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lest it should be struck by the stem that suspends the gun,
which would somewhar check the recoil. After the gun re-
turns from the recoil, stop the vibrations gently, without
touching the index, and look what division on the arch the
index points to, or stands at, which number will show the
strength of the charge. For more satisfaction, the same fired
charge may be repeated two or three times, and the medium
of all the numbers taken for the strength of the charge,

l

TRACT XXXVI.

RESISTANCE OF THE AIR DETERMINED BY THE WHIRLING=
MACHINE.

ArT. 1. Tne method of determining the resistance of
the air, as detailed in Tract 34, by firing cannon balls into
the ballistic pendulum, it was found by experience could
only be practised with the higher velocities; since, with those
that are below 300 in a second, the balls could hardly ever
be made to lodge in the block, but rebounded back, and thus
defeated the success of the experiment. To get the resist-
ances then to the smaller velocities, I had recourse to another
method, viz, to that of Mr. Robins’s whirling-machine, one
of which I was fortunate enough to meet with ready made,
being probably the identical one with which he made his ex-
periments, or at least it was made by the same workman,
under the directions of Mr. Ellicot.

2. With this machine, Mr. Robins made many experi-
ments before the members of the Royal Society, with the
view chiefly of confirming these two propositions : ¢ 1st,
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That the resistance of the air to a 12lb iron ball, moving
with a velocity of 25 feet in a second, is not less than half an

ounce avoirdupois. 2dly. That the resistance of the air,

within certain limits, is nearly in the duplicate proportion I
of the velocity of the resisted body.” This machine is de |
scribed in the first volume of his Tracts, page 202, &¢;
whence I shall here borrow the description, nearly in his
own words.

3. The two propositions above-mentioned, Mr. R. there
says, ¢ are in themselves neither unknown nor doubtful;
but yet, as they are the basis of some other assertions,
which have been hitherto constantly contested and denied, I
thought it requisite to evince their veracity by more unques-
tioned and simpler methods, than have been hitherto prac-
tised: for this purpose, I therefore caused a machine to
be made of the form represented in plate 4, which was
most excellently executed under the direction of Mr. Elli-
cot, and was completely fitted for the use intended, by

many contrivances, some of them not shown in the draw ing,
nor necessary to be particularized in this place. For, it is
‘ sufficient, for the purpose of the following experiments, to
' { describe its general fabric, by observing that BcpE is a brass
1 j g barrel moveabie on its axis, and so adjusted by means of
{1 friction wheels, which are not represented in the drawing,
| as to have no friction worth attending to. ‘The frame, in
i which this barrel is fixed, is so placed, that its axis may be
f 48 perpendicular to the horizon. The axis itself is continued
above the upper plate of the frame, and has fastened on 1t a
light hollow cone ArG: from the lower part of this cone
there is extended a long arm of wood GH, which is very

e

thin, and cut feather-edged, and at its extremity there 1s a
contrivance for fixing on the body whose resistance is to be

investigated, as here the globe P and, to prevent the arm
cu from swaying out of its horizontal position, by the
weight of the annexed body », there is a brace am of fine
wire fastened to the top of the cone, which supports the end
of the arm.
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¢ Round the barrel ncpE there is wound a fine silk line,

the turns of which appear in the figure, and after this line
has taken a sufficient number of taras, it is condueted hori-
zontally to the pulley ©, over which it is passed, and then a
proper weight M is hung to its extremity. If this weight be
lefe at liberty, it is obvious, that it will descend by its own
gravity, and will by its descent turn round the barre! scpE,
together with the arm Gu and the body » fastened to it.
Aund while the resistance on the arm en and the body P is less
than the weight m, that weight will accelerate its motion,
and thereby the motion of cm and p will increase, and con-
sequently their resistance will increase, till at last this resist-
ance and the weight M become nearly equal to each other.
T'he motion with which m descends, and with which the body
r revolves, will not sensibly differ from an equable one,
Whence it is not difficult to conceive, that by proper obser-
vations made with this machine, the resistance of the body p
may be determined.

4. ¢ The most natural method of proceeding in this in-
vestigation, is as follows. Let the machine have first ac-
quired its equable motion (which, as will hereafter appear,
will be usually attained in 5 or 6 turns from the beginning)
and then let it be observed, by counting a number of turns,
what time is taken up by one revolution of the body ®; then
taking off the body p and the weicht m, let it be examined,
what smaller weight will make the arm eu revolve in the
same time, as when p was fixed to it; this smaller weight
being taken from w, the remainder is obviously equal in ef-
fort to the resistance of the revolving body ®; and this re-
mainder being reduced in the ratio of the length of the arm
to the semi-drameter of the barrel, will then become equal
to the abselute quantity of the resistance. And as the time
of one revolution is known, and consequently the velocity
of the revolving body; there is thereby discovered, the ab-
solute quantity of the resistance to the given body p, moving
with a given degree of celerity.

5. ““ And note, that to ayoid all exceptions, I have gene-

i S
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rally chose, when the body » was removed, to fix in its stead
a thin piece of lead of the same weight, placed horizontallys
so that the weight, which was to turn round the arm 61
without the body P, did also carry round this piece of lead.
This T did, lest it should be objected that the body p retard-
ed the weight M by its quantity of matter, as well as by its
resistance. But mathematicians will easily allow, that there
is no necessity for this precaution.

6. * The measures of the parts of this machine, were as
follow :

Inches.
¢¢ The diameter of the barrel BcpE, and of the silk
string wound round it, was - - - - - - - - 206
¢ The length of the arm Gm, measured from the
axis to the surface of the globe p, was - - - =~ - 493

“ The body », the globe made use of, was of paste-
board, its surface very neatly coated with marble pa-
per, and was not much distant from the size of a 121b
shot, Deingiin diameter =< '=' & =t Tc el =ji= 04§
¢¢ So that the radius of the circle deseribed by the
centre of the globe, was - = = - = = = - - 51'75
7. ¢ When this glolm was fixed at the end of the arm, and
a weight of half a pound was hung at the end of the string
at M ; it was examined, how soon the motion of the descend-
ing weight M, and of the revolving globe p, would become
equable as to sense. And with this view 3 revolutions being
suffered to elapse, it was found, that
The next 10 were performed in - 27°%
5

20in lessthan = = - 55
RO L= e L R L RSTES RO,
So that the first 10 were performed in 273
gnd 10in - - = - = 27%
grd 10in =~ - = =" =" 27%

¢ These experiments sufficiently evince, that even with
half 2 pound, the smallest weight hereafter used, the motion
of the machine was sufficiently equable after the first 8 revos
lutions.
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8. ¢ And now, to prove the two forementioned proposi-

tions, the following experiments were made; the times mark
ed down being observed by several stop-watches, which rare-
ly differed balf a second from each other.

¢ The forementioned globe being fixed at the end of the
arm, there was hung on in the sitnation M a weight of 31lb,
and 10 revolutions being suffered to clapse, the succeeding
20 were performed in 21”L.

¢ Then the globe being taken off, and a thin plate of lead,
equal to it in weight, placed in its room ; it was found, that
instead of 3z1b, a weight of 1lb would make it revolve in
less time than it did before, it performing 20 revolutions,
after 10 were elapsed, in the space of 19 seconds.

‘¢ Hence then it follows, that from the 31lb first hung on,
there is less than 1lb to be deducted for the resistance on the
arm, and consequently the resistance on the globe itself is
not less than the effort of 21lb in the situation M ; and it ap-
pearing from the former measures, that the radius of the bar-
rel is nearly % part of the radius of the circle described by
the centre of the globe ; it follows, that the absolute resist-
ance of the globe, when it revolves 20 times in 21”% (which,
if computed by the measures given above, comes out a ve-
locity of about 25< feet in a second) it follows, I say, that
the resistance of the globe in this case is not less than the
<% part of 2tlb, or than the X part of 36 ounces: and this
being considerably more than half an ounce, and the globe
being nearly the size of a 12-pounder; it irrefragably con-
firms our first proposition, ¢ That the resistance of the air
to a 121b iron bullet, moving with a velocity of 25 feet in a
second, is not less than half an ounce avoirdupois.’

9. ¢ The next experiments were made with a view of
examining the 2nd proposition. And, for this purpose,
there were successively hung on, in the situation M, weights
in the proportion of the numbers, 1, 4, 9, 16; and letting
10 revolutions first elapse, the observations on those that
follow, were as follow.
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* With 1lb, the globe went 20 turns 1n 54"%
that is, it went 10 turps in 271
With 2lb, it went . . 20 turnsin 27%
With 41lb, it went . . 30 turnsin 27%
With 8lb, it went . . 40 turhsin 27%
 So that it appears, that to the resistances of the propor-
tions of the numbers 1, 4, 9, 16, there correspond velocities
of the resisted body, in the proportion of the numbers 1

(2
=)
3, 4; which proves with great nicety, within the limits of
these experiments, the 2nd proposition, ¢ That the resist-
ance of the air, is nearly in the duplicate proportion of the
velocity of the resisted body. Thatis, it is 4 times as much,
when the resisted body moves with twice the velocity; 9
times as much, when it moves with 2 times the velocity, and

soson’, '’

10. Having thus given Mr. Robins’s deseription of the
whirling-machine, and the experiments that h-\_ performed
with it, which will serve sufficiently to bring us acquainted
with til\, nature of it; proceed we now to take account of
my own numerous and varied L\I,Lllnl(iilb niade with the
same, in the years 1786 and 1787.
been cleaned, and put in proper order, so as to cause it to
act very perfectly; I procured to be made three hemi-
spheres of pasteboard, of different sizes ; both to try the re-
sistance to bodies of di['t't"'en'. magnaitudes, and the difference

The machine having

of resistance between the plane circle and the convex side
of the hemisphere. Thc weight and dimensions of these
three hemispheres were as below.

Diam. | A:Llul lllt]l. in | Weicht.

‘ inches 8qr. inc, oz dr
1| a5 | 17 2 5
2 l 5:1 212 7 1
31 6°3751 382+0 4 3

Having made also three small and thin bits of lead, shaped
‘e.xtim-r'dcrcd to fix on the arm in a horizontal position,
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when each hemisphere was taken off; to find the resistance
to the arm, and to obviate any objections, for the same rea-
son as Mr. Robins had done before ; the arm was fixed on,

s to the

with the brass wire, strained from the top of the :
end of the arm, to sustain it in the horizontal position.

May 1, 1736.

LB g:m to take the necessary dimensions of the parts of

the machine, Measured the diameter of the axis two difierent

» 2. mean of

ways, and each way several times over, t .
them all. One way was by means of a sliding shot-gage,
which measured diameters very nicely to hundredths of an
inch, by taking the diameter between two parallel arms,
made to slide a ‘l(mg a stem, divided into inches and 10ths,
and these into 10ths again, or the whole into 100ths of
inches, by means of a nonius. In this way I took, several
times over, and always the same, the diameter of the bare
cylinder, without the silk thread wrapped, and then again the
diameter including the silk thread on both sides, which is 2
diameters of the thread more than the bare (*_:‘Im:_i._‘]'; viz,
Diameter of the cylinder alone . . . . 206 inc.
Ditto and double diam. of the thread . . 2-11
Theref, diam. of cyl. and 1 diam. of thread 2'085
And radius to middle of the thread Ay o B
The other way was, by making the machine turn rdund
exactly a certain number of times, and measuring the space
descended by a weight at the end of the thread, as ii. un-
wound from the cylinder; then the space so descended be-
ing divided by the number of turns, gave the iength of one
round or circumference of the eylinder and thread ; and this
again divided by 3-1416, gave the diameter of the cylinder
and thread included, This operation being often repeated,
and always nearly the same, the medium of all gave for the
diam. of cyl. and thread 2092, therefore the ..Ldnh of the
same is 1046, which is only ‘004 part of an inch more than
that by the former method ; and the medinm of the two is
1:044,
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May 2, 1786.
Barometer 30:05; Thermometer 51,
12. Measured from the axis of the cylinder to the centre
of each hemisphere, when fitted on the arm, and found them

as below, on the line of radii; thence are found the follow-
ing lines of circumferences, &c.

Ne 1. N° 2. N*s.
me. me. mc.
Radit Ak 5242 5274 5334
Diams. . . 104'84 10548 10668
Circum. . $29:36 33188 83514
Ditto feet . 2747 2162 2793
Ratio of radii 502 " 505 51°1

The last line being the ratio of each of those radii to that
of the barrel and thread 1:044, or the former divided by the
latter.

The hemisphere n® 3 was then fitted on, and actuated by a
small weight of enly 130z, or 1oz 12dr, that is 130z sus-
pended at the end m of the thread ; opposing first the round
side to the air, and then the flat side; when the number of
rounds, and corresponding times, were observed as follows,
both now, and in all the other experiments, by stop-watches,
and a peculiar clock made for the purpose.
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ith Weight at M = 28 dr = 1 oz 12 dr.

14

Convex Side Foi st,
i Turus Time Diifs,
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| 1.1 30% :[ T . e
l 10 18 175 | Note, that the resistance
I 13 Ji ; T of the arm is still wanted to
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e e 221 * || be deducted from these re-
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| —|| sistances, and then to be
| ]
Saead -
! A hl 'reduced from the circum-
£ i
~ Inenn ~ ~
T 1 ’ s | ference of the barrel to the

centre of the hemisphere.

1s the number of

In these tables, the first column contai
turns made by the arm ; the 2nd the corresponding times
elapsed from the beginnin d

shows the differ-
ences of those times, answ

1) - L 1 - -
ences ol the turns

in the first column.

May. 3, 1786.

= ek e e A Rl e i e R
Barometer 29:63 ; Thermometer 51,

13. Fitted on the arm the thin bit of lead only n®
same weight with the largest hemisphere; and

3, of the
ter some

time spent in levelling the instrument, (which was always

done) suspended different small weights at the end of the
thread, to discover which weight would give to the arm the
same velocities as it had on the day before, when the hemi-

sphere was on. It was found that it required about 10 drams
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- - Yo
'lllw'l L0 overcoms: the Vis el L" anda give a SI]!&I.“

motion to the machine, With 12 drams the average of the

turns was frow 114 to 12" each, being nearly the same velo-

city as the convex side of the hemisphere had with the

E\L'.n'hi of 12udra But with the weight of 1 oz 8 dr

g

= ©4 dr, the average turn of the arm this day was made in
} o Y

about 6”. Flere then each turn is made inabout 12" with 12

dr weight, and in about 67 with 24 dr; that is, in this case,

the dou ih- weight cavries it about in nearly half the time.
And hence it may be inferred, that a weight of about 8 dr
W m[u catry it round- once in 187 , being the time of revolv-
ing the day before, with the pl.:-_w of the circle foremost.
Hence then 16 dr or 1 oz, which is the difference between
£8 and 12, is the reistance of the air, measured only at

1 5 -
the circumfereuce of the barr el, ag ainst the convex side ui

o Xe)

yeity of 2:394 feet

ge hemisphere, moving with a vel

the (“i]‘lt:‘:‘ll(‘:‘. be-

in a second ; and 20 dr,

tween 28 and 8 dr, is the 1

inst the plane side, moving with a velocity of

o

per second. And each of these divided by 51:1,
the absolute resist:

-

Barometer 29:47 ;

14. Thried several weights he hemisphere, with

v . S
the ]1];1!;0 side foremost s LO m1ve 16 the

2nd of May, with the convexity

ume velocity as on the

st, viz, the medium
of 1 turn in 112 seconds. In each trial, the motion became
uniform after the first two or three turns; after which, it
was permitted to go 12 times round, and the time noted
down at every round. The differences of these times com-
monly agreed with the mean time, to half a second or less.
But the mean time itself was very accurately obtained, by
dividing the whole observed time of the ¢ qwbh, rounds, by
12, the number of them. Which operations, with the times
and weights employed this day, are as follows.

a4
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Actnnt; Ee of ‘ Time of |
welghis 1% tirns | 1 tuin
——— e | —

VZ ‘il' |

A "

2 8 158 13
12 94 1464 12z |
2 10} 142 L

Gi 1411 114 |

2 12 2o i

Hence then, with the velocity of 1 turn in 11% seconds,
the arm-and plane side of the body are resisted with the
force or weight of 2 0z 12 dr; but, on the 2d of May, the
resistance to the arm and round side of the body was 1 oz
12 dr; and, on the 3d of May, the resistance to the arm
alone was 12 dr; all with the same velocity nearly. Sub-

3 H ar Cye T Tal | £
tracting now 12 dr, the resistance on the arm, from each of

the other two, there remain 2 oz for the resistance to the Hat
side, and 1 oz nearly for that on the convex side ; the latter
being nearly the half only of the former, and thercfore, in
this case, nearly agreeing with the theory.

Dividing now this 2 0z by 51°1, the ratio of the radii of
the barrel and centre of the body, there results _-_:"ll?l: 039 o0z,
for the absolute resistance of the flat surface of a circle,

5 1 Ed R | P A0 B Ly il £
moved perpendicularly through the air, with a velecity of

2-394 feet in a sccond, the area of the circle being 82 square

inches, or 2 of a square foot,

May 8, 1786.
Barometer 29°'66 ; Thermometer 56.

15. Tried several different weights, to bring the laroe
hemisphere flat side, also the arm without it, to revolve cach
time in 10 seconds. Then again, the same body, both sides
foremost, and the arm alone, all in 8 seconds, cach turn:
The particulars are as follows.

NS
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5. Forliiim o R i |
i only Ii W Arm
- BT . alone
K !
140" 4 X % [
3 2| 19 i 6 0O | |
3 4 123 |8 O |
§ = bUS 120 12 2| 10
1 0| ' 9 i|'~’“'i 8 1
0 14 | | D0 B (ISC e R 8 | '
015 ol e 6|

In the latter of these two tables, the first column shows

the actuating weights, and the other three columns the num-
ber of seconds, at a 1r'_.m|.:tim, in which 1 revolution was
made, with each of the two sides of the hemisphere, and the
lead alone.

Now, by deducting each weight without the he misphere,

from the corresponding \\'(-"-; it, there remain the
weights for its two sides, as below.
£

For 10 see. For 8 sec.
— - - —— e
. Py 292 4 10 2.14
0 0O 15 1 3 1 3 |
2 61 ey 5 7 1 11

\"fhcrc the former is nearly double of the
case, agrecably to theory.

Barometer Q!J'Ji}; Thermometer 55.

16. Used the large hemisphicre with the round side fore

most. The weights and times of each revolution as below,

. | '- oo i i
Weight !'l'im: | Weight | Time || Weight ‘ Time || Weight l llll‘ltJ :'
i e M |
oz dr [ sec. ir ' . oz dr S60. i
4 10 | U [ 4351 12 7 324
4 "9 | 43 | 12 10| 84|
4 11 | 4.1 | [BIEREG Sl
5 19 H i 4 | !
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May 10, 1786.

Barometer 29°60; Thermometer

17. The large hemisphere with the round side again. The
motion was always uniform-after the first or second turn.
The number of turns always 15, and the medium of the last
12 uniform turns is set down here below opposite the cor-

responding weights, the same as was done every day, and

the titles of the columns being the same as in the foregoing
table.

| Weight i'l'im(: || Weight |Time || Weight |T]|r:f!:' Weight "i"m'z'l

lv oz dr | sec || oz dr | sec
L 15 12 18l 16 '8 | 218
1 | 14 0|3 || 160 |22
8187 | 14 513 16 8 | 2.2
0 [ 14 10 | 235 1T 0 |25
8 |15 0l2ir| 17 8 |23

May 11, 1786.
Barometer 29:64 ; Thermometer 60.
18. The large hemisphere again with the round side:

every thing else as on the last day.

Wt. | Time Wt. | Time ]| Wt. | Time || We. | Time |
0z sve 0z gee || oz see 0z sec

18 12:67 || 28 1212 | 38 | 179 || 58 | 146
19 12:58 || 29 | 210 40 | 175 || 60 | 142
20 |2:50 || 80 [2* | 42 | 175 64 | 1°33
21 | 242 31 |2 4.4 m?i 68 | 1°33
22 |242 ] 82 |2- | 46 | 1*58 ) 72 | 1-29
23 12-33 || 83 | 1:92 } 48 | 154 l 76 1:25
24 |12:25 | 34 | 192 | 50 | 1-54 || 80 | 1-21
25 | 2:25 | 35 | 183 ] 52 150 | 84 | 1°17
26 |2:25| 36 | 1'83 || 54 | 1:50 || 88 | 1-17
27 | 217 37 | 1483 || 56 | 1-50 {| 92 | 1'13

With the next weight, viz, 96 ounces, the silk thread broke
twice: so that 96 oz, or 6lb, was just the limit of its strength.
It was not woven, but only a twisted cord, framed like a rope,
of 8 strands; and was of vz of an inch in diameter.
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May 15, 1786.

Barometer $0°27 ; Therometer 62.

19. Procured a stronger silken cord, and applied it to the

ts. By measuring the diameters, &c,

following experimen
as before; on the 1st of May, the dimensions came out as

helow,

Diameter of cylinder alone L0308

Ditto and 1 diameter of thread . 2:086
Ditto by descending weight . . 2088
Medinm of both WaLYs, 18 o g SO (YR

Theref. the radiuvs is as belore . 1:044 nearly,

Then continued the last experiments, by increasing the

, from where they left otf the last day, with

actuating weig

=Bl
the-convex side, as below.

Weizlhit | Time

|

e

; u.'.‘ | st 0z vl SEC. : SLC. 0z | 8EC,

| 96 |11z 108 |04y 116 | 1 || 124 [1

| 1000 |1:08 | 112 [1:04| 120 1 J 128 ‘ 0°96

| 104 [1-08 ; l f !

[So that 120 oz may be presumed to give I turn in 1 sec.
The same continued stitl with the round side.

oz dr || sec. |0z dr Sec. i"u:/. dr sec. ]l oz dr .I SeC.

4 10 | 5:8 3 O |69 210 82 (2 0102
8 519 | 6 | 70 : 9 | 4 | e ¥ B (6]
6 | 6:0 || 4 aHE = ol 8] & [ 1144 8
- RO 2 31 i s Uyt
2 2 0 5 || (0 Lt B L B [ S
ol .slleas| 6| "&l9af1i13 6

S0 e et | KNSR IS 38 R I LR T 6 ) |

| 12 6 13 | 8§ 3 ) | 112 | 122

| 10 | 7l jpzad B elere ) LA | kb By 6

e 11 lete || e TR ST 1300

That the machine made always 15 turns, and the

time of each turn was carefully noted.  Then the time of the
:

sth turn being taken from that of the 15th, left the time of

10 turns; and this by pointing off the first figure for a deci-

mal, gave the time of 1 turn registered in the table as above. i

[
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-1

-3

20. Mauay 16, 1786.

Barometer 30:14 ; Thermometer 61,

ran with the flat side of the large hemisphere, in order

to go regularly throuch all the intervals of rotation, from 12

21. May 17, 1786,

2 K0 .
12 !
14 {
0 |
4 ]

5o
| 8| 52 1§
.“ 0 ! 51 19
8 (50 | 20

o

Barometer

A AR o T
[ Al !

14 1-85 || 84

| o { e .' Orr

| 76 | 1:85:]] 92

After the last number, the thread broke with the 140 oz
n winding up, which intc rrupted the experiments,

VOL. III. N
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24, May 23, 1786.
Barometer 30:20; Thermometer 59.

Having completed the experiments with both sides of the
Jargest hemisphere, began now the similar ones with the lead
only of the same weight, the results of which are below.

Weight Til:u‘! Weight | Time || Weight \ I'ime i, Weight | Tine
RO by | A = cll =\ |

0z dr sec. ‘: 0z dr sec. i Oz dr | SCCa ll Oz (ll ] seC.
1 019 |1 6]7% |‘ 1 8| 61 |: ] 10" |51 t
i Lo S| HET RERE S ] ;|Ls.n,-'3 [ I T
R ' | : l ; ‘

25. May 24, 1786.
Barometer 30'20 ; Thermometer 61.

1°14 [ 50 || 4. 0 29 || B8 |1 ui 1-1 ]
2 0|47l4 82750 9 |1 O
2 4|a4l5 026|110 |1 | 11
o &|40f5 8| f_’v-r-.sll- 5 B ' 1:0

2 12 | 8 2:3 | 12 |1 | Lo
SE0RESY 2:2 || 14 1 1:0 |
SR 1 AN 16 I ‘ 00
3 88 200 | 18 |1 |
31238 1-05( 20 |1 |

26. Having now obtained a long series of actuating
weights and velocities, with both sides® of the hemisphere
foremost, and with the lead alone ; a set of the correspond-
ing ones are extracted from the whole, and arranged toge-
ther, in the first of the following tables; where the first co-
lamn contains the several rates ef velocity, from 3 to 20 feet
in a second, differing always by 1; the next 8 columns con-
taining the correspondent weights acting on the axis, of
1'044 radius, for both sides of the body and the lead. But
the differences of these not being p rfectly regular, though
very nearly so; correcting therefore those differences here
and there, by some very small fractions, and by them the few
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irregular weights, the more accurate series of weights are
then arranged in the next 3 columns, which are to be con-
sidered as the true numbers, Then, subtracting the actu-
ating weights with the lead, from each of the corresponding
weights with both sides of Lhe hemisphere, the differences are
set in the next two columns, which contain the true weights
acting on the axis. And Imdll\, dividing each \nlnl]t for
the flal side, by the ¢ orresponding weight for the round side,

the quotients are placed in the last (,ulumn of the table, show-

ing the ratio between the resistances on the two sides,

Vi 10_| Irregular ivuighrs, Regular weights. |Diffs. or true \\'ts'} Ra-
city. ‘ flat rumul_lm " flat :uuW‘l .ﬂLLl.ii round | tios
fect |I oz | oz 0Z 0z 0Z 0z I 0z l 0z
3 J 38 22 1-2 38 23| 12|l g6 ‘ 1:1{ 237
4 I 34 14fl 62 34| 14| 48 | 20(2+40
5 93 49 17 92 49| 17|l 75| 832|235
6 |l 1247 66 2-0| 128 67 2:0 || 10:8 ‘ 17 | 2:30
717 | 87 235 mn 87| 241l 146 | 63[231]
8 [ 22 |110 3:0 219{11'0| 29 | 190 | 81]235
91l 28 1133 35 27'(;|.' 13:5 | 3-5 || 24-1 [10°0 | 241
10 || 34 | 158 4-2|| 34-0| 162 42 | 29°8 | 12:0| 2:48
11 || 40 | 19 i | ' 50 || 360 | 142|253
12 || 48 |23 [ 2 59 i‘ 42'8 | 167|256
13 || 56 |27 6:8 || 50'3 196|257
14 || 64 |31 T8 || 584 | 228 | 256
15 || 78 |as 89 || 67:1 |26°2| 256
16 (| 84 |40 10°0 || 766 [30'0 |2
17 {101 |45 ].je2 | 870 {84°1 (9
18 (li12 |50 12:4 || 986 | 386
19 |[121 |57 57121187 ([111°3 | 43-5
20 |[140 |64 {15 Il 4 40| 150 ‘-‘1-*.-3 0 1490

But note, that all these wt eichts must be divided by 51-1
to reduce them to the centre of the ball,

27. By the last column it appears, that the resistance to

the flat side, is to the w\munr\ on the round side, on an
average, as 2'48 to 1, or nearl V as 2¢ to 1; instead ul 2 to
1, as expected by the theory —~['tm11 the two columns for

3

N Z
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both the flat and round sides, 1t appears, that their resist-
ances increase in a ratio a little higher than that of the
square of the velocity: bat how much higher, will be deter-

mined hereafter, as well as several other inferences,
28. June 26, 1786.
Barom. 29:96 ; Thermom, : very warn.

}Ti!‘\'ii!‘_‘\' ,'.'l'k"t'.l[ll!rll\y oot 1";;'\-1'].1|‘\ d. 1‘1:]' the l"\‘111:lii]iﬂ;,{ exNpe-

riments, a fat dise, or very short cylinder, also a complete

i
olobe, and

; _ ; i
a cone, all of pasteboard, and of the same diame-

ter of the preceding laroest hemisphere ; I proceeded to try,

whether a different hindmost, as well as foremost,

would make anv difference, and what, in the results: thus,

the hemisphere, the cylinder, and the cone, each with the

circle foremost. have three different ficures hindmost ; and
: e

vice versa: also the sphere and hemispl the vound

side foremost, have dilferent figures hindmost; all of w ich

circumstances will make a oveat variety of cases. Had the

ratus all well adjnsted; the instrument nicely levelled

app
Fl

and fixed ; and had the upper pulley, over which the cord

Ll AP B oe 3 ! ‘ {
of the weight passed, fixed so high, as to have 80 or 40 turns

completed, before the actuati weig ht could reach the floor
My R H x 'y 2

which would give the medium more exactly of a areat num-
l)(-'l' (f r:;'.'._}“]r-. 'i‘:‘.-.‘ i-‘u..‘u‘.\ pumbers are !}1-' \l!\-l'li':

nd by subtracting the time of the 3rd

83rd, and dividing the remainder

g 1 o
q each of 30 rou
'I | A round from th:

e i B la Gt ]
was usea this day, and consequent-

th before and behind. Its weight was 5 oz

| Weichii | Time | Weight | Time |
(] 1 H
SV l| PSS e _I_, iy e i
z d BEC Il oz dr { sec. ; oz dr | =e
3 4| 1057 | B 12 {950 4 12 | 843
3 6 |1082f 4 01907| 5 0 | 793 |
8| 990 4 4 {883 | 5 4 |772 ;
8 101 9:75( 4 8 |850] 5 8 | 747 |
i e oY o
7
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29, June 27, 1786,

Barom, 29945 Therm. 65, at

: \
; ! | 1+
i | 5 I
i 4 | | 1:80
{ «
i G [ ! lf ‘ | | 1'67
i i ol g [ | 1'60
[STRES {14 | [ [+563
=8 =0 | 16 | 150 |
{8 81 il 18 ' 56 ! [ broke. |
80. June 28, 1786.
Barometer 3006 ; Thermometer 65.
Experiments with the whole sphere; wt. 8 oz 14 dr.
|2 s 1 208 3 80, [ e A
b3 L 855 |l 14| 81 ea e 5|
b4 615 ‘I 16 | 2:85 H 40 |- 1°8 I!
j’ 5 515 1| 18 ‘ 27 | 48 165 ||
| |
| 6" | 51 2ol ge |l 56 |il:s !|r
| 8 | #3 |22 245 64| 14 |
| 10 | 38 | 26| | 72| 18 |

31. The globe required the first weioht, Z, Just to
8 | 2

put 1t in motion ; and a less weight than 2 oz would not sti

it at all. This was owing probably in part to the ores

dbl

weight of the globe, which was made of very thick paste-
board, and ]n.n'ih' to the great length of the silk cord, be-
tween the barrel and the we ight, at first to be moved, which
was not less tlmn 23 feet in length. These extra weichts
causing oveater friction and resistance on the machine, it
was to be expected that the times of revolution, with the
same actuating weights, would be greater, and considerably
50 wlwn those weights should be very small; but that the

Um\m nce would vud:m]l‘ diminish as the weights increase

at length llu\ might become insensible, if the differenc
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of shape in the afterpart of the figure should not make some

sensible difference; a ecircumstance still remaining to be ]
tried. Accordingly, the experiments show this to be pre- ]
cisely the case, the difference in the times of revolution, be-
tween the globe and the hemisphere, being considerable with
the small weights, but gradually and continually decreasing,
so as nearly to vanish, in comparison with the whole times.
So that it appears there is almost no difference, whether a
flat side or a round one is hindmost, at least none that is
very sensible in the swiftest of these velocities. Those that
are set down above, are the mediums of the last 20 revolu-
tions with each weight, Where it is to be noted, that, by
mistake in measuring, the centre of the ball was p]awed i
of an inch too near the axis; so that the times should be a
very little more than are here set down, viz, more in the
proportion nearly of 531 to 53+, which however will not sen-
sibly alter them. .

32. June 29, 1786.

Weather much the same as yesterday.

Used the cone this day. Its weight was 8 oz 6 dr, and

' :‘l its height 6% inches, being rather more than its diameter,
‘l: ; which was 63, being the same diameter as the former [Egures.
iy Tried it with the vortex foremost this day, as follows.
Wt. Time Wt. Time Wt. Time Wit. 1 Time
oz Sec. 0Z S€C. 0z sec. oz ’ Sec.
2 18-50 8 442 18 2'80 4.8 165
3 865 9 4°15 20 2461 56 |y
4 6°95 10 5871 24 2+40 64 1°42 1
b 597 12 357 28 2°11 12 1:35 i
6 5:30 14 )L 22 2:07 80 1:30
T 4277 16 300 40 1:85 ||100 117

33, Tt was found that 2 oz was the least weight that
would give motion to the machine.—By comparing these
numbers with those of the day before, for the globe, it ap-
pears that the times to day are nearly equal to, but somewhat
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greater than, those of the former day; and consequently,
that the resistance on the convex surface of the cone, is
nearly equal to, but rather greater than, that on the globe

or hemisphere, the diameters beina equal, but the height of

the cone being a little more than double the neight of the

hcmisinhcm.

34. The followi ing experiments were next made with the
base of the cone foremost.

Time l Wt. | Time | Wt. | Time |
cpr ‘P! A S0, Oz ‘E e, {
840 |l 45 [ 287 | 72| 1-98

305 || 56 | 220 | 80 | 1:85 L
260 h 64 | 202 [100 | 165 |

These times are rather higher than those of the cylinder.
But the cone was rather the heavier, and their after parts
different,

35. June 30, 1786.
Barom. 30:02 ; Therm. 64, at 9 A. M.
Put on the

r hemisphere, the flat side to go fore-

o

most, in m‘dur to compare with the large one, to try if the

resistance be as the surface, when the axis or radius is the

same. The Hat surface of this hemisphere is equal to £ of a

square foot, but that of the large one %, their proportion be-
ing as 16 to 9, the rad

15 of the sinall one’s path 52:42, of the
}211",{6 one 53:34; the compound ratio of r]z-‘ surface and

path or radius, being 16 X 53:34 to 5242 x 9 38 to 21
|
L

nearly, or as 11 to 6, but not quite so ne 6 dr

Jjust gave motion to the machine.

1 21°80 467 || 20 l 2:G5 || 56 1555

2 | 1082 1035 || 24 | 2:45 || 64 | 145 |

3 1 710 890 | 28 | 925 (| 72| 140 |

4 | 647 50 (| 82 I 2:10 ‘ 80| 132 |

5 | 561 325 || 40 | 1-82 | k i

a5 15 3'00 {| 48 | 1'67 | | !
A i T, e e
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The f‘i)]i(‘-‘.'.‘ing‘ were with the lead only, of the same weight

with this small hemisphere, viz, 2 oz 5dr.

| Wit ‘ Time i Wt. Time || Wt.
| i 1

| 0Z i sec. | 0z “ 0z
] 1 | g10 1 21 | 3 ‘I 4
4 l 6:00 1t 25 | 330 || 41
| 1 495 Il 2271 .8°10 || 5
| 358 | 290 6
J_') , '5'31’1 | 82 260 17T

36. July 5, 1i86.

Barom. 30°32 ; Therm. 66, at 4 p. M.

Made a thin leaden weight of 8 0z 10 dr, being only 4 d:
more than the cone, and 4 dr less than the whole glabe, so
that it nearly agrees with both. Experiments with it as

below.

Wt. ]i Time II Wit. Time. l Wt. i Time i; Wt. | Time. lf
S ol R S i ot

0z | oz dr sec, i 0Z Se0 : oz dr 80CCs

.. 8 28l Aro B RO e B o)

1 [2 10| 40 |4 4| 27 | 8 1'8
1 12 213| 38 |4 8| 265 | 9 17

1 1 3 0| 36y 412| .26 | 10 16
2 3 3 34 | & 0 A 135 [
2 3 6|32 |5 8| 24 Jl12 |14
| 2 13 <9 | 30 | B O=oro L 15 i:35
) #8125 Fosg s emEa il o | 14 13

37. 'The latter part of the preceding numbersin the times
being less than those for the less weight, on May 24, T re-
aated the e
peated the experiments with tiis weigot, ol 4 0z 5 dr, to get
the

times for it more exactly. The reason of this difference
1s, that the arm went only 15 times round in descending on
that day, but here 35 times round, the times diminishing a
little, all the way to the end, and the times here are the
means of the last 10 rounds out of the 35, which are much

more exact,

|
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Experiments with thewt. 4 0z 3 dr.

o (1 OB NG| | PR AN
Weight Weirht | ime || Weight ] Time i it | Time
! I | LA
IR INET | s e
oz dr oz dr ser | dr | ise |l oz dr | sec.
W - | r 1 s
2 i) g a8 o 5 Ml | R ] 02 T | P £ 13
o T 1) 1 rer (o | I s ) 1125
- ) |
2.8 4, '8 Wions o bl ee il T 4 1:2
2 12 5 .} 23 |10 | 15 |
3 0 g o M e !
.40z 3 dr.
il g ERE | 84 70 (| 1 12 |58 ‘

[ 114153

Cone, the base foremost, to complete
- the set.
[ 4 10 | s 8182 Il 9 | 595 100 | 1'6
L 4 12 | 6 <01 7 1l 10 i 555 (| 110 | 155
[ 4 14 | 7 L 695 || 12 !. 5:05 || 120 | 1:5
|5 0] 89 8 1 63 | i | |

When 120 0z was near the bottom, the cord broke.

39, Thus the course of the experiments being now pretty
fully extended to various shapes and dimensions of figures,

we may next bring into one point of view the weights for all

the kinds of figures, and for all the velocities, from 3 to 20

't ner second And first the irrecular nbers 1nst nat
EL per second. \nd hrst the irregular numbers just as they

were experienced.
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Cxperunented Velocities and TWeights.

o (AR TR Ty h_'m_"_ﬂ_T_ Great Hemi- f‘mnllvf—. ul-'_l_T.'_.I_“[u..T:
.. |Cone, 8 oz 6 dr Whole [Cylin- sphere, {Hemis I
globe der 1 I Be
Vertes| base pl-ﬂ*i"ji”ﬂ Y e | b |
L IR ) e | . fsin '
| I .J |

3| 29} 47 28| 35 e2| g8 24|14 13|09
4| +0| 69 39! 60 84| 61 36| 16|15/ 11
| 5| 54| 99 52| 90 m‘ 92| 51f1°9( 18| 1"
6] T3 137 71| 12:5] 6:6| 12:8 71| 22| 2:0] 17
‘T 951 180 s.'w_’.[ 16°8] 87| 170 9'5 26| 24| 19
gl12:5] 229 1 |-;~.i 21-8) 11:0] 22 |1200| 3:1| 2:8| 23
9| 15:11 29:0(14:0 | 27:6] 13°3[ 28 (151 | 3+5] 83| 2:7
10| 180 356 51 |C')'H| 34 | 183 | 40] 38| 31|
11 | L8| 417 J m-c:] 40 r!*_)‘n 44| 44 ‘ 36
121959 499 0128 | 48 |26%4 | 58| 51| 41
13]28°8| 58:2 28 uj 54 |27 | 56 ’:-su 7 | 6:2| 57| 4°7
14| 345| 658 320 | 62 |31 | 64 |49 | T0| 65| b5
1} 39:3 | 78:0372| 72 |85 |43 |3 S T N
(16 44:0| 90 | 84 |40 | 84 [43'7]| 85| 80| 68
j!?i-}.‘i'ﬁ 1’[01 ;'-18 5|95 |45 |101 | 50495 | 86 76
[‘*‘5! 51021 10 1583 109 [50 (112 | 573 105 ] 94| 85
(19 ’mm 126 | 584|125 [.-'_,-T 121 | 627 (11°3(10:3| 93
1201663 | | 64 0| [64 [140 | 72:0[12:0[110]10:0

40, But as there are some small irregularities in a few of

=

these numbers, as appears by taking their differences; by

correcting these differences so as to make them regular, and
then by them correcting the few irregular actuating weights,

the more correct table of those numbers will be as follows.
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Table of Regular Actuating IVeights and Veloeities.

N hole ;L,‘_\-H“‘ Large Hemi- | Small | Lead
glob der, 1) Hemis.| I
B0z |50z =iE 1202 5dr| 8 0z |40z | 2 0z
14.dv | 1dr || L] flat [10de |8 dr | 5 dr
| |
28| 35| 22 ' 1°2] 10
v0| 60| 94 1*4f 1:2
|54 49 | 17|15
7'0 67| 20| 1'8
90 8'7 | 24 21
S 110 | 28| 2:5
14:°0| 26°7|18'5 | | 3:31 2°9
17°0| 82'8|16:2 | | 3'8 | 34
204 | 396 (192 ‘ 13| 89
241 | 472 23-(;‘ | 5 (9| 44
| 13 i 28:41 570|281 | 556 L-‘..-I‘! | 591 5 o
114 | 32-8 1 66+2[324 | 64:8]|30°0 | | 66
[15]875| 76:2/871 | 748|351 | | T4 -i
|16|426| 87-2/42:1 | 858|400 | | et | 8:2 | 9 |
[17[48°0 | 992(47°5 | 97°8 453 | | 505 | 91 6|
| 18] 538 1112:3) 533 1109 | 510 566 (100 92| 84 |
119(60°0 126 5125 !.-‘F.--‘_J 1255|631 |11-0]10°1 | 9-2 |
|20 666 |141:8| 660 |140'4| 63°8 [140°8| 70-1 l12-0l110 100 |

41. Then, by subtracting the numbers in the last three
columns of the leads, from those of their C¢a1'n‘t':L|'-L!11(|i|1g
bodies, the remainders will show the regular set of resistances
The co-

to the respective figures, as in the following table.
lumn of numbers to be subtracted from that of the cylinder,
which weighed 5 oz 1 dr, was deduced, by proportion, from
the last column but one of the preceding table, which has
the lead nearest of the same weight with it.

e ST - e —————
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Table of Regular Mean Resistances to several Figures.

‘ Large Hemis,  Ratio

o) Smali | Cone. i : L 7
’”l'n!._k_l et I\\:.I-nh' l,_\:'lil‘ | of flat |
b lig= [ Glube der < e [
T flat v ,.H_xl Base ‘ ‘.;-..u\-.): flat sude | ;._.:|||‘;!
RN Ha e (G ' B
3 | 14 ;| l| |l AN NS Op 003 '
| 4 | 24 | ! 46 | 21 -9 | 2:33
588 ; 73 *a-gl 76 |2-38
652 | 105 | 47| 108 | 2:30
Rl } 65| 14°5'| 280
|" 8| 92 ; 82| 188 |2:30|
9 | 1147 | 102 | 287 | 232
10 | 144 12:4 1’3 | 2:36
B G 3| 852 | 14°9 40
12 | 210 | 122 | 177 41
| 13 | 24:7 | 50°0 | 209 42
14 288 5 | 42
15 | 352 42
| 16 | 879 |: | 730 [32:4| 786 | 248
| 17 [42:9 .| 89:2 |36:9| 898|243
| 18 1482 14 1015 {41-8 [ 102°1 | 2:44
| 19 [589 | 4 1148 [47°1| 1154 | 2045
[ 20 | 60°1 ] 129-2 | 528 1298 246

Here, besides the columns of experimented resistances, in
avoirdupois ounces and tenths, for each figure; another co-
lumn is added at the end, showing the ratios between the
correspondent numbers in the two next preceding columns,
being the resistances for the round and flat sides of the large
hemisphere ; which ratios are found by dividing always the
greater numbers by the less; showing that they proceed al-
ways increasing a very little, as the velocity is increased ;
the medium among all these being 2°4, instead of 2 only, as
expected by the theory of resistances to such figures. But
as part of this ratio may be owing to the different shape of
the after or hinder sides of the figures, the more correct
comparison would be between either the whole sphere and the
flat side of the large hemisphere, or the cylinder and the
round side of the same large hemisphere, in both of which
cases the after parts would be of the same shape, and then

e
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1 . 11 Ay O Aftar al .
the medinm ratio would be near 2:3 to 1.—After .L'], 1t 18 to

ing table denote,

be observed, that the numbers in the prece

not the true measure of the resistanc but only the weichts

2
acting at the circumference of the barrel or axis, while the

1y at the extrer

real resistance of the air acts on the |

ances then, those num-

of the arm. To obtain the true resist

bers must be all divided by the ratios of the corresponding

ioht and the resistance act,
and by 511 for all

d day of May;

radil or distances at v

viz, by 50°2 for the sma
the other ficures, as dete
this being done, the true measure of the resistances will be
as in the table below, for all the velocities from 3 to 20 feet

per second of time.

192, Table of the true Resistances to the f"'.f'g ures e Qunces.

locdi. Coner im, o Cylin. | Bemitphere: | Small
elobr : : 1E1115.
Verte \: Base | ® el flat | round flat
it sl el |
| —_— f—fr—— ——— |- ——— | —
i feet ' oz | oz '\ 0z 0z CE | 0z 0Z
3 | 028! 064 1 0501 0511 020

‘0471 =090

*1 4
|
i
3| ‘125
21 *16%
[ :
]
|
|
|
i

)

4 | 048] *10¢ *039
5| 071] *1¢
6 | -098]
*129|
8 ‘168

‘905

9 { -2l
10 | -260|
11 | -315]
12 | 876! 850

13 | “440l1°:000
14 | *512{1'166|

40

17 : "‘ 45 |
18 ‘8451 1-986

Q4.0 90

1057

GO
240

— e e e Sl — e
| {

HIOBO): 126 | 291 ‘ 1:‘4-{ 285 140 | 2'040 |

b= i MRS IS S T S s
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Where the numbers placed at the bottom of all the co-
lumns, denote the general mean proportions of their resist-
ances to one another, from the velocity 10, to each of the
following ones,

Note. The general mean height of the barometer was
30°1, and of the thermometer 62°; in which circumstances
therefore, the ratio of the weight of water to air, was as
840 to 1, or the cubic foot of air weighed nearly 1% oz
avoirdupois.

It may be repeated also, that the diameter of the small
hemisphere was 43 inches, and consequently the area of its
base, or great circle, was 172 square inches, or L of a square
foot nearly. But the common diameter of all the other -
gures was 63 inches, and therefore the area of the circular
base, was just 32 square inches, or % of a square foot. Also,
the altitude of the cone was 6 inches; its side is therefore
inclined to the axis in an angle of 25° 42"

43. From the preceding table of resistances, several prac-
tical inferences may be drawn ; such as the following.

(1). That the resistance is nearly as the surface; the re-
sistance increasing but a very little above that proportion in
the greater surfaces. Thus, by comparing together the
numbers in the 6th and 8th u;lumm for the bases of the two

hemispheres, the areas of which are in the proportion of

173 to 82, or as 5 to 9 very nearly ; it appears that the num-

bers in those two columns, expre sing the resistances, are
][L:LI‘]\' as 1 to 2, or as 5 to 10, as fd[‘ as to the velocity ¢
12 f(‘(,t, after which the resistances on the greater surface
inerease gradually more and more above that proportion ;
and the mean resistances are as 140 to 288, or as 5 to 103,
so far as these experiments have been extended. I\L.)..I\“
the same proportions result from the comparison of the num-
bers in other columns with similar surfaces. Now, the ratio
of the surfaces being that of 5 to 9; and the ratio of the re-
sistances as 5 to 102; it appears that the latter exceeds the
former in the ratio of 9 to 107, or of 1 to 1}; or of 7 to 8,
Hence then, to find the resistance to any sur hlcc from hav-
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ing given that of a similar smaller one, with an equal velo-
city ; first raise the g‘i\'cn resistance in the proportion of the
less surface to the greater; then increase the result by 2
part, or in the ratio of 7 to 8, which will give the resistance

for the larger surface, nearly. And, reverse wise, to find
the resistance on a smaller body, from that of a like larger
one, with equal velocity,—We shall afterwards enquire
whether this proportion will answer in very high velocities

also,

(2). The resistance to the same surface, with different ve-
locities, is, in these slow motions, nearly as the square of the
velocity ; but gradually increasing more and more above
that proportion, as the velocity increases. This will ap-
pear, on trial, from all the columns; and the index of the
power of the velocity is set down in the last column, for the
resistances in the 4th column, for the whole globe, by com-
paring that for the velocity 10, with each of the following
ones, 11, 12, 13, &c; where, after the first three or four,

the numbers gradually and slowly increase, and would doubt-

great extent. The medium

less continue to do so to a very
among those here set down, 1s 2-040; whence it appears,
that in these slow motions, the resistance to the same body,
is nearly as the 2:04 power of the velocity, or indeed as the
square of it nearly.

An easy method of {];‘h‘i‘iuil}ing I I
; Ay : TS T Veloc | Resist. Index |
those indices, is as follows: Make a :
A R : . { R B T
small tablet, asin the margin, placing, | 10 | 258
in the first column, the velocities ‘ I 310 | 2:049
from 10 ; in the 20d column the cor- | 12 870 | 2:042
4 : o A b B
respondent resistances from any co- | 12 290 | 27036
Iumn of the former tabl uppo | s BRI R
111 O F ormer taple, as s ipose = ,
e o y DIBIPL 15 | 5381|2031
those for the whole globe. Then, | 16 | 663 | 2033
to fill up the 3rd column, putr=255 | 17 | 752 | 2038
the first resistance,?’ = any other,as | 18 | 848 | 2:044
: 3 | 10 04.C s XTaY N
the 2nd 310; and # = the required | 949 1 2:047
| 20 | 1057 { 2:051

index of the power of the veloeities,

which shall be proportional to the resistances ; that Is, so as
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o

thatdl O sdl=: i

-

Y. Dividing the first two terms by 10,

=]

‘

. . r
and the latter two by, the proportion becomes 1 : 1°1%:: 1 :-
¥ T2
A ¥ v AT AR

consequently 1'1* = —;  the logarithm of this is 2 x log. 1-1

3 = £ :

log. ' — log. » L.
= ]og. 7 — log.r; and hence © = —— = . = 9'049,

by using the aforesaid numbers for » and #7.. In like man-
ner, taking, in the denominator of the general expression for
s 12, 1°8, 1'4, &c, to 2205 and in

o

the numerator the successive values of 7/, viz, 370, 435, &c,

ssive numbi

v, the sucee

that of » being constantly = 255; all the numbers in the

Srd column will be

'il_‘.' found.

Taw laca
S, Suiler 1€ss

(8.) The round en )

, and sharp ends, of soli

resistance than the flat or plane ends, of the same diameter

thus, the cylinder, and the flat ends of the hemisphere

1 1 M . 1 £
tance than the reund or shu P En I

cone, have more re

the same. But the sharper end bas not always the smaller
vesistance : thus, the round side of the hemisphere has less
resi

stance than the pointed end of the cone.

(4.) When the hinder parts of bodies are of different forms,

the resistances are different, though the fore parts shonld be

exactly alike and equal; owing probably to the different

pressures of the air, on the after parts. Thus, the resist-

ance to the fore part of the eylinder, is less than that on the

.
. S { he o y o
equal flat surface of the cone, or of the

hemisphere ; because
the hind part of the cylinder is more pressed or pushed for-
ward, by the following air, than those of the other two

figures: also, for the same reason, the base of the hemisphere
shows a less resistance than that of the cone, and the round

than t

side of the hemisphere ]

I 1
wilole sphere,

(5.) The resistance on the base of the hemisphere, is to
that on the convex side, or on the whole sphere, nearly as
2z to 1, instead of 2 to 1, as assigned by theory. And the
D_\;pi‘rinl('tm'ti resistance, in each of these cases, is nearly X
part more than that which is determined by the theory.

(6.) The resistance on the base of the cone, is to that on
the vertex, nearly as 2'3 to 1. And almost in the same ratio

is radius to the sine of the angle of inclination of the side of

= r; o T
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the cone to its path or axis, So that, in this instance , the re-

sistance is directly as the sine of the angle of incidence

transverse section being the same.
(7). Hence may be determined what will be the
of a column of air, whose pre

sure shall be equal t

sistance of a i:m[\' moving throughit w HTI«LI'\ velocity.

Let @ = the area of the section of the body,

imilar to any
of those in the table, perpendicular to the direc-
tion of motion ;

r = the resistance to the velocity in the table ; and

v = the altitude sought, of umn of air, whose
base is a, and its pressure 7,
Then axr = the content of the column in feet,

and 1iax or Sax its weight in ounces;

therefore ar=r, andlz = 2 TJ is the altitude sought in
feet, namely, £ of the quotient of the resistance of any body
divided by its transverse section ; which is a constant quan-
tity for all similar bodies, however different in magnitude,
-~-ilI(!L" the resistance r is m-.:n-l).-‘ as the section a, as was found
1N arty 1. When ¢ — 2 of a foot, as in all the Iigul‘n_'s in
the foregoing table, except the small hemisphere: then,

= £ X —, becomes x = L*r, where 7 is the resistance in
; =3 i

the table, to the similar body.

If, for example, we take the convex side of the large he-
misphere, whose resistance is ‘654 oz to a velocity of 16 feet
per second, then » = 4

yand z = 15 = 23775 feet, is the
altitude of the ¢ olumn of air ‘.'..'.mc }mwnu 15 equ ual to the
resistance on a spherical surface, with a velocity of 16 feet,
And to compare the above altitude with that whicliis due to
¥, it will be 82%: 16*: :16 : 4, the altitude

due to the veloeity 16; which is near double the altitude

the given velocit

that is equal to the pressure. And as the altitude is propor-
tional to the square of the velocity, therefore, in small velo-
cities, the resistance to any spherical surface, is equal to the
pressure of a column of air on its great circle, whose altitude

VOL, III. 0

s 12 or 594 of the altitude due to its \'clu:_-n'r,
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But if the cylinder be taken, whose resistance r = 1:526:
thenuy = 18— 51 which exceeds the | ht, 4, due to

=+

the velocity, in the ratio of 23 to 16 nearly. And the differ-
Yo ]
.

ence would bestill greater, if the body were larger, and also

if the velocity were more.
(8). Also, if it be required to find with what velocity any

flat surface must be moved, so as to suffer a resistance just

equal to the whole pressure of the atmosphere :

lanl) 3 1

T e
i he resistance on the whaole cirvele whose area bei

foot, 1s "051 oz, with the velocity of 3 feet per second.; it is

5 of 1051, or *0056 -0z only, with a velocity of 1 foot, But
23 x 18600 x § = 75553 oz, is the whole pressure of the

atmosphere. Therefore, as ,/°0056 : 477556 :: 1 : 1162
nearly, which is the velocity sought. Being almost equal t
the velocity with which air rushies into a vacuum.

(9). Hence may be inferred the great resistance suffered
by military projectiles. For, in the table, it appears, that a

globe of 63 incl

s diameter, which is equal to the size of an
iron ball weighing 361b, moving with a velocity of only 14
feet per s second, meets with a resistance equal to the pres-
sure of % of an ounce weig

ht; and therefore, computing
t re-
sistance that such a ball wounld meet with, when movine with

a velocity of 1600 feet, would be equal to the pressure of

only according to the square of the velocity, the lea
2 J 3

171b, and that independent of the pressure of the atmo-

p I

sphere itself on the fore part of the ball, which would be

4871b more, as there would be no pressure from the atmo-

2

sphere on the hinder part, in the case of so great a velocity

as 1600 feet per second, So that the whole resistance would

be more than 900!b to such a velocity!
(10). Having said, in the last a:

the atmosphere is taken entirely off the hinder part of the

ticle, that the pressure of
ball moving with a velocity of 1600 feet per second ; which
must happen, when the hdll moves faster than the particles
of air can E'L)H(J'.‘.‘, by rushing into the place quitted and left
void by the ball, or when the ball moves faster than the ai

rushes into a vacuum from the pressure of the incumbent

.
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air: let us therefore inquire what this velocity is. Now the
velocity with which any fluid issues, depends on its altitude
above the orifice, and is indeed equal to the velocity acquir-

' L. . £, ¥ N A 1
n falline freely through that altitude,

» hody
But, supposing the height of the barometer to be 30 inches,

or 21 feet, the heicht of a uniform atmosphere, all of the

nsity as at the earth’s surface, would be 2L x 136

3333 feet; therefore 4/16 : A 288388180 = 8

1346 feet, which is the velocity sought. And
therefore, with a velocity of 1600 feet per second, or any

above 1346 feet, the ball must continual

y leave a

velocit:
vacuum behind it, and so must sustain the whole pressure of
the atmosphere on its fore part, as well as the resistance
arising from the wis dnertia of the particles of air stiuck by
the ball,

(11). On a review of the whole of the premises, we find
that the resistance of the air, as determined by the foregoing
experiments, differs very widely, bothin respect to its quan~

tity on all figures, and in regard to the proportions of its ac-

tion on oblique surfaces, from thesame actions and resi
wed by the most ir[uuwii)l:‘. and imposing theories,

which have heretofore been delivered, and confided in by
philosophers. Hence it may be concluded, that all the spe-
culative theories on the resistance of the air, hitherto laid
down, are very erroneous; and that it is from experiments,
carefully and skilfully executed, that a rational hope can be
orounded, of deducing and establishing a true and useful
theory of the actions of forces, so intimately connected with
the numerous and important concerns in human life.
Proceed we now to relate the further progress of our ex-
periments with the whirling-machine, on other bedies, and

in other positions.




———

or 6

20 EXPERIMENTS WITH TRACT 4&U.

EXPERIMENTS OF THE YEARS
July 31, 1187

44. By comparing the experimented resistance on the
vertex of the cone, with the theory, it appears that it is
nearly equal to the resistance of the sphere; whereas, by
the received theory, it ought to be only about 2 of «that of
the sphere. I therefore this dav tried these two bodies
again, and found the results nearly the same as before.
With the 32 oz weight, the mediums among the times of a

revolution, were thus : viz,

This year they were, Last year they were
for the cone 2:10" 2.07"

for the globe 2:02 2:01, nearly the same.

So that it seems diflicult to account for so great a difference
between theory and experiment, in the case of the cone’s
vertex.

Aug. 5, 1787,
Fine, clear, warm Weather,

45. Performed experiments with the following bodies,
and found the medium of the times of revolution as fol-

]z()‘u\':\'.
he Cone. .uml H mis. |
.I Lead of

Lai —

|G ‘mn. vertex | base base L conv.|2 0z 5 dr|
| | |
|.—_ M IS |

g i o {‘,3 | r_} <: | 29 | 1'6 |l 1'6 ‘I

The aCLuuL]ng welght was 32 oz for each figure, and 8 oz
ht, the same as June 30, 1786

v the thin lead we
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EXPERIMENTS IN 1788 WITH THE WHIRLING-
July 23, 1788.

16. Prepared the machine to make experiments with

s of shapes different from the foregoing ones. Pro-

g a thin rectangular plate of brass, to fix on the arm

o
of the machine ; its weight 11 0z 03 dr, or 11} 0z, and its

T

dimensions 8 inches by 4, consequently its area was 32

square inches, the same as the plane surface of the cone and

larg

re hemisphere, before :-;nlnfm_'(-.a[. It was

adapred for fit-

ting on the end of the arm in both directions, viz, in the di-
rection both of the length and of the breadth, to try the ef-
fect of the same surface in both positions. It was also con-
trived to incline the surface in any degree to the direction
of motion, to try the resistance at all angles of inclination.

When fitted on with its length in the direction of the arm,

the distance of its centre, from the axis of motion, was 532
inches ; and the same distance also when fitted on the other
way.
July 24, 1788.
Barometer $0'0 ; Thermometer 705,
47. Tried the experiments this day with the plane fitted

on with its |L'.Hgi:| in the direction of the

'm, 1ts centre be-
ing distant

inches from the axis of motion.” The plane

was inclined in various angles, as expressed below; and the

actuating weight was 82 oz or 2lb each time.

Table of the Times of Hevo

plane was inclined to the horizon, or to its path,

at 5 degrees, and sometimes at 107, diflerence fro
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ition being 0° or horizontal, with its

e | 8]
vikll
al, WILI

:Ii‘;l‘.IL'
I

f the air,

}\, np;:n_:.o-.lt
In the seco 11E line are the interval s of time in performi

wlth

1
cac ]l I'e \li]‘lullﬂj L‘xl)lL \ﬂd 1 ‘\L'."‘]"'w <l]1[1 nuen

each number, as usual, being a medium of several repetitions.

) 3 3 1 - :
3 'Z.'lllili'l' inches, or g sqg.

"11|~;> ere.

Note, The area of the plane is 3%
foot, and = the circle of the large |

il 1 g i ] =, laq
T'he radius of rev L:.\,i'm. to re of the plane

L

Circumference described by iir. centre in 1 revolution
inc. or 2814 feet.

ful T pE e s
Ratio of radius of axis to ra of revolution, as 1 to

5151, accounting the radius of axis to the middle of the

thread, 1:044

sat at various an-

Use d the same br:
, viz, the breadth

on the contrary w

» direction of Hu' arm; but still

or shorter dimensiotr in

inches froi

se any difference b

bhaving its cen same dis

centre of motion; to try if there

1; the actuating weight being still the

change of pe
32 ounces,

Times of Revolution, with the Plane crosswise.

) )
|
1:06711°1
Here. as beit the fiv v contains inelination of

2 = 1 1
of motion, and the

atlon of 45 was not

inch
1 two different ways the day
Is, thus » , and then inclined
It was the same in both

: ; !
, that the resistance is the

forward or 1}:u“\\'.;11‘t[

ation, as indeed 1t mi 'Jll be e \p"riurl
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By comparing the experiments of this day, with those of

the day before, 1t ¢ )

hat the differences are very small

v are vather longer intervals, if

indeed ; but those
any thing ; but the ditference is so small, and doubtful, that

the times may be accounted equal.

= e 1 y 5
44, After the above L_'.\‘-;'jl"l'if]‘.(."dt:i.\

1 I
TOHOWINE CoUurse

on the end of the

was then instituted with a thin bit of lead,
|

ane, and whic

e neariy the weights to

account of the friction

jtime of each revolut. [3:33712

And from these, by interpolation are deduced the following.

1 U ae |
Ifiu-}_ 102 | 90 I
| Wts. 17 ‘ a6 |
Mmes 1900 3102
50. And hence the following o
I J.'|i|‘.| Time of | i, Diff. or |
lof the |one revos| Withong esist- |
plane, | lution. | plane | 8nce . !u-:uu.l,‘
SnAl e ey D= Vo8 SRy T = |
1 Tt ]
98-1 |
241 |
208 |
% |
| 160 !
| 141 |
t 12 4 |
| 1:6
| Ll 0]
{ 101
| +
9:0
|
g3 ‘
I3 |
} i
!
= e > - - - - - o &
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Here, the numbers in the 6th column, in thousandth parts
of an ounce, are L:qlliﬂ to the resistance of the DLIT"’: l'i'wt‘)d
at the angle on the same line in the first column, when
making one revolution, or deseribing the space 28; feet, In
the time or number of seconds in the 2nd column, or when
moving at the rate denoted by the numbers in the 7th co-
lumn.

From what has been done, in the last two days, it appears,
that there is no sensible difference between the two different
ways of putting on the plane, viz, the length or breadth in
direction of the length of the arm ; provided its centre be
but at the same distance from the axis, in both cases.

But now to obtain the law of resistance, for the several
angles of inclination, with one and the same velocity, it was
proper to institute a fresh set of experiments, as they here
follow.

July 81, 1788.
Barometer 29:91 ‘| Thermometer 72.

51. The object of this day’s experiments was, to find the
resistance on the same plane, at every angle of elevation,
when the velocity, as for example, is 20 feet per second. I
therefore began as follows, putting on different weights, to
bring the velocity to about 20 feet in a second.




IRACT 36, THE WHIRLING-MACHINE, 101

|
|
s 1851
36 19-02
338 1954
40 2069
30 | 44
: 4.8
52
16}
40 64 thread

The thread having broken with the last weight, of 64 oz,
the experiments could not be further prosecuted for the pro-
pc)_\'m_l \-'\:i{'n:it'.l\', 20 feet. I was therefore trljlig't'-.l to be con-
tent with the case of a smaller velocity, as that of 12 feet for
example, which would not require so large an actuating
weight ; the results of which are as follow.
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Veloc. lJ\i[l_E

per of

Resist,
to 12 ft.

reloe
veloe. |

Ratio \ Sines

dittc
Ditto to the

reduced.
|

o l
0| 0 0 0

081 ]-m:} \ 19 ‘ 87

| 04 L | 52 WS

AT | g
3*05H | 98
2, 4

. 3% v o §

1

v the medinms of several trials, found the

52. Having,

times corresponding to each revolution, in the 3
. ]

rd column
1 "

i to the weiehts in the 2nd co-

of this table, corrc

lumn, and a2ngles of inclination in the first column; the cir-
cumference of revolution, viz, 28} feet, being divided by

these times, gives the velocity per second, as placed in the

4th column.
Then the first weight, of 10 oz, when t
of the plane only was opposed to the air, being deducted

e very thin edee

from every weight in the 2nd column, leaves the weights in

the 5th column, which are to be considered as the actuating

weights at the barrel of the axis, very nearly.
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In the 6th column are the several resistances to a velocity

of 12 feet per second, as deduced from those in the 4th co-

lumn, to which number these are

equal, by stating
)

the resistances to be proportional to th t power of the
5

velocity, agreeably to the rate we have before determined

e e o ’ Lisihon
1or slow motions, that are so nd al to eacn other.

| ] : :
[n the 7th column, the resi column are

reduced, in the proportion of the d

the distance of the a

ce of the plane to

» true

se are t

measures of t th parts o

n ounce,
+1 sals : = £ b 5 i Wiy
to the velocity 12 feet 1 second of time, for each position

of the plane.

all the

¢ obtained by divid-

| y Ly &
In the Sth column are s se resistances,

to the last or greatest of them;

Lo

ler

ing each of them by that greatest; being done in o

compare them with the sines of the same angles of inclina-
tion, as placed in the 9th or last column Whenee it ap-"
pears,

sines: for, from the direct vertical position, or 90 degrees,

t the resistance is in no wise iJa'npuriln:u‘..’i to those

. sine of the angle of inclination decreases faster than the
le of 60° inclination, where they are

again equal. After which, the resistance decreases faster

11
stance, till at the ang

n the sines; but no where however so fast as the squares

of the sines, and much less of their cubes. So that the re-

yractice not as any si .

istance, it appears, is in power of

her 1st, nor 2nd, nor grd POowWe Lhems.

53. But, if we would search out some powers or function

2 SiES, tha

S :
should be proportional to the re

nent must be some vz

tity, which at 60° mu 1, or nearly so; below 602, it

1 1 1 v O
must be greater than 1, but | above 60° it

must be between 1 and 0, Now the cosines of

inerease from 90° down to 0, in such sort, that tl

have the above site pre , viz, that at 6(

1 Velsl ~ 1 1 | v e
above 60°%, 2¢ 1s between | and below 60°, 2¢ 1s be-

1 and 2; where ¢ denotes the cosine of the an

inclination. Let us compute then the proportions of s* for
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the several angles of inclination, where s denotes the sine, in
order to compare with the resistances, and we shall find the

values of 5%, for the several angles, to be thus:

| ]
Values of| Exper. | Diffs, |

| .
| Here it appears, that the values
= ___] G ¥ ey - i L
5 q 19 J 11 b of s agree with the ratios of
10 32 52 | 20 i the resistances, from 90° to 60°
20 133 158 [ 25 very nearly ; but that from 60°
50 302 9ol | 29 | to 30°, the differences increase,
401" 508 | -538 125 | e I
A It e and from 30° to 0, they decrease
50 | 710 | 724 | 14 AT Saey
60 | 868 868 2 | again, the greatest (“!ll_]‘.fliLt_..
70 J. 958 957 1 | beling at 30°, where 1t is ol OF
| 80 | 995 | 994 | -1 | the whole.
| 90 | 1000 | 1000 | O |

54. Instead of the index in the function then, it 1s

likely that we shall sncceed better if we assume the in

one 72¢, by adapting i

sult to the resistance for the ex-
perimented angle of 30°, that is, to ascertain what 2 must

l)(*., so as that the function s* may agree with the resistance
at 30° viz, by making s* = 3

Now this equation in
log. 331

% ¥ 2 3 log
log;u'lthn‘m is nex log. s = log. 331, and hence n =
= 1'842 nearly. Then taking always s, there

r numbers :

C
o

the followin

5= [ B Here the differences M No a
An [values off Exper. | | Here the differences being all
gles glasar resist. | £ ‘ Very .\'lil:LH, it may be concluded
=i { |7 1 that the function s*%* is an ex-
56 Ll | el S el ; PR : L
10 49 | g0 | 10| Pression for the resistance, sufh-
g b 158 0 ciently near the truth, for all the
30 | 831 51 0 angles of inclination. And this
} A ra0 o | 3 Tosiiys

‘i”l 990 290 | =2 | being multiplied by °841, to
50 1 730 A2 =G gt et S R ] e
et ke e bring 1t to eunces, will olve
60 876 868 | -8 : ‘Saze L 1 : T
=0 i 969 057 | .5 | 8 118"°9* for the resistance, in
80 | 995 994 | -1 | ounces, for any angle, whose
90 1000 1000 0| ‘sineis s, and cosine Cy for the

velocity of 12 feet in a second, on a plane surface of 82

square inches, or 2 of a square foot.
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Aug. 11, 1788,
Barometer 30:08 ; Thermometer 60.

[l g ™ ' > % ne el y
956. L'he occasion of this dav’s experiments was as follows:

On comparing the last experi s, made with the parallelo-

gram inclined in various angles, with those formerly made
s ’ -
L 2 cone, the vertex foremost, the surface of which I

it be considered as expanded or unrolled in a

> of an equal area, and inclined in the same angle.

tances not turning out to be in the proportion

of the two surfaces, I imagined that the difference micht re-

sult from the diversity in the shape of the two figures, or

surfaces compared, the oune being a plane rectangle, and the

sther a conical surface, or as it were a triat

e rolled up.
triangular brass

. > 1
56. I therefore procured an equilateral

v of the saine area and wei

as the parailelo-

o 1 3 1 3 2
st used, viz, the triangle bei ng 81 squ

» inches, or

nearly Z of a square foot, and performed the following ex-

periments with it, inclining the plane to the direction of mo-

tion in all angles, differing by 5° at each time, and at eac
inclination turning the vertex of the triangle both forewards

0 both foremost and hind-

and backwards, so that it might

most 5 but, as there was no difference in the resistance be-

tween the two positions, the numbers are

t down only for

= L + )
one oi :[IL’.[H, the 18

numbers servine for beth. The mid-

I
s from the cen-

dle line of the plane was plac

tre of motion ; and therefore the ve 7 of that line, is
as 51°51 to 1. The

weights, for each inclination, were gradually changed, so as

o o)

the velocity of the actuating wei

to bring the plane to make 2 uniform revolutions in every 5

seconds of time, in which case the velocity of the plane was

I dl

er second, or rather 11:26 feet.
Having therefore placed the several angles in the
first column of the following table, a;

tuating w

in the 2ud column, whicl

Q. 1 ar -
the EI} column are set tae

the other following
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sinders denote the resistances without the

weights, which re
friction and resistance on the arm, for a velocity of 11:26
feet. Then these are raised in the ratio of 11:26 *°* to 12*°4,

7 to 8 nearly, for the resistances to 12 feet velocity, which

are pmcccl in the 4th column. These last numbers are again
increased in the ratio of the surface 31% of this triangle,. to

39 the surface of l'h" former plane, that is, in the ratio of

45 to 44, or 1 to 1-%, which increased numbers are set in the
3 F Y

next or 5th cn!unm‘ Then—

| Angl l\‘.-‘\ tu- | Diffs. :Il)ii'h for | i.}l‘h'\ for R ‘ |T:1[\Il-\' Sines !
with lL‘, | of 12 feet |52 inches 4 to the of the |
| direc. | wis | ditto | velocity | area '“l“""'li Jast rl angles |
| =t = | FEH RS A= e | e — {
Y ] e (A ]
Lo | 1{: (Ju o0 | 00 | 000 | 000 | 000 |
\ 5 1 08 | 08 [-015 | 018 [--087 l
| 10 | 200 [ 2:0 | 039 | 046 | -174 1
15 | 40 | -077 | 081 | ‘259 |
: | 68 | -132 | ‘156 | -842 |
! | 204 | 241 | 423
' | 294 347 | 500
| -390 | *461 | 574
| 490 579 | 643 |
| b T 682 0T
i | 650 | *768 | *766
| 705 | 833 | 819 |
| 7150 ‘r"-m 866 |
. LRI e 906 |
! | 809 | 956 | 940 |
| | *827 | 977 | ‘966 |
| | 837 ‘989 985 |
[ 43:5 | 845 | 998 | ‘996 |
‘ 43'6 | '846 [1'000 |1:000 |
5 | 6 T . 8 :

, to reduce the weights from the

l the quotients ave the

barrel to the extremity of the arm,
true measures of the resistances, which are placed in the

next column 6,—Lastly, each of these being divided by the

greatest, 846, give their proportions in nui huz-~ easily to be
compared with the sines of the angles: and these propor-

tionals are placed in the 7th column; having the correspond-

|
|
@
|
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ent sines of the angles of inclination set in the 8th or last

column,

On a sli

. =
It comparison 1t soon appears, that the numbers

for the triangula shape, are nearly the same as those for the

parallelogram, of equal area; evincing that the difference in
the shape of the plane makes no material difference in the

"‘-J“‘i"ll" "Eln'i]'\' beine e 1]']
Ic dlICC, the drca being equal.

33. By interpolation from the foregoing numbers, the

following table is deduced, for every single degree of in-
) L 9 = Fni 3 [r
Clination, accompanied with the t‘.ut'l‘-.'tr‘imm[c:t|l. sines of the

same angles,

.i\lx_;'ﬂi [ Ratios | Sines |lAngl, Ratios | Sines I‘_".I!_‘_‘E.
L s e b | 369 | 515 | 61
| 2 G 35 392 I 580 | ¢
| SRR D% [ 415 | 545 | 6
| { | 14 70 138 | 559 || ¢
ST 451 | 574 | ¢
| 6| 23| 105 | 36| 484 | 588 | 6
i 28 | 122 || 37 507i 602 || ©
’ g8 fv 34 | 189 (38 ] 531 | 616 | 6
9 40 | 156 || 39 | 555 | 629 | 69 9 |
| 10 | 46 | 174 || 40 Il 70 940 |
! 11 53 | 191 } 41 it 71 ' 946 |
12 | 61 | 208 | 42 | 72 S50
|13 | 70 | 225 || 43 | | 78 | 956 |
| 14 | 80 | || 44 | 74 961 |
15 91 | I 15 T5 266 |
16 | 102 | 46 16 970 |
17 | 114 I 47 a1 974 |
18 | 127 | 48 l;Tx : 978 |
19 | 141 | 326 || 49 2 | 79
| 20 | 156 | 343 |} 50 | 768 | 766 | 80 'I
21 | 171 | 858 || 51 | 788 | 777 || 81 | 988 |
22 | 187 | 875 | 52 | 797 | 788 | 82 | 990 |
23 | 204 | 391 || 53 | 810 | 799 || 83 999
[ 54 997 | 995
5 998 | u9g
999 | 998
999
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Where the numbers in the 2nd columb, when mul iplied by

=14

84, and divided by 1000, will give the resistance in decit

of an ounce, to a plane of 82 square inches area, moved

with

ting the air

the velocity of 12 feet in a second of time, me

in the several ancles shown in the first column of the table:
g

and the general formula for every case of that plane, as be-

fore, is S4s™, w
the angle of inclination, also n = 1842, or 1:84 only. "For
other surfaces and velocities, the formula will vary nearly
as the surfaces, or but little higher, about 7, and nearly as

the 2:04 power of the velocity. Or, for any other greater

Jane a. and velocity v, the formula will be nearly *03az
3 ?

"84 feet —For water, or any other fluid, different from air,
this theorem will be varied in proportion to the density of
the fluid.

59. Though the figure of the plane makes no sensible
difference in the resistance; yet the action on a plane will
not apply to such curve surfaces as those of a cone or a
sphere, as clearly appears by the table of experiments in
page 159 ; where the convexity of the hemisphere, on a sur-
face equal to double its base, has less than half the resistance ;
and the cone, with a surface of nearly 74 square inches, at
an angle of 25742, with the path, suffers a resistance far less
in proportion to the plane at an equal angle; for, the ratio
of the surfaces is that of 74 to %2, much more than double,

while that of the resistances, 376 to 255, is less than 3 to 2.

.re s denotes the sine, and ¢ the cosine of
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