ﬂwwow

the whole refiftance, et 4=y, then 2pumyq x L g BTVE>

Skiali
but 7 g* =, great circle of Iphere

2 3
: =¢’, which being fuh-
ftituted in the %owmm.omb

& expreflion, gives (he refiftance —

ftance of 3 globe is juft half the refiffance of 5

oves in the fame fluid

as the globe ip the dire@ion of its axis, and with the fame

d&o&&a
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Such a fluid ag has been hitherto confidered is not to be
found, confequently the refiftance of fluids which altually
exifts, to bodieg moving therein muft be different from what
was found in the forgoing Femarks.  We fha confine our-
felves nvwmm% to the air, whofe refiftance ig the obje& of the
prefent enquiry.  We' ape firft to obferve, that the air is a
comprefled fluid, apg prefles €qually on a]] parts of a body
placed therein, f that it is impoffible that this preffure can,
produce motion in 3 body which is at reft, but the cafe is.
different with refpe@ to 3 body in motion, where the im=-
pulfe of the firoke againft the particles of the fluid mug pe
taken into the account, as well a5 the preflure. Indeed, if
the circumambient fluid continued every where round the
body of the fame weight, the diminution of the body’s
motion would proceed from the foree of the firoke only ;
and this is nearly the cafe in floyw motions.  But if the body
move with great celerity it puts the air into a very fenfible

Motion,
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i lure is altered from what it was,

moon. a.dWmnmwwwMWM%MmMWM Mc every part of the Mvomm\.
and remains wam M.Jﬁwnm of the body is altered, not om.% ;mM
o f the air, but alfo by its preflure. .wumz WQ;&
e ﬂmmmmwwnmﬁwogm to the hinder part of nWa M»MM%W k %mwm
] H\ . - - .
Mw“rms it was at reft it was juft as BCMWWM - vcty ook
Wm backward. But s&.mb the vomWowwma mMm ey e
e e ! Mw%cwmoohwmwgwgmm mwnﬁ. but the mmm@mm
- anm%q mmww% 18 not caft off nor avoided in the wman mn:oub:
omw"wws% Mw%amoa the refiftance on that part muft be

ner, |
Heely W.Sonnmmmmn.w concluded, that if the ﬁmo&q be di-

.ﬂmbnm Che o effure on the fore-part will waz, be wﬂmwnﬂ
pumifhed, %M.@nm.. art; and, therefore, the wmrmmsnm %:q !
HWME. o m.rn Hmm omwm Méamnmn than what the @omvww ch mnl
from the {1 ke onl mumnm:ﬂm the air incumbent on t e »owml
from the mwo dy is Wmmimn than that behind. There is m%@.
part o men . Mpmmbom in air different from water, or o her
Bm.lmmz.o mzwwwm that it may be comprefled into a Mw: n
Py e MM anded into a much greater than <M i
lefler .@mmo..non.umﬁ%.& ftate, and therefore it may dmm,% GM a
%%MWMWMWMW to its denfity. If, ﬁw@m@ww.mwv@“ %M UMMM e
i gh the air, and drives th:

JWW.E mwmwwﬂn &MMNWWMWOJWMWMQ mmmwﬂ. Un»;o%mﬂ mawwwm @MM
N i reflure of the a

bind i one Wom‘mwwwmmwwmwﬂsm_ confpire with the ﬂm.mwoﬁ
e :m& by the greater number o.m .&6. particle
e onnmmwsnmrm vmm%.m motion towards diminithing Hmm Mm..
i@nw ovwomgm the fluid becomes denfer vm.moﬁ Em ﬁozww
Mmﬁwwﬁnwﬂmgw increafes, it is fufliciently evident, tha

as its

o ;
w ~U 2 ﬂﬂwu,:urw
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which is commonly received, agreeable to My, Robins%

affertion.

Hence it appears; that a body moving in the air is oh..
arifes from the firoke againft

firu&ted by two forces ; the one

the particles of the fluid, which is properly called refiftance,
and the other from the unequal preflure, Although both
thefe forces muft be taken into the account in determining
the body’s motion, yet it will be Proper to confider them.
leparately, as they proceed from different caufes. Vye will
firft confider the force of the firoke, by which the body
loofes as much motion as it communicates to the particles
of air, for juft {o much force as is requifite to give motion.
to the particles of air, is exerted againft the body towards
the contrary part, that is, towards retarding its motion.
Here it is eafy to conceive, that this refiftance muft be lefs
than what it appeared to be by either of the two foregoing re-
marks. In the laft cafe, where the elaftic particles were {uppof-
ed to bound away before the body, the expreffion for the refift-
ance was found =to the weightof a cylinder of the fluid,

whofelength is = 4o; but,in the firft cafe, where the particles
are fuppofed without &mmmom&w and to be drove forward with

the fame velocity as the body, the length of fuch a cylinder
Is=29. Whena body firikes againft the particles of airy

they neither fiy off direcly before it, nor yetare pufhed on

in the fame dire@ion with the fame velocity as the body,

but glide off fideways, without acquiring any great motion;

unlefs the body moves very {wiftly.

Since, therefore, the particles of air are not put into fo
great a motion as was {uppofed in the two foregoing cafes,
the refiftance muft be lefs than the weight of a cylinder of
either the length 49 or 2 v, and. for this reafon the refift-

anca
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. . "
f the air to a plane=c¢ * moving with the velocity
ance o

: he
—. endicular to the air, has vmﬁ.u Enmwcammvwmmwrﬁ
'\e mﬂ,m. column of air, whofe bafe is =c¢?, m%y . %mu
QQWEHM rMm been found by experiment, nwﬁm a bo wcws >
5 ight of a co
equal to the weig .
- ?mnwm Mm wwmmm%ﬂnw H@eu, and fince .90 wm«ﬁ&.mm Mm AMNMM
ém%mwwwqmooom air give way to a moving body Eww M fame
- r, it has been concluded, .ﬁrmm the reli Mmq
Emwsﬁmvmmm fluids is to be treated of in the @Bw mmmm.H oﬁ. -
vowb order to attain a clearer conception .om %Wcﬁw%ﬂﬂmw ¢
\ a
a that when a body moves in id
i) oE,NMMW it is acted on by the mm.Bm force as if Hm mmo;
mmmﬁwwm Qn%mcwm flowed upon it Aﬂ.ﬁw the HwB.a MMW ow oN..
o {uppole a veflel full of water with a rorwmb the bot-
o cmms%mwmm hole to be prefled clofe with a bmguEBm
wwqm the finger {uftain a preflure equal to that of .m«wwo me
%ﬁmﬁan whofe bafe is equal to the hole, M:mmwﬁm vmmwm
0 that of i If now the finger -
of the water in the veflel. : :
to %&M,No a very {mall diftance, fo that ﬂ?w, water may m.mmwm
Mﬁoqwm upon it, one would be apt to conclude, that %ormbcww
%ﬂmwﬁ% the acion of the {fame force as ,c,mwoﬂq. | “.mﬁ m QMMT
{pouts out with a velocity a body would mnﬁﬁnnw ¥ Ll
ing wrﬁocqw a height equal to that of the water in the Ma ;
Hmm nrmﬁwmoqm the force of the water-fpout Mwmw.s mrw . MWMM
! cioh i f water, whofe bafe i
ill be =the weight of mkno::vdnho vh ‘
M”F and height the fame as a body mbc% wnwz SM@MMFOMMDMMQ
3 . 8 mm H
ire the velocity of the water; and the for Opir
W:WMMWM%MM& MSB&%. that the «mmmmsnwmmw ém:. mw mmomm.
1 , 1 linder of the fluid, whofe
vater 18 equal to the weight of acy . .
MMMMM is mv namely, that by falling through which the <w

locity is acquired. -



We (hall now difcufs thig fubje& more Particularly, by

iples, namely, that the refift~

Let CD (Fig. 14.) be at refl, ang the fluid move againft

1tin the direGion A B with the 4&00#% '\lw or that which

a body would acquire by falling through the fpace 4. 1Itis
evident, that if the particles of the fluid were to continue
their motion without obfiruction, the body would be no way
affected by fuch , motion.  But fince the particles of the
fluid upon approaching the body are forced to diverge, and
undergo an alteration both iy, the velocity and dire&ion,
therefore the body muft fuftain the action of a force fuffici-
€nt to produce both thefe changes. Let the fluid approach

the obftacle, and at Aa run with the velocity /3, and
there be forced to diverge fideways in fome othey direGion
as AaMm Now if 2 ray or fmall ftream of the flujd be
fuppofed to rup in the canal Aa My, ip this cafe not only
the dire@ion is changed, but the canal becomes wider op
narrower, according as the velocity of the fiream dimi-
nifhes or increafes, Let the fe@tion of the canal A a=—

1 , ams, and that
each move in 4 {eparate canal, Let the fe@ion M= 2,

and the velocity of the fuid matter at M m— i\..NM now fince
the velocity of a fluig moving through any canal or pipe, is

wverfely as the {e@ion of the fame, we have 2z '\ v:

)\wu or a t\thNl\m. Draw an axis AP perpendicular
0 AB, and put A P=y, PM=y, Let QN be parallel and

infinite] y
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U vy O\2|b\v

1

S e ! %, and if R be the
IN= x*+y Hxl\._+\\: ! £ the
then mwmmz E HM_Q uwwow curvature is the @Bc as that %mﬂcam
mmmﬁmn . M/MHMN ,sn thall have the radius of curvatur
canal at - 7L, X
MR = ix14p°1% %
i T . 1 N i [+ -H.H,
v t Bmmnn the particles of the mc.& MN \.\ wa .ngwﬂ
Now to f this curve, the force in the dire tion M
the direction of this EXTEAD
muft be to the weight of thefe particles as 2 v to — » . M
h g (if the weight of the particles be mmwamm)& by thei
that 1s,

20zp

. - FX14pAE .UNUN».QI\M.T%NTI zh
e '\TT%Q 0 ’ . the a«wwmmw
—the force in the dire©ion MR. Moreover as th

i imini ; to this
f the canal M increafes the velocity EESHMWmmMHWOb e
. L “
nbm a force is required, which a&ing in ﬁ.w% MaMNr o 7S
m.omama the progreflive motion of the fluid at s,
o :

; *xv ; *orT—=
force="T, then le\w.fu-xeﬂlu)x)\er%uon <
s Thefe two forces MR and » S are exerted at every
e ev.\m to change the courfe of the mda through %mrnw
wowb%aw\wﬁ ZMS to determine the joint nmwm@ Mw% wwm
o . into the conftant dire@ions
forces we fhall refolve each into thec e

14p*’

AP. The firftforce MR which was — gives.the force

Lt 1 if MN=w=.
. . . t, we have 3=px, and
* Since j=p# and & nomnmmw AXTFp_—Ex 1 4pd
w? - ; = e
WI\ 1+p*, then will gw.”lw@\l x*p -3

£y
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2025 o 2v2p5 .
= = in the direQion BA and —=—-"17_ __
42814 " : STy m
the direQion A P » the other force s S, which wag — 2,
N%@ , -

Vv +ﬁ»mﬁ the Qmﬂw@“mob w,mwu mﬂmi\nwllul
I ; -
PA; therefore the whole force

ey

gives

—

in the dire&ion

MN 77 in the dire@tion B A is — 293P 2o

P

14p*x /1 1 p=
in the direction A Q_is =———27%¢7 ha

ps———

==, but we
1 +.YX¢\.~|+M~+,\H +p*
£ b
have already fhewn that =2 »\e\f.. confequently the force
U
which urges the particles in MN % in ¢

. ~22pVb o % .
is =222\ — @e.a\:i“ the fluent of thjs expreflion
L+p° %V 14 Vuxit g

he dire@ion BA

figned. Inorder to determine the value of C
obferve, that when A P=o

great) and v=4, the whole force muft vanifh
P= ¢, and then {ha]] C—-2 ab=o,
therefore to produce 4 change
contained in the cangy]

and ooswm@cg&\ C=244,
in the motion of the fluid
Aa Mm,aforces is required in the dj.
am@mosw>HN§ml§KmH 2abxy1-_2Vo .

= Vs But
«,,Vz’.»’“ is the cofine of the angle MN O or the angle S B,

14p® T —

the radius being 1 : hence theforceis2ad x | — V2

l i XnOﬁ\\Nmm

—

and
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1 is tmpelled 18
is 1 5y which the body QU. is impelied
and JFWH.MMWMWN..OMWW mﬁm b exprefles the weight oMmM%.rMM
Mwn MMNTM fluid awmﬁmé whofe bale is=A a=z, an eig
er

. . ‘ch the
b 5 locity with which t
—2b: : 4 exprefles the ve :
Iw%, MWM WMNMM@ the body, or, which comes to &MM Mﬂww
mﬁmww the body againft the fluid. M‘?m mo%ww Mﬁwam@moa
D entl depends partly on th
¥ efiftance, dep ly on th eclios
Wmmwcqugﬂmrﬂ the mmnmo_mm of the fluid diverge fideways,
,‘ Mm_ artly on their velocity after Hr.m ftroke. (ke body
wmﬁ@uno it appears, that if the mEm matter amm‘w the body
mwﬁmmm {ideways, fo asto makea M_mgmw:u%m &HmﬁrMDmmwm:
ire¢tion AB, or that the angle #SB=g0°, .
EBM. mqnmwwoswoﬁnmﬂm a by and if this happens to all the m.w:m
%mﬂwmmwgnm lies in the way of the womufm.ﬁm ME.SW MWM M«MW.
fan und in th
for the refiftance as we fo .
wmwwmowxmmMmMWmmownm remark. The wﬁwm M:EM Wmﬂuwm M
w i 1 1 he fircke; but if ¢
d lofes all its motion vw.. t 3 but if

MﬂMDMMMWWﬁQ. the ftroke return in the memmanmewo%w
me with the fame velocity, then fhall the angle m SB=1

v 4, ill be=gq 44, the

= ./ b, therefore the force will .
WMM@W\quW WMEM& in the other cafe of the foregoing re-
Bmm.m .ﬁrn velocity and dire@ion of each thread A s of MWM
fluid which moves againft the body B D, qumm M:M%%Mb&
. . ot ]

f its altion againft the body might be c
M.Mn%m%m purpofe, it is not neceffary ﬂoHWDOS&rm ﬁ.&%%ﬂM
f the canal A 2 M, in whicl
the curvature every where o ca Mo Thich

but it 1s {ufficient if we
the {mall fiream Az moves, ; ont e e now

it in the laft point of the canal; fince :

MaMMBnM«N zww in the diretion AB is exprefled by

v Vo 2. b %
2abx1 imﬂwxnom. mSB, or becaufe Nk by za

Cc -
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a .
I=7 xcol. m 8B, where % denotes the width

in the Iaft point M, and (he an

the pofition of the laft incre
therefore only to

ed the laft of the
pals by the bod

of the cana}
gle 8B is determineq by
ment VN 7,

fix upon the point which is to
canal; if we go {o far
¥> and attain its firlt dire

It remaing
be efteem-
that the Auid ay

&Hon and velocity,
then thall =4, ang the angle »SB vanith, and therefore
its cof =1, then fhall the force alting on the body in the
direGion A B=osbx1_, =0, and the body fuffers ne re-
fiftance. i

%nonwm@onmm exallly with that at the
beginning of the canal. In €xamining into the reafon of
this, we are to confider more attentively the origin of this
force which ad&s upon the body ; we have feen that the
force of the part of the canal A Mo exerted on the body

N " . a a
in the dire@ion AB »mHnamxH!Mx.nOﬁ mSB

confequently will increafs fo long as the angle mSB ip.
creafes, that is, as § moves from Az, or {o long as the Cam
nal bends from the body, the force alting on it ip the di-
reCtion A B will increafe,

if the canal change
way, and tend towards
the angle M SB becomes

s Which

its dire@ion and bend %n.ooma‘ﬁw
the body from M to D (Fig. 15)

oosmb:m:% lefs, and the force di-
minithes, {o that whep D 4 becomes Pparallel to A 4, ang of

the fame width the force becomeg — o.
If the canal takes fuch a courfe it will he

confider each part-AM and MD feparately : the firfy part
A M bending from, and the other MD towards the body.
From the firft A M arifes a force which in the dire@ion A B

i8

neceflary to
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1 her part
o reffed by 246 x 1 !;Ml x cof. MSB. The ot @@,ms
oA a force which is oppofite to the mmww mmZ Mss
. ?.om;ommm to move back in the m:nmmpoo : ?WE Jow,
clines the be ? n can be produced in a body ﬁﬁw o
pecin e i Boﬁ”wm‘ this laft force can affe&t ﬁrmm Mm WM it
e c% M.m om the fluid behind it .cmnoBmmm,co iently
e s Mvm momw forward. Now &:.w preflur o
o e ‘&m.m.mama on the fore and .w:& part, that on
mMm m< wwmm%,wﬂmn?m n.oﬁ.,buyomq mnosm%mv ww,w%wmwwm Mou o he
force arifing from can have li
o ml,mmm W%ﬂnwﬂmowwﬂgw\pmwnn arifing mmonm the QVMW
iy vomww which R,m..:%,mmwm upon the body, is <mmmw SHM "
Mmmwwwwmmumw.mw%. arifing from the part AM, a

y tt ,

Zxcof. MSA. Tt
therefore be exprefled by 2aéx 1~ —x co

. id was of fuch a ftru&ure,
hence, that if the fluid w . es the

@w@mwmm MMM“M arifing from the part M D, ﬂ?owmmu.mo  the

e e direction BA could be fully e s

WOM% :.“n M«@GE {uffer nothing from the m%ﬂc% mﬁ This

DOAYs . - T ald not be refiftec e N

. tly would 1 !

fluid, and noowwwuwmm ,ﬁmm cafe when n.rn matter is _WMMMHM

Wmﬂ&# w@@Mﬂw:O comprefled by an Embnwm m.wnoom.sm noB%m

1Uid, an .4 3 hich the pianets B o

. fter 1n w

the ?.U.Emmnﬁmmw Mwma%.m and may be the reafon why no m:ﬁbT

mmove 18 © bferved in their motions. But that the air, wa Mﬁ

sﬁzosrwm owwoéb fluids are not of ﬁEm nature, mmwmpm.wm HW

and ot o reat refiftance, and fince, in thefe, the @m% & on

mnmmn aumJﬂ%m towards the body, can have very E%m ct MQmQ

.ﬁwaw .Omam the other part AM, which vns.m s the mnonrmm is

- EMWQW its whole force without oppofition, an

way . :

the reafon of its great Rmmgnmo But

c2



M. 196 )

But in order to jud
we {hall §€ more accuratel i
with 3 gi MMMNMWM“ a cylinder againft SMMM MWMSMm?:R»
eylinder, woMMM% Let OP«Q_(Fig. 16.) be half 1he
MSJ& fince whatever MMMMEWA%MMMM fhall confider this E&M
ame of i neerning it wi
o Emnmmwmmomﬂsnmn wﬂmm alfo. Let us oomnm?w M%Maw%% N
or water floe wmm. s Srowm. half width ig AH, mm%m HQQ\ ﬂ.o
againtt the by ﬁm.:mw ﬂtm canal with a given <&00N:.
vided into an NWm €t us imagine this fluid matter to b m.%
DE, &ec. ond o nite number of {mall ftreams AB, BC mumwe
will take about %wm mowmms what courfe each of thefe will
bend nearly as is re Mu, - H.ﬂ will appear, that they Ecm
&c. be the points mﬂw ented in the figure. Let 4, by, d, e 7
wards the wow . Oﬁ ere thefe fireams begin to nmnmnm Mog
points g, b, D.wmn. MVMHMMMMWM m.o?.wuw thefe fireams to SQM
for . K 0on t
mw% M«MM MH,M“,,MM w whole refiftance. “: rwwmwwww mﬁwmﬁﬁﬂm
foce its telifames ﬂ.mmmm nearly in a right angle, and 92‘ e
b the fpace m&, w1 @m.nmamu where # is the fection qm
nent fos meS to acquire the velocity of the ftream .Hm,a
b¢ does not bend fo much, and %m.nmwowm

its force will be lefs, th
» the force of th
&ec. become lefs as they are Bou‘mﬁwwnmwumam CD,DE, EF,

A, tll it becomes quite ;
‘ quite imperceptible :
mmmﬁ the wqwowm. force muft be lefs mr_mmww
mm Mm .mwm fluid matter of the fame ﬂrm.
and height 2 4, where 4 i
velocity of &nﬁ@&ﬂ o the fpace
What is faid of a cylind
. yvlinder, or fuch a bod ; _
Nl«l ﬁ - . * SH‘H AA i
WMEMMM ww_msm impinging on the mm:mnwnm% of MVM mﬂﬂﬁon
mﬁ%m %owﬁmn.. 85 .BM% be eafily applied to the other fi H mﬂ
e part be not flat, but floped or fharp, it is mmwwmmﬂ
harp, it i ensy

te from the center
whence it appears,
e weight of a m%:nu
cknefs as the body,
fallen to acquire the

1h

T
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fance will be lefs than in the foregoing cafe ; for
not bend at right angles, and the cur=
e remote from A will conftantly dimi~
cannot therefore agree with Mr. Ro-
that if the tranfverfe fetion remain
f figure will fearcely affed the velo-
ble, that the refiftance which bo-

dies of different figures fuffer in 2 comprefled fluid may be
determined by the foregoing rule; the only difference iss-
that the refiffance in the prefent cafe is much lefs than i
the former, and there is reafon to prefume, that the refift-
ance of a globe is half that of a cylinder, whofe tran{verfe
feGion is equal to a great circle of the globe; and we find,
that if we take the weight of a cylinder of the fluid matter
of the fame thicknefs as the cylindrical body moving for-
ward in the direction of its axis, and height equal to thata
body muft fall through to acquire the velocity of the body
for the refiftance this fuppofition will agree beft with

experiments..

the reft
the fiream A B will
vature of thofe mor
nifh as before. We
bins, when he fays,
the fame, the change o
city; and I think it proba

R E M A R K IV

We have hitherto treated of the refiftance of the body
arifing from its ftroke againft the particles of the fluid;
but, as we have already obferved, there is a particular cir-
cumftance which may increafe the refiftance, namely, when
the fluid matter prefies the moving body more on the fore
than hind part. So long as the body fuftains thefame prel-
fure on every part, which happens when the motion is
flow, the body fuffers no other refifftance than what arifes

from the ftroke of the body againft the particles of the fluid,
which



