Fluid is to
the whole Solid, as the Difference between the
Specific Gravity of the Solid and lighter Fluid,
to the Difference between the Specific Gravity
of the two Fluids.
4. Hence, if b~ o, we have A : X :: c : a ,- that is,
the Part immersed is to the whole Solid, as the Specific
Gravity of the Solid to the Specific Gravity of the Fluid.
And if the two Fluids were Water and Air , Water and
Oil , or any other , and their Specific Gravities given,
with that of the Solid, it will be easy to find the Parts
of the Solid contained in either Fluid by the Theorems
above-mentioned.
T 2
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upwards is equal to the Tendency down¬
wards on the lower Surface every where;
and therefore it can have no Power to fink :
Also the Pressure downwards must be equal
to the Pressure upwards on the upper Sur¬
face , whence it can have no Tendency to rife
or swim • it will therefore remain at Rest in
any Position , G, H , I, wheresoever in the
Fluid (issX). *
XVII . Lastly , If a BodyK or L, hea¬
vier than an equal Bulk of the Fluid, be im¬
mersed therein, it will descend by the Excess of
its Gravity above that of the Fluid: For,
when immersed, it will be resisted by the
Force
(LIX ) I have shewn, that while a Body is suspended
in a Medium , its absolute Gravity is diminished by
the Resistance of the Medium ; it is therefore only the
relative or residual Gravity of the Body that we find in
such a Case : And this being equal to the Difference be¬
tween the Specific Gravities of the Body and the Me¬
dium , ’tis plain, where that Difference vanishes, that
is, where the specific Gravities of the Body and Me¬
dium are equal, there the relative Gravity will become
Nothing ; whence such a Body suspended by us in such
a Fluid has no sensible Weight . And this is the Rea¬
son why a Bucket of Water , while in the Water , seems
to have no Weight ; because the Specific Gravities of
the Water in the Bucket , and of the Wood of the Buc¬
ket , being the same with th ..t of the Water in which
it is suspended, there can be no relative Gravity of
the Bucket of Water experienced, and therefore no
Gravity or Weight at all. The Want of considering
this has been the Occasion of many absurd Positions
and puerile Conclusions in Philosophy ; as absolute Le¬
vity, a Diminution os absolute Gravity, Sec.
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Force of an equal Bulk of the Fluid , which
therefore will destroy just so much of the
Gravity of the Solid ; and consequently,
the Residue or Excess of Gravity in the So¬
lid is that alone by which it must descend

(LX).

From

(LX ) 1. As those Bodies swim which are specifi¬
cally lighter than Water , as above explained ; so others
sink or descend in a Fluid by being specifically heavier,
that is, by their relative Gravity . Thus , if the speci¬
fic Gravity of the Solid be to that of the Fluid as 3 to
1, then 3 — 1 ~ 2 is the relative Gravity by which it
descends. If the Specific Gravities are as 7 to x, then
7— x—6 is the relative Gravity . Whence we observe,is
2. That the Descent of Solids in a Fluid Medium
the very same with that of Bodies descending on an in¬
clined Plane, because in both Cases the absolute Gra¬
vity is only diminished, by the Resistance of the Medi¬
um in one Case, and by that of the Plane in the other ;
and therefore all the Properties of the Motion of a Bo¬
dy falling freely, belong to this Motion thro’ a Medium
likewise.
3. This relative Gravity of Solids, by which they pi . XIV.
sink or swim, is usually illustrated by the Descent and jrj
Ascent of Glass Images and Bubbles included in a Jar
of Water cover’d over with a Bladder, so as to include
a small Quantity of Air between the Bladder and Water.
The Images, &c. have small Holes in the Bottoms of
their Feet, thro’ which some Water is put into their
Bodies, and that in such Quantities as will render
them but very little specifically lighter than Water,
but some more so than others, that they may not begin
to move all together.
4. The Images being thus put to float in Water , and
the Bladder tied down , if the Hand be laid on the
Bladder, and gently compresses the Air beneath, the
Air by its Spring will act upon the Water , and
cause it to compress the Air in the Bodies of the Images,
by which Means more Water will be driven into their
Bodies;
T 3
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From

what has been

premised

of the Na¬

ture of Fluids , it will be easy to understand,

that
Bodies ; and when so much is got in as will make them
specifically heavier than the Water , then they will be¬
gin to descend one after another ; and by varying the
Degree of Pressure you may keep them suspended in
any Part of the Fluid as you please.
5. It is to be observed, that the Matter of which the
Bodies of those Images and Bubbles are made ought to
be specifically heavier than Water , that they may sink
when fill’d with Water , which otherwise they could not
do : They are therefore made with Glass, which is
about three Times heavier than Water
. Also the
Holes in the Feet ought to be very small, lest the Water
should run out in the Air.
6. On the contrary, if the Images were but just hea¬
vy enough to sink to the Bottom of the Jar , if then the
Bladder, instead of being prefs’d down, were lifted up
from the Surface of the Water , the Air would expand
itself, and have a less Spring ; and therefore the Air
also in their Bodies would exert its Spring , ( which
is now greater than that under the Bladder) and
drive
some Water out of their Bodies, by which Means
they
will become specifically lighter than the Water , and rise
in it to the Top.
7. The Image or Bubble will sink or swim without
the Artifice of a Bladder, if nicely managed ; for if
Care be taken to have just so much Water in the Image as will render it but very little higher than the
Water , it will then swim at the Surface ; if then you
put it into a proper Depth , the natural Pressure
of the
Fluid upwards will force so much Water more into it,
as to make it heavier than Water , and from
that Place it
will, of its own Accord, sink down to the Bottom.
Whence it appears the same Body will sink or swim in
the same Medium, according to the difterent Circum¬
stances it is under from the Medium , and not from any
Thing in itself.
8. If any Vessel AB be fill’d half full with Salt Wa¬
pi . XIV,
ter to C , and a Bubble at B be made just heavy enough
fig . 14'
to sink therein to the Bottom ; and after that an
Image
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that the lightejl Body P may be depress'd in the
heavieji Fluid, by any Contrivance to keep
the said Fluid from pressing on the under
Surface of the light Body, by which
Means only light Bodies are made to swim.
Thus Cork or Wood will abide at the Bottom
of a Vessel fill’d with Quick - silver.
: On the other Hand , the heavieji
Body M may be made to swim in the lightejl
Fluid , by keeping the said Fluid from pressing
Again

on its upper Surface , by means of the Tube
NO : For when by this means it is im¬
mersed so deep as to keep off an equal
Weight of the Fluid , the Pressure then of
the Fluid acting upon its under Surface up¬
wards will be equal to the Weight of the
Solid tending downwards ; and therefore if
the Solid be funk ever so little deeper , it must
swim
mage at C , having so much Water put into its Body
that when the Hole in its Foot is sealed up, it shall be
just light enough to swim in the said salt Water;
Things being thus prepared ; if so much hot fresh
Water be put into the Jar AB as will fill it to the Top,
the Consequence will be, that the Fluid being now
lighter , will not sustain the Image C which will fink to
the Bottom ; and the Heat of the Water will rarify the
Air in the Bubble B, by which Means the Water in it
will be in Part extruded, and the Bubble thereby
becoming lighter, will rife to the Top . Thus by this
Artifice, the Image and Bubble will spontaneously (as
it were) change Places ; which pleasant Experiment,
or Hydrostatic Problem, was first proposed by Mr . fohn
Cafwell, Astronomy Professor at Oxford, near 40 Years
T 4
'
ago.
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swim by the superior Force or Pressure of the
Fluid upwards (LXI ).
Hence also the Reason of trying the different
Gravity , Denjity , or Strength as
( it is common¬
ly call’d) of divers Fluids or Jpirituous Liquors
by the Hvdr o _aie t e r or Water - Poise: For,
since the stronger any Fluid is, the greater
will he its Resistance to any Solid immerled,
’tis

PI. XV.
Fig- 3-

(LXI ) Thus for Instance , if the Body M be 5
Times heavier than Water of an equal Bulk , and if by
Means of the Tube NO , placed on its upper Surface,
the Water be kept from pressing thereon, that it be
immersed to 7 Times its Thickness below the Surface of
the Water , ’tis plain the Pressure on the under Surface
upwards will be as 7, but downwards only as 5 ; and
therefore since there is the Excess of two Degrees of
Presiure upward, ’tis plain the Body cannot descend ; but
may very properly be said to twim on the Water , and
this will be the Cafe of all Bodies, however large or
heavy, if placed at a proper Depth in the Water , with
the above- mentioned Circumstances.
2. But what is most remarkable , and at the fame
Time the clearest Proof of the Hydrostatic Paradox , is,
that if the Body M be immerled to the Depth of 10
Times its Thickness below the Surface, with a Tube to
keep off the Water from its upper Surface, then what¬
ever be the Form of the Tube upwards, Water pour ’d
into the fame will in all Forms thereof, at the Altitude
of 5 Times the Thickness , make the Pressure on the
under Surface upwards and downwards equal , and con¬
sequently, if the Altitude be ever so little increased, the
Body will descend. If the Body be immersed to a
Depth , equal to 12 Times its Thickness , then the Al¬
titude of the Water pour’d in must be equal to 7 Times
its Thickness , because 7-7- 5^ 12, and so on in all other
Depths , let the Vesiel NO be ever so great or small,
provided its Base be equal to the Surface of the Body;
the Presiure of the Water pour’d in being proportional
to the Altitude only, and not at all to the Quantity
thereof.
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’tis evident the Hydrometer cannot fink so
far into the heavy or strong Fluids , as into
those which are lighter or weaker . The
several Degrees of Strength , therefore , are
easily shewn by the graduated Neck of this
Instrument (LXII ).
The
(LXII ) 1. The Hydrometer
is one of the most use¬
ful Instruments of the Philosophical Kind ; for tho’ the
Hydrostatic Balance be the most general Instrument for
finding the specific Gravities of all Sorts of Bodies, yet
the Hydrometer is best suited to find those of Fluids in
particular , and with the greatest Fase, Conveniency
and Expedition , as will appear from the following Ac¬
count , and Description thereof.
2. This Instrument consists of four principal Parts,
viz. 1 ( . ) A large round hollow Ball or Sphere
A B C D , which is made of Ivory, Glass, or Metal , as
Copper , Brass, i$c.2 ( . ) An hollow Glass-Ball E C,'
of a smaller Size, partly fill’d with Quick - silver screw'd
on to the lower Part of the former, in order to render
it but little specifically lighter than Water , that it may
nearly sink in it . (3. ) A long small Stem or Shank
A F fix’d into it on the upper Part , which by its
Weight causes the Body of the Instrument to descend in
the Fluid with Part of the said Stem. (4.) A small
Weight F , screw’d on upon the Top of the Stem or
Wire AF , to cause the Instrument to sink so far, that
the Surface of the Fluid may always cut the Stem in its
middle Point G.
3. Tho ’ the above be the usual Structure and Com¬
position of this Instrument , it is certainly not the best ;
for if the Body or Globe ABCD be of Ivory , it will
imbibe Part of the Liquor , and so its specific Gravity
will be alter’d, and consequently the Experiment can¬
not be just. If it be of Glass, it will be subject to
break, and will stand in need of Screws, Solder, Lea¬
ther , &c. to make the Parts tight , which will be
found also both inaccurate and inconvenient . The best
Way therefore is, to have it made of Metal , viz. of
Copper ; with a Brass Stem above, solder’d on ; and
a Brass
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The

Hydrostatic

- Balance

is also

an Instrument invented on the same Prin¬
ciple.
a Brass Ball below to screw on with a very nice Shoul¬
der ; then every Part will be durable, and very secure
from any Alteration of its Weight.
4 . When this Instrument is swimming in the Li¬
quor , the Part of the Fluid displaced by it will be equal
in Bulk to the Part of the Instrument under Water,
and equal in Weight to the Weight of the whole
Instrument . Suppose the Weight of the Whole were
4000 Grains , then ’tis evident we can by this Means
compare together the different Bulks of 4000 Grains of
various Sorts of Fluids . For if the Weight F be such
as shall cause the Hydrometer to sink in Rain -Water,
till its Surface comes to the middle Point of the Stem
G ; and if after this , it be immersed in common Spring
Water, and the Surface observed to stand T*e of an Inch
below the middle Point G , ' tis evident that the same
Weight of each Water differs in Bulk only by the Mag¬
nitude of one Tenth of an Inch in the Stem.
5. Now suppose the Stem were 10 Inches long, and
weigh’d 100 Grains ; then every 10th of an Inch would
be 1 Grain Weight , and since the Stem is of Brass,
and Brass is about 8 Times heavier than Water , the fame
Bulk of Water will be equal to f of a Grain ; and con¬
sequently to the £ of g/Js-e Part, that is a 32ooodth
Part of the whole Bulk , which is a Degree of Exact¬
ness as great as can be desired. Yet the Instrument is
capable of still greater, by making the Stem or Neck
to consist of a flat thin Slip of Brass, instead of one that
is round or cylindrical : By this Means we increase the
Surface, which is the most requisite Thing ; and dimi¬
nish the Solidity, by which the Instrument is render’d
more exact.
6. In order to adapt this Instrument to all Sorts of
Uses, there ought to be two different Stems to screw on
and oft in a small Hole at A. One Stem should be
such a nice thin Slip of Brass, or rather of Steel, like
a Watch -Spring set strait, as I have just mentioned , on
one Side of which ought to be the several Marks , or
Divisions, to which it will sink in various Sorts of Wa¬
ter, as Rain -Water , River - Water, Spring-Water,
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ciple.

By it we have a mojl useful and ready
Method of finding the various comparative or
specific Gravities of Fluids atid solid Bodies,
to
Sea-Water , Salt-Spring- THater, &c. And on the other
Side you mark the Division to which it sinks in va¬
rious lighter Fluids , as Hot- Bath- Wat er, BriJiol-JVater, Lincomb-Water , Cheltenham-Water , Port -Winey
Mountain, Madeira , and various other Sorts of Wine.
But in this Cafe, the Weight F on the Top must be a
little less than before, when it was used for the heavier
Waters.
7. But in Cafe of trying the Strength of spirituous
Liquors , a common cylindric Stem will do best, be¬
cause of its Strength and Steadiness ; and this ought to
be so contrived, that when immersed in what is called
Proof- Spirit, the Surface of the Spirit may be upon the
middle Point G , which is easily done by duly adjust¬
ing the small Weight F on the Top , and making the
Stem of such a Length , that when immersed in Wa¬
ter , it may just cover the Ball, or rise to A ; but when
immersed in pure Spirit , it may rise to the Top at F ;
then by dividing the upper and lower Parts GA , GF,
into ten equal Parts each, when the Instrument is im¬
mersed into any Sort of spirituous Liquor , it will imme¬
diately strew how much it is above or below Proof.
8. This Proof Spirit consists of half Water , and half
Alcohol , or pure Spirit , that is, such as when poured
upon Gun -powder, and set on Fire , will burn all
away, and permit the Powder to take Fire , which it
will , and flash as in the open Air . But if the Spirit be
not so highly rectified, there will remain some Phlegm
or Water , which will make the Powder wet , and unfit
to take Fire . This Proof Spirit of any Kind weighs
seven Pounds twelve Ounces per Gallon.
g. The common Method of shaking the Spirits in a
Vial , and by raising a Crown of Bubbles, to judge by
the Manner of their rising and breaking away, whether
the Spirit be Proof or near it, is very precarious, and ca¬
pable of great Fallacy . There is no way so easy, quick,
certain, and philosophical, as this by the Hydrometer,
which will demonstrate infallibly the Difference of

Bulks,
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to the last Degree of Accuracy ; especially
in the New Structure and Method of using
it, as
represented in Plate XV . Fig. 4.
The Parts of which are as follow ; A B,
the Foot on which it stands ; C D, a Pil¬
lar supporting a moveable Brass Plate EF,
fastened thereto by the Screw in the Knob
e. In
the End of this Plate is fix’d an up¬
right Piece IK , supporting another Plate
GH , which Hides backwards and forwards
thereon , and is moveable every way about
it. In the End of this Plate , at H , is
fix’d (by a Nut beneath ) a Wire L M,
tap ’d with a fine Thread from one End to
the other ; upon this moves the Swan-Neck
Slip of Brass N O, to which a very exact
Balance is hung at the Point N ; to one of
whose Scales P is appended the heavy Bo¬
dy R , by a fine Horse - hair or Piece of Silk
S : The Weight of the said Body R in the
Air is express’d by the Weights put into
the Scale Q^_to make an Equilibrium there¬
with , which being destroy ’d by immerging
the Solid in the Fluid TV , contain ’d in
the Glass WV , is again restor’d by Weights
put into the Scale P . So that the Weights
in the Scale (fcompared with those in the Scale
P, Jhew
Bulks, and consequently specific Gravities, in equal'
Weights of Spirits, to the 30, 40, or 50 thousandth
Part of the Whole , which is a Degree of Accuracy,
beyond which nothing can be deiir’d.
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P, shew at once the specific Gravity of the Solid
R to that of the Fluid TV (LXIII).
The specific

Gravity of Fluids is rea¬

dily determined by weighing one and the
fame
(LXIII ) 1. The Reason why I have given no Ac¬
count or Figure of the Common Hydrostatic Balance, is
because it is every where to be found in Books of this
Sort ; but principally , because I would advise Gentle¬
men to the Use of that exhibited in the Lectures , which
they will find far more expeditious and exact, and there¬
fore much better fitted to answer the End of such an
Instrument . For this Method of suspending the Solid
to be weighed by a Horse-Hair , or fine Silk, requires
not the large heavy Glass-Bucket ( as in the Common Hy¬
drojiatic Balance) to find the specific Gravities of Solids;
or the heavy Glass-Bubble to find those of Fluids ; and
therefore the Weight being reduced, the Balance may
be smaller and nicer , and consequently such as will
turn with a lesser Difference of Weight.
2 . The

different Gravities

of Solids being first com¬

pared with that of Water , are then easily compared
with each other ; for let S be the Weight of one Solid,
§ the Weight of any other , and W the Weight of
Water , all of equal Bulks ; and let S : W :: 5 : 1,
and s : W :: 7 : 1 ; therefore 5 W = S, and 7 W — s ;
consequently S ; s 5:: W ; 7 W :: 5 : 7 ; that is, the
specific Gravities of the Solids S and s are as 5 to 7.
And in the same Manner the specific Gravities of
Fluids are compared, being first compared with that of
any one Solid.
3. As the very Notion of specific Gravity implies
Comparison, so there must be some Sort of Body fixed
upon, whose Gravity must be made a Standard for the
Gravities of other Bodies of equal Bulk to be compared
with . This Standard Body must have two Properties ;
first, it must be easy to be had or come at upon all
Occasions ; and secondly, it must be of a fixed unal¬
terable Nature , or at all Times the same, that there
may be no Variation of its Gravity in equal Bulks, in
different Times or Places . Now it is certain such a
Body must be of the Fluid Kind , because the best Way
of finding specific Gravities is by Immersion.
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same solid Body in them severally ; for
since we suppose the Balance in Equilibria
with
4. Among Fluids there ate none which promise the
Requisites for a Standard so fairly as Water . Yet here
we find various Kinds , and of different Gravities , and
none which are quite unexceptionable . Rain Water
is the most so of any, (but this is not always at Hand)
its specific Gravity being so nearly always the fame,
that could it be always had, it would answer all our
Purposes very well. However , common Water, by
means of the Hydrometer , might be always made a
Standard in the following Manner.
5. Let there be a Quantity of Salt dissolved in
Spring - Water to give it a Body or Density , a little
greater than any Water of that Kind can be supposed
to have naturally . Then let a very exact Hydrometer
be set to float therein , and observe at what Division of
the Neck the Surface of Water stands ; and that will
be the Point , to which the Hydrometer ought to sink
in the Water designed for these Experiments , and
which it may easily be made to do by the Solution of
Salt therein , or a Mixture of Salt-Water therewith.
And a better Method than this, for procuring a Stan¬
dard Fluid, I am not able to think of.
6. By this Method I only propose to fix a Standard
for very nice Enquiries ; but for common Uses, common
Water will do, whose Gravity must be represented by
Unity or 1, or (in case of constructing Tables with
great Accuracy ) by 1,000 , where three Cyphers are
added to give room to express the Ratios of other
Gravities in larger Numbers in the Table . In doing
this , we have a twofold Advantage ; the first is, that
by this Means we can express the specific Gravities of
Bodies to a much greater Degree of Accuracy and Ex¬
actness. The second is, that the Numbers of the Table
do also express the Ounces Averdupois contained in a
cubic Foot of every Sort of Matter therein specified,
because a cubic Foot of common Water is found, by
Experiment , to weigh very nicely 1000 Ounces.
7. Now an Ounce Averdupois weighs 437-*- Grains,
and

stilllllllt*
\1'J*lX
aie

4 O
l!5

«

fe

/o.
pinimini,
'.i»i|imr
MEjSMW

«j

illilllli
|l:1!lllllllll
l ]IIIHtllllllllllllillllllllllll

’i’Mij it,,iiinii)r a

Hydrostatics.

287

with the Body suspended in the Air , the
Equilibrium will be destroyed when the
Solid
and an Ounce Troy contains 480 Grains , therefore the
Averdupois Ounce is to the Troy Ounce as 437s to 480,
or, as 51 to 56 nearly . The Averdupois Pound is to
the Troy Pound as 437s X 16 = 7000, to 480 X 12 =
5760 , that is, as 17 to 14 nearly ; so that a cuhic Foot
of Water weighs 62 \lb . Averdupois, and nearly 76 Ib.
Troy. And
hence it is that such a Table becomes so
useful in the Solution of various physical and mathema¬
tical Problems , and Science of Geometry , extended by
Hydrostatic Principles.
8. From what has been said, nothing can be easier
to be understood, than the Method or Praxis of the
Hydrostatic Balance , for finding the specific Gravities
of all such Solids as are heavier than Fluids , and will
fink in them ; but for those which are lighter , as Wood,
Cork , fsV. and will not be totally immersed, a diffe¬
rent Method must be taken, viz. the lighter is to be
connected to an heavier, and so both together to be
immersed into the Fluid , as one compound Body, and
its specific Gravity thus determined ; then having the
specific Gravity of the heavier Body, and of the com¬
pound, that of the lighter Body will be easily found.
9. For suppose to a Piece of Copper , weighing 18
Grains , be tied a Piece of Elm Wood , weighing 15
Grains , then will the Compound weigh 33 Grains :
Again , suppose the Copper alone in Water weighed 16
Grains , and the Compound only 6 Grains ; the Loss
of Weight in the Compound will be 27 ( — 33 — 6)
which is the Weight of an equal Bulk of Water : If
from this we subtract 2 (the Loss of Weight in the
Copper , and Weight of an equal Bulk of Water ) the
Remainder 25 will be the Weight of a Bulk of Water,
equal to that of the Elm . But the Weight of the Elm was
15 Grains : The specific Gravity therefore of Water
is to that of Elm -Wood , as 25 to 15, or, as 1 to 0,6.
10. Another Way more simple to find the specific pj
Gravities of light Bodies (without tying them to heavy p .'
ones) is as follows, A BCD is a Veflel of Water ,
®‘
in
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Solid is immersed in the Fluid , and must
be then restored by Weights put into that
Scale
in which is placed a small Pulley E , on a Foot F ; G
is a light Body floating on the Sui face of Water ; HI is
a Balance, I £ G a Horfe-Hair going round the Pulley,
and connecting the light Body G to the End of the Ba¬
lance. Now let the Vessel be placed in such a Man¬
ner , that the Body G refusing to go under Water,
may draw the Balance H I out of an horizontal Posi¬
tion ; then such a Weight L , placed on the Scale K , as
will draw the Body G under Water , and restore the
horizontal Position, or Equilibrium of the Balance, will
discover the specific Gravity of the Body G.
n . For fince Bodies ascend, as well as descend, by
the Differences of specific Gravities , or relative Weight;
it is plain the Weight L , that detains the Body under
Water , must be equal to the Excess of the Weight of
the Fluid above that of the Solid under equal Bulks,
and therefore the Weight L , added to that of the Body,
will give the Wei , ht of an equal Bulk of Water , and
of Course the specific Gravity . For Example , let the
Body G be a Piece of Elm -Wood weighing 36 ( rains,
and the Weight L sufficient to detain or keep it under
Water , will be found equal to 24 Grains ; then 36 -f*
24 —- 60 = the Weight of Water equal in Bulk to
the Elm . Consequently the specific Gravity of Wa¬
ter is to that of Elm , as 60 to 36, that is, as 1 to 0,6 ;
the fame as was found before. Note, the Weight of
the Scale K must be added to the Weight L , because
it is all the Force upon the Point H that keeps the Body
under Water.
12. There is yet another Way , and that a very good
one, for finding the specific Gravities «f such Liquors
as will not mix with each other , as Water and all
Kinds of Oil ; it is thus : Let A B C D be a Vessel of
Water to the Height E F , and G H a Tube dipt in Oil
PI. XVI . first, for the Oil to rife a sufficient Height therein, when
Fig . 2.
the upper Orifice H is to be stopped close with the
Finger , and thus immersed into the Water of the
Veflel ; then the Finger being taken away, the Oil
4
will
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Scale to which the Body is appended.
These Weights will severally express the
Gravities
will subside and stand at the Altitude G I in the Tube.
Now since this Column of Oil is balanced or sustained
by a Column of Water of an equal Base and Altitude
C F , and the Densities of Fluids are reciprocally as the
Bulks , the specific Gravities (which are as the Den¬
sities) will be as the Bulks, that is, the Altitudes re¬
ciprocally , ( because the Quantity of Matter is the same
in both ) therefore if G iz= ioo , and C F —87, the
specific Gravity of the Oil will be to that of the Wa¬
ter, as 87 to roo , or that of the Water to that of the
Oil , as 1,000 to 0,87.
13. In like Manner , if A B C D be a long Tube
with a little Mercury poured in to a small Height b c,
and then a small Tube a e, open at both Ends , be put
into it ; and lastly, if Water be poured into the large
Tube upon the Mercury to the Height of 14 Inches,
it will by its Pressure raise the Mercury to the Height b
of one Inch in the small Tube above the Surface of
that in the large one ; which shews that the specific
Gravity of Mercury is to that of Water nearly as 14
to 1. As will appear by the Experiment if accurately
made.
14. Once more ; another Way , which in some
Cafes may do very well, to find the specific Gravities of
any different Liquids , is by Means of a recurved Tube
A D G , in which if Quicksilver be poured first to fill
the Bottom Part , and then one Liquid into one Leg,
and another Liquid into the other Leg, in such Man¬
ner that they press on the Quicksilver on each Side
equally , which will appear by the Surface on each Side
being ut the fame horizontal Line C E ; then will the
specific Gravity of the Liquid in the Leg A C be to
that in the Leg E G , as the Altitude of the latter E F
to the Altitude of the former C B,
15. By the Table of specific Gravities it appears that
Gold is the heaviest Body in Nature , and that Mer¬
cury is next to it in Gravity ; and conlequently Gold
Vol . 1.
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Gravities of an equal Bulk of the respec¬
tive Fluids ; and consequently , they may
thus
only will sink in Mercury ; therefore by weighing Gold
in Mercury and Water , the specific Gravities of these
two Fluids may be determined by the Hydrostatic Ba¬
lance : But since Mercury will readily adhere to Gold,
it will create us some Trouble in getting it off again,
which must be done by Fire , or Aqua Fortis j as the
latter is not always at hand, it is common to put Gold
into the Fire, but Care must be taken not to put it into
a Coal Fire, because the acid Spirit of the Sulphur will
lest'en the Cohesion of the Particles of the Gold , and so
render it very brittle , and apt to break, especially when
laid on a cold Stone to cool ; the best way therefore to
find the specific Gravities of these Fluids is that above
directed in Art. 13.

16. AT ABLE

of

SPECIFIC GRAVITIES.

Of METALS.
Fine or pure Gold,
Gold of a Guinea of George II.
Gold of a Moidore,
Silver fine or pure,
Silver of a Shilling of George II.
Lead,
Copper,
Brass cast,
wrought,
Steel tempered,
Iron,
Tin,
17. MINERALS
, ORES,
Copper Ore,
Lead Ore,
Bismuth,
Turbith Mineral,
Antimony from Germany,

19,640
17,150
17, 14°
11,091
10,000
10,130
9,000
7,850
8,000

7' 704
7' 645
7,550
(Ac.

3,775
6,80s
9,700
8,235
4,06s
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thus be compared with each other , or all
of them with the Gravity of common Wa¬

tery
Antimony from Hungary, 4,700
Speltar ,

7,065

18. STONES , FOSSIL §, bte.
Adamant or Diamond ,
3,400
A Pseudo- Topaz ,
4,270
A Pseudo-Hyacinth ,
2,631
A Pfeudo-Jasper,
2,666
A Bohemian Granate
4,360
Swtdijh Granate ,
3,978
Onyx -Stone,
2,510
A Cornelian ,
2,568
An Englijh Agate ,
2,512
Turcois Stone ,
2,508
Saidrachates ,
3,598
A golden Marcasite,
4,58a
Rocjc Crystal ,
2,659
J Hand Crystal ,
2,720
Lapis Nephriticus ,
2,894
Lapis Lazuli ,
3,° 54
Lapis Hæmatites ,
4,360
Lapis Calaminaris ,
.
5,000
Lapis Judaicus ,
2,500
Lapis Manati ,
2,270
Lapis Amianthus,or Asbestos ffomWaless2,<) i 3
-ditto
, from Italy, 2,360
Glass of the common Sort,
2,666
Flint ,
_
2,542
Black Italian Marble ,
2,704
A White Italian ditto ,
2,707
A fine Marble ,
2,700
Another ditto of Italy, 2,718
A pellucid Pebble,
2,641
A Selenitis,
2,322
Mundick , or Gold Spar,
4,430
Kidney Stone,
3,600
Blue Stone,
2,740
U 2
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ter,

as

usual, and disposed in a 'proper

Table ; making that of Water

1,000.
In

Star Stone,
Hard Paving Stone,
Bursord Stone,
Alabaster,
Rag -Stone,
Rotten -Stone,
Copperas-Stone,
Chalk,
Slate,
Oil - Stone,
An Hone,
China,
Piece of Brown Stone Bottle,
Piece of White Stone Mug,
Talc,
of Venice,
-of
‘Jamaica,
Armenian Bole , or Earth,
Common Sea Coal,
Magnet , or Loadstone,
Piece of Stonehenge
, very hard,
ditto, of a softer Sort,
Brijiol Stone,
19. ANIMAL

3,45°
2,460
2.049
1,875
2,470
1,980
4>3° °
2,370
2,740
2,380
2,388
2,270
i,777
2,250
2,657
2,780
3,000
2,727
1,272
1,840
2,018
2,506
2,510

SUBSTANCES.

Bone of an Ox,
Ivory,
The Tip of a Rhinoceros s Horn,
of an Ox Horn,
—-of a Stag’s Horn,
Calculus humanus,
Ditto
Ditto
Ditto
Oyster-Shell,
Murex -Shell,

1,656
1,826
1,242
1,840
1,875
1,700
1,240
i,433
1,660
2,092
2,590
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same Manner , if divers Solids
the
; first weighed in Air , and then after¬
wards
In

A Gockle-Shell,
Mother of Pearl,
A Piece of hard Fish Skin,
A Piece of dried Flesh of Fish,
The Quill Part of a Feather,
20 . VEGETABLE

2,520
2,480
1,621
1,129
*» 33 °

SUBSTANCES.

Box-Wood,
Oak,
Elm,
Ash sappy,
Ditto more dry, about the Heart,
Dry Maple,
Dry Fir,
Dry Cedar,
Dry Walnut -tree,
Dry Yew,
Beach meanly dried,
Crab -tree meanly dried,
Lignum Vitæ,
Lignum Nephriticum,
Lignum Aloes,
Lignum Brazilicum,
Lignum Rhodium,
Lignum Afphaltum,
Lignum Guaiacum,
Sassafras Wood,
Red Wood,
Red Santalum Wood,
White ditto,
Citrine ditto,
Speckled Wood of Virginia,
Mastic Wood,
Ebony,
Cork,

Dry
Dry
Dry
Dry

u 3

1,030
0,925
0,600
o ,734
0,845

0,755
0,546
0,600
0,631
0,760
0,854
0,765
1,327
1,200
L 777
1,030
1,125
t,i 79
r, 33 ?
0,482
1,031
1,128
1,041 '
0,809
*, 3 *3
0,849

*,*77
0,240
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w&rds immersed in the same Fluid, as Vfatrt-j for Instance, the Equilibrium will be
destroy*d ;
Good Wheat of the last Year,
6,757
White Oats ,
6,472
Blue Pease,
6,79 -5
White Pease very dry ,
6,807
Barley of the last Year ,
6,658
Malt made of the same,
0,4.85
Field Beans very dry,
6,807
Wheaten Meal unsifted,
*
6,495
Rye Meal unsifted,
0,454
Wood -Ashes,
'
6,930
21. 'MI 'SCELLJ -NEQUS
StlESfJ/NCES.
Amber ,
J et)
,
Bezoar Oriental ,
11117Occidental
—
,
Sulphur Common,
-—l— — Vivum,
Borax ,
Wood petrified,
Coral Red,
*White ,
Corallachates ,
Cinnabar Natural ,
“Artificial,
-of Antimony ,
The reputed Silver Ore of Wales ,
The 'Metal thence extracted ,
Ceruse,
Tartar Common,
—Emetic
2,246
.Vitrioli,
Cream of Tartar ,
Camphire ,
Mercury Crude,

<1,040
1,238
1,530
4,500
4,860
2,000
4^720
.2,341
a,689
2,500
-2,605
7,300
8,roo
6,044
7,464
'1.1,087
3,156
1,849
2,298
>1,900
0,995
*3,593

. .. !_
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destroys ; which will be restored, as be¬
fore , by putting in so much Weight as is
equal
Mercury distilled once,
- —— Sublimed 511 Times,
Glas£ of Antimony,
Vitriol of Dantzicky
-—

-

Englljby

-White,
Sal Gemma,
— - Prunella
—- Polychrejlum,
- Ammoniacum
,
— Mirabile Glauberiy
Salt pf Hartlhorn
Salt of Vitriol,
Alum,

13,57°
14,110
5,280
1,880
1,900

?, -4Z
2,148
2,148

i,453
2,246
1,496
1,900

?, 7I 4
1,900

>,375
*,333

.Gym Arabic
Gu 'nji Tragacanth,
Myrrh,
V crdigreafe,
.Opium,
Litharge of Gold,
—— -— of Silver,
Bees-Wax Yellow,
§eeg -Wax White,

1,250

1,7-4
1,3^3
6,000

6,044
0,960
'0,865
1,190

4,615
1,450
flrajfamentum of the human Blood,

of the human Blood,
^Tifcp of petrified Bone,
Eerufn

22. Of FLUIDS.
Rain Water,
Distilled Water,
U 4

1,100
1,126

1,030
1,895
1,000

0,993
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equal to the Weight of the same Bulk of
Water : The Gravity , therefore, of every

Solid
Well or Spring Water,
River Water,
Sea Water,
Aqua Fortis,
Aqua Ri’gia,
Oil of Vitriol,
Oil of Clove Gilliflowers,
Oil of Amber,
Oil of Aniseed,
Oil of Caraway-seed,
Oil of Linseed,
Oil of Mint,
Oil of Olives,
Oil of Orange,
Oil of Origany,
Oil of Rosemary,
Oil of Sassafras,
Oil of Spikenard,
Oil of Turpentine,

Spirit of Turpentine,
Spirit of Wine rectified,
Ethereal Spirit of Wine,
Spirit 0.' Vitriol,
Spirit of Amber,
Spirit of Hartshorn,
Spirit of Urine,
Spirit of Honey,
Spirit of Nitre,
Ditto rectified,
Spirit of Sea- Salt,
Spirit of Tartar,
Tincture of Antimony,
Butter of Antimony,
Balsam of Dolu,
Lixivium of Salt of Tartar
Burgundy YVine,

0,999
1,009
1,030
1,300
i >234
1,700
1,034
0,978
0,994
0,940
0,932
o,975
0,913
0,888
0,940
0,934
1,094
0,936
0,792
0,874
0,840
0,732
1,203
1,030
1,073
1,120
' 0,895
1,3-5
I,6lO

1,130
i '073
0,866
2,470
0,896
i ,550
0,953
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Solid is thus compared with Water , and
consequently with each other ; as in the
Table below.
The
Canary,
Red Wine from Pcntac,
White Wine Vinegar,
Distilled Vinegar,
Milk of Goats,
Cow ’s Milk,
Urine,

*>033
° >993
1,0x1
1,030
1,009
1,030
1,030

23 . Since all Bodies are subject to expand with Heat,
and be condensed with Cold, it must follow, that the
specific Gravities of Bodies cannot be precisely the same
both in Summer and Winter . This was first observed
in Experiments by M . Hotnberg, and after him by M.
Eisenschmid
, who found the absolute Weight of a cubic
Inch of several Sorts of Bodies in Summer and Win¬
ter were sensibly different in each other, but upon ex¬
amining the Numbers in his Table I find they are very
erroneous , and have left them out in this Edition , and
shall only observe, that this Affair may be rendered more
apparent by taking the specific Gravities of these Liquors,
(1 . ) when they are very cold ; (2.) when they are pretty
warm ; and (3.) when they are very hot ; for in these
several Cafes the Subject will discover a much less Den¬
sity or Weight in equal Bulks, either by the Common
or Hydrostatic Balance. But there is no Method in this
Cafe so accurate as examining the different Bulks and
Gravities of Fluids by the Divisions of Farenhcifs
Thermometer from the Degree of Cold in a freezing
Mixture , to Heat of boiling Water, and tabulating the
Observations.
24. And as in this, and many other Cafes, it is re¬
quired to be very exact in weighing Bodies, even be¬
yond what is attainable by the nicest Mechanism of
the Instrument itself, I shall here give the Reader an Ac¬
count of an Improvement of the Common Balance in
this Respect, from the late learned S’Gravesande;and
,
4
it
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The Application of Hydrostatics to the se¬
veral Uses of Life will be evident from the
follow-

it will be the more pertinent in this Place, as it de¬
pends on an hydrostatic Principle . This Instrument
serves equally for Exactness in common as in hydrosta¬
tics Matters.
25. The Figure of the Machine represents the Ba¬
lance in its hydrostatic Use. I shall first describe the
Machine ; then Ihew the new-contrived Artifice for
^Exactness; and, lastly, give an Instance of its univer¬
sal Use. V C G is the Stand or Pillar fixed in the
PI. XVII. Table . From the Top at A hangs, by two silken
Strings, the horizontal Piece or Bar B B ; from which
Pig- 2.
is suspended, by a Ring at z, the fine Beam of a Ba¬
lance /, which is kept from descending too low on either
Side by the gentle springing Piece t x y z, fixed on the
Supporter M . The Harness is annulated at 0, to strew
distinctly the perpendicular Position of the Examen by
the small pointed Indejt fixed above it.
26. The Strings by which the Balance is suspended
passing over two Pulleys , one on each Side the Piece at
A, go down to the Bottom on the other Side, and are
Hook, by means of
;
hung over the Hook at v which
a Screw P, is moveable about ij Inch backwards and
forwards, and therefore the Balance may be raised or
deprefied as much . But if a greater Elevation or De¬
pression be required, the Sliding-Piece S, which carries
the Screw P, is readily moved to any Part of the square
Brass Rod V K , and fixed by means of a Screw.
27. The Motion of the Balance being thus provided
for , the rest of the Apparatus is as follows : H H is a
small Table fixed upon a Piece D , under the Scales d
and e, and is moveable up and down in a long Slit in
the Pillar above C, and fastened at any Part with a
Screw behind. At the Point in the Middle of the Bot¬
tom of each Scale is hung by a fine Hooka Brass Wire
a (I, a c. These pass though two Holes m, m, in the
Table ; and to the Wire a d is suspendeda curious cylyndric Wire r s, perforated at each End for that Pur-
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following
Instances ;
having first pre¬
mised , (what is found by Experiment)
that a Cubic Foot of comtnon Water weighs
very
pofe. This Wire r s is covered with Paper graduated
by equal Divisions, and is about five Inches long.
28 . In the Corner of the Table at E is fixed a Brass
Tube , in which a round Wire h is/ so adapted as to
move neither too hard nor too freel by its flat Head I.
Upon the lower Part of this moves another Tube Q_
which has Friction enough to cause it to remain in any
Position required ; to this is fixed an Index T , moving
horizontally when the Wire h I is turned about, and
therefore may be easily set to the graduated Wire r s.
29 . To the lower End of the Wire r s hangs a
Weight L , and to that a Wire f n with a small Brass
Ball g, about -4 of an Inch in Diameter . On the other
Side, to the Wire a c hangs a large Glass Bubble R by
a Horse-hair. Let us at present suppose the Weight L
taken away, and the Wire p n suspended from S ; and
on the other Side let the Bubble R be taken away, and
the Weight F suspended in its Room at c. This
Weight P we suppose to be such as will keep in Equi¬
libria with the several Parts appended to the other Scale,
at the fame Time that the middle Point of the Wire
n is in the Surface of the Water in the Vessel N.
30. The Wire p ■« is 'to be of such a Size, that the
Tength of one Inch shall weigh four Grains . Hence
it is evident, since Brass is eight Times heavier than
Water , ( fee Art. rb . ) that for every Inch the Wire
sinks in the Water , it will become half a Grain lighter,
and half a Grain heavier for every Inch it rises out of
the Water : Consequently, by sinking two Inches below
the middle Point , or rising two Inches above it, the
Wire will become one Grain lighter or heavier.
31. And therefore, if when the middle Point is at
the Surface of the W ater in Equilibria, the Index T be
'set to the midd' e Point a of the graduated Wire r s,
and the Distance on each Side a r and a s contain
JOQ

equal

Parts

j then , when

in

weighing

Bodies

the

Weight
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very exaBly 1000 Ounces Averdupois , or 62
Pounds and a half ; which may be reduced
to
Weight is desired to the hundredth Part of a Grain , it
may easily be had by proceeding in the following Man¬
ner . Let the Body to be weighed be placed in the
Scale d, and put the Weights in the Scale* ; and let these
be so determined, that one Grain more shall be too
much , and one Grain less too little . Then the Ba¬
lance being gently moved up or down by the Screw P,
then if
;
till the Equilibrium be nicely shewn at 0 and
Wirerr,
the
of
(a)
Point
middle
the Index T be at the
it shews the Weights put into the Scale e are just equal
to the Weight of the Body.
32. But if the Index T stand at any Part between a
and r, it shews the Number of Grains in the Scale*
were more than equal to the Weight of the Body in the
Scaled , because the Wire pn is now made lighter by
finking below the middle Point . Thus , suppose the
Weights put into the Scale e were 1095 Grains , and
the Index T cuts the 36th Division above a, it Ihews
that 36th hundredth Parts of a Grain arc to be added, or
that the Weight of the Body is 1095,36 Grains.
33. On the other Hand, had the Index stood at 36,
the Division below a, it would have shewn the Weights
in the Scale e were more than equal to the Weight of
the Body by 36 Hundredths of a Grain ; and that there
the Weight of the Body was 1094,64 Grains . By this
Method we find the absolute Weight of the Body ; the
relative Weight is found by weighing it hydrostatically
in Water as follows.
34. Instead of putting the Body in the Scale d, as
before, let it be appended with the Weight F at the
Hook c, by a Horse-hair as at R , supposing the Vessel
of Water O were away ; then the Equilibrium being
made, the Index T standing between a and r, at
the 36th Division, Ihews the Weight of the Body
1095,36 Grains . As it thus hangs, let it be immersed
in the Water of the VesselO , and it will become lighter
by much ; the Scale e will descend till the Beam of the
Balance

Hydrostatics.
to

Troy

3 01

Weight , by considering, that the

Averdupois Pound is to the Troy Pound as
17 to 14, and the Averdupois Ounce to the
Troy Ounce as 51 to 56.
Hence, to find the Quantity of Pressure
againfi the Sluice or Bank that pens the Wa¬
ter, we have this Rule : Multiply the Area
of the Sluice under Water by the Depth of
the Centre of Gravity in Feet , and that Pro¬
duct again by 62 i ; the Produdl will be the
Number of Pounds required. Example : Ad¬

mit

Balance rests on the Supporter z . Then suppose 100
Grains put into the Scale d restored the Equilibrium pre¬
cisely, so that the Index T did again point to the 36th Di¬
is plain the Weight of an equal Bulk
:
vision above a1It
of Water would in this Cafe be exactly 100 Grains.
35. But if the 100 Grains in the Scale d cause it to
preponderate a little, then by turning the Screw P the
Balance may be raised, till the Wire p n becoming
heavier restores the Equilibre . Let now the Index T
cut the 6th Division above a ; then 36 — 6 = 30, which
of a Grain heavier
Ihews that the Wire pn is now
than before ; therefore the Weight of the Water is only
99,7 Grains : Whence its Gravity to that of the Body
is as 99,7 to 1095,36 ; as required.
36. After a like Manner may this Balance be ap¬
plied to find the specific Gravities of Fluids ; which
will not be difficult to those who apprehend what has
been already said. In Practice, it will be necessary to
use great Precaution in every Particular ; the Wire y>n
should be oiled, and then wiped as clean as possible;
, enough will remain to prevent the Water adhering
thereto : Also the Balance ought to be raised very
gently, and when come to an Equilibrium should be
gently agitated, to fee if it will come so again.
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mit the Length of the Sluice be 20 Feet,
the Depth of Water 5 ; then will the Area
under Water be 100 square Feet ; which
multiplied by 2 4? the Depth of the Centre
of Gravity , gives 250 cubic Feet ; which
again multiplied by 62s , gives 15625/i.
equal to 7 Tons nearly (LXIV ).
Again : Since the Weight of Bodies is al¬
ways as the specific Gravity in equal Bulks ,
it follows , that the Numbers in the Table
do also express the Number of Averdupois

Ounces

(LXIV ) 1. That the Area under Water multiplied
by the Depth of the Centre of Gravity gives the Num¬
ber of solid Feet of Water pressing against the Sluice, is
evident from Annot. LV . Art. 13 , 14, 15, tAc. And
this Product is to be multiplied by 62 ) , because so
many Pounds is the Weight of one solid or cubic Foot
of Water . See Annot. LXIl . Art. 7.
2. This Example gives the Numbers which I took
from a Pen that was made across a River ; and though
it may seem wonderful that all the Water in the River
should affect the Pen with no Force of Pressure, yet
this will be found consistent with the Laws of the Action
of Fluids , when that is understood which we have de¬
livered in Annot. LVI . For the Water of the River
does no otherwise influence the Pen , than as it sustains
a Plane of fluid Particles to a certain Height in imme¬
diate Contact with the Pen . This single Plane of Par¬
ticles it is that gives all the Pressure on the Pen ; and
they would do the fame, could they be otherwise sup¬
ported against it, if all the rest of the Water in the
River were taken away. Thus the Waters of the Sea
or Ocean lying against any Dam or Bank will press it
with no greater Force than the least Quantity of Wa¬
ter standing to the fame Height , over the fame Extent
of the Dam.
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Ounces contained in a cubic Foot of each
respective Sort of Matter therein mention ’d.
Therefore , if the Magnitude of any Body be
multiplied by the specific Gravity , the Produ £i will be its absolute Weight. Thus , sup¬

pose I would know what Weight of Lead
will cover a Church whose Area is 30000
Feet, and the Thickness of the Lead T4-B'
of a Foot : Then per Rule , (30000 x -rir )—
300X11325 339750
—
Ounces , or 97^
Tons ; the Weight required.
Another
useful Problem is, to find theMagnitude of any Thing , when the Weight
is known ; which is done by dividing the
Weight by the specific Gravity in the. Table ^
the Quotient is the Magnitude fought. For

Instance, What is the Magnitude of seve¬
ral Fragments of Coral whose Weight is 7
Ounces ? Divide 7 by the specific Gravity
269 ©, the Quotient is -nAA-s- of a cubic
Foot : then t -etVW X 1728 = As cubic
Inches , very nearly the Magnitude re¬
quired.
Also , by knowing the Magnitude and
Weight , we can find the specific Gravity , by
dividing the Weight by the Magnitude in cubic
Beet. Thus
suppose a Piece of Marble con¬

tain 4 cubic Feet, and weighs 603 Ib. or
10800 Ounces ; then
— 2700 , the
specific Gravity required , as per Table.
Having
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Having

given the specific Gravity

of

Gold to Silver as ly to u , and suppose
any Compound thereof , as King Hiero Ts
Crown , whose specific Gravity is 16 ; to
determine the Proportion and Weight of the
Gold and Silver employed in making it, lay,
yls the Difference of the specific Gravities of the
Compound and the lighter Ingredients viz . 5,
is to the Difference of the specific Gravities of
the heavier Ingredient and the Compound, viz.
3, Jo is the Bulk of Gold to that of Silver made
is, if the whole Crown were
use of. That
, the Gold would consist of
Parts
8
in
divided

5, and the Silver of 3 : Then the Magni¬
tudes 5 and 3, multiplied by the specific
Gravities 19 and 11 severally, will give the
Numbers 95 and 33, which express the Pro¬
portion off' the Weight of the Gold to that of
).
(
the Silver LXV
Since
(LXV ) 1. The Rules here given for solving the
three first Problems are only those Theorems expressed
in Words which you find in Annot. LVI1 . Art. 9 , 10,
11. But that which concerns the fourth , relating to
King Hi era's Crown , I shall here demonstrate as fol¬
lows :
2. Let A and B be any two Sorts of Matter , and a
and b denote their specific Gravities ; the Compound
made of those two Bodies will be A 4- B ; and let c
be the faecific Gravity thereof. Then since the abso¬
lute Weight of a Body is equal to its Bulk. multiplied
by its specific Gravity (See Annot. LVII . Ait. 10. )
we shall have Au = Weight of the Body A, and B b — '
Weight
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Bodies of different specific Gra¬

vities , equiponderating each other in Air,
upon
Weight of the Body B, and A -f - B V c — Weight of
the Compound . But A « -fBi = A -(- BXr = : As
— Bc — b B ; consequently
—
A a Ac
;
-f- B c whence
A : B :: r — b \ a — c, which is the Rule above laid
down where A is the Quantity of Gold , and B that of
Silver, and A + B the Composition of Hiiro ’s Crown.
the Workmen had
(
3. When King Hiiro suspecting
allayed the Gold with more Silver than was necessary)
sent to Archimedes to examine into, and detect the Fraud,
if there were any ; this great Mathematician was long
at a loss to think of any Method of doing it ; till one
Day getting into a Tub full of cold Water to bathe
himself, he observed, that as he entered the Tub the
Water ran out, and he immediately saw it must follow,
that if the Tub were full, the Water which ran out
upon his Immersion, must be equal in Bulk to his
Body.
4 . Hence the Philosopher began thus to reason : If
I immerse the Crown in a Vessel full os Water , it will
protrude as much as is equal to its Bulk . If after this
I immerse the fame Weight of pure Gold , and pure
Silver, I shall get Bulks of Water equal to each ; con¬
sequently having the Bulks of Gold , Silver, and Crown
of equal Weight , I have the specific Gravities , which
must be as the Bulks inversely. Then i proceed to find
the Ratio , or Proportion of Gold to the Silver in the
Crown as follows.
5. SupposeA M L B be a Vessel filled with Water
to the Height D C , and that the Mass of Gold equal PI. XVI.
in Weight to the Crown , being immersed into the Fig. 5.
Water , raises the Surface thereof to E ; and after that,
the Mass of Silver of the fame Weight immersed raises
the Surface to G ; then if the Height of the Vessel
above C be divided into equal Parts , and DF — 11,
and D G — iq ; it is plain the Bulks of the Gold and"
Silver will be as D F to D G , and the specific Gravites as D G to D F. Lastly, if the Crown be immersed,
it
X
Vol . I .
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upon being immersed into Water , will
have the Equilibrium immediately destroyed
by
it will raise the Surface to E , so that D E r : io.
Whence the Proportion of the Bulks of the Gold and
Silver in the Crown may be determined.
6. For since the Difference of specific Gravities of
the Gold and Silver is D G — D F = F G = 8 j if the
Bulk of the Crown be divided into 8 equal Parts , it is
evident, that since the specific Gravities of the debased
and pure Gold Crowns will be as the Bulk inversely ;
that is, as DE to D E , we can easily find the Point H,
which will express the specific Gravity of the former ;
for D E : D F :: D G : 1) H , Now the Point H al¬
ways divides the Difference F G into two Parts G H,
H F , which have the fame Proportion as the Parts of
Silver in the Crown have to the Parts of Gold ; for
as the Point E ascends, the Point H descends, and when
E coincides with G , H falls upon E , and the Crown
becomes all Silver ; as on the contrary , when E de¬
scends to F , and H ascends to G , the Crown becomes
all Gold ; therefore every where F H will be to H G as
the Parts of Gold to the Parts of Silver in the Crown.
7. Therefore , in the present Cafe, because the Crown,
when immersed, raises the Water to the Height D E,
and PI is 3 Divisions below G , it shews that 3 of the
8 Parts of the Crown are Silver, and consequently the
other 5 Parts are Gold , as H is 5 of the Divisions above
F . Hence the Bulk of Gold in the Crown is to that
of the Silver as 5 to 3, as before determined. That
Archimedes took some Method like this is certain ; and
it is said, he offered to Jupiter a Hecatomb of Oxen
for inspiring him with the Thought.
8. To the Problems in the Lecture , I shall add the
following . Let there be two Bodies A and B , one
heavier, the other lighter than Water ; let their spe¬
cific Gravities be a and b, and let the Weight of A be
given, and denoted by W ; and let it be required to
find what Weight (w) of the lighter Body B must be
connected with the heavier, that so the Compound shall
have the fame specific Gravity with Water . Now be¬
cause.
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by the greater Resistance of the Fluid , and
consequently the greater Loss of Weight in
the
W
^ wW
cause A — —
a and B — b therefore A -f- B = -a (W bfi -wa
— Bulk of Water , which multiplied by
ab
its specific Gravity ( c ) gives the Weight of Water
— W -f-w rathe Weight of both the Bodies.
a bWhence we have W b c
iu a c — W s L -s- w a b ;
and so W b'c — W a b — w a b — w a c •, consequently
Wbc —Wab
..
,
,
Wb —Wab
:-a b—a c —w, orifc — I , then we have - a b—a
—

_X W ~

uj

—Weight of the Body B required.

9. bor Example ; suppose the specific Gravity of a
Man ’s Body, Water , and Cork be as ic , 9, 2| ; then
a— 10, c= 9, and b—2| ; let W = 150 Ib. ~ Weight
of the Man ’s Body ; then will - ——- ^ ^ c ~ vj
a b— ac
— 5 therefore
;
if such a Man were to take 5 Ib. of Cork
with him into the Water , he would be of the fame spe¬
cific Gravity of the Water , and ever so little more would
make it impossible for him to sink ; whence the Art of
learning to swim might by this Problem be greatly fa¬
cilitated.
10 . To find

the Weight

of a Globe

of Water

one Inch

in Diameter. We shall here chuse Troy Weight , where
one Cubic Foot weighs 76 Ib. ; and therefore one cubic
. ,,
,
76X12X20X24
Inch weighs of a Pound , or
12X12X12

I2XI2XI2

Grains , that is,

76x40
12

760 Grains .

But in Geo-

3

metry we prove the Cube is to its inscribed Sphere as 1
to 0,524 ; therefore as 1 : 0,524 : : 6^

: 132 Grains =

the Weight of a Globe of Water one Inch Diameter.
X 2
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the lightest and most bulky Body ; there¬
fore it follows , that in buying Gold, which
is
11. To find the Diameter of a Globe ly weighing it
Let it first be weighed in Air , and then
in Water , and the Difference of those Weights will be
the Weight of an equal Bulk or Globe of Water , which
call W ; now the Weights of homogeneous Bodies are
as their Bulks, which (in Spheres) areas the Cubes of
their Diameters. But the Weight of a Globe of Wa¬
ter 1 Inch in Diameter is 132 Grains (by Art. 10 . )
: 3;whence
Therefore we fay, As 132 : W : : i 3D
r W
W
— — D \ consequently 3./ — — D — Diameter of
132
'
132
the Globe required.
12. To find the solid Content in Cubic Inches of any ir~
regular Body. Let W — Difference of its Weight in
Water and Air an Weight of an equal Bulk of Water.

hydro/latically.

Then as the Weight of a cubic Inch of Water
: : 1:

760

XW =

solid

3

W

Content of the Body required.

13. To find the Proportion of Magnitude between any
two Bodies proposed. Let each be weighed in Air and
Water , and the Losses of Weight they each sustain will
he the Weights of two Bulks of Water , and equal to
thole Bodies respectively; and consequently will express
the Ratio of the Magnitudes of those Bodies.
Scholium.

14. The Excellency of this Hydrostatic Method,
above all others, appears from hence, that it is univer¬
sal, and equally adapted to all Sorts and Shapes of Bo¬
dies, which common Geometry is not. How would it
puzzle a Geometrician to exhibit the just Dimensions or
Bulk of a Fish, for Instance ? How does the auk ward
Figure of his Body, the Appendage of Fins and Tail,
elude the Principles of his Art ? Whilst the Philosopher
immediately, and without any Trouble , gives the An¬
swer by his Hydrostatic Balance. Again , were a Gec-

2

~

mcte
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is heavier than Brass, we
lightest Air , i.

e,

when

should chuse the

the Mercury

in the

Barometer stands lowest ; but in buying pre¬
cious Stones , Pearls , & c. which are lighter
than Brass , the best Time to do it in is
-when the Air is heaviest and most buoyant , viz.

when the Quicksilver stands highest in the
Barometer : But in felling Gold or Jewels ,
the contrary Rules are to be observed in
regard to the Gravity of the Air (LXVI ).
Once
meter ask’d, Which is biggest, a Guinea or a Shilling,
and what the Difference ? He would find it vain to
consult his Art , and must borrow his Aid and Answer
from this most useful Science, which excels equally in
Accuracy as Universality.
(LXVI ) 1. Since a cubic Inch of Gold weighs
10,11/5 Ounces Troy, and a cubic Inch of Air *. of a
Grain , when the Air is of a mean Gravity ; if we fay,
As 10,26 : f :: 12 : —2^— — the Parts of a Grain
72,52
J
which 12 Ounces or a Pound of Gold will lose when the
Air is in a mean State. Now since the Air , when it
supports a Column of Mercury 28 Inches high , is
lighter by A Part than when it sustainsa Column of 30
. ~
Inches Height ; therefore ——1450,4
20
a 72,52
the Parts of a Grain which so much Air weighs when
fieaviest, as is equal in Bulk to a Pound of Gold ; and
..
. ,
,
. 1105,04
.
. _
— the Weight of
twice the Quantity , viz . —1 1450,4

Air equal in Bulk to two Pounds of Gold . But this is
a little less than one Grain ; let us suppose it one
Grain.
2. Then two Pounds of Gold will lose of its Weight
one Grain ; and since Gold is twice as heavy as Brass that
it
X 3
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Once more : Since the Goodness of Mine¬
ral Waters , Drugs , Metals , precious Stones,
&c . is bejl sewn by their specific Gravity, it
will at once appear of what vast Importance
the Hydrostatic Balance is, and how abso¬
lutely necessary in the Hands of every judi¬
cious Dealer in any such Kind of Commo¬
dities (LXVII ), (LXVIII ).
it is weighed against, the Brass Weights will have twice
the Built, and will there lose two Grains of its absolute
Weight . If an Equilibrium be now made, when the
Air is lightest, or less by one Tenth of its former
Weight , the Gold will lose one Tenth of a Grain , and
the Brass will lose two Tenths of a Grain ; consequent¬
ly the Buyer will get one Tenth of a Grain of Gold
in this last State of the Air, more than he would have
had in the former, or heaviest State ; because now one
Tenth of a Grain more must be added to the Brass to
make an Equilibrium . And this in Value is the fifth
Part of a Penny , reckoning Gold at Two -pcncc per
Grain ; or one Part in 115200.
3. Since the specific Gravity of Diamond is to that
of the Brass Weights as 1 to 3, if we make an Equi¬
librium between the two Pounds of Brass and Diamond,
when the Brass loses two Tenths of a Grain , the Dia¬
mond will lose six T enths of a Grain ; consequently
four Tenths of a Grain must be subducted from the Brass
for an Equilibrium in the lightest State of the Air , and
so much the Buyer will lose of Diamond more than
when the Air is heaviest of all ; which is about one
Part in 28800 os the Whole . Whence it appears, that
a Regard to the State of the Air is a Matter of more
Curiosity than Importance , the Advantage being so very
inconsiderable in cither Cafe.
(LXVII ) 1. How great the Usefulness and Impor¬
tance of Hydrostatic Knowledge is to Physicians, Chemists,
.Apothecaries
, Jewellers, Goldsmiths, Ac .. will appear by
reading Mr . Boyle’s excellent Mcdicina Hydrosatica in
;

which
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which Book the skilful Author proposes the following
Uses to be made of Hydrostatic Knowledge , viz.
2. Firsts To explore the Nature and Difference of
Fossils by finding their specific Gravities . For since the
most pure and homogeneous Kind of Stones are in Gra¬
to i ; and Tin , the lightest
vity to Water as about
of Metals , is to Water in Gravity as about 7 to 1 ; isa
stony Substance be found to have a greater Proportion of
Gravity than that of 2f to 1, it must be probable that it
has in it some adventitious Matter of a metalline Nature,
or is at least commixed with some mineral Body more hea¬
vy than pure Stone, and may therefore very probably be
usefully applied to some medicinal Purposes. For In¬
stance of this Kind , he mentions Lapis Hæmatites or
Blood-stone, Lapis Lazuli , the Load -stone, and Lapis
which have their Uses in Physic.
;
Calaminaris all
, He proposes this Method as very certain
3. Secondly
to determine whether a Body, supposed to be a Stone of
the mineral Kind , be so indeed. Thus Coral , which,
fays he, some take to be a Plant, and others a Litbodendron, but most reckon it among precious Stones, is
in Gravity to Water as 2,68 to 1, which favours the
last Opinion . Thus a Calculus humanus and a Bezoar
were found as 1,7 and 1,5 to 1, and therefore too light
to be of the fame Species with common Stone.
4. A Third Use which he proposes is to discover the
Resemblance or Difference between Bodies of the fame
Denomination , and thereby to collect and ascertain
the several Degrees of Goodness respectively. Whence
he argues the Necessity of this Sort of Knowledge to
Physicians, Chemists, Apothecaries , Druggists ; to the
Goldsmith , the Merchant , the Miner , tfc.
5. A Fourth Use is to discern genuine Stones from
counterfeit ones, which may be of great Help to Jewel¬
lers. Here he gives Instances of factitious Coral and
factitious Gems , and a Bezoar, which he found out
that Way not to be genuine , though a great Price was
set on the latter.
6. Hence Mercury is found to have a different Gra¬
vity, being sometimes but j 3s, and sometimes above
14 Times heavier than Water ; and hence a notable
Difference may arise in two Weather -glasses at the
fame
X 4
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same Time , apd in the same Place, even to a whole
Inch , from the different Gravity of the Mercury in one
and the other . Therefore those who publish Registers
of the Weather ought to find out and declare to the
World the specific Gravity of the Quick - silver they use
in their Barometers.
7. These Uses he enumerates over and above what
we have taken Notice of, of a Mechanical and Geome¬
trical Nature : And to let us know th ? high Value he
had for this Science, he thus expresses himself : " As
“ little Skill as 1 have in Hydrostatics, I would not
“ be debarred from the Use of them for a considerable
“ Sum of Money, it having already done me accep" table Service, and on far more Occasions than I my“ self first expected, especially in the Examen of Me" t-.is nd mineral Bodies, and of several mineral Pro“ ductions ." With much more to the same Purport.
(LXVIII ) 1. To render this Lecture on Hydrojiatics
more compleat, I shall here subjoin what relates to the
Resistance of Mediums, or to the Motion cf Bodies
moving in a resisting Medium : and to determine rightly
in this Cafe, I shall consider every particular Circum¬
stance by itself, cæteris paribus, and then represent the
Whole connected together. We shall suppose the Case
of a Globe moving in a Fluid of an uniform Density for a
given Time.
2. First , Let the same Globe move with the fame
Velocity , first in a denser Fluid , and afterwards in a
rarer ; then it is plain, the denser the Fluid is, the
more Particles the Globe will meet with , and strike in
a given T ime ; and therefore the greater will be the
Re -action or Resistance of the Fluid : Therefore in this
Cafe the liesijiance os the two E'luids will be as their Den~
sites.
3. In the next Place, suppose two different Globes,
of the fame Quantity of blatter , to move in the fame
Fluid with the fame Velocity. As these Globes move,
it is evident the Number of Particles they meet and
strike, and therefore by which they are resisted, will be
as their Surfaces, or rather as their Half- Surfaces ; and
they areas the Squaresof their Diameters : Consequently,
the
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the Rest/lance which these Globes meet with will be as the
Squares of their Diameters.
4. Lastly , Let the same Globe move in the same
Fluid with different Velocities. Now it is easy to con¬
ceive, that if one Globe moves with a Velocity double
to that of the other , it will strike twice the Number of
Particles in the same Time , and its Resistance will be
twice as great on that account . Again : The Globe which
moves with a double Velocity will strike each Particle
with a Force twice as great as the other does with half
the Velocity ; the Re -action therefore of the Particles
on the former will be twice as great as upon the latter.
Therefore the Resistance to the Globe moving with the
double Velocity will be four 'Times as great : And since
this will be the Cafe universally, the Resistance to a
moving Body is as the Square of its Velocity.
5. Now putting all these Cases together, the Resist¬
ance to a Globe moving uniformly in an uniform Fluid
will be in the compound Ratios of the Density of the
Medium , the Square of the Diameter , and the Square
of the Velocity . So that if A and B are two Globes,
whose Diameters are C and cl, and Velocities V and v,
moving in Mediums whose Densities are N and n then
;
will the Resistance of the Globe A be to that of B, as N
XD *XV 1 to nXd ' Xv ' .
6. In this Computation we have considered only that
Resistance which arises from the Re-action of Matter
by its Vis Inertia ; But there is some small Resistance
arising to Bodies moving in a Fluid from two otit er
Causes, viz. one from the Friction of the Body against
the Parts of the Fluid as it moves, the other from the
Tenacity of the Particles of the Fluid , which arises
from their Attraction of Cohesion. But both these are
very small when compared with the other , and quite in¬
considerable to Bodies moving with any considerable
Swiftness. The Resistance peculiar to Air , arising
from its Elasticity, will be considered in another Place.
7. In the above Cafes we have supposed the Bodies
moving in the Fluid to be homogeneal, or of the fame
Matter and Density ; but if they are heterogeneal, or
of different Densities, then will the Resistance be fur¬
ther variable ; for it will be inversely as the Densities
or
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or Quantities of Matter which the Bodies contain ; be¬
cause the greater the Quantity of Matter , the greater
will be the Momentum of the moving Body, and the less
the Resistance of the Medium compared therewith , and
so will be the more easily overcome by it. Hence , if
the two Globes mentioned in Art. 3 . have not equal
Quantities of Matter , ( as is there supposed) the Resist¬
ance will be as their Surfaces directly, and inversely as
the Quantities of Matter ; that is, as D 1 x ^
or as

8

or as d to D .

to d1x —,

That is, the Rejijlance

to Globes of unequal Diameters and Quantities of Matter
will becæteris
(
paribus) inversely as their Diameters.
8. Since a Body moving in a resisting Medium must
every Moment have its Momentum or Quantity of Mo¬

tion (Q = MV ) abated or diminished by the Re-action
of the Fiuid ; and since in a given Time this Lois or De¬
crement of Motion is always as the Re-action , that is,
as the Resistance (R ) of the Fluid : But the momentary
Increase or Decrease of Motion is as its Fluxion Q _or
VM . Wherefore the Resistance of the Fluid for any
equal Parts of Time will be R — Q =a V M ; or when
the Mass of Matter M is given, we have R = Q = V.
9. But when the Moments of Time are not given,
that is, not equal, the Resistance R will as the Decre¬
ment of Motion Q_direct!y, and the Moment or Fluxion
of the Time (T ) inversely ; for twice the Resistance will
destroy the same Quantity of the Motion in half the
Time , and three Times the Resistance will destroy it in one
VM
Third of the Time. Therefore R
=( T
consequently, when the Mass M is given, we have R
V
— -71; that is, the Resistance is directly as the Fluxion
or momentaneous Decrement of the Velocity , and in¬
versely as the Fluxion of the Time.
10. We have before shewn, (Annot. XXI . Art. 5 . )
that in uniform Motions the Velocity is as the Space di4
rccllyy
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recily, and the Time inversely, or V — — ; anc! because
in ever)' Kind of Motion , whether in Vacuo or in any
Sort of resisting Medium , the momentaneous Velocity
may be confider’d as equable or uniform , or pro¬
portional to the Space described each Moment of
S
Time ; and therefore V — —, and so V T

T

— S, and T —

and taking the Fluents , we shall

have the Sum os all the

Rectangles

VT ~ S - the Space

described, and the Sum of all the Quotients — —T —
the Time.
11. Therefore if the Curve BPC be so described
that its Ordinates MP , tnp , (perpendicular to the
Axis A D ) expound the Velocity V, and the Abscissa PI. XVI.
(from the fix’d Point A ) AM , Am, the Time T; Fig . 6.
the Perpendicular A B being erected in the Point A,
and meeting the Curve in B ; the Area A B PM will
express the Space S described in the Time T . Let
?np be infinitely near to M P, then will M m — T ;
therefore the Fluxion of the Area A B P M will be the
Areola MP pm VT
—
—8.
12. In like Manner , if the Absciss AM expounds the
Space described = S, and the Ordinate MP be as
the Velocity inversely, that is, if MP be as

the

Area ABPM will expound the Time T in which
AM is described; for the Fluxion of the Time being
T — ^ — S X ^ - = M )« XMP, the Sum of all
these Fluxionary Areolas M P p m will be the Area
ABPM exprefling the Time.
13. Because when the Mass of Matter in the moving
V
Bcdv is given, we have R — — ( Art. 9 . ) ; therefore
RT — V , or the Fluxionary Decrement of Velocity is as
the Resistance and the Fluxion of the Time conjointly. But
the Fluxionaiy Increment of the Space will be as the Veloci¬
ty and its Fluxionary Decrement directly, and the Re¬
sistance
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JiJlance inversely, that is,

c _ V X V
R

for

as

abowe

P Vr

T ——
R , and 8 — VT {Art. jo .) j therefore 8 — V
V
V XV
or S
X
~ R- '
R
14. Hence R — -

:— , or the Resistance is as the

Velocity and its Fluxionary Decrement diredtly, and the
Fluxion of the Space inversely. Also RS — V X V;
that is, the Velocity multiplied by its Fluxionary Decrement
is as the Resistance and Fluxionary Increment of the Space
conjointly. Because the Velocity has been hitherto con¬

siders as decreasing, it ought to have the Fluxion V
exprefs’d negatively in the above Equations ; that is,
R T = — V, and R 8 = — V X V.
15. We have also hitherto consider’d the Resistance
R as comprehending all that retards the Motion of the
Body in the Medium . But this retarding Power may
arife from dift'erent Principles, as the Density of the
Medium , or its particular Resistance ; and also from a
centripetal Force , as that of Gravity : Thus a Stone
thrown upwards is retarded by the Resistance of the
Air , and Power of Gravity . Let the Centripetal Force
be C , the Resistance of the Medium R ; then will R
—C -j-R when these Forces conspire, and R —C— R
when they act contrarilv.
in the Motion of an ascending Body,
16. Thus
R , we have R T = C T -f KT — —
-j—C
R
where
V ; and C 8 -j- R 8 — — V X V . But in the Descent
of the Body, where the Centripetal Force C is greater
than that of the Resistance, we have C— R ; and then
the above Theorems will be CT — KT —V, and CS
— R 8 — V X V ; for now the Velocity is increasing,
and its Fluxion positive. But if the Central Force be
less than the Resistance, we have R —C ; then it will
be R T — C T = — V , and £ S — C S = — v XV.
17. If in these Theorems we supposeR —c, thev will
be changed into others , bv which the Motion of Bodies
in non -resisting Mediums may be determined. Thus
for
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for the Ascent they will be C T —>— 'V, and C 8 —
V X V ; and for the Descent C 1' — V, and C 8 —
V X V . And thus the Motion of a Body in a resist¬
ing Medium may be compared with the Motions of
the same Body in a non- resisting Medium , or in Vacuo.
18. If the Resistance be equal to the central Force,
that is, if R—0 , then in descending Bodies we have
C f — R T — V —s ; consequently, as the Fluxion of
the Velocity is equal to Nothing , the Velocity can nei-»
ther increase nor decrease, but is in that Cafe uniform or
equable.
ig . Since, till this happens, the Velocity is continu¬
ally increasing, ( because its Fluxion V is always as 0 —
— , or V
R for any given Time ) therefore when 0 R
— o, the Velocity of the descending Body is a Maxi¬
mum, or the greatest possible: But this Velocity Bodies
descending in a Fluid , though they constantly approach
to it, will never attain ; as will be seen in the Sequel
hereof.
20. In order to estimate the Velocity , the Time,
and the Space described by Bodies falling in an uni¬
form Fluid , such as Waters , whose Parts have no
considerable Tenacity , and where the Retardation of
the Body is the Effect only of the Resistance it meets
with from the Vis Inertia or Re-action of the Fluid ; it
will be necessary first to observe, that when any Body
moves in a Fluid with a given Velocity, the Re-action
of the Fluid upon the Body is the very same as its Action
upon it would be, were the Body to be at Rest in the
Fluid moving against it with the fame Velocity : Because
the Magnitude of the Stroke is always as the relative Ve¬
locity, which is here the same in both Cafes. ( See An¬
na. XXIII . 8. )
21. Also that a circular Plane , a Cylinder , a Globe , pj ate
a Spheroid, a Cone, is'c. whose Breadth is the xyjH
^
fame, and against which the Fluid moves in a perpendicular Direction , are equally acted upon by the
Fluid ; or, if they move in the Fluid , are equally
resisted by it. For let PQ _be the Diameter of
any of those Bodies placed in a Canal E F T S, thro’
which the Water flows from the large Vessel ABC D,
ir.to another below si!I'd with stagnant Water , touching
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the Bottom of the former C D . Then since the Capa¬
city of the Canal is alike straiten’d or diminifh’d by each
of those Bodies, it is plain the Fluid flowing through
it must suffer the same Retardation from all of them,
and therefore must act alike upon each ; consequently,
were the Fluidat Rest, and those Bodies moving through
it , they would all be equally retarded.
22. It must be farther observed, that all Resistance
arising from the Asperity of the Surfaces of Bodies, is
not here consider’d ; also it is supposed, that the Fluid is
contiguous , infinitely compressed, and whole Parts have
no Elasticity , Tenacity , nor Friction ; and then the
Cafe will be very nearly the fame with -very deep Water.
23 . Now Sir Isaac Newton has shewn, that if the
Vessel ABCD be indefinitely large or wide, the Velocity
of the Fluid in the annular Space about the circular
Plane P O will be equal to that which a Body acquires
in falling through the Height G H ; because it would
be so, were the Plane P Q _placed in the Orifice E F,
the Motion of the Fluid through the Canal being uni¬
form, and not accelerated by Reason of the stagnant
Water beneath.
24. He farther shews, that if this Plane were placed
in the Orifice E F at the Bottom of the Vessel, as at p, q,
it would sustain a Portion of the descending Fluid , or
Cataract AEFB, like to that represented by pHq,
which is less than two Thirds of a Cylinder of the fame
Base p y, and Altitude GH , but greater than one third
Part thereof : And that therefore it is nearly an Arith¬
metical Mean between them, or equal to Half of the said
Cylinder.
25. This is upon Supposition that the Plane p q is
exceeding small ; but if it be augmented till it becomes
equal to the Hole EF , it will then sustain the Weight
of the perpendicular Column of Water over it, that is,
it will sustain the Weight of a Cylinder of Water of
the same Base and Altitude G H : And that therefore in
all other Cases the Weight which the Plane />L sustains
is to the Weight of a Cylinder of Water , whose Base is
equal to the Plane and Altitude £ G H , as EF * to EF*
— { pqK
26. The Resistance (R ) therefore to the Plane F y
moving in the Orifice E F , and consequently of the
Plane

■wmh
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Plane P Q_moving in the Canal , will be in all Di¬
mensions ot the Canal and Plane -compared with the
Weight (W ) of a Column of Water whose Base is equal to the Plane , and Altitude f GH , as the Area of
the transverse Section of the Canal to the Excess of this
Area above the Area of the Plane ; that is, R : W : :
EF 1 EF
:
1—i ? Q\
27 . Let now the Orifices of the Canal EF and ST be
closed up, and let the Plane PQ _ascend in the Fluid
compress’d on every Side ; and in its Ascent let it oblige the superior Fluid to descend by the annular Space
between it and the Canal ; then will the Velocity ( V)
of the ascending Plane be to the Velocity (v) of the de¬
scending Water , as EF 1—PQ ^ to PQ _; that is, V : v ::
EF 1 PQ
—
? ; PQ ^ ; whence V ; V -f v EF
::
1—
PQ ^ : EF\
28 . But since the Motion of the Water is contrary to
that of the Plane, the relative Velocity , with which
they act on each other , is the Sum of both, viz. as V
-p v.See(
Annot. XXIII . ) Now let this relative
Velocity be equal to that with which the Water before
descended in the annular Space by the Plane PQ _at
Rest, (as in Art. 23 . ) viz. that which is acquired bv
falling through GH . Then will the Action of the
Water upon the Plane be the fame as before at Rest,
and consequently we have here also R : W : : EF 2, :
E F 1—P Q _* ; and V : (V + »= ) v EF
::
1PQ
—
;:
EF 1.
29. If now we suppose the Canal to be augmented
in Width ad infinitum, PQ _will then be infinitely small
in relpect of E F ; whence P
and I- P Qj will vanish
in the Terms of the above Ratios , which will then be¬
come equal ; and so R —W , and V ~v. That
is, the
Resiflance of the Plane will now become equal to the TVeight
of a Cylinder of IVater, whose Base is equal to that of the
Plane, and Altitude f G H : Also, the Vdocity of the
Plane is equal to that which such a Cylinder would acquire
by falling through the Height G H.
30. Let ArrArea of the Plane PQ _, then will I G H
X A — the Cylinder of Water , whose Weight W is
equal to the Resistance R of the Plane . But the Cylin¬
der ( GH X A , moving with the fame Velocity V of
the Plane, will have the same Resistance. The Space
through
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through which it must descend to acquire that Veloci¬
ty is twice its Length , viz. GHj and with that Velo¬
city , by an unifo:m Motion , it would pass over a
Space equal to 2 GH ar 4 Times its Length I G H.
Wherefore the Res/ranee of the Cylinder is equal to the
Force ( or Weight W ) by which ( in falling freely) a Mo¬
tion equal to that of the Cylinder may be generated* (in ac¬
quiring the Velocity V ) in the Time in which the said
Cylinder will describea Space equal to four Times its Length.
31. Then because the Motion M of the Cylinder is
as its Length L , its BaseA, its Density D , and its Ve¬
locity V, that is, M : LXAXDXV ; ( fee Annot. LVII.
8.) therefore when ( as in this Cafe ) the Quantities A,
D , V, are given, we have M : L ; and since the Time
T ( in which the Motion M is generated, or 4 L is de¬
scribed) is also as L , therefore both M and T will vary
with L equallv, and consequently will be proportional
to each other . But the Force which generates Quan¬
tities of Motion proportional to the Time is in itself
constant and immutable, and is therefore equal to the
Resistance of the Cylinder , which also remains unchang¬
ed under all Degrees of Motion.
32. If the Density D of the Cylinder be variable, so
wiil the Quantity of Motion M be likewise, and also the
Force W , by which an equal Quantity os Motion in
the same Time may be generated or destroyed. There¬
fore, let d ra Density of a Cylinder of Water,
D — Density of a Cylinder ‘of Lead of the same
Base, w— Force which would generate the Motion of
the Cylinder of Water in the Time it would describe
four Times its Length , and W the Force that would
generate the Motion of the Cylinder of Lead in the
. But we have
:
:: w W
:
fame Time : Then d D
shewn w= R , the Resistance of each Cylinder : Conse¬
: , that is, the Refflance of a
quently , R : W : : d D
Cylinder of Lead is to the Force which will generate its
whole Motion tohile it describes four Times its Length, as
the Density of TVatcr to the Density of Lead.
33. Hence, since the Resistance of a Globe and Cy¬
linder moving in a Fluid is the fame, and since a Globe
is j of its circumscribing Cylinder , the Force which
will generate or destroy the whole Motion of the Cy¬
linder while it moves over 4 Times its Length , will ge¬
nerate or destroy the whole Motion ox the Globe
while

Hydrostatics;
■while it moves uniformly through § of 4 Diameters , or

of its Diameter.
34 . From what has been said, if the Velocity of a
G lobe or Cylinder moving in Water be known , and al¬
so its Diameter ; then the Resistance it meets with
from the Fluid , while it moves uniformly through , is
known 'dfo. Thus let its Velocity V — 16 Feet per
Second , and its Diameter three Inches . Then a Body
falling through the Space of 4 Feet acquires that Velo¬
city , (fee Annot. LXXV . 6.) whence GD —4, and £
G H = 2 Feet , the Length of a Column of Water,
whose Base being 3 Inches in Diameter will weigh about
6 Ib. and is equal to the Resistance of the Globe.
35 . Hence also it is easy to find the Height from
which if the Globe falls in Vacua it shall acquire the
Velocity which shall be the greatest it can possibly ac¬
quire by descending in the Fluid by the Force of its
relative Weight. Which Height will be to i Parts of its,
Diameter, as the Density of the Globe to the Density of the
Fluid.
36. For , let R — Resistance, D — Density of the
Globe , — that of the Fluid , and FaaForce which
will generate the Motion of the Globe in the .Time it
moves over * D , where D —the Diameter of the Globe ;
then we have R : F :: d D
:
fin Art. 33 . ) whence F=
DR
——
.
let 2 S — Space which the Globe describes
a Now
uniformly in the Time of the Fall , and with the Velo¬
city acquired thereby. Then will 2 S : s, D :: D : d
(per Art. 32 . ) : : S : t D . But T and /, the Times
in which uniform Spaces are described, are as those
Spaces, viz. T : t : : 2S : ' D; whence T : t : : D : d.
Again, since in the Times T and / equal Quantities OrMotion are produced, viz. the whole Motion of the
Globe ; for F produces that Motion in the Time/ , and
in the Time T it is produced by the Force or Relative?
Weight of the Globe , which call P. Then , since the
greater the Time is, the -less will be the Force acting
uniformly to produce a given Effect, we have F : P : .
P D
RD'
T . / ; hence F : P : : D : d ; and so F i
da
whence P = R , that is, the Resistance being equal tothsf
Weight of the Bodv, it can be no longer accelerated;
Vet . I.
'
y

VE* '
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37. As Sir Isaac Newton was the Author of this
Theory , so he instituted a Series of Experiments to
confirm the fame, for which Reason, as well as to ex¬
emplify the foregoing Method of Computation , I shall
here repeat some of the Principal , made with Globes of
Wax and Lead included, let fall in Water through the
Depth of 112 Inches . His first Experiment was with
a Globe
Parts of an Inch Diameter — D , whose
Weight in Vacuo was 156 xf Grains , and in Water 77
Grains , therefore 156 — 77 — 79 Grains = the
Weight of an equal Bulk of Water . Wherefore d D
:
" 79 rl : I5 6jI
| D ( = 2,24597 Inches) : 28 = 4,4256
Inches ; and so S = 2,2x28 Inches.
38. The Globe falling in Vacuo, with its whole
Weight of 156 Grains , will in one Second of Time
describe 193^ Inches . And by its relative Weight of
79H Grains in Water, it would in the fame Time by
falling in Vacuo describe 95,219 Inches . For the Spaces
described’in the fame Time will be as the accelerating
Forces or Weights of the Bodies. ( See Annat+
XXVII . 2, 3. )
39- But the Time T , in which the Globe by de¬
scending in Vacuo with its relative Weight of 79
Grains , will describe the Space S = 2,2x28 , is to the
Time t — 1 Second, in which it described the Space
95,219 , in the subduplicate Ratio of those Spaces ; that
Is, T : t : : \/ 2,2128 : v/95,219 , wherefore T =
^2 2128
•s 0—— ", 15244 = the Time in which the Globe
95,219 .
.
.
by descending in Vacuo acquires the greatest Velocity V
with which it can descend in the Water.
40 . In the next Place, to find the Velocity and theSpace described in the Fluid in the whole Time of the
Fall (F ) Sir Isaac has this Method ; let the Number N
2F
be found for the Logarithm 0,4342944819 tjt then
;
is
the Velocity of the Globe at the End of the Fall =
N_ 1

— X V.

N4 - 1

Number —^

Again , let L be the Logarithm of the
; then will the Space described be

—»

1386:9
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I38629S + 4,60517 LS . These Velocities and Spaces
described are calculated and disposed into a Table by
cur Author for any Number of Seconds to 10 T . The
Demonstration of the above Rules is too long and intri¬
cate for this Place, but may be seen in the Commentary
en the Principia by Le Seur and Jacquier. This
Table
will be inserted at the End of this Note.
41 . By this Table you fee how soon Bodies acquire
their greatest Velocity in descending in Water ; for
Instance , in 5T —o",76 = 46"', the Globe has acquired
a Velocity which is to the greatest as 99990920 to
100000000 . And in roT —1" : 30"' the Velocity of
the Globe is to the greatest Velocity as 99999999 ) to
100000000 . Which Difference is insensible to the most
critical Eye ; and from thence (having fallen through
37 Inches ) it descends with an uniform Velocity to
Appearance , though it really for ever increases.
42 . If the Time of Descent in the Water be less than
10 T , the Distance descended is (hewn by the third
Column ; but if it be greater, as in the present Expo¬

s’S

riment it is 4" , then fay, as T : 2S : ; 4" : ——116,1245
Inches , because Spaces described with an uniform Ve¬
locity are as the Times . This uniform Space must be
diminished by fubstracting the constant Number 1,38629
S. Therefore 116,1245 — 1,38629 S — 113,0569
Inches , which the Globe should describe in the Water
in 4'' by the Theory.
43 . But in the Experiment it described only 112 In¬
ches, which Difference of r Inch in 112 is inconsiderable,
and would have given no Disturbance to any but Sir
Isaac Newton. But
he being as nice in Practice as
skilful in Theory , attempted another Set of Experiments
in a deeper Vessel, viz. of 15,3 Feet or 183,6 Inches.
I shall here give the Reader a View of the Event of his
several Experiments in both Vessels in the following
Table.

Y 2
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In the Vessel 112 Inches deep.
Time
5 . 1' Times of their Descent in by the
Weight
Theos *
Experiments.
§' Air.
sT* ’ 'A.
sT
■J*
"
" "/
Grains. Grains.
I
3 15 -5
76;
5 -h
-5
14:48
2 121
i
3 46 47 5°
I40
In the Vessel 183 Inches deep.
3 13 9l
7*
4 '9? 5° 5- 53
5°
4 54 ?
4
2l|
29 20 1 3®
29
5 212J
18
791
‘5 1 l6 -7
5 -5
15
6 293 }
4 29} 30 30 . 3 I
28
35f
7 -39
4 5°
5° 1 5 1 52
52
8 -73,
I2
121 12 >3
J: 4
us
9 384
192s
4 >7t 18 ,8 j I 9
>5,5
IO 48
4
3 44? ,45 46
46 j
11 -44ff
3 6 3. >64 65
64-..

tjj

44 . In all the Experiments of the deep Vessel, the
Times are expressed in Half Seconds
, that is, in all but
the two first. And the linall Differences from the
Theory , Sir Ifaacv cry easily accounts for front the os¬
cillatory Motion with which those which descended most
slowly were found to move, as in the 5th, 8th , and gth
Experiments . But in those which descended more
swiftly, the Times very nearly correspond with the
Theory . These Experiments were made in Water;
others were made in Air , to shew that the Phænomena
agree with the Theory in an elastic and rare Medium,
as well as in a non -elastic and dense one.
45 . In order to this the Density of Air to that of Rain
Water is assumed as 1 to 860 ; and 5 Globes formed of
Hog ’s Bladders, blown in a wooden Mould , while
green, and taken out when dry, were let fall from the
Dome of St . Paul ’s to the Pavement , from the Height
of 272 Feet , and the Time measured by Half Second
Pendulums ; the Event of all the five Globes is shewn
in the following Table . I shall here subjoin a Calcu¬
lation for one of them, viz. the 3d, as follows.
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46 . The Diameter of this Globe was 5,3 —D , and
it weieh ’J 137,5 'n Air . A Globe of Air of the fame
Diameter weighs 23 Grains , very nearly ; therefore
137>5~f"23 —160,5 Grains , the Weight of the Globe in
Vacuo. Wherefore , as 23 : 160,5 : : y D : 2S =
98,626 . Again , as 160,5 :37,5
*
; lYZl
:
: 165,628
—Inehes the Bladder would fall in the Air in one Se¬
cond . But with the fame relative Weight 137, , it
will in Vacuo descend thro' the Space 5 = 49,313 in the
Time o ',5456 = T , and acquire the greatest Velocity
with which it can descend in Air . The Time of the
Fall was 181" , in which with that Velocity the Globe
would describe 278 Feet 8 Inches by an uniform Mo¬
tion ; for0 ^,5456 : 98,626 Inches : : 185" : 278 ' Feet.
Lastly , subduct 1,3863 S — c 2 Feet , and there remains
273 Feet , though in the Table , by a more accurate
Calculation , it is but 272 Feet , 7 Inches , and by the
Experiment it was 272 Feet.
47 . The following Table shews, in the first Co¬
lumn , the Weight of each Globe or Bladder ; the se¬
cond its Diameter ; the third the Time in which they
severally descended through the Height of 272 Feet;
the fourth shews the Spaces they sho dd have descended
through by the Theory ; and the last Column strews
the Difference between the Theory and Experiments.
The

sp

eight Diameter 7imes of
in Incbe:, he Fall

in Grains,
128
>56
137s

971
99 r

'9"

5,28

5>!9
5>3
5,26

5

48 . According

to

- 17
.8|
22
21

Spaces per
fheory .
Feet . Inch.

Difference.
Feet . Inch.

271 — n
1
*3

0 — 1
0 — of '

272 —
277 —
282 —

0 — 7

7
4
O

5 — 4

10 —

this Theory , having found the Re¬

sistance which a Globe meets with in descending in any
resisting Medium , agreeing to its greatest Velocity , it is
easy then to find its Resistance for any lesser Velocity
proposed; because the Resistance for any given Veloci¬

ties, will be as the Squares of those Velocities , -
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49 . The Globe has been hitherto supposed to begin

its Motion in the resisting Medium from a State of Rest;
but we may suppose it also projected into such a Medi¬

pi .xvi.

rig - 7-

um , or to enter it with a certain Degree of Motion or
Velocity ; and in this Cafe we may determine the Ve¬
locity , the Resistance, and the Space described in the
Medium , from any given Time by knowing the Den¬
sity of the Globe and Medium , and the Velocity with
which it enters it ; as also what Part of its Motion the
Globe stiall have lost in that Time.
50. But in order to this, we must take to our Ainst¬
ance the Hyperbola. Therefore let AB re Time in which
the Globe would lose its whole Motion by the Resist¬
ance it meets with (upon entering the Fluid, ) if unir
formly continued . In the Points A and B erect the
Perpendiculars AD and B C ; and let B C represent the
Motion or Velocity , and also the Resistance of the
Globe at its Entrance into the Fluid ; thro ’ the Point
C , let the Hyperbola be described to the Asymptotes
AD and AB continued to any Point E ; in E erect the
Perpendicular EF meeting the Hyperbola in F ; compleat the Parallelogram C B E G ; and draw A F cut¬
ting BC in H.
51- Then if the Globe in any Time BE describes in
V(icuo the Space represented by the Parallelogram BCGE
by its first Velocity BC uniformly continued , it will in
a resisting Medium describe the hyperbolic Space or Area
BCFE ; and its Motion or Velocity at the End of the
Time BE will be represented by the Ordinate EF , and
the Part lost by FG . Lastly , its Resistance at the
End of that Time will be BH , and the Part loft H C.
EF*
52 . For BC * : EF * : : BC
— the Resistance
BC
at the End of the Time BE , as B C is that at the Be¬
ginning . And from the Nature of the Hyperbola, B C
: EF : : AE : AB ; and by similar Triangles A E :
A B : : E F : B H ; wherefore HB = “ttfo the ReBC
fistance at the End of the Time BE.
53. Hence if the Globe in any Time T Joses iti
whole Motion M by the Resistance R uniformly con¬
tinued :
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tinued ; the same Globe shall in a resisting Medium , by
of the
the Resistance R decreasing in the duplicate tRatio
M
Velocity , in the Time t lose the Part T +-—t of its
TM
/M
will
whole Motion M ; and then M > T ' j- t T
st- t
be the Part of the Motion remaining . For let m be the
residual Motion , then T : / : : A B : B E ( by Art. 50,
moreover
;
51. ) and hence T + t: T : : AE : AB and
M : m : : CB F: E : : A E : A B ; whence Tst -t : T
f TM .
..
: : M : m consequently m —r =I - - *
54. Lastly , the Space (S ) described in the resisting
Medium in the Time t will be to the Space (2S) de¬
scribed by the uniform Motion M , ast the Logarithm
Tst -t
2,302585 to — . For let AB
of the NumberX
= a, BC —b, BE = x, and AE —<r+ x, and L —Loga¬
rithm . Then (per Conies ) the Area BCEF =z a b X.
sst - i
and the Rectangle BCGE — b x, whence s
2 S : : a bX L
have s : 2 S
Expreslion 1

<7st - *

ctst- *

T+ t

;
: b x and
-

L

dividing by a b> we
T+t
T

— : but the

as it here stands, is an hyperboli-

cal Logarithm , which is to the common tabular Lo¬
garithm as 2,302585 to 1. Consequently the tabular

T+i

L - 7p- X 2,302585 —Logarithm sought.
55. The Spaces, Times , and Velocities of Bodies
moving either by their Vis injita alone , or conjointly
with an accelerating Force, as Gravity ; in resisting
Mediums of various Density and Ratio of Resistance,
may be analytically investigated as follows. Let the initial
Velocity , or that with which it begins its Motion in
the Fluid be V, the Time t, the Space described s, and
the Velocity at the End of the Time v, the Density of

Y4

the
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the Medium
(by

d,

s,

and the Resistance r as —
at

Then

14 .) r j ~ — iv, wherefore -~ r—— iv$ and'
UH
so ds ZZ
: (F-vv1—
56 . Whence if the Density be uniform , as of Wa¬
ter, then d— i. And if «;= 2, then J — a 'dv—J, —
>—
Now s is the Fluent of the Fluxion j , and the
'

Art.

■ “U

Fluent 1of —

is (T—«' L<v, where Q_ is some con¬

stant Quantity , to sind the V alue of which , supposes =z
Q^—
s, then Q =ra 1L 'y, but whxn s—o,v~=V;
therefore Q = «’LV . Wherefore i - c ' LV —a Lv—
0 -iT.

V
57 . The Time t is found by the Formula in Art. 12.
■where we had t —but
—,
because when d is given,
v

.

■

, .
. ,
.
•
s'
<v wJ—a
3 ~ anw 1—” ( Art. 55 .} therefore t — — — an—
•v
v —aniv — n. Whence
taking the Fluents we have t
Q -—anvl—n .
— -—
; and putting t ~ o, we .have v —V, where¬
fore Q =aa»Vi —» ; consequently substituting for Q _its
\r 1
u
aW 1—»— a’‘v' —n TT
Value, we have t —Hence
—-- 1—n - .
, if « = 2.
<7‘V— a ’v V
—v
= a 1X
Vv'
“ v Vv
58 . We had above s — a*-w 'l ~ n ; and taking the
Fluents on both Sides, we have s — Q —anv'1—n__
1

1— a ” v z— n

2—n

'

Let 2 •

■m\ tiien 1115
—anV m

V” ; hence anV M— ms —a»vm; therefore v —
1

«r?V « — ms m

Which

Theorem therefore gives the

Velocity when the Space s is known,
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59 . la these Theorems we fee the Agreement with
the former Methods of determining these Quantities.
V
Thus the Space by Theorem in Art. 56 . is s—a' L —
v
2,302585 L —

( in

Art.

54 .) — BCFE , the

Hyperbolic Space in the Figure. Whence , in this Cafe,
«*= 2,302585 X 3 D.
60 . To determine the Spaces which the Globe shall
have passed by its Vis inftta when it has lost half its Ve¬
locity or Motion, that is, when V : v 2: : : 1 ; we
V
have L -h or
,
the Logarithm of * rr 0,301030 , which
multiplied by 2,302585 gives 0,6931 ; and this again,
multiplied by 4 D —z,b D, gives 1,84832 D ~ s, widest
is not quite 2 Diameters.
V_ v
61 . The Time t being always as a1X or —>, (be\v '
Vpausea1 is constant) as
V V •; therefore when v =?lV,
Y —v
we have —— — \ — t, which shews the Time in
Vv
which the Globe loses half its Motion is half the whole
Time ; that is, BE = AB ( in the Figure) the Time in
which by an uniform Velocity B C it would describe®
.
Parts of its Diameter.
62 . If the Medium be similar, or of an uniform Den¬
sity, where d~ \ and
;
if the Resistance be in the simple
Jlatio of the Velocity, then n 1= ; and by thg TheoV
jems above, s—aV— av, and t= a L and
—,
vV
— —>

63 .

If in the foregoing Equations the
Cin\ "Z —#

Velocity u — z,

then r — -

2—n , when n is Jess than 2. But when n
V
—2, s~ a1L — = Infinite ; if n be greater than 2, then

alfa

flnY ”—2-

a „v n—2

n—2xV »--’-xv*--a

a”

n—2X0

~ Infinite . That.
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is, there is but one Cafe in which the Globe moving in
the Fluid can lose its Velocity , or come to a State of
Rest in describing a finite Space, and consequently in a
finite Time , viz . , when n is less than 2. In all other
Cafes the Motion will never be totally destroyed. And
when n— 1, then , though the Space be finite, viz.
s = aV, yet the Time of describing it will be infinite,
viz . t ~ a L — = Infinite.
0

64 . After a like Manner we may raise Theorems for
the Spaces, Times , and Velocities of a Body descend¬
ing by the Force of Gravity in any resisting Medium.
For suppose the Medium of an uniform -Density, and
the Resistance in any multiplied Ratio of the Velocity,
Vn
as r —
a”—1 ; then for a descending Body we have (by
Art.

16 .) c s — r i ~ v s- ', and therefore c
v v- a"—*

V *v : whence
>

s — -ca n—1

65. Also because ( by
have t — And
—— -

c a n— 1

>.
vn

Art.

Vr s
a r— l

.
vn

10 . ) t — —, therefore we
in like Manner the The-

orems for ascending Bodies are i t — - — - - , and
c a”—1-f- vn
^ —va n—1
^
c an~~*J - vn
66 . If the Resistance be as the Velocity , then n— 1j
and in the descending Body j —

— — <bf*-

-C ■;
Fluents of which are s Q
— _— v — c L,
c —- vthe
c — v, but since when s = 0 it is v ~ V , therefore then
Q_= V + cL. and
so t = V - v cL.
+
c _V
-. Also the Time is had from the Equation i —
( —v
<£>

C— V

-

; of which the Fluents are t — Q_— L c — v
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And for ascending Bodies s — V — v

c -\ - v

c+ V
•4- c L C
-; and f — L —;— .
c— v
c -\- v
67 . If the Resistance be as the Square of the Velocity , then n — 2 , and r — — . Let V —the greatest
Velocity the Body can acquire by descending in the
Fluid , and because then the Resistance is equal to its
Gravity or Force of its Weight (by Art. 36 .) we have
Vz
c — —a , ( for in that Cafe v — V,) whence r c — V*,
Let S — Space described in Vacuo to acquire the Velo¬
city V ; then because (by Art. 17, ) in that Case rS —
VP, therefore rS = \ VV, and so 2 c S = VV — a r,
consequently « — 2 S.
68 . Therefore

since (Art. 64 . ) i — —
ac — —
v2,

*
V1—
v- and putting Vv — vv ~ x x, and taking the
fluxions v v — — xx, and therefore s —

2 S XX

2 S x

;= -

-

; and taking the Fluents , s — Q _— 2 S L,

xQ
— _— SL . ** = Q_— S L . V~— vz. Wherefore
when s — o, we have v —V , the initial Velocity , then
Q_— S L . VV —V % And consequently jziSL,
V1-—
V 1
V2— v -'

69. Let L .

h—

s

hh —Lh—S L—

V' — V 1
1 ; then s L . b —S L. V1 - v
Va,

V1

s

a

Vl—V

^ — v2- S therefore h ^ = -rr——
VVL—v

_ -—
T *£" S
+ .V
whence we net v2—
*LT
'- * — P
1—. Wherefore
hi the Velocity v is from thence easily found,

R
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70. The Times t is obtain’d by the Equation t =
(in

Art.

65 . )

and taking the Fluents

we

have t — Q . + —L . V-sv —■

yL V—V= Q.+ y ^-jrzri ’ and puttingt —
and so v V
=

, we shall soj Q_= — ~ L. ^ ~^~y and
;
S T + b-X T — V
therefore at length
a we have t ~ r-V
v>L
^ ' V— vX F + V'
71. If the Body descends in the Fluid from a State
of Rclb, then V — 0 ,■and so the Space j - S L.
S_T F -h v ; and the Velocity
the Time t
Vl—v
V T —v

v - <y

And in like Manner are found

the Equations for the Spaces, Times , and Velocities
of Bodies ascending in a resisting Medium , which are
the same with these having only the Signs of V and v
changed.
72. Thus I have given a Specimen of the several
Ways that have been used t'o represent and compute the
Motion of Bodies moving in resisting Mediums of any
Density, and according to any Law of Resistance.
The Theorems in the latter Articles express most of
the Cafes in Prop. 1 , 11, m , vi , vm , xi , of Sir
Isaac Newton’s second Book of Princtpia I;
could have
inserted many more, but have already extended this
Note to a great Length ; and- shall refer the Reader to
the admirable Commentary on our Author by Messrs,
Lc Seur and Jacquier, from whence I have collected
most of these Articles.
73 . I shall conclude with inserting the Table refer’d to in the foregoing Computations , which is as
follows,

Hydrostatics
Velocities Spaces describ¬ Spaces de¬ Spaces de-.
scribed with Jcribed by
Time of
acquired
in ed byf alling
the Fall.
the greatest falling in
the Fluid. in the Fluid.
Vacuo.
Velocity.

0,001 T
0,01 T
0,1 T
0,2 T
0,3 T
0,4. T
0,5 T
o,6 T
0,7 T
o,8 T
.0,9 T
i T
2T
ST
4 T
ST
6T
8T
9T

io T

0,000001 S
0,0001 8
0,009983 S
0,039736 S
0,088681 S
0,155907 s
0,240229 s
0,340270 s
0,45454 ° S
0,581507 S
0,719660 s
0,867561 8
2,t 50005 8
4,6186578
6,614376 8
QggQog2o 8,613796 3
99998771 10,613718 S
99999834 12,613707 S
9999980 :14,613706 s
9999997 16,613705 S
9999999' 18,613705 8

99999 ro
999967
9966799
19737532
2qi31261
37994896
46211716
537° 4957
60436778
66403677
71620787
761594 16
96402738
99 . 05475
9993293°

The End

of the First

0,002 S
0,02 S
0,2 8
0,4 S
0,6 8
0,8 S
1,0 8
1,2 8
i, 4 s
1,68
1,8 3
28
43
68
88
10 8
12 3
14 8
168
18 8
20 8

0,000001 S
0,0001 S
0,01 8
0,048
0,098
0,168
0,258
0,368
0,498
0,648
0,818
18
48
98
168
25 8
368
498
63S
818
100S

Volume

