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- TO
v, Sir Jacos ACWORTH, Kut.

? SURVEYER
F: OF
His Majcfty’s NAVY.

t Si1r,

"1 R OU R Difpofition to promote what-
‘ W ever is ingenious, juftly demands
' S 2he gratefal Acknowledgment of

all Lovers of Art: And as 1

have my [elf, in a moft particular

~ anner, experienced your Good-

nefs, pray Leave to lay before you, this little

Treatife, om Sir Iaac Newton’s Solid of the .
leaft Refiftasice ; which, tho it has been bandled

by- [everal able Mathematicians, yet, bas been

looked upon as a Matter of mere &S’feculm‘iw;2
t




| [ 1]

till you were pleafed (among your many fuc-
cefSful Endeavours, to 1;37‘0% the Royal Navy) y
in a more particular Manner to conf der and =
reduce- this to Practice : I am thoroughly fen-
fible, to treat on the Warks of the ‘Iﬁugnous
Author, is a Task I am no way equal to ; there-
fore beg you will pafs by the Meamtef: of the
;r rmance, a% accopt of the Endea vaur.r.
9

.Sirf, R
Your moft Dutiful and ! ' ‘
Moft Obedient Servant, \

C. Ro{pinﬁn. | ‘
¢

London, April 5. #7134

"




A VIEW of Sir Isasc New-
ToN’s Thirty Fourth Propofition
of the Second Book of his Ma-
thematical Principles of Na-
TURAL PHILosoPHY.

H E. Refiftarice of a Body moving in
a Fluid Medium, arifes partly from
the Denfity of the Fluid in which it
moves, partly from the Number of
the Particles which frike the Body at
YA the fame Time, and the Angles in
\ which they ftrike jointly,
The Denfity of’ the E‘luid is not liere confidered :
All the Bodies whofe Refiftances are here compared,
being fuppofed to move in the fame Flaid ; as all in
Airy Water, Oi}, €¢c. and not One to move in Air, a
Second in Aater, a Third in Oil, €3¢, -
' 'The Number of the Particles of a Fluid which
firike on Bodics moving in it, arc as the Areas of
the Greateft Tranfverfc Se@ions of thole Bodies.
The Angle in which the Particles of the Flaid
firike the Body, is the Angle which the Sides or
Surface of the gody make with the Direion of the
A Motion




. gle made by the Interfection of a Tangent applied

(2)
Motiofi, and is called the Angle of Incidence of the
Particles of the Fluid. _

Thus, if the Parallelogram ADEB, Fig. 1. and
the Triangle AVB were both .to move ih the fame
Fluid, the Number of Particles that would ftrike on
thofc Figures would be equal, becaufe the Figures
are contained under equal Bafes; but the Angle of
Incidence in which they ftrike unequal, being Per-
pendicular or a Right Angle on the Parallelogram,
and Oblique or the Acute Angle VBE on the Tri-
angle.

If a Curve Line FGHYV, Fig. 2. be movedin a
Fluid Medium in the Diretion of its Axis AV ;
then fuppofing AB, BC infinitely Small or Fluxions
of the Abfcitla: DF, EG Fluxions of the Ordi
nate : F G, GH Fluxions of the Curve, the Angl
of Incidence of the Particles of the Fluid in th
Point H willbe KH T or CTH, thatis, an An

1n the Point H, with the Axis AV produced in T,
and is fimilar to the infinitely Small Triangle EHG.
. 'The Suin of the Refiftances on every Point of the
Curve is the Refiftance of the whole Curve Line, and
if the Fluxicns of the Ordinates be every where e~
qual, that is, if F D=GE, &. the Number of the
Particles of the Fluid which ftrike upon every infi=
nitely little  Part of the Curve F' G, GH, €. will
be equal, and the Refiftances of every fuch infinitel
lietle Part or Fluxion of the Curve will be as G-E
fquared, divided by G H fquared, or the Square of
the Flaxion of the Ordinate divided by the Square
of the Fluxien of the Curve, or fuch a Proportion
ef - the Homologous Sides of any Similar Ttiangle.

~ But, if a Solid generated by revolving the fame
Curve FGH V abour an Axis be moved in a Fluid
Medium in the Direétion of its Axis : The Refift-
ance on every fuch infinitely little Part of the Solid,
generated by the infinitely little Triangles g % %
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G HE will not be in the fame Proportion as on the
Curve Line : For the Fluxions of the Ordinates be~
. ing cqual, the Number of the Particles that firike on
every of the Elementa or Fluxions of the Curve, con=
"\ fidered as a Line is equal, but confidered as a Solid
uncqual (tho’ the Angle of Incidence is every where
the tame) becaufe the Surface generated by DF at
the Diftance GB or D A is greater than the Surface
%]c:mmmd by revolving EG at !the Diftance EB or

C : the Whole of which is contained in Sir [fsas
Newton’s

Princip. MaTuewm. Lib 1L Prop. 34
Theor. 18.

“ If a Globe and Cylinder of equal Diameters be
moved with equal Velocity, in a Rare or Thin Me=
dium, confifting of Particles equal and equally di-
ftant from onc another, in the Direclion of the
Axis of the Cylinder : the Refiftance of the Globe
would be half as much as the Refiftance of the
Cylinder.
“*For, becaufe the A&tion of the Medium is the
Same on the Body (by Cor. 5. of the Laws) whe-
ther the Body be moved in 2 Medium at Rett, or
¢ the Particles of the Medium, ftrike the Body at
' { % Reft with the fame Velocity : Let us confider the
|4 % Body at Reft, and fee with what Force it will be
« {Jrcﬂ'cd by a meving Medium. :
_ % Let therefore ABKI, Fig. 3. reprefent a Sphe=
“ rical Body ‘defcribed on the Center C, with the
¢ Radius C A, and let the Particles of the Medium
“ fall with the given Velocity upon that Spherical
“ Body, in Right Lincs parallel to AC: Let FB
“ be a Right Line of this Kind, in it let L B be ta-
¢ ken equal to the Semidiameter CB, and let B D
“ be drawn touching the Sphere in B, on KC and
Aa “BD
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BD let fall the Perpendiculars BE, DL, and
the Force with which a Particle of the Medium
falling Obliqucly in the Right Line F B, ftrikes
the Sphere in B, will be to the Force with which
the fame Particle would ftrike the Cylinder ONGQ_(
circumicribed to the Sphere, with the fame Axis
ACI in b, as LD to LB, or BE to BC. Again,
the Effeét of this Force to move the Globe in the
Dire&ion of its Incidence FB or AC is to the
Power to move the fame in the Dire®tion of its
own Determination, that is, in the Dire&ion of thc{
Right Line BC in which it ftrikes the Globe Per-
pendicularly, as BE to BC; and by Compound
ing thefe Ratio’s, the Force of the Particle falling
Obliquely on the Globe in the Right Line FB, to \,
move the fame in the Dire&ion of its Incidence,
is to the Power of the fame Particle falling per

ndicularly on the Cylinder in the fame Righ
?finc, as BE fquared to BC fquared ; wherefore
if a Perpendicular PHE be ere&ed to the Circula
Bafe of the Cylinder NAO, and 2E be equal to

BE fquared
the Radius AC, and & H equal to — :C“ ,
bH will be to E as the Effe@ of the Particle
on the Globe to the Effe& of the Particle on the
Cylinder, and therefure, the Sotid which is made
up of an infinite Number of Right Lines here re-
prefented by #H, will be to the Solid which is /
made up of an infinite Number of Right Lincs
here reprefented by SE, as the Effe& of all the
Particles on the Globe to the Effe& of all the Par-
ticles on the Cylinder. But the former Solid is a
‘Paraboloid, defcribed through the Vertex C on
the Axis CA and Parameter CA, and the latter
Solid is a Cylinder circumfcribed to the Parabo-
loid : And it is known, that the Paraboloid is
half the circumfcribed Cylinder. Therefore, the

¢ whole
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« whole Foree of the Medium on the Globe is half
« the Force of the fame on the Cylinder. And
“ therefore, if the Particles of the Medium be at
“ Reft, and the Globe and Cylinder be moved with
‘ an equal Velocity, the Refiftance of the Globe
“ would be half the Refiftance ‘of the Cylinder.

“ QED.
SCHOLIUM.

{ ¢ By the fame Mecthad the Refiftance of other
Figures may be compared, and fuch may be found,
which are beft adapted to continue their Motions

~ [* in Refiftidg Mediums. As if on the Circular Bafe
i ¢ CEBH, Fisg. 4. which isdefcribed on the. Center
O, the Fruftum of a Cone is to be conftruded,
which meets with the leaft Refiftance of all Fruf=

““Itums of the fame Bafe and Altitude, and moving

in the Dire&ion ‘of its Axis towards D : Bifect
, the Altitude OD in g, and produce OQ_to S,
’[ “ that QS may be equal to QC, and S will be the
! Vertex of the Cone whofe Fruftum it fought.
¢ Hence, Sccing the Angle CSB is always Acute,
. ¥ it follows, that if a Solid ADBE, Fig. 5. be ge=
- T nerated by the Convolution of an Elliptical or
‘ Oval-like Figure ADBE about its Axis AB, and
[« the gcncratinilF igure be touched by three Right
\‘: Lines FG, GH, HI, in the Points' F, Band I, .
f, in fuch a Manner that GH be perpendicular 2
. the Axis in the Point of Conta& B, and HI, F'
. With the faid Line GH contain the Angles FGB,
| BHI, 135 Degrees; the Solid which is gencrated
¢ by turgm%cthls Figure ADFGHIE about its Axis,

) CB, will be lefs refited than the former Solid, if

Z¢ beth move in the Dire&ion of the Axis AB with

) the End B foremoft : which Propofition, I con=
cewve, may be uleful in Ship-Building.

‘ ¢ But

-
L)




- flead of being ftraight, are Curved : The Refit-

(6)

¢ But if the Figyre DNFG be a Curve of fuch a
¢ Kind : If from any Point N, a Perpendicular N M.
“ be let fall on the Axis AB, and from a given
“ Point G be drawn a Right Line GR Pajallelto a
“ Right Line, touching the Figure in N, and cut-
“ ting the Axis produced in R ; MN will be to GR,
¢ as GR cubed to 4BRxGB fquared : The Solid

“ which is formed by revolving this Figure about

“ jts Axis AB, will meet with lefs Refiftance, in
“ moving in the aforcfaid rare Medium from A to-
“ ward % than any other Circular Solid defcribe

“ with the fame Length and Breadth ”. -

The Method here giveu by Sir Ifaac Newton, ex
tends to the Inveftigating the Refiftances of Solids
in genera), whether they be generated by revolvin
the generating Lincs about an Axis, or by any othef
koown Law, that is, whether the Bafes and all tHe
"Tranfverfe Se&ions be Circles, Polygons, &3c.

If the Tranverfe Se&ions be all Right-angled P
rallelograms, and the rcfpective Sides of all tho
Parallelograms, parallel to 8he another, as in 2 Wedg
or Figure of a CVcdg-likc Form, whofe Sides, in=

ances of fuch Solids will be, the Refiftances of th
generating Lines multiplicd into the Depth.

In Figures of this Kind, the Plains or flat Side
may be fuppofed to move Horizontall y ; however, tho *
this. may be of Ufe in aﬁiﬁin%]:hc Imagination, it is
not any ways neceflary, that they thould be confine
to fuch a Motion, but may be at Liberty te move
any how, fo it be in the Dire@ion of the Axis of
the gencerating Lincs, and plain Superficics,

PROP,
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PROP. L

To Inveftigate the Refiftances of Solids
contained under Straight Lines.

E T the Parallclogram ABCD, Fig. 6. be the

Side of a Parallelopipedon, fuppofed to move
orizontally in the Dire&ion of FK, whofe Altitude
B is denoted by b, the half Breadth BK by &,
d the Depth by 4. ,

Cafe 1. If the abovefaid Parallelopipedon be Cy-
ered _away from Bottom to Top, in the Right
ne EB, Fig. 7. the Refiftance of the Parallclo=
pedon will be to the Refiftance of this Solid, as
+-dd to 44, or putting 2bbd, or the Content of

the Parallelopipedon for its Rcsﬁﬁancc; the Refift-

2
ce of this Solid will be —— , for, by the afore-

bb + dd’
. AB
ited Propofition EB2.AEg:: AB to 22X AEq

EB

v BL,, whence the Refiftance of this Solid w?ll be
\to that of the former, as the Line BL is to the Line

B, or as the Area of the Re&angle BLNO is to
the Area of the Rectangle ABOE, which (becaufe
the Slant Side EB isevery where of the fame Breadth)
is the fame Thing, as it the Parallelopipedons were
compared with one another.

Café 3. If the Horizontal Plane be cyphered away
to Triangle AKD, Fig. 8. and not from Bot-
tom to Top, as in the- firft Cafe, the Refiftance of

abb’ad
his Solid will be ~-— - e .
this Solid w bcbb—{—bb" for, as befors, AKg
: AHgq




(%)

. ABx AHg
AHQ ...AB. ——IK

q
given in the former Cafe) tke Refiftance of this
Iid will be to the Refiftance of its circumicribed Pa=

rallclopipedon, as BL to BA.

Cafi 3. Let now the Parallclopipedon be cyphet-
ed away both Ways togcther, and the Refiftance o

this Piramidal Fi 1l be bbd 3 + bab 3
] al Figure wi

tramidat Zigur bbtdd " by bb
half the Sum of the Refiftances of the Solids in t
former Cafes : For, the Particles of the Fluid ftrik
this Body with the fame Obliquity as the former, o
all its Sides refpe@ively, and the Number of Partj
cles that ftrike this Solid, will be half fo many.
firike both the other Solids on their rcf('iae&ivc Sid
at the fame Time ; or, as was obferved before, ¢
Bafes of thefe Solids being equal, the Number of th
Particles of the Fluid that ftrike at the fame Timc’

= BL, or (for the Reafont

will alfo be equal.

If the Depth and half Breadth of the foregoin
Solids be the fame, or »=d4 the Refiltances of
thofe Solids will be equal, For

it Tgs 3];{cﬁftancc of the Solid in the firft Cafe'

. 2 . . . - . . o ' ]

.bcmg b1 it 18 plain, that by fubftituting 7 fo |

d and 4 for b (which, becaufe b=4, does not alter )
3 .

the Value of the Expreffion) - » will become
bb4dd
2bdb 3

W the Refiftance, as in the fecond Cafe. .




{9)

2. By Subflituting as before b for 4, and d for b,
T ¢ bbd ? + bdb? -'llbc v
: will become
the Value o to1dd prwy ,
2bdb 3 abbd?

bhibh . hbtdd
abbt - akd .

 bbibb  bbtdd .

Now, if the Altitude AB or »=66,9, and b=4
33%, then BL—= 13,3043 very ncar i The Solid.
ntent of the Paraliclopipedon will be 148656, and.
if that be put for its f{cﬁﬁancc, the Refiftance of
he hefore-mentioned Solids will be 29467 ricarly.

The Contant of the Solids in the Firft and Second
es is half the circumfcribed Parallelopipedon, or
333, by which if the Refiftanee be divided, there
1l come forth ,39776. :

The Content of the Piramid or Solid in the Third:
Cafe is onc Third of the Parallelopipedon or 49555,
by which if the Refiftance be divided, there will
qome forth ,§9665: So that the Solids in the Firft

ad Second Cafes have a greater Solid Content in

roportion to their Recfiftances than that in the.
‘Third Cafe, L
Suppofe now the Bréeadth to be encreafed and the
Depth lcfiened, fo that the Area of the Bafe, and
| Jconfequently their Soliditics, remain the fame as be-
fore, and the. Breadth be in Proportion to the Depth -

#s 3to I.

Put the new Half Breadth =4, then 3.1 1 24,

as before, or may in this Ca/¢ be

e"xprcﬁi:d by

, %’-thc new Bafe : Becaufe, the Depth of the former
Parallelopipedon was 25¥, and that of the Bafe here
fpoken of is 5—;1 therefore J‘ﬁ; #¢ 955 and mul-

‘B g tiplying
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b

ﬁplyigg by 3y 4aa=0bb, 263=3bb, OF G8 == emmme
. R —_ 3
and by Evolution a = J3%.
2

But if it wcrc‘rcquircd to find the Depth, put the
Depth=¢,and then 1.3 :¢. 3¢ the new Breadth,

apd co_nquuanly, 3¢e=2bb, whence ¢e= —;—bb, andz

by Evolution =V -z—bb=.b\/ -:-;

Let this Parallclopipedon be cyphered away from
Bottom to Top, as in the Firft Ca#, and its Refift
ance will be found 21111, which divided by the
lid Content gives ,284005.

If the Parallelopipedon be cyphered off as in th
Second Cafe, the Refiftance will then be 40339, and
the Refiftance divided by the Solidity ,5426

- If it be cyphered off both Ways, as in the Third
Cafe, the Refitance will be (as was thewn before)
half the Sum of the Refiftances of the two foregoing
Solids or 30725, and the Refiftance divided by the
Content is ,62c02.

- It ‘may be obferved from what has been faid, that °
the Refiftance is very much leflened when the Paral-
lelopipedon is cyphered off as in the Firft Cafe,
and greatly encrealed in the Second, fram what it
wag, when the Half Breadth and Depth were equal :
Let us now confider what Proportion the Breadth
thould bear to the Depth, to make the Refiftance,
the leaft poflible, - T

Put as before the Bafc =2bb=244, and let y de-

:b.’_b
y

note the new half Breadth : Then y.%: the

new
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. new Depth, and_the Refiftance of this Parallclopis

don, when it is cyphered away as in the Firft
g;fc trom Bottom toPTop, may be exprefled by

nmx _b:.

AY ) X b

, now 2bbb x — = and bb} — =
¥y X b
bbb} —
+ i g .
abbb % 2 6
P abb
» whence = T the Flox~
b*  byrfot
bbb+ —
+ »
41731’6.7..7 o .
of which is — which if a Minimum,
_ bzya. l b‘l"
g b bs . .
| —_ Z;TT%z == o0, and multiplying by

by +l-b+:’; —_— 4b’b yy. =0, divided by ;,

4b’5%y=0, and confequently, —y=o0, that is, if the
Altitude and Area of the Ba{Z rernain the fam’c, the
Refiftance will be continually leflened by encreafin
thc_gmadth and leflening the Depth, till the Depth
vanifhes.

In the Second Café the Refiftance may be exprefled

v

2bb’ y*
by the Fluxion of which is
b +y* .
A0y ablys — 4bbty'y 4B'byy
— ¢+ if this
Zb“f ”l‘ bb T ”ﬁ .

Ba bc
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be a. M\mmum, then 4b*5"y=o0, and confequently
y=0, that is, the Refiftance will keep in a continual
Decreafc as the Breadth decreafes.

In the Thlrd Cafe, thc Refiftance may be expref=

fed by ;,,—’q:;; + 7;‘1_7 or inficad thercof we

b
may ufe s By + 7 + P +J the Flaxion of which

2b’yj b’b‘ ”
if a Minimam, is — -
bodabry 494 b‘ y¢+-2b’y ‘+

=0, and dividing both Sxdcz by 2b*yy we fhall hav
7" or byt

b‘+2bty Ty bydabyvt

2b* 9 b4 b = b b2 b by ’+b‘y yand taking away'

ab*y*b+ from both Sides of the Equation we Ihall
b —b bt

have =———= = »*, or b*=4*, and by Evolution,
bt— bt

b=y, that is, the Refiftance of this Piramidal Fi-

glrc will be the lcaft when the half Breadth and \

cpth arc cqual. ' (

COROLLARY.

The Refiftance of a right Cone is to the Refiftance
of its Circumfcribed Piramid as the Solidity of' the
Cone is to the Solidity of the Piramid, and as the li
Surface of the Cone to the Surface of the Piramid.

For,
1,



(- I3 ) e
1ft, The Angle of Incidence of the Particles of
the Fluid is the fame on both Solids.

ad, The Curve Surface of a right Cone is equal

a Triangle whofe Bafe is the Periphery of the
afc of the Cone, and its Altitude equal to the Side
of the Cone.

3d, ‘The Surface of a right Piramid is equal to a
riangle, whofe Bafe is the Perimeter of the Bafcof
¢ Piramid, and its Altitude equal to the Perpen-
ular of the Ifpfceles Triangles that compofe the
¢ : Therefore, the Number of the Particles of
¢ Fluid, that ftrike both the Solids at the fame
ime and with the fame Angle of Incidence, arc as
cir Surfaces,

4th, The Solidity of a right Piramid is One
ird of its circumicribed Parailclo ipedon, and the
lidity of a right Concis One Third 0542‘ cir-
umicribed Cylinder, thercfore their Solidifics are
their Bafes ; and the Area of a Square is to the
a of its inicribed Circle, as the Perimeter of the
quare to the Periphery of the Circle : For, let r
the Radius of a Circle, ar the Diameter, or Side
f the circumfcribed Square, and 8¢ the Perimeter,
en if ¢ be put for the Circumference of the Circle,
re
it will be 8r.¢ :: 4rr. — the known Arca of
2

the Circle,

PROP.
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PROP. IL

The Altitude of a Piramid being given,
2o determine the Bafe, when the Refift-

ance fhall be the leaft that can be in
Proportion to the Solidity. '

UT the Altitude VD=5, Fig. g. and ED,
: half the Side of the Bafe, =y.

b
The Refiftance of the Piramid is - d
w+bb

: the Solid Conte

X 49y

as was fhewn before, or
yy-+bb

. my 3 ] 3
is, = , by which, if the Refiftance be divide

3 :
\ 12byt 3
lh =
we ﬂlal ave 4’h’yl+4by4’ sz‘

" 6b 9465’ 5—6935
which is — 2
bz _+_y:. l 2

then 64'yy—0, and dividing by 6b*y, y—o, that i
the Bafe will c:)ntinually dccrca}f"c till ;t]v:ni}hcs. »
If the Content bo divided by the Refiftance, it
. AbyHabyt byt
will be — == ——— the Fluxion of which
12by* 3y*

. 6y'9—6b'yy—63'y  ab'yy
L 2T 25 i hisbe & Mi-
oy 34

the Fluxion o

which if 3 Minimum,‘

aimum
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nimom, then — 2b%yy=0, and dividing by ab’y,
we fhall have —y=0, that 13, ED-will increafe in Infi~
itum, to make the Quotient of the Solid Content,
ivided by the Refiftance the leaft that can be.

And what has been faid of the Piramid, may be
applicd to the Cone, or any other Piramidal Solid
whofe tranfverfe Se€tions arc régular Polygons.

i
|
|
|
|
I

PROP. IL

o Inveftigate the Rcﬁ/iaf)ce of 4 Para.
boloid. '

ET ENB, Fig. 10, be the Parabola given, draw’
FK parallel to the Axis QB, and let fall the
rpendicular NM from any Point of the Curve on
e Axis QB, and draw NI Perpendicular to the
urve in the Point N, then by the aforecited Pro-
fition of Sir Ifaac Newton,Nlg . IMq : : QB. HF,
d if this be done in cvery Point of the Parabola,
e Point H will by its Motion defcribe the Curve
HD, and the Refiftance of the Paraboloid gene-
ted by revolving the Parabola QENB about its
Axis QB will be to the Refiftance of the Cylinder
nerated by the Parallelogram QELB in the fame
otation, as the Content of the Solid generated by
revolving the Figure BQHDLB, about the fame
xis QB, is to the Content of the Circumicribed
ylinder. It remains then to Inveftigate the Con-
tent of the aforefaid Solid : in order to which, .
Put the Altitude QB=b, the Ordinate NM=y,.
the Subnormal IM which in this Curve is a conftant
Quantity —4, equal to half the Parameter : For,
apply the Ordinate »m, infinitely near to NM; the
hgnitcly little Triangle rN# is fimilar to the Tri—
' : angle
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mglc MNI, therefore fN . MN :: 5. IM, or the

: MNxrs . ” .o o
Subnormal IM= T = =, but'ia the Parab
r *

fa, puttmg p for the Paratheter, px=yy and px:nyy

.7.7 P"
therefore — — —

™

o
-—

. ;
By Subﬁltutmg b for QB, y for NM and 4 for I :
infiead of Nlg. IM% : QB . HF, ‘we thall have\,

astyy.aa:: b . —— the Value of HF, according

1y -
to the Property of the Parabola.

Now, if ¢ flands for the Circumference of 8 C 2
r
cle in general, and r for its Radins, then 4rr. — : 5\
2

<z €
459 — or — x yy will be the Area of any patticu

2r
lar Circle whoﬁ: Radius is y.
¢
The Bafe therefore of this Solid is — x yy its -
2r
¢ . v
Fluxion is — x 29y the Fluxion of the Bafe, which
ar n

. @b ¢ a9
‘maltiplied into ——— gives — x 7wh X e the

aai-yy ar aatyy
Fluxion of the Solid. +y
In
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In Order to find the Fluent of which, put as4-
yy=3, then ay;z.z and by Subftituting % for ayythe

s -
Fluxion of the Solid will be 5 X aabx — : and be-
caufe the Fluxion of any Logarithm is equal to the |
Fluxion of the abfolute Number divided by the ab-
}lutc Number : therefore the Flacnt of % xaabx *

2

will be ;";"— x aab x Log. %, and rcftqriﬁg aa+-yy for

S N —

it will be 2—: x asb x Log. aafyy but becaufe .

g, a8 <7y muft vanith when y=0, therefore the
truc flowing Quantity or Content of the Solid enqui=

red after will bqf; xaabx I.og Mtthefxﬁapcc

5 as
' the Pa{):lz_oloig Uh:i.d _
Put as before "9 2=33%, then will 42 be
/68,9608 : The Content of the circamfcribed Cyline
der will be 233525, and that of the Paraboloid
116762, for the Paraboloid is known to be half the
circumfcribed Cylinder.

If the Refiftance of the Cylinder be put ¢qual to
its Solid Content, the Refiffance of the Para loid,
will by the forcgoi:s Theorem be found equal to
41169, which divided by the Solidity 116762 gives
135259

c ' PROP.

.
v ‘;35.*‘
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PROP. IV.

To Invefigate the Refiftance of a Solid
generated by revolving a Parabola a-

~ bout anOrdinate. /

:E'T VBD, Fig. 11. be the generating Cu.rvc‘
.V the Vertex, AV the Axis, VE an Abfciffz
and ED an Ordinate of the Parabola applied in't
Point E, DK a Perpendicular to the Curve appli

ip the Point D, and Jet AB be the Axis of Rotation,
in the Dire&ion of which the Solid is to move fro:
A towards B.

Ppt VA=r, “VE =x, and the Spbnormal E
(which in the foregoing Propofition was fhewn to b
alv;'vra‘{s chal to the Semiparameter) =@ -

Then DKq.EDj :: AB. FG for the Triangle
MDE is fimilar to the Triangle DKE.

_ But, by the Pteirl? of the Parabola DEg=14x,
dnd KDg=DEg{+EKg=24x+as, thercforc aa+-

. abx . o ogs
2ax,2a% :: b. T FG, and if this be don
in evety Point of the Curve, the Point-H will de-"
feribe the Curve HFL ; and the Refiftance of they |
given Solid will be to the Refiftance of its circum.-( :
fcribed Cylinder, as the Content of the Solid gene«
tated by revolving the Curve MFL about the Axis
HB to the €ontent of thie circumfcribed Cylinder : |
In Order to find the Conteht of the Solid gencrated
by revolving HFL about Yts Axis MB: Let ¢ be .
a Standing xi)rcfﬁon fhewing the Prqportion of the
Area of a Circle to that of its circumfcribed Square. |
Now AE=r—x, therefore the Bafe of the Solid \

will be 4¢ X rr—arx+xx, the Fluxion of which is
' . 4x
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4¢ x axx—arx the Fluxion of the Bafc, which mul-

tiplied into the Altitude FG= :4‘_’;

gives

o A gt g R b
¥ a4-2% a+ax b a+2x ‘

: \Flnxion of the Solid. .

[}
2
%

) To find the Flucnt of ol pat 8-4-ox=x; then
j a2% :
§ ) .
2—a I
=7 4xx—zz—-22sa+aa and x—n—, whence

% 4bx’.; bz . + bﬂdz.. e fo Quanti
e — a —— the flowing Quanti
F atax 2 “ 22 B ¥

b @
y —qu-l—_ixLog. %z, and re-
: 2
: 5
ﬁoring a+2x forz, it will be — x s—2x!"— ba x
4

' a+2x +IﬂxLo ‘+ax..

And to find the Fluent of — paidai ’ f)ﬁt "as before
- atax ‘
~a 2z—2z%atas-
¢+2x=z, then x=— 5 and xx = '—-—4—-——',

Ca | whence
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2%— 248

and 4x=z3—24, by which

whence 2xx—=

Subtitution, the Term e, will become —brz +
. ata2x Co

fﬁ;—— the Flucnt of which is —brz J- abr x Log. % 8

and reforing @ + 2x for z we fhall have —Pbr é |

a+4-2x

a—+-2%4-abr x Log.

. - b ) ‘
The Aggregate of all which is— x a:F:zx -y
. . . 4 T

4'1'28'

xafnx-—brxa:an-}——— +nbrxLog

lma
or vy + abx - bxx — aab — 2abx — abr—2brx

o
o — +ahxl&ga+2x:_~i?—abx+

a+2:¢

lmx—- 2brx —abr 4 -——-]- abrx Log.

If x =0, _v.vc thall have — ,‘3_‘:1). — abr, but if
4 .

\

L. . =g
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bt
ED = .;‘f. the Ordinate or Altitde : Put as before

axx —apx for the Fluxion of the Bafe which muti

3 L
plied into ¥ the Altitude gives 2P¥ %
rk r

e b g
-@ the Fluent of whicki is ?_b: _ Ybrs
7 s .

I =0, the whole will vanifh, but if x—r, we.
hove Hr- _thrt _ 4 ., . 3y S
rk s S 3 15
which dedugted from o, gives ;8} br*; but br* w

in this Cac ftand for the circumfcribed Cylindesf .
therefore the Content of the Solid enquired afte

will be % of the Circumferibed Cylinder : and

Proportion to the Paraboloid as 16 to 1 5

If this Solid be of the aforefaid Dimenfions, its
Solidity will be 124546, and its Refitance divided |
by the Solidity ,44443¢ l

. PROP.\
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PROP. VL
o Invefligate the Refiftance-of a Sphe-

roid.

UT the Altitude QB==b, Fig. 13. the ébfclﬂ'a
MB=x 4nd the Ordinstc NM=y.

p fand for the Semiparameter, then by the
roperty of the Ellipfis yy = % X 2bx—ax, and
Evolution y== f—f X abx—xxt the Fluxion of
z

pt bx—xx

hich isy.= ;; X =1, then nr . #N : :NM.

T, Ory..;c: :y.-x—;.-tthubtangcnt,and by Sub-

fituting the Valucs of ¥, x and y, we fhall have 13,;

-

b -—-xx . i ' ‘2b —Xix
i—-— ° X e _?fxabx-—x:\“: * ' .xx .'x -3
Jabx —xxts b be —px

b . S
%ﬂi the Subtangent ; but 2bx—xx = ——:ixyy,

. b -
sad if we put =N then 2bx — x=¢yy, or

XX~
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xx—abx = — gy ; by adding bb to both Sides of
the Equation, . x—nbx-l—bb b—eyy, and by Evo-
1% 2bx—xx
volntlon b—x— bb—-eyy whcnoc TT =
ﬂ” :
z J'I' the Squarc of which is w,thanMg
401 + ’

%
)
3

ka‘md NTq.NMq:’:@. HF, or

by—yebyt _ b —eby’

Wb, _ .
» ye*+hbyy—ey* - yie-fbh—ey*

Now, if we call -"; ” the Bafe of the Solid, th¥

Fluxion of the Bafe may be called 2yy, which multi

—ch 2b ——uby y
plied i into _7:1(57’!—0 gives 7';,2—“,}_ i the

Fluxion of the Solid gcncratcd by revolving the
Curve QHL about the Axis QB, the Solidity Of
which exprefles the Refiftance of the Sphcroid

Put ¢*—¢=m, “then the Fluxion of the Solid will

b ;'—uby }__‘ b’xzy} ebxay’ ]
become b Fmy - Bhymy  Bhpmy

Te
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. p =%
b xayy C T
To find the Flucntofb! Loy _E’-—’ put -
+J]
@' 4 ¥*==%, then yy=z—_—b'—: and ay}:.; whence

. . ;hxg:‘
And to find the Fluent of — 77

bbymy = =
Ay bb o
b,z ) pptas bcforc r +]]=3, then'yy=2z—
—+ L .
2wt prwan 5+ 5, py=sioai
m - - m ot ? y= -

r
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[ .
' "I T —X2y'y
x%,ornyy—zz——zx—-,whcncc——:;
ol 4
b . cb . :
— X2 XX
= "'z 4B the Fluent of the for-
-
b _ - '
mcherm-—'i-xa"-’u—---c-éx =_2
o m
bb . eb  bbymyr _ b - ehy*
N E T = T T W T .
' eh b .
X Xk
Aad the Fluent of the latter Termo1 " _ ¢
W oz o\
wn * %

u——~xLog %, andbyreﬂonng——

bhb
- —HJ
3 for %, the Fluent will bc — x Log

m

The Aggregate of all the Tcrms of the ﬂowing

— +yy ok}
@mtlty 1s £ Log. . e * Log
¥ Zf‘ | L
bb : |
m 7 . .fg » but becaufe the whole
b om m .
m ' Expreflion
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Expreffion muft vanith when y=0, the true Fluent

o . c_ b e _ bbFmy cby';
ochﬁﬁanccnsEx"T +;’,,Tx]'j-0g. Bt

L
bb
for " R4 — bt my
bb bb
3

If we put as before, b=66,9, y=331; then p=
/16,6085 nearly, and thc Refiftance will come ‘eut
165603 = the Solidity of the Spheroid is !53683§ by

hich the Refiftance being divided gives 42138, -

If the Spheroid degencratesinto a Sphere, then e=1

and m=e, now the Fluxion of bb-\myy, is 2myy %

1 1 g€
Byl & boFmyt =g — P2 —

. . 2&]} am’y’y
‘which multiplied into amyy gives —— —

bb b*
am ’.7’}." amty’ y. : -
G~ — v the Fluent of which is % -

m.]‘ ”m ’5 mg.’l .
2 + ST T g €. the Log. of bb}myp,

. NP L L myt
which multiplied ioto —. — ~— gives By — ;z*

Da +



(28)
m'ys  m'y' ¢bf _ .,4 meyt
+ = 3b' 4.b‘ — &, + . 3b’
ma 8

.
-;b—-'—, but when m=o0 it will be &y* + ib’._ —

% becaufe the other Terms will all vanifh, and fub-

tra&mg ‘by it will be by: — J,andwhcny—-

and e=1, we fhall have f; x % the Refiftance or
half the circumfcribed Cylinder,

PROP. VIL

To Ingﬁzgate the Refifiance of an Hy-
perbohcal Conoid.

ET QENB, Fg. 14, be the gencrating
L pcrbola QB=b the Axis of the given Soh
ut the ‘Tranfverfe Diameter of the Hypcrbola
y the Semiparameter = p, and let y denote an
Ordmatc and x the Abfciffa proper to it.

By the Propc_rty of the Hyperbola yy—_-% X 3datx"
1 :
by Evolution y= %& x 2d5+ax* the Fluxion of
| which



i Mxx-l—x x
: x 2d5txxlt . ——— =
Faxls - dxgern

the Subtangent. And if we put ~;~ =e,

y i N
to both Sides of the Equation dd-}2dxt-xx=dd

e
dd_y-l—y-mi , the Square of which is

402 4 +d1. 1.+q4
e, YeTerty
Wit T ddrye
Squarc of the Tangent: Now NTg.NMg:: QB

FH, or fubfttuting their Values, 275222 .

i

. and

by thy  bdHbo
wiihe— s he = 4 , and pute
,4‘z+dz]1+"4 y,_‘;"_d;_!_cli
. . ba*4-bey*
ting e*+e==m it will be 222,
@' 4-my*

ﬂc_—._zdx-]-xx‘ and 2adxtvr W ‘, by adding

ye, and by Evolution d+x=dd@yyelt thereforc

I
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If we put 2—: %gy for the Bafe of the Solid ; be-

canfe ~ .i is & flanding Expreffion, thewing the Rati

ofa C'udc to a Sguarc whofé Side is the Radius o
the Circle : lllan of the Bafe may be calld

B4 bat

29y which multiplicd intom-‘{- will give o |

2by'y |

e S Wy Fay the Fluxion of the Solxd whofe S
dity exprefles the Refifftance of the given Solid.

In Order to find which, put' @*4-my*—z, then

&  n . 2z—ad'z1d* y
Fm W =g Y —;’;—_14’
2zz—2d's )

and 2J'r ~..-... , by fubftituting
which in the Fluxion of‘ the Solid, we fhall inflead
 bdtvayy b= :

? have m _ W

@*4-my* = m

of the firft Term

the Fluent of which is 22" Log %, and rcfto-

Rlwe.

ring
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becaufe the Log. of z muft va.mﬂl when ]—0.

And infiead of the fecond Tcrmb:m’: , thete

b bed's
:janfc;"—,—-— pory s the” Fluent Ofwhldll!
bed?
- X Log. z.,nndrcﬁonng @*+-myy for z,
w ﬂ:allbavc—- + b’” I:f‘ x Log.

The Aggregate of all which is

b a Lmy “ymyy beyy bed*
S xLo&—;.— +m +

But, becanfe whcn y vanithes the whole Expreflion
f venith with it, the truc Flaent wﬂf l";bt:

-
- x Log. —};—’r’-+bq which Expreffon
into ; giv.cs the Refiftance required.

If

ring d*-myy for z we fhall havc " x Lag ..d, '{""’J |

.
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If b=4, or the Altltudc be equal to half the tranf-
verfe Dismicter as in the Sphcmld it will then be

b® Py bb-myy vy‘
~ '.F x Log Tt

Now, lf wc ut b——d=66 and 7——333s then

ﬁ;,ﬁ the Refiftance wxll come out 38038
Sohdxty of this Hyperbolical Conoid is 1037%

b%6 gBltmh the Rcﬁitanoc bcmg divided will gi

3 .

PROP. VIIIL

To Inveftigate the Fraftum of a Corg,
which [ball meet with kefs Refifbante,
than any other Fruftum of the jé
Bafe and Altirude. ,

UT OC=r, Fig. 15. OD =b, and OS=m
Then CSg=sx+rr, and OS (x) . OC ®:

DS (x—#) . DF = mx’b- Agam, xf

(wxtrr) . OCq (rr) : H—rr

Then the Refiftance of this Fruftum generated b

revolving OCFD about the Axis OD may be ex
refled by the Solidity. generated in turmng the
#g. OIHAED about thc faid Axis OD,

The
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_ The Content of the Cylinder gemerated by the
K Parallclogram AEDG in this Rotation about OD

may be reprefented by 74_:’ , and that of IHGO

XXt

Prix® —ap' e’ b b rix .
: at -yt
\the whole Refiftance of the Fruftum will thereforé
ad + brixt—ar' s’ b L briet .
%% 11T - *rrixt
; hx:-{-bf'x‘——ir’x’b’s{—b’r‘x* A
— 0 +~r,.xz cqua; to

4 1ot __aplah? b% .-7. N ; . o '
A bybrix a:rx T , which by the Nature of
xx+ : . .

e Queftion is to be 2 Minimum.

in the fame Rotation by

The Fluxion of the Numerator f’*b{bﬁ x*—arixh®

+ br s 2br’xx——2h‘r=:;, which_imultipiicd into -

the Denominator x*4-r* gives zbr-’x‘:;——nb’r‘x’;{-
{ abrxx—ab'rx. |
And the Fluxion of the Dcnominétor %+ is
2x%, which multipticd into the Numerator r*b{~
brix* — ar*b*x J br*, will produce n.ibr‘*m; +
2br’x? ;r——4b"r’x‘.;:+2b3r}x:; ;- the Flaxion therefore
ofthé Refilanee T2TArw —arabibie

. et

Eiu..;a;s._ .
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. abYtxtx—abirtx—abierixx .
is = o, if a Minimum,

“b‘_‘_rzls
whence ab*r*x!x—ab’r*x —2b’r*xx=0, and divi-

ding by ab'r*x, we_fhall have &*—r*—bx=0, or /
x*—bx=r*, and adding :bb, or the Square of hal

the known Cocfficient b, to both Sides of the Equa
tion, it will be x* —bx - ibb=r* + kb, and

Evolution x—ib=r>F1bb's, now QS8=»—1b,

ion, given by 8ir Ifaac Newtos

Bife& the Altitude OD in Q, and uce
to S, fo that QS may beequal to QC, and $ wi

cQ= r*+ 1bb L whence follows that cafy Conﬁru:{

be the Vertex of the Cone whofe Fruftum is fough

Now, if #=66,9, and r=3 3?, as in the Solid
whofe Refiftances we have_compared before, then
0S5=80,673 FD=5,6009 AE=r1,4216, and the Re-

fitagce of thg Fruftum will be 41045, and ite Solid

Content 93435, by which the Refiftance being divi
ded will give 43929. - .

The Refiffance of the infcribed, Cone generated
by revolving the T'riangle OCD about the Axis QD

nerated by the Parallelogram KEDL in the Same
Rotation, in which the Altitnde KE is equgl to

9_%"____12@ == 13,3053, whe.qcc the Refitance of the

Conc will be 46444 : its Solidity is on¢ Third of |
the circumfcribed Cylinder, or 77841, by which the
Refiftance being divided will give ,52720.

And

.is reprefented by the Solidity of the Cylinder ge- {
\
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And the Refiftance of this Cone, to tﬁe‘Rcﬁ&ancc

3

of that Fruftum of a Cone of the fame Bafe and Al- -

titude, is as 46444 to 410435, and its Solidity to the

Solidity of the Fruftum no more than as 77841 to

1 93435

', And from this Conftrugtion of the Fruftum of the
ne of the leaft Refiftance (as Sir [faac Newton ob-
rves) it follows : That

f a Solid be generated by rc_volvilt:F any Curve
an Elliptical or Oval-like Figure DNFB, Fig. 16,
about its Axis CB: and another Solid be generated
y revolving DINFGB about the fame Axis, in which
B is Perpendicular to the Axis,and FG be a2 Tan-
t to the Curve in the Point H, making the An-
¢ FGB 135 Degrees, the Refiftance of the latter
lid will be lefs than that of the former: And
is will appear from the Confideration of the fore-
oing Conftru&ion of the Fruftum of the Cone which
eets with the leaft Refiftance : For, if QB were in-
nitely fmall, it is plain that FQ=QP, or the An-
le FPQ=43, or Angle FGB—135 Degrecs.

Let the Curve DNFB be an Ellipfis: Thin (as
was obferved before) the Refiftance of the Spheroid
may be expreffed by the Content of the Solid gene-
| rated by tﬁc Rotation ¢f the Curve LMC about the
fame Axis; and that.of DNFGB by the Content
of the Solid generatyd by LMEQO i the fame Ro-
tation : where univérfally ME —QF —-GB, and GE
=EO==1 BC, becayfc, FPg =2 F Ql%and by the fore-
going Mecthod of cpmparing the Refiftances of the
Solids it will be 2 .FQq :: CB . :CB=MS.

'Ez ' Let

|
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Let as before, b denote the Altitude CB, p the

Semiparameter, y an Or&inatc, and put ;’_ =¢.

2

as was fthewn be-

AL
The Subtangcnt will be === Th—gpy!:

fore, in the Inveftigation of thc Refiftance of the /

Sphermd and in this Cafc _-:-__—_: = 5y, and dl—
bb— e) iy

1,2

viding by 5y we fhall have 57— bh J ¢ '_. I, whcncc
yie* =bb—eyy, or yie*+y c_.bb and d1v1dmg by

¢ {-c,y = eie but e*fe= ? cqual t
Bpb B rh
B e e T B Ia+p
bl
abovc, and by Evolution 1:1; p =y = QE

-And to find the Value of QB = «; -\-—-

— b* ‘

".:..‘ﬂi‘_""_‘ or 7-1-? = 2bx-+x¥%, or Whlch i the famc,

» wx—nbx = — T,and by compleating the Square,
, b* .

xx—2bx4xx= bb — - !:; by Evolution

b—x

.



w— ——| or b— bb — —1
et1 1
. bbx b
—_—= L. _—:—-z--f-p-,now bbx_..?. :

ol ?
-I-l”. et1 | P+I

5 —_E'r
=¥X:

. . ' ;
-2+1=£;;£, therefore —l—’l-ai ::-2—

? e+1 T bp
b,_ ' ’ll: b; ;
—_— —_——_——| =] =
b bb. e b’*’P\ X =
iffa,

if we put b=66,9, and p=16,6085 as |
n QF = 14,8654, GB=38,8775, and !

by the Help of which the Refiftance
flum of the Cone gencrated by FGBQ
ion about its Axis will be found to be 315

i Refiftance of the Solid generated by F
fame Rotation will be found 32989, wh
d from 65603 the Refiftance of the wk
1, leaves 32614, to which if we add 31
have 64141, the Refiftance of the Solid
by revolving the.Figure DNFGBC ab
e Axis CB: which is to the Refiftance
sroid, as 64141 to 65603, oras 64 to 6

be given Curve DNFB, Fig. 17. be a Ps
it the Semiparameter =4, and the Altit
s before : then, if the Angle FPQ be an.
5 Degrees, FQ==QP=a, and BP- QB =(
, whence the Refiftance of the Fruftam
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the Cone generated by the Rotation of FGBQ_about
its Axis, as reprefented . by the Solid generated by
the Rotation of BSMEOC about the fame Axis, may

be exprefled by ¢ x 1 bxyy x -'3! (¢ Randing for the

}

Ratio of the Periphery of 4 Circle to its Diameter) i

= S —oex 3 byy=ox 3.

| cx#bx —4--::‘x 3 Iryy_...n‘( 8 baa,lor S th
Refiftance of a Cylinder whofc Radius of the Bfic
18 SB, or the Semiparameter.

And if we put CB=66,9, CD=33f, as before,
then y=a =FQ =8,3042 ; 37 =as =68,9608, an
the Refiftance of the Fruftum of the Cone generat
by FGBQ_in its Rotation about its Axis will co.
out 9058 : And the Refiftance of FBQ in the fank
Rotation will be found 10044 : the Refiftance of t
whole Paraboloid gencrated by CDNFB was thew
beforge, to be 41369, from which if we dedu&t 100 ,
there will remain 31125, to which if we add 9os84 |
we fhall have 40183, the Refiftance of the Solid ge-}
nerated by, revolving the Figure CDNFGB, abo
the fame Axis CB, which is to the Refiftance of th
Paraboloid, as 40183 to 41169, or 40 to 41 nearlyg
And this Propofition, Sir lfaac' Newten fays, he fup-
pofes may be ufeful in Ship-Building . = but, with "
this Remark, that - . o
f

If the Figure DNFG, Fig. 18, be a Carve of fuch
a Kind : it from any Point N, a Perpendicular NM
be let fall on the Axis CB, and from a given Point
G be drawn a Right Line GR, parallel to a Right
Line touchinﬁ{thc igure in N, and cutting the Axis
produced in K: MN will be tc GR, as GR cubed
’ ' . to
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x GBg: the Solid generated by revolvin
jurc about its Axis CB will meet with lefs
ce than any other Circular Solid of the fame
} Alditude: and bere it naturally follows,

PROP. IX,

veflsgate the Property of a Curve,
ih revoloed about its Axis, gine=
s @ Solid of the leaft Refiflance.

ras obferved in the foregoing Propofitio
t when the Altitude of gthtcngF ruﬂm of nfa’
" the leaft Refiftance becomes infinitely fhort,
¢ of the Cone will make an Angle” with the
7 45 Degrees, and confequently a Tangent

in the Head of the leat Ordinate of the
fml:ght will cut the Axis produced in the
ngle. ‘

CD, Fig. 19. be the Axis of the Curve, IE

: Line Parallel to the Axis, and the Points K

given ; draw the Ordinates KC, NM and FD

y oear to.cach other, pat the Ordinate NM

id. KI =4 invariable, and let the Variable

%gs be CM=x, HF=¢, and the leat Ordi-
=G . . .

o if the Force of the Fluid friking directly
at the Diftance IC or NM be called &y, then

Ladr i dy . d‘igxt,’thc Rcﬁﬁanccoﬁthc

encrated by the infinitely lictle Part of the
N in its Rotation about its Axis. And

A

1
"
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" And becaufe HN=HF; 2¢¢.¢¢ : : ne . ::_ ’

the Refiftance generated by NF, and the Refiftance
of DF will be 2 ; the Refiftance therefore -of the

contiguous Parnclcs of the Solid generated by KNFD
in its Rotation about its Axis may be reprefented b

d; .
’ - — & +'m » which is to be 2 Minimum,

ad’y x. netne—any
d"+x"l‘. . 2
but CD is a conftant Quantity, therefore —x= 3
and CD — x = N\/I-n, therefore x-—ﬂ, whenck

Fluxion therefore is —

m-l-m-l-zrm xc —m-{-zrm x¢+m .
= == sandthent

2 2 .
' a.d’]x;

Fluxion of the Refiftance will be — porwl

x¢+ﬂx ) . 2d1yx e

= 0, and dividing by x;

+4-n
FTx 2 {
_+__ ., =¢+#, and becaufe ¢ is mhmtely
| in
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4diyx

in refpeé of #, TR = 4d yx=a" 4%\ xu, or
ad % . d‘——f:c{’ ::m .y, but x is the Fluxion of the
Axis, and 4 the Fluxion of the Ordinate : therefore
if GB=a, and BR=3, be the Legs of a Triangle
fimilar to the Fluxionary Triangle IKN, it will be
\44’% . a*}24"'z"+2* 1 5.y, and 7 equal to
*t-2aaz21-34 P o . .
+ 4_‘”2‘_":5. X —, ‘whereby it is plgm that Sir
Ipac Newton’s Property of this Curve makes the
Ordinatc #=s the Parameter, and then it will
\be; MN to GR as GR cubed, to. 4BRxGB fquared.

And tho' a Curve defcribed by this Property wilt
proach nearer to the Axis, than the Point where 2
M'angent makes an Angle with the Axis of 45 De-
rees, and recedes from it again, becoming then con=
vex towards the Axis, yet after it has pafled that
Point it will not generate a Solid of the leaft Refift-
anec j becaufe it has loft one of its chicf Properties.

Befides, if DNGB, Fig. 20. were the Curve, then
DNFB was fhewn to refift lefs than DNGB, and the
Fruftum of the Cone generated by NFB in its Rota-
J tion about its Axis MB, would refift lefs than the
¢+ Fruftum gencrated by revolving N H B about the
i fame Axis in which MC=CB and CS=CN, which

is abfurd : becaufe, this was fhewn to refift the leaft
\ of all Fruftums of the fame Bafe and Altitude.

i

! . : L)
| ion=x, ¥ an Ordinate, its Fluxion y, GP=s, and
BR =3, as before, then in- the fimilar Triangles IKN
and BGR, it will b:FGB .IK::BR.IN, or
- _ )

) - Ifweputx for an Abfcifla of the Curve, its Flux-

SO S IS IR
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“

a*+adazzt’ 4

‘.;:-‘ac;-— —-but’— =
4a0% 4%
.
. -{- +—~ tthluxlonofwlnch isy ==3L
4aa

+ ——4_;, whcnccxor 333 4 -—(

9% the ﬂowmg Quantity of which is ¥ = ;—z:- +
“ .

_;... — x Log. =, but when =0, then z=a4, whic
4 - -

. 164° 46
_‘..xLog.ar.-:]—a.].-f-ax . @, which bcmg
4 16 ¢

'fubtm&cd from 3"- + = o« — X% Log. z, lcavcss
: 168  4a 4 \

- 32" + 2 .IZ; — 2« Log. :~ , the Abfcifla

168 ' 44
!1uluincd

P e Y

(Y
1

(
And puttmg GB=4=1, it wxll be 4« . 1+z o
142 .y the Ordinate : and 16 . 3z’f4 12 . 42b, 1

from which fourth Tcrm fubtra&mg 6 + 2 Log

leaves
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leaves the Abfeiffz proper to the Ordinate found as
above.

PROP X,
To Invefligate the Refiflance of a Sold

. of the leaft Rg/i/fame turned about sts

Axis.

LET ENGB, Fig. 21. be the Fncrating Fi-

gure, draw KF parallcl to the Axis QB, mect-

Zing with the Carve in N, draw NM perpendicular
{ to the Axis, and NI perpendicular to the Curve,
and the Force with which a Particle of the Fluid
rili‘i:ig dire@ly on the Perpendicular Head ‘of the
)Cylinder in the Point F, is to the Force with which
iit would ftrike obliquely on the given Solid in the
Point N, as NIz to NMg, or becaufe GR is paral-
lel to a Tangent applied .in the Point N ; a8 GRg
to GBg, and putting BR =2, GB=4, and confequent-

ly GR—= 2ztadlt, and taking any determinate Quan-
tity as the Altitude QB=»4, as before, it will. be GRg

.. ' . aah
.GBq..QI_E.HF,qrz.z-{-M.aa..h.m

and if this be done in every Point of the given
Curve, the Poiot H will defcribe the Carve OHD,
and the Refiftance of the given Solid - will be to the
Refiftance of the circumfcribed Cylinder, as the Con-
tent of the Solid generated by revolving the Figure
QOHDLB about the Axis QB,is to the Content of
the Circumfcribed Cylinder.

Fa '.,Iiue
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" Put as before HF= —%%P_' then KH=b —
2&+-aa

z.:.faa = z_z_-z{_b__’ the Flaxion of which is-

. \

.adabzz P ‘
poppray snd put the Bafe = o X !?ut by the

» 4 togarztat i
Property of the Curve y= z +4aaj .a , when ‘
KV “+Qaazz+a : ;o]
ar N =5 Tatan whnch multlphcd /

-
. .« —— (
. . agabxz . ¢ 2aabrz zz taal’
t 2 7 - =
1nto -T-'z.z. >y gves i ,x .m_‘z,z,+da 162 22 S
becaufe 7 x bis conftant, it may be omitted, and
Jp—
then it wnll be 20423 x 22tae _ ultlp'ledby{
10a* 2z

. 2z 2z "”z‘

- z*t2aeztat = s | 2 + % the Fluxion /

~of the Solid ; the f LA
¢ Soli e flowing Qantlty of which is 3200

+ % + 5; x Log.—to which if we add the Cylin- \

der
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der generated by the Parallelogram ADBL, in the fame

z.z,-#-aa" a3

1662  zzdas or
P A o Lidin - ki AT 3z
4.6441.:. o 164°2* . 164 T 16

36" 4 8" 3___ 3‘
73,+ 6 5 we !hallhavc +7

)16 3 + XLOg. , but when 2=4, it wiu

Rotation, which in this Cafe is

' W e 2
‘g 32“" x6+75'+x6+ g *Log 1,00 7

vfhich thould be 2*, but-is deficient % a*, therefore

17a* a4

)

3 4 5 b = =
F‘24“+16+ 2 +16 xLog ~ is the
ruc Fluent, which multiplied into -:—r x by gives

he Refiftance cnquircd after.

the Refiftance of this Solid will be 37265, the Soli-
dity of the circumfcribed Cylinder being put for its
Refiftance,

)
ﬁ S PROP.

Rf And uttmgb 663 and =33}, then £=12, and
0
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PROP. XI
To Cube the Solid of the keaft Refiftance.

UT the Radius of the Bafe NM=y, Fig. 23,8

_its Diameter 29, and let ¢ be a ftanding Ex-
reffion, fhewing the Proportion, of tht Area of
&rclé to its circumfcribed Square : the Area of
Bafe will then be ¢x4yy, but becaufe ¢ is a ftandjhg
Quantity we mayomit. it, and call the Bafe 497,
if the Altitude r{m of the Solid be % ; its Klu

» multiplied into the Bafe will give 49°% the FI

ion of the Solid.

- But by the Property of the Curve, putting BR=¥,
-’ —_ 1* 424512+ dTwhcncc 4yy. will be ¢qual
qoae L ¢

2’ mz‘+6;‘z4+4ﬂ“’+”' , and ;.cquél to (

T 444‘1- R v

3242} 242%2 —a*z
4a’z
4

’ whcncc 499% will become
.. . e e . I%. '
3e 2214422 12425442 342045252 4-54° 292 — 24 °3 22 —a3
"~ 164'% 2 '

the Fluxion of the Solid ; by Redu&ion equal td

1822 _7‘11 15':1 _5131, Sare 43;. :
ot T Tttt —

- . o - . @8
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-!3-— the Flucnt of Whlch is -3— -|-

258 534 W: _ -_ a°
96a° l- 16a + 32 x Log 32z‘ ’

ow, when g==a, the wholc, which ﬁxonld vanifh,

AT
va 2 5a3 . 305 X 54‘ . 3 P 343
Hta T T e T Tk
3
-1;! %’4’ + B2 73;' ;‘_g.é x ', which being fubtradt-

from the flowing Q:anuty tound as above, there

38'° 78 353‘ 52t 54’—
will remain o ke b 964’ 6o 4 =
L 3:; — 8-;2: — %’-xLog. Z, the trae Fln-

' of ‘the Solid.

z=12, and the Content of this Solid will be 106360,
. Py whxch the Refiftance 37265 bcmg divided, we
Thall have ,3,50376.

H-. PROP.

nt, which multxphcd into ¢ will give the Content

~ And putting b=66,9 and y=33; asbeforc, then -
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PROP. XIL |

Tbe Altttade and Bafe of 4 Cone bein g
given, to defersbe a Trapezium, wbo/e
Altitude and Solidity generared by sts
Rotation about its Axis, [ball remaiif
the [ame as in the Cone, and its
Sance be the keaft of all Solids of
fame Altitude and Solidity, genera
by any Trapezium whatever in st5 Ro
" tation about the [ame Axis.

+

ET the = Tﬂanglc ABC, Fig..a
rcprcfcnt t c givea Conc, and ' ABFD ‘the Tra
EcBuum, put thq Axis AB-—b, ACcp, .uAD—y,

. "

the Triangle CAB-about the Axis AB be call

If the Solidity of thc Cone gcncratcd l})ay revolvin
ﬂ; b . The Content of .the Solid gcncratcd by ri

volving thc Figurc ABFD about thc fime Axis will

bc wo—yyx-t y;x , and if this be cqual to thc So- '

. S (.
lidity of the Cone, then P.‘:-b =yyb—yyx 4 _y%x and
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36bp*x* x—16Fp*% xf-ab*p'x=0, and dividing by
ab'p*x it will be — 9b*x+18hx*—8x | p'b=0, or
'8x° —18bx*+9b*x=p"4, and dividing by 8, x* —

—z— bx 4 -g— bx = gé—b- , which Cubic Equation
being folied will give the Value of ».

And if we put AB=b=66,9, and AC=p—33};
as before, thmpEB'—'rx=46,l,9 EF=y=26,17, and
HB=16,308: Sothat the Reliftance of the Cone being
46444, as was fhewn before ; the - Refiftance of the
Solid gencrated by revolving this Trapezium ABFD

about the Axis AB will be 35101 nearly.” And this.

may ferve go & general Hiat, that the Refiftances of
Solids depend much ypon their greasct tranfverfe
Sections, and it is probable from this, fome ufcful
Obfervations may be made. .

FINIS
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