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96. The angle DATF in Fig. 40, made by the body in
its forward course with the perpendicular at the point of
contact, is called the Angle of Incidence.

The angle E AF, made’ by the body in its backward
course with the same perpendicular, is called the Angle of
Reflection.

The great law of reflected motion is as follows :—Z%e
Angle of Reflection is always equal to the Angle of Inci-
dence.

CHAPTER V,
MECHANICS (CONTINUED).

GRAVITY.

947, TrRRESTRIAL GrRAVITY.—When a stone is let go, we
all know that it does not fly up in the air or move sideways,

but falls to the ground. This is owing, as already men-
- tioned, to a universal property of matter. The stone and
the earth mutually attract each other ; but the earth, being
vastly superior in size, draws the stone to itself, or in other
words, causes it to fall.

The tendency of bodies, when unsupported, to approach
the earth’s surface, is called Terrestrial Gravity, or simply
Gravity.

98, GraviTaTioN.—Attraction is universal. It is not
confined to things on and about the earth’s surface, but
extends throughout space, millions of miles, and is in fact
the great agent by which the heavenly bodies are kept
moving in their respective spheres. The carth as certain-
ly attracts the planet Uranus, at the vast distance of
1,828,000,000 miles, as it does the falling stone.

Figure 40, 96. Whatis the Angle of Incidence? What is the Angle of Reflection ?
‘What is the great law of reflected motion ? .

97. When s stone is let go, what does it do? To what is this owing? What Is
meant by Terrestrial Gravity ? 98, What is Gravitation? How far does gravitation

GRAVITATION, 47

The attraction subsisting between the heavenly bodies
is called Gravitation.

To Sir Isaac Newton the world owes the great discovery of the law of
Universal Gravitation. Galileo bad investigated the subject of terresirial
gravity (a. p. 1590), but he did not imagine that any similar force existed
beyond the neighborhood of the earth. Kepler advanced a step nearer the
truth, and spoke of gravitation as acting from planet to planet; still he did
not conceive of its having any effect on the planetary motions. This discov-
ery, one of the most important that modern science has achieved, was re-
served for the mighty genius of Newton. Sitting in his orchard one day
(A: ». 1666), he observed an apple fall from a bough. This simple circum-
stance awakened a train of thought. Gravity, he knew, was not confined to
the immediate surface of the earth. Tt extended to the greatest heights with
which man was acquainted ; why might it not reach out into space? Why
not affect the moon? Why not actually cause her to revolve around the
earth? To test these speculations, Newton at once undertook a seres of la-
borious caleulations, which proved that the attraction of gravitation is uni-
versal; that it determines the orbits and velocities of the planets, causes the
inequalities observed in their motions, produces tides, and has given its
present shape to the earth.

99, Three facts have been established respecting gravi-
tation :— ;

1. Gravitation acts instantaneously. ‘Were a new body
created in space 1,000 miles from the earth, its attraction
would be felt at the sun just as soon as at the earth, though
the one would be 95,000,000 miles off, and the other only
1,000.

2. Gravitation is not lessened by the interposition of
any substance. The densest bodies offer no obstacle to ifs
free action. Were a body placed on the other side of the
moon, it would be attracted by the earth just as much as
if the moon were not between them.

3, Gravitation is entirely independent of the nature of
matter. All substancesthat contain equal amounts of mat-
ter attract and are attracted by any given body with equal

extend? Give an example. By whom was the law of Universal Gravitation diseov-
ered? What advance had been made towards it by Galileo? What, by Kepler?
Give sn account of the circumstances and reasoning that led Newton to this discov-
ery. What was proved by his calenlations? ~ 99, What is the first fact that has been
established respecting grovitation? Give an example. What is the second fact?
Give anexample. What is the third fact? What evidence is there of this? 100, What
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force. The action of the sun is found to be the same on
all the heavenly bodies.

100. Direcrion oF Graviry.—If a piece of lead sus-
pended by a string be left free to move, it will point to-
wards the earth. This is the case in all parts of the globe.
Now, as the earth is round, it follows that at two opposite
points of its surface, the plummet, or plumb-line (as this

Wiz, 41, suspended lead is called),will

point in opposite directions.

lA This will be seen from the

relative positions of A and

B, C and D, in Fig. 41. The

- lead, therefore, has no ten-

dency to fall in any particu-

lar direction as such, but

takes all directions according

TB to the part of the earth’s

surface which it is near. The

universal law is, that 4 must point towards the cenire of
the earth. ; .

It is not because any peculiar attractive power resides in the centre that
a falling body tends towards that point; but hecause, in a sphere, this is the
result of the attraction of all the particles. The particles on one side attract
the falling hody as much as those on the other; and consequently it secks a
point between them,

No two plummets suspended in different places have exactly the same di-
rection, for the lines in which they hang would meet at the centre of the
earth. At short distances, however, the difference of direction is so slight ag
to be imperceptible, and the plummets seem to point the same way.

.101. It follows that wp and down are relafive and not absolute terms.
What is «#p to a person in New York, is down to a ship a few miles south-west
of Australia. If a person in a standing position at New York were to be

carried in a straight line through the earth to its centre, and on in the same
direction to the opposite side of the earth, he wonld come out in the Indian

QOcean south-west of Australia, but would find himself on his head instead of -

his feet. His head, which at New York pointed up, would now point down.

is o piece of lead suspended by & string called? How does the plummet alyays
point? On what does the sbsolute position of the plummet depend? Why does a
falling body tend towards the cendre of the earth? 'What is said of the difference of
direction in plummets suspended in different places? 101, What is said of the terms
wp and down? Exemplify this. What is the real meaning of %p and down ! Why
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Down, therefore, simply means towards the centr;s of the earth, and up away
from the centre, .

This explains what the unreflecting are sometimes puzzled to account for,
—why persons and things on the side of the earth opposite to them do not
fall off. Regarding themselves as on the wpper side, they can not see what
keeps those on the under side from being precipitated into space. But really
there is no under side.  All things are alike drawn fowards the centre; all
are kept on the carth’s surface by the same force of gravity.

102. Laws For THE ForcE oF GraviTy.—The force of
gravity (and the term is here used in its widest sense, in-
cluding gravitation) depends on two things,—1. Amount
of matter; 2. Distance,—according to the following laws :

1. The force of gravity increases as the amount of mat-

ler Tnereases.

2. The force of gravity decreases as the square of the

distance increases.

103. According to the first law, if the sun contained
twice as much matter as it now does, it would attract the
earth with twice its present force; if it contained three
times as much matter, with three times its present force ;
&c. Observe, we gay if it contained twice as much matter,
not if" it were twice as large; for it might be twice its
present size, and yet so rare as to contain less matter and
attract less strongly than it now does. If there were two
heavenly bodies, the one of iron and the other of cork, the
latter, though twice as large as the former, would have less
attraction because it would contain less matter,

As already remarked, the earth is so much larger than the bodies near
its surface that it is not perceptibly affected by their attraction. Evenif a
ball 500 feet in diameter were placed in the atmosphere 500 feet from the
earth’s surface, the earth, being 580 million million times greater than the
ball, wonld draw the latter to itself, while it would advance to meet it, less

than one ninety-six-thousand-millionth of an inch—a distance so small that it
can not be appreciated.

The sun is 800 times greater than all the planets put together. It is on
account of this enormous amount of matter that its attraction is felf by the
most remote bodies of the solar system ata distance of many millions of miles. -

4o not objects on the under side of the earth fall off? 102. On what does the force of

gravity depend? Repeat the two laws of gravity. 103. Explain the first Iaw, Why

is not the earth perceptibly affected by the attraction of bodies near its surfaca? Give

an example. Why is the attraction of the sunso great? What would be its effect
3
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A man carried to the surface of the sun would be so strongly attracted by its
immense mass that he would be literally erushed by his own weight.

104. According to the second law, if the sun were twice
as far from the earth as it now is, it would attract the latter
with but 1 of its present force ; if three times as far, with
1; if four times as far, with {5, &ec. So, if two equal masses
were situated respectively 5,000 miles and 10,000 miles from
the earth’s centre, the nearer would be attracted not twice,
but 4 times, as strongly as the more distant.

105. All bodies on the earth’s surface, however small,
attract each other with greater or less force according to
their masses and distance. This attraction, in most eases,
is absorbed in the far greater attraction of the earth, and
consequently can not, be perceived. In the case of moun-
tains, however, it is so strong as to have a sensible effect on
plummets suspended at their base. Instead of pointing di-
rectly towards the centre of the carth, a plumb-line in such
a position is found to incline slightly towards the mountain,

106, WrrcaT.—When a body is supported or prevented
from following the impulse of gravity, it presses on that
which supports it, more or less strongly according to the
foree with which it is attracted. This downward pressure
is called its 'Weight.

Weight is simply the measure of a body’s gravity, and is proportioned to
the amount of matter contained. A ball of iron is heavier than a ball of cork
of equal size, because it contains more matter.

Weight being nothing more than the measure of the force with which
bodies are drawn towards the earth, it follows that, if the earth contained
{wice as much matter as it now does, they would have fwice their present
weight; if it contained three {imes as much matter, three times their present
weight, &e.

107. Weight above and below the Eurth’s Surface.—
Since the weight of a body is the measure of its gravity,
and since gravity decreases as the square of the distance
from the earth’s centre inereases, it follows that bodies be-

on 5 man carried to its surfice? 104 Tllustrate the second law with an example.
105, Why is not attraction exhibited between small bodies on the earth’s surface?
Tow i3 a plummet suspended near the base of & mountain affected? 106. ‘What is
Weight ? To what is'weight proportioned? If the earth contained twice a3 much
matter as it now does, how would the weight of objects on its surface compare with

Ry b e G
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come lighter in the same proportion as they are taken up
from the earth’s surface. A mass of iron which at the
earth’s surface weighs a thousand pounds, taken up to a
height of 4,000 miles, would weigh only 250 of such pounds,
or one-fourth as much as before. -

The reason of thisis clear. The earth Fig. 42,
being about 8,000 miles through, from its 20000 it gl e
ceéntre to its surface is 4,00()gmiles; e ey s laaste e
from its centre to a point 4,000 miles
ahove its surface, is 8,000 miles. 4,000 is
t0 8,000 as 1 to 2; buf the weight at the 1500 mles | 62l pomds
surface would not be to the weight 4,000 &= mfee disimes s e el
miles above the surface as 2 to 1, but as
the squares of these numbers, 4 to 1.
Hence, if it would weigh 1,000 pounds at 15,00t | 1Y pounds
the surface, it would weigh only 2/, 88 5 tmessurface distance | 1 / ,:mum‘
much, 4,000 miles above the surface. For 2
the same reason, it would weigh 1/, of
1,000 pounds at a distance of 8,000 miles
from the surface; 1/, at a distance of o
19,000 miles; s, at 2 distance of 16,000 it sl
miles, &e. These results are exhibited
in Fig. 42. 1,000 pounds

At small elevations, the weight which Furinen welEhs
an object loses amounts to but little. Four S
miles above the earth’s surface, a body
weighing 1,000 pounds would become only
two pounds lighter. Raised to a height
of 240,000 miles, the distance of the moon
from the earth, its weight would be re- \
duced to less than five ounces.

108. If we could go from the .
surface of the earth to the cen-

\b/

tre, we should find a given object weigh less and less as we
advanced. The moment we descended beneath the surface,
we would leave particles of matter behind us, and the at-
traetion of these would act in a direction exactly opposite
to gravity.

their present weight? 107. Whatis said of the weight of bodies taken up from the
earth’s surfice? What would 1,000 pounds of iron weigh, 4,800 miles above the
earth’s surface? Show the reason of this, What i3 said of the loss of weight at small
elevations? Four miles above the surface, how much would a body weighing 1,000
pounds lose? - What would bo its weight, 240,000 miles from the earth ? 108, Ifwe
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Thaus, in Fig, 43, let C represent the centre of the earth, and O any objecs
berieath the surface. All the particles below the line AB attract O down-

Fig. 43. Fig. 44,

=

ward, but all above that line attract it upward, and thus diminish its
weight.

At the centre of the earth (see Fig. 44) no object would weigh any thing. *

There would be as many particles above the line D E as below it; and O, be-
ing equally attracted on all sides, would have no weight.

109. All bodies carried below the earth’s surface would, therefore, become
lighter as they approached the cenire. Their weight at any given number
of miles below the surface may be found as follows:—

For 1 mile below, take $345 of the surface weight.

For 2 miles, take $545 of the surface weight.
" For 100 miles, take 2200 of the surface weight.
For 1,000 miles, take

Fig o 110. Law of Weight—From the
g0 niles | If, 300 ghove principles the following law of
i s :Z“f,jf:;j" " weight is deduced :—A¥ objectsweigh
5,000 miles | 16, ei0p.  the most ab the surfuce of the earth:
Goomiz \L00rowds  gecending jrom the surface, their
Slhgunid b weight diminishes as the square of

000 m. 1500 p. . . .
G their distance jfrom the centre in-
1,000 m..1 250 p.

Feias 0 Po“nd" . . . - . i -
tre, their weight diminishes as their

distance from the surface increases.
Tig. 45 shows the operation of
thislaw in the case of an object weigh-
ing 1,000 pounds at the earth’s surface.

conld go from the surface of the earth to the centre, what would we find respecting
the weight of a given body? Whatis the reason of this decrease? Illustrate this
with Fig. 48. What would all ohjects weigh at the centre? Show the reason of this
with Tig. 44, 109, How may we find the weight of & given body one milae below the

creases ; descending towards the cen-

WEIGHT IN DIFFERENT LATITUDES. 23

111. Weight at different Parts ofthe Earth's Surface.
—The weight of a body differs at different paits of the
earth’s surface. A mass of lead, for instance, that weighs
1,000 pounds at the poles, will weigh only 995 such pounds
at the equator.

112, This is owing to two causes i —

1. The equatorial diameter is about 264 miles longer
than the polar diameter; and therefore an object at the
equator is farther from the cenfre and less strongly at-
tracted than at any other point.

2. The centrifugal force, as shown in § 79, is greatest
at the equator, and therefore counterbalances more of the
downward attraction there than at any other part of the
surface, making the weight less. It has been computed,
that, if the earth revolved 17 times as fast as it now does,
the centrifugal force at the equator would counterbalance
oravity entirely, and thus deprive all bodies of weight. If

 the earth’s velocity were further increased, all things at the
equator would be thrown off'into space. :

118. The general effect of gravityis Fig, £6
to draw bodies towards the earth; but
gometimes it causes them to rise. A
balloon, for instance, mounts to the
clouds. This 1s because it contains less
matter than a mass of air of the same
bulk, or, as we say briefly, it is lighter
than air. Hence the air, acted on more
strongly by gravity than the balloon, is
drawn towards the earth under the lat-
ter, which is thus caused to rise.

_ For the same reason, smoke ascends.
So, if a flask of oil be uncorked at the

A BALLOON.

corth’s surface? Twomiles? A hundred miles? A thousand miles? -110. Repeat
the law of weight. 111, What is said of the weight of a body at different parts of the
earth’s surface ?  Give an example. 112. To what causes is this owing? What would
be the Tesult, if the earth revolved on its axis with seventeen times its present velo-
eity? 113, Show how gravity sometimes causes a body to rise. Give some illustras
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bottom of a pail of waler, the water will be drawn down
below the oil, and force the latter to the top.

Failing Bodies.

114, Verocrry or Farmve Bopres—If a feather and
a cent be dropped from a height at the same time, the cent
will reach the ground some seconds before the feather,
This fact Avistotle and his successors explained by teaching
that the velocity of falling bodies is proportioned to their
weight ; that a body of two pounds, for instance, would
reach the ground in just half the time required by a body
weighing one pound. Galileo was the first to correct this
error (about A, p. 1590). He held that the velocity of fall-
ing bodies is independent of their weight, and that, if no
other force than gravity acted on them, all objects dropped
at the same time from the same height would reach the
ground at the same instant.

So startling a proposition was at once condemned by the learned men of
the day; but Galileo, convinced of the truth of his position, challenged his
opponents to a trial. :

The leaning tower of Pisa [pe-zah], Italy, was chosen as the scene of the
experiment, and multifudes flocked to witness it. Two balls were produced,
one of which weighed exactly twice as much as the other, and after being
examined, to prevent the possibility of deception, ata given signal they were
dropped. In breathless anxiety the crowd awaited the result, doubting not
that it wonld confound the bold youth of six-and-twenty yeats, who had dared
10 oppose not only the sages of his own time, but also the established opin-
ion of centuries and the great master Aristotle himself. To their amazement,
the bold youth was right; the balls reached the carth at the same instant.
Unable to credit their own senses, again and again they repeated the experi-
ment, but each time with the same result. This triumph, though it awakened
the jealousy of his defeated rivals, and cost Galileo his place as professor of
mathematics in the university of Pisa, established the fact that gravity causes
all bodies to descend with equal rapidity, without reference to their weight, and
that all apparent differences are caused by some other agency.

115. Rusistance or THE Air.—The cause of the differ-

tions. 114. If a feather and a cent be dropped at the same time, which will reach the
gronnd first? How did Aristotle explain this fact ? What was Galileo’s opinion on
the subject? IHow was his theory receiyed by the learned men of the day? Give an
account of the trial that wasmade at Pisa, What fact was established by the experi-

B

" face of the parachute that he ineurs .
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ence of velocity in a falling feather and a falling cent is the
Resistanee of the Air, :

This resistance'is proportioned to the extent of surface
which the falling body presents to the air. The surface,
indeed, may be so extended that gravity can
hardly overcome the air’s resistance; thus, gold
may be beaten into a'leaf so thin that it will be
exceedingly slow in its descent, floating for a time
in the air.

116. That the resistance of the air eauses the difference of ve-
locity exhibited by falling bodies, may be proved in two ways:—

1. A piece of paper, a sheet of goldgeaf, or a feather, with its
surface extended, floats slowly downward ; roll it into a compact
mass, and it will descend rapidly like a stone.

9. Remove the air from & high glass tube (see Fig. 47) by
means of an instrument called the air-pump, to be described
hereafter. Then, from an apparatus provided for the purpose,
drop a feather and & cent simultancously, and they will reach the
bottom at precisely the same instant. Let in the air and drop
them, and the feather will be several seconds longer than the eent
in reaching the bottom.

117. The Parachute—Tt is the resistance of the |
air that enables a person to descend in safety from =—=
a balloon at great heights above the earth’s surface. A
parachute, which spreads open like a large umbrella, is sus-
pended beneath the balloon. Hayv-
ing taken his position in the bas-
ket-shaped car hanging beneath,
the aérial voyager fearlessly de- €
taches himself from the balloon;
for, though he is borne downward
by gravity, the force of his fall i
50 broken by the resistance which
the air offers to the extended sur-

A PARACHUTE,

ment? What was its result to Galileo? 115. What canses the difference of velocity in
a falling feather and a falling cent? To what is the resistance of the air proportioned ?
How may the air's resistance almost be made to counterbalance. gravity ? Give an
fllustration. 116, Prove in two ways that the resistance of the air causes the differ-
ence of velocity in' falling bodies, 117, How is a person enabled to descend safely
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little danger, To ensure the safety of a common-sized
man, a parachute must be at least 22 feet across. ° Fig. 48
represents a parachute; Fig. 46 shows'it attached to a
balloon.

118. Law or Farune Bopmes.—We have found that
all bodies acted on solely by gravity fall to the earth with
the same velocity, It is evidently an accelerated velocify ;
for gravity, which first eauses the motion, continues acting.
In other words, gravity gives a falling body a certain ve-
locity in the first second of its descent; still forcing it
downward, it increases that velocity in the following sec-
ond ; and so on till it reachessthe earth.

To find the exact spaces passed over in successive sec-
onds, and the velocity at any given point of the descent,

was formerly exceedingly difficult, on account of the rapid-

ity with which falling bodies move, and the want of conve-
niences for experimenting on them. Even the greatest
perpendicular heights were inadequate to the purpose, as
a falling body would reach their base in a few seconds.
These difficulties are now removed by an ingenious appa-
ratus, called, after its inventor, Atwood’s Machine.

119. Atwood's Mackine.—Atwood’s Machine is represented in Fig. 49. It
consists of a pillar, G, about six feet high, surmounted by a horizontal plate,
J X ; from which to the base of the stand extends a perpendicular graduated
seale, C L, divided into feet, inches, and tenths of an inch. The plate JE
supports a vertical wheel, D, the axis of which, that it may revolve as far
as possible without friction, rests on four other wheels, @, 8, ¢, d (d, being
behind the rest, is not seen in ‘the figure). A and B are equal weights, con-
nected by a cord, which passes over the wheel D. F is a pendulum which
vibrates once in a second; and I is a dial-plate and index (like the face and
hand of p clock) for marking seconds. L

B, having exactly the same weight as A, just counterbalances it. Now
attach to A a small weight equal fo one sixty-third of the combined weight
of A and B. This slight addition causes A to descend; but as A descends,
B of course ascends; and as neither A nor B, being counterbalanced

from a balloon at a great height? Deseribe the process. How large must o parachute.
be for a common-sized man? 118, With what sort of velocity must falling bodies de-
scend? Why so? What made it difficult formerly to ascertain the velocity, &e., of
falling bodies? = What apparatus is now employed for this purpose? 119. Describe
Atwood’s Machine from the plate. Show its mode of operation, How does this ma-

ATWOOD’S MACHINE.

each by 'the other, has any gravity,
the gravity of the small weight at-
tached to A, which sets them in mo-
tion, must be divided into 64 equal
parts. Hence A with the added
weight is 64 fimes as longin descend-
ing as it would be if dropped freely
in the air, and the experimenter thus
has an opportunity of observing its
velocity at different points, and as-
certaining the relative distances pass-
ed over during the successive beats
of the pendulum. The distances pass-
ed over in the first, the second, the
third, and the fourth second, &c., bear
the same relation to each other, as
if the bodies were falling freely in
space. The velocity, moreover, hav-
ing been greatly diminished, the re-
sistance of the air becomes so slight
that it need not be taken into caleu-
lation.

120. It is found with Atwood’s
Machine, that, calling the distance
traversed in the 1st second 1, that
traversed in the 2d will be 3; that
in the 8d, 5; that in the 4th, 7 ; and
so on in the series of odd numbers.
The velocity at the end of the 1st sec-
ond will be & mean between 1 and 3,
or 2; at the end of the 2d, if will be
a mean between 3 and 5, 0or 4; al the
end of the 2d, 6; at the end of the
4th, 8 ; and so on in the series of even
numbers.

In 1 second a falling body descends
161/, feet; therefore, according tothe
results obtained with Atwood’s Ma-
chine, it has a velocity at the end of the
1st second of twice 161/, feet, or 82/

chine aid the experimenter? 120. Whatis
found with Atwood's Machine, respecting
the distances traversed in successive sec-

_onds? What is the relative velocity at the

end of successive seconds? How far does
a body fall in the first second ? According

]

il

i”l‘zu..
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feet, per second. Inthesecond second it descends 8 times 16/, feet, or 481/
- feet, and af its termination has a velocity of 4 {imes 161/, feet, or 644z feet,
per second.  In the third second, it descends 5 times 161/;a feet, or 803/, feet,
and at its termination has a velocity of & times 161/,,, or 96/, feet, per sec-
ond, &e.

Now, as to the whole space passed through in any given time. In1 sec-
ond, it will be 161y, feet ; in 2 seconds, by addition (16%.+48Y), 641/, feet;
in 3 seconds, (163 43%;=-805/;s) 1443/, feet; in 4 seconds, (161/;31 481/
- 805/;0+ 1127/55) 2575, and s0 on.

191. These results are summed up in the following rules:—

Rule 1—To find the space through which a falling body
passes during any second of its descent, multiply 1675 feet
by that one in the series of odd numbers which corresponds
with the given second.

Fample. How far will a stone fall in the tenth second of its descent?—
The series of odd numbers is 1, 3, 5,7, 9; 11, 18,715, 17, 19, &c. The tenth
js 19; 16Y/; multiplied by 19 gives 8057/12—Answer, 80575 feet.

Rule 2—To find the velocity of a falling body at the
termination of any second of its descent, multiply 1675 feet
by that one in the series of even numbers which corresponds
with the given second.

Zzample, What s the velocity of a stone that has been falling ten sec-

onds ?—The series of even numbers is 2, 4, 6, 8, 10, 12, 14, 16, 18, 20. The

tenth is 20; 16Y/;, multiplied by 20 gives 8213/;,—Answer, 3217); feet per
second. 7

Rule 3—To find the whole space passed through by a
falling body, multiply 16 feet by the square of the given
number of seconds. :

FErample. How far will a stone fall in 10 seconds ¢—Squaring 10 gives

1005 164 multiplied by 100 gives 1,8081/;.— Ansiwer, 1,608!/ feet.

122.—BoDIES THROWN DOWNWARD.—These rules apply
to bodies acted on by gravity alone. If a body is thrown
downward, the force with which it is thrown must also be
taken into calculation.

Thus, if a stone be cast from a height with a force that would propel it 50

to the results obtained with Atwood's Machine, how far will it fall in sncecessive sec-
onds. and what will be its velocity at the end of each? 121. Repeat Ruls 1, for find-
ing the space traversed by a falling body during any sgcond of its descent. Apply
this rule in the given example. Repeat Rule 2, for finding the velocity of a falling
body. Apply this rule in an example. Eepeat Rule 3, for finding the-whole distance
traversed by a falling body. Give anexample. 122, To what bodies do these rules

BODIES THROWN DOWNWARD. 59

feet in a second, then in the tenth second, instead of falling 8057/, feet, as in
the example under Rule 1, it would fall 50 feet farther,—that is 3557/12 feet.
Its velocity at the end of the tenth second would likewise be obtained by add-
ing 50 feet per seeond to the velocity obtained in the example under Rule 2:
321%,+ 50 = 871%/s.—To obtain the whole space passed through, add to the
result obtained by Rule 3, the distance fraversed in consequence of the velo--
city originally imparted. A body thrown downward with a velocity of 50 feet
per second, would, without any aid from gravity, pass through 500 feei in 10
seconds. Adding this te 1,608/; feet, the distance through which. gravity
alone causes a body to fall in 10 seconds, we have 2,108%/; feet for the whole
distance traversed in that time by a body thrown downward with a velocity
of 50 feet per second. :

123. In the above examples, no allowance is made for
the resistance of the air. But ¢ven the bodies most favor-
ably shaped for falling feel the effects of this resistance.
Experiments in St. Paul’s Cathedral, London, show that in
41 seconds a body falls 272 feet ; whereas, according to the
principles stated above, it should fall 325 feet. This differ-
ence, which amounts to nearly one-sixth of the whole dis-
tance, is owing prineipally to the resistance of the air.

124, As the velocity of a falling body increases 821 feet
every $cond, it does not take long for it to acquire a tre-
mendous speed; and, as the striking force is proportioned
to the weight multiplied into the square of the velocity,
it is clear that even a small body, falling any considerable
distance, may become a very powerful agent. Hence the
disastrous effects of hail-stones, which have been known to
injure cattle and break through the roofs of houses, and
which prove so destructive to the vineyards in parts of
Southern Europe that the fields have to be protected from
their visitations. '

125. Ascenping Bopies—As a falling body increases
in velocity 321 feet every second of its descent, so an as-
cending body, being acted on by the same force, loses a

apply? If a body is thrown from a height, what must enter into the calculation? If
4 stone were thrown down with a force that would propel it 50 feet in n second, how
far would it fail in the tenth second? What would be its velocity at the end of the
tonth seeond? What would be thewhole distance traversed in ten seconds? 123. For
what must allowanee be made in applying these rules? How great a difference does
the resistance of the air oceasion? 124. How are the disastrous offects of hail-stones”
accounted for? 125, What is said of thae velocity of an ascending body? How may




