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IV. An account of fome Experiments made on the
27th day of April, 1719. to find how much the
Refiftance of the dir retards falling Bodies. By
J. T. Defaguliers, LL. D. ¢ F.R.S.

Took 12 Balls (fix of which were folid Leaden

Globes of about 2 Inches Diameter ; three hollow
Glafs Balls of about 5 Inches Diameter; and three
light Paftboard hollow Globes of abou: the {fame Dia-
meter) and having carried them to the upper Gallery in
the Lanthorn, on the Dome of St. Paul’s Church, [
caufed them to fall dJown by two at a time, in the
following manner;

Fir(t, a Leaden Ball and a Glafs Ball,

Secondly, a Leaden Ball and a Gla(s Ball.

Thirdly, a Leaden Ball and a Glas Ball

Then I let fall in the fame manner the three other
Leaden Balls, each with a Paftboard Ball.

After thar, having the Leaden and Paftboard Balls
brought up again, I repeated the Experiment twice
more with a Leaden and Paftboard Ball : then I made
the Expcriment twice more with a Paftboard Ball
alone, to {ce how long it would be in falling.

Wpon the whole it appeared that the Leaden Balls
were a very little-longer than 4 : Seconds in falling ;
the two largeft of the Glals Balls 6 Seconds, and the
Paftboard Balls 6 & Seconds. .

The height of the Gallery, from whence the Bodies
fell, was 272 Foot above the Pavement of the Church
(then cover'd with Boards) upon which they fell.

The times of the Falls were taken two ways above,
vize with a Wheel-Chronometer, . which meafures a
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fmall part of Time accurately, nearer than 1o a quarter
of a Second (made and contriv'd by Mr. George Graham,
an ingenious Clock-maker) and with an Second Pen-
dulum: And the differences of Time between the fall of
the Leaden Balls and the other Balls were taken below. by
the Prefident, Murtin Folkes E{q; F.R.S. and another
Perfon,whoall agreed in their Oblervationsof the Time,
which they made each with an half Second Pendulum.

"The following Table gives the Marks, Weights,
and Diameters of the feveral Balls, in three
Columns.

Leaden Balls | Troy Weights | Diameters in In:hes
. 0z d and Decimals.
b 2 : 7 ¢ 5 2., I
¢ I:II: 4 I, 99
3¢ L :10:12 2,0
4¢ I:If: 12 2, 0
§¢ 1 :11:12 2 5,0
. 60 F:lo: O 1,98
Paftboard Balls,
- A o: 3:6 §4,5%
B o: 1:14 5§, I
C oO: IS 17 5, I :
Glafs Balls. )
D o: 3:13:1 3,9
. E °0: 57 37| 5,42
d F o: 6: OF 5,55

N.B. The Polar and Equatorial Diameters of tiie
Glafs Balls being different, I have fet down a Mean
Diameter for each of them ; the true Diameters are thus,
of D4& 3,.8.0fE5,6and 5,25. of F5,7 & 5,4 Inc‘r}gs.

e
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The particular Experiments are as follo s,

Experiment 1. Fall of r¢ and D.
¢ fell by the Pendulum in 41"
The Fall of D was {o near it, that the Difference was

not taken ecither above or below.

Experiments Il. Fall of 2¢ and E.
2.¢ fell by the Chronometer in 5”, by the Pendulumin 4;".
Time of the fall of E not taken above.
The Difference taken below x:".

Experiment III, Fall of 3¢ and F.
3¢ fell by Chronometer in 45", by Pendulumin 45",
F fell in Six Seconds.
Difference taken below was 15",

Experiment 1V. Fall of 4¢ and A.
4¢ fell by Chronometer in 4%, by Pendulum in 4.
- A fell in 65 Seconds.
Difference taken below — 2",

- Experiment V. Fall of 5¢ and B,
We made no Obfervation above nor below.

Experiment V1. Fall of 6¢and C.
6¢ fell by Chronomster in 43", by Pendulum in 4
C not taken above.

i

Difference below — 21",

;"
3 *

Experiment VIL Fall 1 ¢ and B.
1 ¢ fell by Chronometer in 43", by Pendulum in 43"
B not taken above.
Difference taken below 23 %
10Ca Experi-
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Experiment VIII. Fall of 5¢ and A.
s¢ fell by Pendulum in 42",
A fe!l foul and fo was not obferv’d at all.
Difference taken below 2",

Experiment IX. Fall of B alone.
by the Chronometer in 6", by the Pendulum in 61"

 Experimes: X, Fell of C alone
by the Chronometer in 6" Hy the Pendulum in 63"

By Galiles’s Theory the Lead, which was 44" in fal-
ling, muft fall 4 Foot the firlt 1", or 16 Feet the ficlt
Second, which amounts to 324 Feet in 4;". Bur as
the Sound of the Lall (as it firuck the Borrom) by which
we reckon’d our Time, had 272 Feet ro move, we mult
abate a | of a Second nearly, ({uppofing Sound to
move one Mile in 4}") which will take away 35 Feer,
that the Body muft have fallen in the lalt I of a Se-
cond, and reduce the number of Feet to 289 : {o that
the Lead will have only fallen 17 Feer fhort of the
Theory, which muft be attributed to the Refiffance of
the Air.

The large Glafs Ball in the 6 Seconds of its Fall, wouw'd
ina Pacuae go thro’ 576 Feet s bur raking away the lalt
> of a Sccond or 47 Feet, for motion of Sound, it muft
only fall 529 Feet in Pacwo.  Now fince it fell but
272, there have been 257 Feet taken off from the Fall
by the Air’s Refiftance.

Likewife the Paftboard Ball in 6% Seconds muft
have fallen 676 Feer: but dedulling the laft quarter
of a Second or 51 Feet for the motion of the Sound, there
remains only 625 Feer for irts fail in #acno.  But as
it fell only 272 Feer, we muft allow a Retardment of

353 Feet for the Refiffance of the Air
Az
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At a mean we may call the weight of the Glals
Ball 5 0z. Troy, and its Diameter § Inches and %; and the
weight of the Patboard Ball 2 Ounces 770y, and a lit-
tle more than § Inches Diameter.

The Lead Balls all fell wichin near a Foot of one an-
other, and made an impreffion in the Boards of about ;-
of their Depth.

The Barometer ftood at 30, 1 Inches, aad the Mer-
cury was very Convex, and therefore inclined to rile

fill,

A further Account of Experiments made for the fame
purpofe, upon the 27th Day of July laft. By the

fame.

Aving found by our former Experiments, that thin

Glafs Balls, and even Balls of pafted Paper,

were too heavy to make fo confiderable a Difference
between the time of their Fall and the fall of Leaden
Balls, that it might be eafily Obferv’d; 1 contrived a
way to make dryed Hogs Bladders perfeltly round,
by blowing them (when moift) within a ftrong Sphe-
rical Box of Lignum Vite, and letting them dry in the
faid Box before I took them out: which I did by
epening the Box that fcrew'd in the middle, and had:
a hole in the Pole of one of its Hemifpheres to let
the Bladder paf(s thro’, in order to tye it after blowing ;
and {ome few {mall holés all over the Box, that in
blowing no Air might be confin’'d between the infide
of the Box and the. Bladder, {o as to hinder it from
putting on a Spherical Figure. Befides I took off the:
ends of the Ureters, the Fat and a great deal of the:
upper:
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upper Coats of the Bladders, before I blowed them ia
the Box, to render them flill lighter.

The Bladders I ufcd were fome of the thinneflt T
coud find ready blown at a Druggifts, which I moift-
ned in Water, taking care to leave none in the infide.
I chofe thofe rather than Green ones, which in drying
wou'd have ftuck {o faft to the infide of the Box, that
it wou'd {carce have been pofiible to have got them out
without tearing.

Having prepared five Bladders in the manner afore-
faid, (which I have defcribed the more tully to dire&t
any body elfe that thou'd be willing to try the like
Experiments) I took them up to the upper Gallery in
the Lantern on the Top of the Cupola in St. Pauls
Church; and there by a Contrivance, which I fhall
juft now defcribe, I let them fall by one at a time,
together with a Lecaden Ball of about 2 Inches Dia-
meter, and weighing 2 /. Zroy: andItook notice of the
time of the Fall of each Bladder, knowing by former
Experiments that the Balls are about 4 ;- Seconds, or a
little longer time, in faliing the fame Height, which is
272 Feer.

The following Table, confifting of five Columns,
gives in the firft, the Marks of the Bladders; in the
next their Diameters; in the third their Weights in
‘Grains 7roy; in the fourth the times of their Fall in
Second Minutes of time ; and in the fifth, the difference
of Time between the Falls of the Leads and of each
Bladder , taken below by the Prefident, Dr. Halley,
Dr. Jurin, Martin Folkes E{q; and Mr. George Grabham
the Clock-maker. The Time was taken above with
Mr. Graham’s Chronometer, (formerly defcribed) ; and
below with the {ame Inftrument, and three half Second
Pendulums, all which agreed very well together.

The
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The Experiments having been made twice over, the
Table is twice fet down; and thofe Experiments in
which the Bladders fell ftreight down, and the moft
regularly, have this Mark before them (*).

Marks.|Diameters| Weight in |Time of the} Diff. between the
in Inches \Grains Troy \whole Fall \Lead and Bladdesr.
A |53 128 19 %" 14 Seconds.
*B | 5,193 156 175 122
C 533 137} 18; | 144
D | 5,26 97% 225 175
*E | 5,02 995 215 17
* A Igll 14%
B 183 14;
*C 18 14
D 24 195
E 2175 16%

The Diameters and Weights may be relyed upon,
being taken the Day that the Experiments were made,
and the Day after; but the Diameters and Weights
taken 10 Days before, not agreeing with thefe, I have
lefc them out.  For the Bladders by drying had loft
of their Weight, and altered their Diameters.

As the Necks of the Bladders in drying fhrink, {o-
as to open a little, they muft be blown before each
Experiment, And for the manner of letting them fall
exa&ly in the fame Inftant of time, it is defcribed by
Figure II, in which

A,A,A A, is the Hole through which the Bodies
fell: 1, 2, is a Board laid over the Hole. G,D,D is
another Board fixt to the firft Board by the two Wood-
Screws D, D, with a Pulley G at the other end of it,
over the Hole. W is a two Pound Ball of Lead

faftned
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faftned to a firong Thread, which going over the Pulley
is ftretched horizontally from G to the Nails F; to
which it is faftned, {o as to be about a quarter of an
Inch above the Board.

B is one of the Bladders, hanging with the Neck or hea-
viclt part downwards, by means ot a Loop of fine Thread
as EH, which goes over the Horizontal Thread GEF.
Now when with a pair of Sciflars the Thread of the Lead
(which in all is but one Foot long) is cut juft at E, before
the Loop of the Bladder, the Lead pulling away the String
the Loop of the Bladder flips off the remaining Thread
F E, and begins to fall exadly in the fame Inftant as the
Lecad : Butif the Thread fhould be cut between E and
F, as the Lead falls its Thread might give the Bladder
an oblique Direction,

He that obferves the time either with a Pendulum or
Chronometer may take it very exactly, by feeing the
motion of the Sciffars as they cut the Thread.

N. B. As the Diameters of the Bladders were taken
by wrappinga Thread twice round them, and fomething
muft be allowed for the thicknefs of the Thread; 1 have
here under fet down the Diameters of the Bladders, as
correCted by that Allowance. Fiz. A 5,28 Inches;
P s,19; Cys,30; Dy r; and E juft 5 Inches in Dia-
meter, ‘

TheBladder E was rough, with feveral Wrinkles and in-
equalities, which made it be longer in falling thanit ought
to have been, according ro its Diameter and Weight.

A Pail of Water thrown down met with fuch a Refi-
ftance in falling 272 Foot thro’ the Air, that it was all
turn’'d into Drops like Rain.

F I N J &

RRATA. Phil. Tranf. N°. 357. Page 848. 1 22.1ege ab & 11* 327,
" N%359. p. 932. 1 17. Ieget ==0",1. p.937.L 5, 6. lege reftituine
tur. Et Syflole Arteriasum cum Cordis Diaftole duratione convenis.
N°. 361, pi 1005, L 16, sead, proof of ke falfity of the Opinion.
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