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PREFAOE.

Tars work has grown up in the class-room. It
contains those definitions, .illustrations, and applica-
tions which seemed at the time to interest and in-
struct the pupils. Whenever any explanation fixed
the attention of the learner, it was laid aside for
future use. Thus, by steady accretions, the process
has gone on until a book is the result.

As Physics is generally the first branch of Natural
Science pursued in schools, it is important that the
beginner should not be disgusted with the abstractions
of the subject. The Author has therefore endeavored
to use such simple language and practical illustrations
as will interest the learner, while he is at once led
out into real life. From the multitude of philosophi-
cal principles, those only have been selected which
are essential to the information of every well-read
person. The many curious questions which yet rank
only as “philosophical gossip,” are rarely mentioned.
Within the brief limits of a small text-book, no sub-
ject can be exhaustively treated. Thig is, however,
of less importance now, when every teacher feels that
he must of necessity be above and beyond any school-
work in the fulness of his information.



8 PREFACE.

The theories advanced are those generally received
among scientific men. The object of an elen.lentary
work is not to advance the peculiar ideas of any one
person, but simply to give such currently accepted facts
ag are believed by all. This plan affords no scope for
original thought.. The Author has therefore simply
sought to gather from every attainable source the fresh-
est and most valuable information, and so weave it to-
gether as to please as well as instruct his pupils. The
time-honored classifications established by the masters,
and recognized in all scientific works, have been retained.
It has not seemed wise to reject familiar terms for a
mere appearance of novelty. Since the problems are
for the instruction of American youth, the system of*
weights in general use in this country is employed.

The object of the Author will be fully attained if
he succeed in leading some young mind to become a
lover and interpreter of Nature, and thus come at
last to see that Nature herself is but a “thought of
God.” :

PECK’S GANOT'S NATURAL PHILOSOPHY, from the French of
A. Ganot. By Prof. W. & Peck, LL.D., Columbia College.
Adapted to follow this work, or take its plaze in classes requiring
a fuller course.

“Peck’s Ganot ” is noted for its clear method and its magnifi-
cent system of illustration (from the original French plates),
largely doing away with the necessity for Apparatus.

The work containg 500 12mo pages, and is of Academic grade.
Price $1.75, post-paid, A. S. BARNES & Co., Publishers.



SUGGESTIONS TO TEACHERS.

SCHOLARS are expected to obtain information from this book,
without the aid of questions, as they must always do in their
general reading. 'When the subject of a paragraph is announced,
the pupil should be prepared to tell all he knows about it. The
diagrams and illustrations, as far as possible, should be drawn upon
the blackboard and explained. Although pupils may, at first,
manifest an unwillingness to do this, yet in a little time it will be-
come a most interesting feature of the recitation. The * Practical
Questions ” given at the close of each general subject have been
found a profitable exercise in awakening inquiry and stimulating
thought. They may be used at the pleasure of the instructor. The
equations contained in the text are designed to be employed in the
solution of the problems. The following works will be found use-
ful in furnishing additional illustrations and in elucidating difficult
subjects, viz.: Deschanel’s Natural Philosophy, Lockyer’s Guil-
lemin’s Forces of Nature, Stewart’s Elementary Physics, Herschel’s
Introduction to the Study of Physical Science, Tomlinson’s Intro-
duction to the Study of Natural Philosophy, Knight’s Cyclopedia~—
Section on Science and Natural History, Pepper’s Play-book of
Science, Beale’s How to Work with the Microscope, Schellen’s
Spectrum Analysis, Lockyer’s The Spectroscope, Nugent’s Optics,
Chevreul on Colors, Thomson & Tait’s Natural Philosophy, Max-
well’s Eleectricity and Magnetism, Faraday’s Forces of- Matter,
Youman’s Correlation of Physical Forces, Maury’s Physical Geog-
raphy of the Sea, Atkinson’s Ganot’s Physics, Silliman’s Physics,
Tyndall’s Lectures on Light, Heat and Sound, Tyndall’s Forms of
Water, Snell’s Olmsted’s Philosophy, Loomis’s Meteorology, Mil-
ler’s Chemical Physics, Cooke’s Religion and Chemristry, Benedicite,
and the Illustrated Library of Wonders. They may be procured
of the publishers of this book. The author will be pleased to cor-
respond with teachers with regard to the apparatus necessary for
the performance of the experiments named in the work, or with
reference to any of the “ Practical Questions.”
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NATURAL PHILOSOPHY.

INTRODUCTION.

MATTER is anything we can perceive with our
senses. A body is a distinet portion of matter. Ex.:
A chair, 11b. of iron, a piece of silver. A substance
is any one of the different kinds of matter. Ex.:
Gold, wood, stone.

PropeRTIES OF MATTER.—Each substance possesses
two kinds of properties—general and specific ; the
former belongs to all substances, the latter only to
particular ones. Ex.: Gold has weight. This prop-
erty is not peculiar to gold, for all substances have
weight ; hence it is a general property. But gold is
yellow. This is so distinctive that we speak of a
“golden color;” hence it is a specific property. A
piece of glass has form. All bodies have form;
hence it is a general property. But glass is so brittle
that we say “brittle as glass;” hence brittleness is

a spectfic property.
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CHANGES OF MATTER.—Each substance can un-
de;go two kinds of .change—physical and chemical.
Tnd formef dqeq‘ pbt destroy the specific properties

thq sub,stmnce&, the lat’cer does. Ex.: An eagle
38 Beaten into gold- iea{ but this does not alter the
color or other specific properties of the metal, hence
it is a physical change. Melt the eagle in a cruci-
ble, and still the same is true. DBut put it into an
acid, and soon it is dissolved—the specific proper-
ties are entirely destroyed; hence it is a chemical
change. Draw a nail into wire, and the specific
properties of the iron remain untouched. But leave
it in a basin of water, and the distinguishing proper-
ties of iron disappear—it becomes brittle, red, soft,
and scaly ; hence this is a chemical change.

These distinctions give rise to two branches of
Natural Science, ParmLosoraEY and CHEMISTRY. The
former treats of the physical, the latter of the
chemical changes of matter. As all bodies possess
both kinds of properties, and are susceptible of
both kinds of change, these branches are inti-
mately connected.

Praciical Quesiions.—My knife-blade is magnetized, so that it will pick
up a needle: is that a physical or chemical change? 1Is it treated in Phi-
losophy or Chemistry ?

18 the burning of coal a physical or chemical change? The production
of steam? The formation of dew? The falling of a stone? The growth
of a tree? The flying of a kite? The chopping of wood? The explosion

of powder? The boiling of water? The melting of iron? The drying of
clothes? The freezing of water?



GENERAL PROPERTIES. 15

TrE GENERAL PROPERTIES OF MATTER.

‘We cannot imagine a body which does not pos-
sess all the general properties of matter. The most
important are Magnitude, Impenetrability, Divisi-
bility, Porosity, Inertia, and Indestructibility.

MaeNITUDE is the property of occupying space.
Size is the amount of space a body fills. Every
body has™ three dimensions—length, breadth, and
thickness. In order to measure these, some
standard is required. Anciently, certain portions
of the human body were used for this purpose.
Ex.: The foot; the cubit, or length of the forearm
from the elbow to the end of the middle finger ; the
finger’s length or breadth ; the hand’s breadth ; the
span, ete.

The English system.—The first intimation that is
given of an attempt to have a standard in England,
is that of 1120. King Henry ordered that the ell,
the ancient yard, should be the exact length of his
arm. Afterward we learn that a standard yard-
stick was kept at the Exchequer in Liondon ; but it
was so inaccurate, that a commissioner, who exam-
ined it in 1742, wrote: “ A kitchen poker filed at
both ends would make as good a standard. It has
been broken, and then repaired so clumsily that the
joint is nearly as loose as a pair of tongs.” In
1760, Mr. Bird prepared an accurate copy of this
for the use of the Government. It was not legally
adopted until 1824, when it was ordered, that if de-
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stroyed it should be restored by a comparison with
the length of a pendulum vibrating seconds at the
latitude of London. (See page 59, 4th Law.)

At the great fire in London, 1834, the Parliament
House was burned, and with it Bird’s yard-stick.
Repeated attempts were then made to find the length
of the lost standard by means of the pendulum.
This was found utterly impracticable. At last the
British Government adopted a standard prepared
from the most reliable copies of Bird’s yard-stick.
A copy of this was taken by Troughton, a celebrated
instrument-maker of London, for the use of our
Coast Survey.*

1'he i'rench Standard.—The French adopted as
the length of the legal foot, that of the royal foot
of King Louis XIV., as perishable a standard
as King Henry’s arm. In 1790, however, they
took 4,505,500 of the length of the quarter of a me-
ridian of the earth’s circumference as the basis of
all measurements. This is equal to 39 + inches, -
and is called a metre.

A Natural Standord.—Two attempts have thus
been made to fix upon something in Nature as an
invariable unit of measure. The French had, how-
ever, scarcely completed their system, when they
found that a mistake had been made in measuring

* This yard is about 17557 of an inch longer than the British
standard. Acecording to Act of Congress, sets of weights and
measures have been distributed to the governors of the several
states. The yards so furnished are equal to that of the Troughton
scale. 'We have no national standard established by law.
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the meridian. The English philosophers discovered
a similar error in the calculation of the length of the
pendulum. Both the French and English systems
are therefore founded upon arbitrary standards.

IMPENETRABILITY is the property of so occupying
space as to exclude all other bodies. No two
bodies can occupy the same space at the same
time. A book lies upon the table before me; no
power in the world is able to place another in the
same space with that. I attempt to fill a bottle
through a closely-fitting funnel; but before the
liquid can rure.in, the air must gurgle out or the
water will trickle down the sides of the bottle.

Apparent Exceptions.—In common language, we
speak of one substance penetrating another. = Thus,
a needle penetrates cloth, a nail penetrates wood,
etc.; but a moment’s examination shows that they
merely push aside the fibres of the cloth or wood,
and so press them closer together. Take a tum-
bler brim-full of water, and then cautiously drop
in shingle-nails. A quarter of a pound can be
easily added without causing the water to over-
flow. We shall find the explanation of this, in
the fact that the surface of the water becomes con-
Vex.

DivisisiniTy is that property of a body which al-
lows it to be separated into parts. We have never
seen a particle so small that we could not make
it smaller.

Tllustrations.— The thread with which certain
species of spiders weave their web is composed of
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four smaller threads; each one of these consists of
one thousand yet smaller, each of which comes
from a separate tube in the spider’s spinning-
machine. A German naturalist, after examining
a web very carefully, decided that it would take
4,000,000,000 fibres to form a thread as large
as a hair of his beard; and as each fibre is com-
posed of 4,000 smaller ones, it follows that each of
the least fibres is only 14550 vo%,000,000 part the size
of a human hair. Tt is said that a half-pound of the
full-sized thread would girt the globe. It would re-
quire 50,000,000 pounds of wire to erect a telegraph
around the earth at the equator. A grain of strych-
nine will impart a flavor to 1,750,000 grains of
water ; hence, each grain of the liquid will contain
only 175+ 5oy of a grain of strychnine, and yet that
amount can be distinctly tasted. A grain of Ma-
genta will color 50,000,000 grains of water. A piece
of silver containing only one-billionth of a cubic
inch—. e., being .001 of an inch square—when dis-
solved in nitric acid will render milky a solution
of a hundred cubic inches of common salt. -Each
cubic inch must then contain 1yysos'vso500 of &
cubic inch of silver. The eye can see the color
distinetly in, perhaps, a hundredth part of a cubie
inch, in which there would be present only one ten-
trillionth part of a cubic inch of silver.*

* Some idea of the vastness expressed by the word trillion
may be derived from the following curious calculation. If Adam,
at the instant of his creation, had commenced to count at the
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Press a puff-ball, and each speck of the cloud
which flies off, under the microscope proves to be
a beautiful round orange-ball,—the seed of the
plant. Much of the fine dust that is revealed to us
in the atmosphere, by a beam of light shining
through a crevice, consists of the seeds of minute
plants, which falling on a damp surface grow into
" mildew or mould. Under a microscope, this be-
comes a fairy forest of trees of a new and strange
growth.

In all these imstances we have mentioned, the
divisibility is proved by our senses of taste and
sight. 'When our eyes fail, the microscope is called
in to continue the investigation. While thus, prac-
tically, there is no limit to the 'divisibility of matter,
philosophers hold that there is, in theory.

TEE ATtoMic THEORY supposes that matter is
composed of inconceivably minute portions called
atoms, each having a definite shape, weight, color,
ete., which cannot be changed by any chemical or
physical force. As has been happily said, “ What
God made one in the beginning, man cannot put
asunder.” No one has ever seen one of these ulti-
mate portions of matter, and we have no absolute
proof that any exist; but the theory is so conve-

rate of one every second of time, continuing through all the cen-
turies, he would not yet have nearly completed the first quarter
of a trillion ; and even if Eve had come to his relief, and together .
they had counted day and night, they would not see the end of
their task and enjoy their first leisure for 10,000 years to come.
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nient, especially in chemistry, that it is at present
generally 1 cceived.

AxmarcorgE—The tiny nations of animalculse fur-
nish mos: striking illustrations of the divisibility of
matter end the minuteness of atoms. This is a
world of which our unaided senses furnish us no
‘proof. The microscope alone reveals its wonders.
In the drop of water that clings to the point of a
cambric needle, the swarming millions of this min-
iature world live, grow, and die. They swim in
this their ocean, full of life, frisking, preying upon
each other, waging war, and re-enacting the
scenes of the great world we see about us. My-
riads of them inhabit the pools of water standing
along the roadside in summer. They go up in
vapor and fly off in dust, and reappear wherever
moisture and heat favor the development of life.
Yet, minute as they are, they have been fossilized
(turned to stone), and now form masses of chalk.
Tripoli, or polishing-slate, is composed of these re-
mains, each skeleton weighing the tg74iv.000 Of a
grain. If we examine whiting under a powerful
microscope, we shall find that it is composed of tiny
shells. Now let our imagination conceive the minute
animals which formerly occupied them. Many of them
had simple sack-like bodies, but still they had one or
more stomachs, and possessed the power of digesting
and assimilating food. This food, coursing in infinitely
minute channels, must have been composed of solid as well
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as liquid matter ; and finally, at the lowest extreme
of this descending series, we come to the atoms of
which this matter itself was composed.

Porosity is the property of having pores. By
this is meant not only such pores as are familiar to us
all, and to which we refer when in common language
we speak of a porous body, as bread, wood, un-
glazed pottery, a sponge, etc., but a finer kind,
which are as invisible to the eye as the atoms them-
selves. These pores are caused by the fact that the
molecules* of which a body is composed, are not in
actual contact, but are separated by extremely
minute spaces.

Size of the spaces compared with the size of the atoms.
—These spaces are so small that they cannot be dis-
cerned with the most powerful microscope, yet it is
thought that they are very large as compared with
the size of the atoms themselves. If we imagine a
being small enough to live on one of the atoms near
the centre of a stone, as we live on the earth, then
we are to suppose that he would see the nearest
atoms at great distances from him, as we see the
moon and stars, and might perchance have need of
a fairy telescope to examine them, as we investigate
the heavenly bodies.

Hllustrations.—1. Having a bowl full of water, it

* The word molecule means a little mass. A group of atoms
forms a molecule, and a collection of molecules constitutes a body.
Thus a molecule of water is composed of two atoms of hydrogen
and one of oxygen. (See New Chemistry, Rev. Ed,, p. 56.)
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is easy to add a large quantity of fine salt without
apparently increasing the bulk of water in the
least. 'We must only be careful to drop in the
salt slowly, giving it time to dissolve and the bub-
bles of air to pass off. When the liquid has taken
up all the salt, we can add finely powdered sugar,
and afterward other soluble solids in the same man-
ner. In this case we suppose that the particles of
sugar are smaller than those of salt, and those in
turn smaller than those of water. The particles of
salt fill the spaces between the particles of water,
and those of sugar occupy the still smaller spaces
left between the particles of salt. We may better
understand this if we suppose a bowl filled with
oranges. It will still hold a quantity of peas, then
of gravel, then of fine sand, and lastly some water.

2. At Florence, Italy, in the 17th century, a hol-
low sphere of gold was filled with water and tightly
closed. Pressure was then applied to the outside,
and the ball partly flattened. This change of form
diminished the size, and so the water was forced
through the metal and formed on the surface like
drops of dew. This experiment proved that gold
has pores, and that they are larger than the mole-
cules of water.

3. In testing large cannon, water is forced into
the gun by hydrostatic pressure until it oozes
through the thick metal and covers the outside of
the gun like froth, then gathers into drops and
runs down to the ground in streams.
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4. Over the Menai Straits there is a magnificent
tubular bridge 100 feet above the water. The tubes
were floated to the spot in vessels, and then raised
to their position by means of immense Hydraulic
Presses. The eylinders of these presses (see R, Fig.
70) were made of iron a foot thick. Yet when in
full operation it is said the water would form in
drops on the outside, and the workmen, rubbing it
off with their fingers, would speak of the machine as
“sweating.” They were at last compelled to partly
stop these pores by mixing oat-meal with the water
used in the presses.

5. Stone pillars and arches are frequently com-
pressed by the great weight which rests upon them.
The columns which support the dome of the Pan-
theon at Paris are said to have been considerably
shortened in this manner.

6. Ashes will “keep fire” because they are por-
ous, and permit enough air to pass in to main-
tain a slow combustion and so preserve the coals
alive.

7. The process of filtering, so much employed by
druggists and chemists, depends upon this property ;
the liquid slowly passes through the pores of the
filter, leaving the solid portions behind. Water, in
Nature, is thus purified by percolating through beds
of sand and gravel. Cisterns for filtering water have
a partition in the middle ; one side contains charcoal
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and sand, the other the rain-water; as the water
filters through these substances it is cleansed of its
impurities. Small filters are frequently made on the

Fig. 1.

same principle. They consist of a cask nearly filled
with gravel and charcoal; the water is poured in a
little reservoir at the top and drawn off at the bot-
tom by a faucet.

8. Gases are known to be porous from the fact
that when a jar is filled with one kind of gas, it will
contain as much of another kind as if the jar were
empty. The molecules of the second must spread
themselves between the molecules of the first. This
illustrates the principle that “one gas is a vacuum
for another gas.”
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INgRTIA is the property of passiveness. Matter
has no power of putting itself in motion when at rest,
nor of coming to rest when in motion. A body will
never change its place unless moved, and if once
started will move forever unless stopped. If we
leave our room, and on our return find a book miss-
ing, we know some one has taken it,—the book could
not have gone off at its own suggestion. We gen-
erally think a body is more inclined to rest than to
motion ; and so, while we see how a stone could not
throw itself, we find it difficult to understand how,
once thrown, it does not stop itself. We shall see
hereafter that several forces destroy its motion and
bring it to rest.

Illustrations.—1. When we try to start a heavy
wagon it requires a great effort, because we have to
overcome its inertia, which tends to keep it at rest.
‘When the wagon is in motion it requires as great an
exertion to stop it, since then we have again to over-
come its inertia, which tends to keep it moving.

2. Inertia causes the danger in jumping from a
car when in rapid motion. The body has the speed
of the train, while the motion of the feet is stopped
by the contact with the ground. One should jump
as nearly as he can in the direction in which the
train is moving, and with his muscles strained, so
as to break into a run the instant his feet touch
the ground. Then with all his strength he can
- gradually overcome the inertia of his body, and
after a few rods can turn as he pleases.
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B

Praclical Questions.—1. If one is riding rapidly, in which direction wilt
he be thrown when the horse is suddenly stopped? 2. When standing in a
boat, why, as it starts, are we thrown backward? 3. When carrying a cup of
tea, if we move or stop quickly, why is the liquid liable to spill? 4. Why,
when closely pursued, can we escape by dodging? 5. Why is a carriage or
sleigh, when sharply turning a corner, liable to tip over? 6. Why, if you
place a card on your finger and on top of it a cent, can you snap the card from
under the cent without knocking the latter off your finger ?

- INDESTRUCTIBILITY is the property which renders
matter incapable of being destroyed. No particle
of matter can be annihilated, except by God, its
creator. We may change its form, but we cannot
deprive it of existence. Ex.: We cut down a tree,
saw 1t into boards, and build a house. The house
burns, and only little heaps of ashes remain behind.
Yet in these ashes, and in the smoke of the burning
building, exist the identical atoms which have passed
through these various forms unchanged in shape,
color, or weight.*

Compressibility is often given as a general prop-
erty of matter. It is, however, a mere result and
proof of porosity. It is a distinguishing feature of
gases. They are readily compressed ; solids require
more force, while, for a long time, this property was
denied to liquids, and they are even now practically
incompressible. Weight is also a property of all

* Sir Walter Raleigh, while smoking in the presence of Queen
Elizabeth, offered to bet her majesty that he could tell the weight
of the smoke that curled upward from his pipe. The bet was ac-
cepted. Raleigh quietly finished, and then weighing the ashes,
subiracted this amount from the weight of the tobacco he had
placed in the pipe ; he thus found the exact weight of the smoke.
The queen is said to have paid the wager, having in this way
learned something of the indestructibility of matter.
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bodies with which we are acquainted. It is nof,
however, essential to our idea of matter, since we
can conceive of a substance without weight. Weight
is only the result of attraction. Indeed, if there
were but one body in the universe it would have no
weight, since it could not be attracted in any direction.

Tre Specrric PROPERTIES OF MATTER.

THESE are properties which are found only in par-
ticular kinds of matter. The most important are
Duetility, Malleability, Tenacity, Elasticity, Hard-
ness, and Drittleness. They are doubtless caused by
modifications in the attraction of Cohesion, of which
we shall soon spealk.

Ducrimiry.—A ductile body is one which can be
drawn into wire. Inthe cut is represented a machine

for making iron wire. B is a steel drawing-plate
pierced with a series of gradually diminishing holes.
A rod of iron, A, is hammered at the-end so as to
pass through the largest of these. It is then grasped
by a pair of pincers, C, and, by turning the crank, D,
is drawn through the plate, diminished in size and
proportionately increased in length. The speed



28 NATURAL PHILOSOPHY.

varies from one to six feet per second, according to
size and quality. The rod is then passed through
a smaller hole; and the process is continued until the
required fineness is reached. The holes in the plate
are kept well lubricated with grease or wax. The
wire is strongest when drawn cold. After a few
drawings the iron loses in part its duetility, and is
then annealed by being heated in an oven and after-
ward cooled slowly. The tenacity of iron is in-
creased by the process of drawing. A bar one inch
square, which would sustain 30 tons, on being con-
verted into a coarse wire rope will sustain 40 tons,
and into fine wire, even 90 tons.

Gold, silver and platinum are the most ductile
metals. A silver rod an inch thick, covered with
gold-leaf, may be drawn to-the fineness of a hair and
yet retain a perfect coating of gold—3 oz. of the
latter metal making 100 miles of the gilt-thread used
in embroidery. Platinum wire has been drawn so
fine that, though it is the densest of the metals used
for this purpose, being nearly three times as heavy as
iron, a mile’s length weighed only a single grain.
(See. Revised Chem., page 170, for description of the
process.) Brass wire is made so small, that when
woven into gauze there are 67.000 meshes in a square
inch. : '

MarreaBmaTY.—A malleable body is one which
can be hammered or rolled into sheets. Gold is
one of the most malleable of metals. Gold-leaf is
prepared in the following manner. An ingot of
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gold is passed many times between steel rollers,
which are so adjusted as to be brought constantly
nearer together. An ounce of gold is thus reduced to
a ribbon one inch wide and 15 feet long. This is
cut into pieces an inch in length. 150 of these are
piled up alternately with leaves of strong paper four
inches square. A workman with a heavy hammer
beats this pile until the gold is spread to the size of
the leaves. Each piece is next quartered and the
600 squares are placed between leaves of gold-
beater’s skin and re-pounded. They are then taken
out, spread by the breath, re-cut, and the 2,400
squares re-pounded as before. The beating may be
continued until 360,000 leaves make only an inch in
thickness. They are finally trimmed and placed
between the pages of little books, each of which
contains 25 gold leaves.

Copper is so malleable, that it is said that a work-
man, with his hammer, can beat out a kettle from a
solid block of the metal.

TENACITY.—A tenacious body is one which cannpt
be easily pulled apart. Iron is the most tenacious
of the metals. A wire .078 of an inch in diameter,
will sustain a weight of nearly 450 lbs., while one of
lead would be broken by a weight of 28 lbs.

EvrasticiTy is of three kinds: Elasticity of Com-
pression, Elasticity of Fxpansion, and Elasticity of
Torsion, according as a body tends to resume its
original form when compressed, extended, or twisted.

Hlasticity of Compression—1. Many solids possess
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this property in a high degree. A sword was ex-
hibited at the World’s Fair in Liondon, which could
be bent into a circle, and
on being released would
fly back and become
straight again. The elas-
ticity of ivory may be
shown by the following -
experiment. Spread a
thin coat of oil on a
smooth marble slab. If
an ivory ball be dropped
upon it, the size of the
impression made will
vary with the distance at
which the ball is held
above the table. This
shows that the ivory is
flattened, somewhat as is a soap-bubble when it
strikes a smooth surface and rebounds. Putty and
clay are slichtly elastic. 2. Liquids are compressed
with great difficulty ;* but when the force is removed
they regain their exact volume. They arc therefore
verfectly elastic. 3. Gases are easily compressed,

Fig. 3.

* Thus, for a pressure of one atmosphere, 15 Ibs. per square inch,
the diminution of volume of the following liquids is only, as com-
pared with the original volume—

1. W'at'_er, T‘TDT?‘OW e AICOhOI’ T,D_OL%?(TD.U
2. Mercury, <5g%5.005 O Chloroform, T,W%Fm
3. Ether, Tuovoss O Sea-water, yovtiow
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but are also perfectly elastic. A pressure of 15 lbs.
to the square inch reduces the bulk of water only
oo part, whereas it diminishes the volume of a
gas one-half. A gas may be kept compressed for
years, but will instantly return to its original form
on being released.

FElasticity of Expansion.~This property is possessed
largely by solids, slightly by liquids, and not at all
by gases. Ex.: India-rubber, when stretched, tends
to fly back to its original dimensions. 'When a solid
remains stretched for any length of time it loses its
elasticity. For this reason a violin is unstrung when
not in use. A drop of water hanging to the nozzle
of a bottle may be touched by a piece of glass and
drawn out to considerable length. When let go, it
will resume its spherical form. Gases manifest no
tendency to return to their original dimensions when
extended.

Llasticity of Torsion is the ten-
dency of a thread or wire which has
been twisted, to untwist again. It
is a most delicate test of the
strength of a force, and is of great
service in accurate measurements in
physical science.

HarpNess.—A hard body is one
which does not readily yield to
pressure. One body is harder than _
another when it will scrateh or in- of

dent it. This property does not de- A Torsion Balance.
Q¥
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pend on density.* Fx.: Gold is denser than iron,
yet is much softer. Mercury is a liquid, yet it is
twice as dense as steel.

‘BrirrLENESS.—A brittle body is one that is easily
broken. It is .a frequent characteristic of hard
bodies. Ex.: Glass will scratch iron, and is ex-
tremely brittle.

* Density indicates the quantity of matter contained in a given
bulk. A dense body has its molecules very closely compacted.
The word rare, which is the opposite of dense, is generally ap-
plied to gases.
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“ The smallest dust which floats upon the wind
Bears this strong impress of the Eternal minds
In mystery round it subtle forces roll,

And gravitation binds and guides the whole.”
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MOLECULAR FORCES.

MOLECULAR FORCES exist in the molecules of mat-
ter, and act only at insensible distances.

If we take a piece of iron and attempt to pull it
to pieces, we find that there is a force which holds
the particles together and resists our efforts. If we
try to compress the metal, we find that though there
are pores in it and the molecules do not touch each
other, yet there is a force which holds the particles
apart and resists our efforts as before. If we apply
heat, the iron expands and finally melts. If, in
like manner, we heat a bit of ice, we notice that the
attractive force is gradually overcome, the solid be-
comes a liquid, and finally the repulsive force pre-
dominates and the liquid passes off in vapor. In
turn, we can cool the vapor, and convert it back
again into water and ice. We thus see that there
are two opposing forces which reside in molecules—
an Attractive and a Repulsive force, and that the
latter is Heat. There are three kinds of the former,
Cohesion, Adhesion, and Chemical Affinity.*

* Chemical affinity produces chemical changes, and its consid-
eration belongs entirely to chemistry. It binds together atoms or

molecules of different kinds, and causes them to form new com-
pounds.
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ComEsION is the force which holds together mole-
cules of the same kind.

The three states of Matter—Matter is found in
three states, solid, liquid, and gaseous. These de- -
pend on the relation of the Attractive and Repulsive
forces—Cohesion and Heat. If the attractive force
is the stronger, the body is solid ; if they are nearly
balanced, it is liguid: if the repulsive force is
stronger, it is gaseous. Most bodies may be made to
take these three states successively. Thus, by the
addition of heat, ice may be converted into water
and thence into vapor, or vice versa, by the subtrac-
tion of heat. Most solids pass easily to the liguid
form, others go directly from the solid to the gas-
eous state. 3

Cohesion acts at insensible distances.—Take two bul-
lets, and having flattened and cleaned one side of
each, press them together with a slightly twisting
motion. They will be found to cohere when the
molecules are crowded into apparent contact. Two
panes of plate-glass, which accidentally fall against
each other, are thus brought within the range of the
attraction of Cohesion, and are frequently cut and
polished as one pane. If two globules of mercury
be brought near each other, they remain separate
until the instant they seem to touch, when they im-
mediately coalesce. Two freshly-cut surfaces of
rubber, when slightly warmed and pressed together,
cohere as if they formed but one piece.

Welding.—This process illustrates the principle just
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named. Arod of iron being broken, we wish to mend
it. So we bring the iron to a white-heat at the ends
which we intend to unite. This partly overcomes
the attraction of Cohesion, and the molecules will
- move easily upon one another. Laying now the two
heated ends upon each other, we pound them with a
heavy hammer until over both surfaces the molecules
are brought near enough for the attraction of Co-
hesion to bind them together. Iron and platinum
are the only metals which can be welded, as they
are the only ones which become softened just before
melting. The same property is possessed in a re-
markable degree by glass. Gutta-percha, when
warmed in water, can also be welded. Dough, wax,
and butter can be readily united at common tem-
peratures.

Liquids tend to collect in spheres—Mix water and
alcohol in such proportions that a drop of sweet-oil
will fall just to the centre of the fluid. ‘In this way
the attraction of the earth is neutralized, and the
molecules of the oil are left free to arrange them-
selves as they please. The drop will form a perfect
sphere. The same tendency is seen in dew-drops,
rain-drops, globules of quicksilver, in the manufac-
ture of shot, ete.* The reason for this is simply
that the force of Cohesion acts toward the centre of
the drop. In the spherical body, every portion of
the surface is equally distant from the centre; and
when that form is assumed every molecule on the

# See Fourteen Weeks in Chemistry, Rev. Ed., p. 174.
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outside is equally attracted, and there is an equilib-
rium established.

Solids tend to form regular crystais.—When a liquid
becomes a solid, the general tendency is to assume
a symmetrical form. The attraction of Cohesion
strives to arrange the molecules in an orderly man-
ner. IHach kind of matter has its peculiar shape
and angle, by which its crystals may be recognized.
Even when different substances are contained in the
same solution, they separate on crystallization. The
beautiful finish and perfection of the crystals thus
formed in nature infinitely transcend the workman-
ship of the highest art. God delights in order as in
beauty. - Down in the dark recesses of the earth He
has fashioned, by the slow processes of His laws,
the rarest gems—amethysts, rubies, and diamonds.
There are mountain masses transparent as glass,
caves hung with stalactites, crevices rich with gold
and silver, and lined with quartz. Everywhere we
find regularity and symmetry. This tendency is seen
in the beautiful erystalline forms of snow-flakes and
of frost. A mass of ice seems irregular, yet if closely
examined it reveals the perfect crystals crowded to-
gether by the rapidity with which the solidification
took place. If we watch the surface of water which
is slowly freezing, we can see the regular arrange-
ment of the long crystals as they shoot out from
each side of the vessel. The very soil is largely
composed of broken and decomposed crystals worn
down from the rocks by the action of the rain and frost.
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Tlustrations—We can illustrate the formation of
crystals by adding alum to hot water until no more
will dissolve; then, suspending strings across the
dish, setting it away to cool. Beautiful octahedral
crystals will collect over the threads and the sides
of the vessel. The slower the process the larger
will be the crystals. To form the massive crystals
found in nature has doubtless required centuries.
The large ones seen in the show-windows are made
by “feeding” a single small perfect crystal every
day with a fresh solution. Melted iron rapidly
cooled in a mould has no time to arrange its
crystals perfectly. If, however, the iron be after-
ward jarred, as when used for heavy cannon, the
axles of rail-cars, etc., the molecules take on the
crystalline form and the metal becomes brittle.
On examining such a piece of iron we can see in a
fresh fracture the smooth, shiny face of the crystals.

Tempering and annealing illustrate a curious prop-
erty of cohesion. A piece of iron is heated and then
plunged into oil or water. It becomes hard and
brittle. If, on the contrary, it be heated and cooled
slowly, it is made tough and flexible. Strangely
enough, the same process which hardens iron softens
copper. It is supposed that the arrangement of the
molecules, and the consequent strength of the metal,
depend on the time occupied in cooling. Steel is
tempered by heating white-hot, then cooling quickly,
and afterward re-heating and cooling slowly. The
more it is re-heated the softer it becomes.
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A Prince Rupert's Drop, or Dutch tear, consists
simply of a tear of melted glass dropped into water,
and so cooled quickly. The outside forms in regu-
lar erystals, while the inner portion, not having room
to expand, causes a violent strain upon the exterior.
The outer shell is strong enough to resist quite
a heavy blow with a hammer, but if the small end
be nipped off, the whole mass flies into powder with
a sharp explosion.

Praciical Questions.—1. Why can we not weld a piece of copper to one
ofiron? 2. Why is a bar of iron’stronger than one of wood? 3. Whyis a
piece of iron, when perfectly welded, stronger than before it was broken? 4.
Why do drops of different liquids vary in size? 5. When you drop medicine,
why will the last few drops contained in the bottle be of & larger size than the
otherg? 6. Why are the drops larger if you drop theém glowly? 7. Whyisa
tube stronger than a rod of the same weight? 8. Why, if you melt scraps of
lead, will they form a solid mass when cooled? 9. In whatliquids is the force
of cohegion greatest? 10. Name some solids which will volatilize without
melting.

ADHESION is the force which holds together mole-

. - - -

cules of different kinds. Ix.: We fasten together
two pieces of wood with glue, two pieces of china
with cement, two bricks with mortar, two sheets of
paper with mucilage, two pieces of tin with solder,
glass and wood with putty, glass and brass with
plaster of Paris, and paper to the wall with paste.
Paint adheres to the wood-work, dust to the wall,
and chalk to the blackboard.

The adhesion between animal charcoal and va-
rious coloring matters is very great. If any liquid
containing these substances be filtered through
it, the foreign matter in solution will adhere to

the charcoal, while the liquid will run through
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perfectly colorless. Syrup is thus purified by
passing through a layer of charcoal 12 or 13
feet thick. The cleansing qualities of common
charcoal in water-filters is probably due largely to
this property. Bubbles can be
blown from soapsuds, because
the soap by its adhesive force
holds the particles of water to-
gether.*

Capillary Attraction (capillus,
* a hair) is a variety of adhesion.
It may be seen when two
plates of glass are placed in
water, as shown in Fig. 5, but
is exhibited most strikingly in very
fine tubes, whence the name.t

1. If we insert a small glass tube
in water, the liquid will rise in
the tube. The smaller the tube, the
greater will be the height. In this
case, it is evident that the adhe-
sive attraction of the glass is greater
than the cohesive abtraction of the SN S\
water. There is an aftraction between the glass
and water.

Fig. 5.

*If a bubble be blown at the end of a glass tube, the thin film
of waer contracting by its cohesive force will frequently drive
back the air through the pipe with sufficient strength to extin-
guish the flame of a candle.

t These tubes may be easily drawn to any length and size, from
French-glass tubing, in the heat of a common alcohol-lamp.
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2. If we insert a glass tube in a dish of mercury,
the capillary.action is reversed and the height of the
Fig. 7. liquid is less than the general level.
In this case the adhesive attraction of
the glass is less than the cohesive at-
traction of the mercury. There is an
apparent repulsion between the glass
and mercury.

llustrations—1. The wick of an oil-

v\ lamp or a candle is a bundle of fine
NN\ capillary tubes or pores which elevate
the oil or melted fat and feed the flame. Thus ex-
tinguishers are needed to an alcohol-lamp, because
by capillary attraction the liquid tends to rise to the
top and there evaporate until the lamp is emptied.

2. If the end of a towel be dipped in a basin of
water, the whole towel will soon be wet by capillary
action through the fine pores and tubes of the cloth.
Thus also the capillary tubes of a towel dry one’s
face after washing.

3. Blotting-paper absorbs ink by means of its
capillary tubes.

4. Water poured in the saucer of a flower-pot is
elevated through the pores of the earth to the
plant.

5. By means of the capillary force water is drawn
up through the earth to the surface of the ground, and
there moistens the roots of plants and supplies them
with the materials of growth. Inthe winter, when the
surface is frozen, the water still finds its way upward,
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freezing into ice, which on melting in the spring
produces mud, even where there has been but little
rain or snow. Ploughing ground causes it to endure
drought better, because it stirs the soil and increases
the size of the capillary pores, thus partially pre-
venting the water from being carried to the surface
and there evaporated.

6. Ropes absorb water by capillary action, swell,
and are shortened. Clothes-lines are thus tight-
ened and sometimes broken in a shower. A rope
will shrink with such force as to lift a great weight.*

7. Houses are rendered damp by moisture drawn
in by the capillary action of the pores in the wood
or stone walls.

8. Milistones in Germany are split off by means
of wooden wedges. These being driven in when
dry, afterward absorb moisture, swell, and burst the

* A curious illustration of this is given in the following story.
When the great Egyptian obelisk was to be raised in the square
of St. Peter’s, at Rome, Pope Sixtus V. proclaimed that no one
should utter a word aloud until the engineer announced that all
danger was passed. As the majestic column ascends, all eyes
wateh it with wonder and awe. Slowly it rises, inch by inch,
foot by foot, until the task is almost completed, when the strain
becomes too great. Thehugeropes yieldand slip. The workmen
are dismayed and fly wildly to escape theimpending mass of stone.
Suddenly a voice breaks the silence. “Wet the ropes,” rings out
cleas-toned as a trumpet. The crowd look. There, on a high
post, standing on tiptoe, his eyes glittering with the intensity of
excitement, is the architect Zapaglia. His voice and appearance
startle every one, but his words inspire. He is obeyed. The
yopes swell and bite into the stone. The column ascends again,
and in a moment more stands securely on its pedestal.
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rock, thus saving an immense expenditure of time
and money.

Solution.—If we put a little sugar in water, it
will dissolve because the adhesive force of the water
is stronger than the cohesive force of the sugar. As
heat weakens the cohesive force, it commonly
hastens solution; and we can dissolve more of a
substance, and more rapidly, in hot water than in
cold. In like manner .pulverizing a solid hastens
its solution. A solid will not dissolve in a liquid
if there is no adhesion between them. Water
absorbs great quantities of the various gases by
means of adhesion. It always contains air, which
renders it pleasant to the taste. In simply pour-
ing it from one dish to another, we notice that
bubbles of air adhering to the stream are carried
down, and then rise to the surface and break. It
has been proposed to apply this principle to the
ventilation of mines. As both pressure and cold
weaken the repulsive force of the gases, they favor
the adhesion between the molecules of the gases
and those of water. Soda-water receives its effer-
vescence and pungent taste from carbonic acid
gas, which, being absorbed under great pressure,
escapes in little sparkling bubbles as soon as the
pressure is removed.

Diffusion of liquids.—Let a tall jar be partly filled
with water colored by blue litmus. Then, by means
of a long funnel-tube, pour a little clear water con-
taining a few drops of oil of vitriol to the bottom, be-
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neath the colored water. The two
will be distinctly defined at first,
but in g few days they will mix
throughout, as will be seen by the
change of color from blue to red.
A drop of oil of vitriol may thus
be distributed through a quart of
water. Most liquids will mingle
when brought in contact. If, how-
ever, there be no adhesion between
their molecules, they will not mix,.
and will even separate when thor-
oughly shaken together.

Diffusion of gases.—Hydrogen gas is only p;,
¢ as heavy as common air. Yet, if two
bottles be arranged as in the figure, the
lower one filled with the heavy gas and
the upper with the lighter, the gases will
soon be found thoroughly mingled.

Osmose of liquids.—When liquids are sepa-
rated from each other by a thin porous
substance, they do not mingle uniformly,
but the interchange is modified in a most
curious manner, acéording to theé nature of
the liquid and the substance used. At the
end of a glass tube, as in Fig. 10, fasten a bladder
full of alecohol. Fill the jar with water, and mark
the height to which the alcohol ascends in the tube.
The column will soon be found to be gradually
rising. On examination we shall see that the alco-
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g2 hol has been passing out
- through the pores of the
bladder and mixing with
the water, while the water
has been coming in more
rapidly. This has been
explained by supposing
that "the water adheres
more strongly than the
alcohol to the bladder.
Thus, by capillary attrac-
tion it is drawn through
the membrane, and on
the inner side, by the
law of diffusion of liquids,
mingles with the alcohol.
By a similar process some
alecohol passes outward and mixes with the water,
Whatever liquids are used, that one which wets
the membrane most readily will pass through
most rapidly. If we should use a collodion bal-
loon, instead of a bladder, the effect would be
reversed.

Osmose of gases—The following experiment would
seem to render it probable that there is a similar
osmose of gases. Fit a small porous cup, such
as is used with Grove’s Battery, with a cork and
glass tube, as shown in Fig. 11. TFasten the tube
so that it will just dip below the surface of the
water in the lower jar. Now invert over the porous
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cup a receiver of hydrogen
gas. This gas will pass
through the pores of the cup
and down the tube so rapidly
as to bubble up through the
water almost instantly.

Rose balloons, so popular
as toys, soon lose their
buoyancy, because the hy-
drogen escapes through the
pores of the rubber much
more rapidly than the air
comes in to take its place.
The balloon soon shrinks
and drops down from the
weight of the rubber.

Praclical Quesiions.—1. Why does cloth shrink when wet? 2. Why
do railors at a boat-race wet the sails? 3. Why does not writing-paper blot ?
4. Why does paint prevent wood from shrinking? 5. What is the shape of
the surface of a glass of water? One of mercury? 6. Why can we not dry
a towel perfectly by wringing? '7. Why will not water run through a fine
sieve when the wires have been greased? 8. Why will camphor dissolve in
alcohol and not in water? 9. Why will mercury rise in zinc tubes as water
will in glass tubes? 10. Why is it so difficult to lift & board out of water?
11. Why will ink spilled on the edge of a book extend farther inside than if
epilled on the ride of the leaves ?  12. If you should happen to spill some ink
on the edge of your book, onght you to press the leaves together? 13. Why
can you not mix water and oil? 14. What is the object of the spout on & .
pitcher? Ans.—The water would run down the side of the pitcher by the
force of Adhesion, bnt the spout throws it into the hands of Gravitation before
Adhesion can catch it. 15. Why will water wet your hand, while mercury
will not? 16. Why is a pail or tub liable to fall to pieces if not filled with
water or kept in the cellar? 1'7. Name instances where the attraction of
adhesion is stronger than that of cohegion.



ATTRACTION OF GRAVITATION.

WE have spoken of the attraction existing be-
tween the molecules of bodies at minute distances.
‘We now notice another form of the same attrac-
tion, which acts between masses at all distances.

GRAND LAW OF GRAVITATION.*—Every particle of
matter in the universe attracts every other particle
of matter with a force directly proportional to its
mass, and decreasing as the square of the distance
increases.

& Illustrations.—A stone falls to the
ground because the earth attracts
it; but in turn the stone attracts
the earth. The force of the attrac-
tion is in proportion to their rel-
ative mass. They each move to
meet the other, but the stone
passes- through as much greater
distance than the earth as its
mass is less. A plumb-hne hang-
ing near a mountain is attracted
out.of a perpendicular. In the
ﬂ figure, A B represents the ordi-
nary position of the line, while A C indicates the
attractive power (exaggerated) of the mountain.

* Bee “ Fourteen Weeks in Astronomy,” p. 34, for history of
this law.
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This law is not confined to our own world. By
it the heavenly bodies are bound to each other, and
thus kept in their orbits. It may help us to con-
ceive how the earth is supported, if we imagine the
sun letting down a huge cable, and every star in
the heavens a tiny thread, to hold our globe in its
place, while it in turn sends back a cord to every one.
So we are bound to them and they to us. Thus
the worlds throughout space are linked together by
these cords of mutual attraction, which, interweaving
in every direction, make the universe a unit.

GRAVITATION is the general term applied to the
attraction that exists between all bodies in the
universe. GRAVITY is used to designate the earth’s
attraction for all terrestrial bodies ; it tends to draw
them toward the centre of the earth. WEIGHT is
the measure of the force of gravity. When we
say that a body weighs 10 lbs., we mean that the
earth attracts it that amount. The following gen-
eral principles will explain the various phenomena
of weight.

L. The weight of a body at the centre of the earth
is nothing, because the attraction is there equal in
every direction.

II. The weight of a body above the surface of the
earth decreases as the square of its distance from
the centre of the earth increases. Fx.: A body at
the surface of the earth (4000 miles from the centre)
weighs 100 lbs. What would be its weight 1000

miles above the surface (5000 miles from the centre)
3 -
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of the earth? Solution—(5,000 m.)? : (4,000 m.)? ::
100 1bs. : =64 1bs. -

IIL. The weight of .a body wvaries on different por-
tions of the surface of the earth.* It will be least at
the equator, (1) because, on account of the bulging
form of our globe, a body is there pushed out
from the mass of the earth, and so removed from
the centre of attraction ; (2) because the centrifugal
force is there the strongest. It will be greatest at
the poles, (1) because, on account of the flattening
of the earth, a body is there brought nearer its
mass and the centre of attraction; (2) because
there is no centrifugal force at those points.

Farumne Bopies.—Since the attraction of the
earth is toward its centre, all bodies falling freely
move in a direct line toward that point. This
line is called a wertical or plumb line (Plumbum,
lead, because a lead weight is generally used by
mechanies).  All plumb-lines point toward the cen-

tre of the earth.
~ Laws of Falling Bodies.—1. Under the influence of
gravity alone, all bodies foll with equal rapidity.

This is well illustrated by.the “ Guinea and
feather experiment.” Let a coin and a feather be
placed in a long tube, as in Fig. 13, and the air
exhausted. Quickly invert the tube, and the two

*In these statements concerning weight, a spring-scale is sup-
posed to be employed. With a pair of balances, the weights used
would become heavier or lighter in the same proportion as the
body to be weighed.
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bodies will fall in the same time. Let in the air
again, and now the feather
will come fluttering down long
after the coin has reached the
bottom. . Hence we conclude
that in a vacuum all bodies
descend with equal velocity,
and that the resistance of
the air is the cause of the
variation we see in the falling
of light and heavy bodies.
The same fact may be noticed
in the-case of a sheet of paper.
When spread out, it merely
flutters to the ground; but
when rolled together in a com-
pact .mass, it falls like lead.
In this case we have not in-
creased the force of attraction,
but we have decreased the
resistance of the air.

I1. In the first second, a body gains a wvelocity of 32
Jeet and falls 16 feet.—This has been proved by ex-
periments with the pendulum, and with Atwood’s
machine, an instrument constructed with great ac-
curacy for such investigations. It will be noticed
that 16 feet, the distance passed through the first
second, is the mean between 0, the velocity at the
beginning, and 382, the velocity at the close of the
second.

Fig, 13,
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II1. In any succeeding second, the wvelocity is 16 feet
multiplied by the corresponding even number 4, 6, 8,
etc.; and the distance is 16 feet multiplied by the corre-
sponding odd number,* 3, 5, 7, 9, etc.

1. The body commences the second second with
a velocity of 32 feet, and as gravity is a constant
force, gains 32 feet more during the second, making
64 feet=4x16 feet. It commences the third sec-
ond with a velocity of 64 feet, and gains 32 feet
more ; making 96 feet=6x16 feet. 2. The mean
between 32 feet, the velocity at the beginning of
the second second and 64 feet, the velocity at the
close, is 48 feet=3x16 feet. The mean between
64 feet, the velocity at the beginning of the third
second and 96 feet, the velocity at the close, is 80
feet=5x16 feet. Hence we conclude that the
velocities are as the even numbers, and the dis-
tances as the odd numbers.

IV. In any number of seconds, a body falls 16 feet
madtiplied by the square of the number of seconds.

We have just seen that a body falls 16 feet the
first second, and 48 feet the second. Hence in two
soconds it falls 16 feet+48 feet=04 feet=2"Xx16
feet. In three seconds it falls 164+48+80 feet=
144 feet=3°x16 feet.

Equations of falling bodies.—If we represent the .

* The odd number corresponding to any second is easily found
by doubling the number of the second and subtracting 1 from
the result. Ex.: Required the odd number for the eighth second.
8§X2=16. 16—1=15, the eighth odd number.
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velocity of a falling body by v, the distance by d, .
and the time by ¢, the following equations can be
derived from the foregoing laws.

p == 92 At (1)
d=16€.. .. (2.
jP=64d. . .. (3)

If, now, we let ¢ represent the constant force of
gravity, 16 feet in each second, we have from the (3)

v:m/g—q‘. Sl A%

Easy way of finding tlzeB depth of a well.—Let -a
stone fall into it, and, with a watch or by the beat
of the pulse, count the seconds that elapse before
you hear it strike the bottom. Square the number
of seconds, and multiply 16 feet by the result. The
product is the depth. A little time is required for
the sound to come to the ear, but this is so slight
that it may be neglected.

When a body s thrown upward the same principles
apply, only in a reverse manner. Through the in-
fluence of gravity it loses 32 feet in velocity each
second it rises. The velocity necessary in order to
elevate it to a certain point, must be that which it
would acquire in falling that distance. It will rise
just as high in a given time as it would fall in the
same time. If a ball be thrown vertically into the
air, it will be as long in falling as in rising. In
theory, it will strike the earth with the same force
with which it was thrown : in practice, however, the
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ball loses about } of its force in rising and an equal
amount in falling, owing to the resistance of the air.

CENTRE OF GRAVITY.—This is that point on which,
if supported, a body will balance itself. The line
of direction is a vertical line drawn from the centre
of gravity. It is the line along which the centre of
gravity would pass, if the body should fall. When
a body is at rest, the force of gravity
which attracts it is said to be in
equilibrium.

The three states of equilibrium are
stalle, unstable, and indyfferent.” -

I. A body is in stable equilibrium
 Wwhen the centre of gravity is below
¥ the point of support, or when any
movement tends to raise the centre
of gravity. In Iig. 14 a man has
the centre of gravity lowered below
the point of support by means of lead
balls. Remove these
and  he immediately
falls, but with them he
is in stable equilib-
¥ rium.  Any movement
tends to raise the cen-
tre of gravity, and he
returns quickly to a
state of rest. The toy
in Fig. 15 illustrates a
paradox in philosophy,
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viz.: “When a body tends to fall, hang a weight
on the heavy side to steady it.” A Fig. 16.
needle may be easily balanced on ;
its point by means of a cork and

"two jack-knives (Fig. 16), which
lower its centre of gravity.

II. A body is said to be in un-
stable equilibrium, when the centre
of gravity is above the point of support, or when
any movement tends to lower the centre of gravity.
If we take the cork, as balanced in Fig. 16, and
invert it, we shall find it very difficult to balance
the needle ; and, if we succeed, it will readily topple
off, because the least motion tends to lower the
centre of gravity. Fig. 11,

III. A body is said to be in in-
different equilibrium when the cen-
tre of gravity is at the point of
support, or when any move-
ment tends neither to ele-
vate nor lower the centre of
gravity. A ball of uniform
density on a level surface
will come to rest in any
position, because the cen- »
tre of gravity moves in a
line parallel to the floor.

The centre of gravity may
be found either by balancing
the body or by suspending it from one corner, as in
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Fig. 17. By means of a plumb-line, obtain the
line of direction, A E; then hang it the same way
from another corner, and mark the line of direction,
B D. The point C, where the two lines cross, is
the centre.of gravity.

The following general prineiples will be readily
apparent.

a. The centre of gravity in a body always tends
to seek the lowest point.

b. A body will never tip over while the line of
direction falls within the base, but will do so as
soon as it falls without.

c. The higher the centre of gravity must be
raised before the line of direction will fall outside
of the base, the firmer a body stands.

d. The lower the centre of gravity lies in a body,
the more stable it is.

e. In general, narrowness of base combined with
height tends to inStability ; while breadth of base
.and lowness produce stability. The -celebrated
leaning tower of Pisa, in Italy, illustrates the prin-
ciples of gravity. It is about 180 feet high, and its
top leans 15 feet, yet the line of direction falls so
far within the base that it is perfectly stable, as it
has stood for seven centuries. The feeling experi-
enced by a person who for the first time looks down
from the lower side of this apparently impending
structure, is startling indeed. The towers of Bologna
(Fig. 18) are also very wonderful. The lower of these
is 130 feet high and is inclined eight feet from the
perpendicular.
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Fig. 18,

Leaning Tower at Bologna.

Physiological jacts—Our feet and the space be-
tween them form the base on which we stand. By
turning our toes outward we increase its breadth.
When we stand on one foot, we bend over so as to
bring the line of direction within this narrow base.
When we carry a pail of water, we balance it by.
leaning in the opposite direetion. When we walk
up hill we lean forward, and in going down hill we

incline backward, in unconscious obedience to the
3*
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laws of gravity. We bend forward when we wish to
rise from a chair, in order to bring the centre of
gravity over our feet ; our muscles not having suf-
ficient strength to raise our bodies without this aid.
When we walk, we lean forward, so as to bring the
centre of gravity as far in front as possible. Thus,
walking is a process of falling. When we run, we
lean further forward, and so fall faster. (Phys., p. 49.)
THE PENDULUM consists of a weight so suspended
as to swing freely. Its movements to and fro are
termed wvibrations or oscillations. The path through
which it passes is called the arc. The extent to
Fig. 19. which it goes in either di-
rection is styled its ampli-
tude. Vibrations performed |
in equal times are termed
tsochronous {isos, equal, and
chronos, time).
1st Law.—In the same
pendulum, all vibrations of
small amplitude are iso-
chronous. If we let one of
the balls represented in
Fig. 19 swing through a
short arc, and count the
‘number of oscillations per
. minute, we shall find them
— uniform. This  property
- of the pendulum was dis-
covered by Galileo when a
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boy, while sitting in the cathedral at Pisa and watch-
ing the vibrations of a bronze chandelier which hung
from the ceiling. Others had seen this before him.
He first noticed that the swinging lamps measured
time as well as shed light.

2d Law.—The time of vibration is not affected
by the material of which the weight is composed.
In Fig. 19, let D be a ball of iron, and C one of wood.
They will be found to oscillate together.

3d Law.—The times of the vibrations of different
pendulums are proportional to the square roots of
their respective lengths. Let A be } the length of
C, and it will vibrate three times as fast. If B be
1 the length of C, it will vibrate twice as fast.
Conversely, the lengths of different pendulums are
proportional to the squares of their
times of vibration. A pendulum
which vibrates seconds must be four
times as long as one which vibrates
half-seconds, and sixteen times as
long as one which vibrates quarter-
seconds. The apparatus represented
in TFig. 20, can be used to illustrate
very clearly the preceding laws.

4th Law.—The time of the vibra-
tion of the same pendulum will vary
at different places on the earth. Tt
will decrease as the square root of
the force of gravity increases. At?
the equator a pendulum vibrates
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most slowly, and at the poles most rapidly. The
length of a second-pendulum at New York is 39116,
inches.

Centre of oscillation.—The length of a pendulum is
not its absolute length as measured from one ex-
tremity to the other, but the distance from the
point of support to the centre of oscillation. The
upper part tends to move faster than the lower part,
and so hastens the speed of the pendulum. The
lower part tends to move slower than the upper part,
and so retards the speed of the pendulum. Be-
tween these two extremes is a point which is neither

Fig. 21. quickened nor imped-
ed by the rest, but
moves in the same
time that it would if
it were a particle
swinging by an imag-
inary line. This point
is called the centre of
oscillation. It lies a
little below the centre
of gravity. In Fig. 21
is shown an apparatus
containing pendulums
of different shapes, but
all having the, same
absolute length. If
they are started to-
gether, they will im-

——==_ ié
3
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mediately diverge, no two vibrat- Fig. 22.
ing in the same time. As pendu- S
lums, they are not of the same
length.

The centre of oscillation is found
by trial. It has been discovered
that the point of suspension and
the- centre of oscillation are inter-
changeable. If, therefore, a pen-
dulum be inverted, and a point
found at which it will vibrate in
the same time as before, this is
known to be the centre of oscilla-
tion; while the old point of sus-
pension becomes the new centre of
oscillation.

The Pendulum as a Time-keeper.
—The friction at the point of sus-
pension, and the resistance of the
air, soon destroy the motion of the
pendulum and bring it to rest. The
common clock is simply a machine
for keeping up the vibration of the £
pendulum and counting its beats. £
In Fig. 22, R is the scape-wheel §
driven by the force of the clock-
weight or spring, and m n the es-
capement, moved by the forked arm A B, so that
only one cog of the wheel can pass at each double
vibration of the pendulum. In this manner the
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oscillations are counted by the cogs on the wheel,
while the friction and resistance are overcome by
the action of the weight or spring.®* As “heat ex-
pands and cold contracts,” a pendulum increases in
length in summer and shortens in winter. A clock,

Fig. 8. therefore, loses time in summer and
gains in winter. To regulate a com-
mon clock, we raise or lower the pen-
dulum-bob, I, by means of a nut v at
the lower end of the rod.

The compensation or gridiron pendu-
AW lum, consists of several brass and
steel rods, which are so connected that
the brass, A, k, will lengthen upward
and the steel, o, b, ¢, d, will lengthen
downward, and thus the centre of oscil-
lation will be unchanged by any varia-
tion in temperature. The mercurial
pendulum contains a cup of mereury
which expands upward while the pen-
dulum-rod expands downward, and
thus keeps the centre of -oscillation
stationary.

Various wuses of the Pendulum.—1.
Since the time of the vibration of a pen-
dulum indicates the force of gravity,

and since the force of gravity decreases as the square

* The action of a clock is best shown by procuring the works
of an old clock, and watching the movements of the various parts.
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of the distance from the centre of the earth increases,
we may, in this manner, find the semi-diameter of the
earth at various places, and thus ascertain the figure
of our globe. 2. Knowing the force of gravity at
any point, the velocity of a - falling body can be
determined. 3. It may be used as a standard of
measures. 4. Foucault devised an ingenious method
of showing the revolution of the earth onm its axis,
founded upon the fact that the pendulum vibrates
constantly in ore plane.

Praciical Quesitions.—1. When an apple falls to the ground, how much
does the earth rise to meet it? 2. What causes the sawdnst on a mill-pond to
collect in large masses? 3. Will a body weigh more in a valley or on a moun-
tain? 4. Will a pound weight fall more slowly than a two-pound weight ?
5. How deep is a well if it takes three seconds for a stone to fall to the bottom
of it? @. Is the centre of gravity always within a body.—as, for example, a
ring? 7. If two bodier, weighing respectively 2 and 4 1bs., be connected bya
rod 2 feet long, where is the centre of gravity? 8. In a ball of equal density
throughout, where i the centre of gravity? 9. Why does a bail roll down
hill? 10. Why is it easier to roll a round body than a square one? 11. Why
is it easier to tip overa load of hay thar one of stone? 12. Why is a pyramid
ihe stablest of structures? 13. When a hammer is thrown, on which end does
it always strike? 14. Why does a rope-walker carry a heavy balancing-pole ?
15. What would become of a ball if dropped into a hole bored through the
eentre of the earth? 18. Would a clock lose or gain time if carried to the top
of a mountain? If carried to the North Pole? 1'7. In the winter, would you
raise or lower the pendulum-bob of your clock? 18. Why is the pendulum-
bob always made flat? 19. What beats off the time in a watch? 20.
What should be the length of a pendulum to vibrate minutes at the latitude of
New York ?  Solution—(1 sec.)? : (60 gec.)?:: 39.1in.: z = 2.2 + miles. 21.
What should be the length of the above to vibrate half-seconds? Quarter-
seconds? Hours? 22. Two pendulums are respectively 16 and 64 inches
in length. What is their proportionate time of vibration? 23. Why, when
you are standing erect against a wall, and a piece of moncy is placed between
your feet, can you not stoop forward and pick itup? 2 L. Ifatower were 198
feet high, with what velocity would a stone, dropped from the summit, strike
the ground? 235. A body falls in 5 seconds ; with what velocity does it strike
the ground? 26. How far will a body fall in 10 seconds ? With what velocity
will it strike the ground? 2'7. A body is thrown upward with a velocity of
192 feet the first second; to what height will it rise? (This problem is to
be solved as if it read, *‘ How far must a body fall to gain a velocity of 192
fect?”) 28. A ball is ehot upward with a velocity of 256 feet ; to what height
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will itrise? How long will it continue to ascend ? 29. Why do not drops ot
water, falling from the clonds, strike with a force proportional to the laws of
falling bodies? Ans.—Because they are so small that the resistance of the air

nearly destroys their velocity. Ifitwere not for this wise provision, a shower

of rain-drops would be as fatal as one of Mini§ bulletz. 30. Are any two
plumb-lines parallel? 31. A stone let fall from a bridge strikes the water
‘in 3 seconds. What is the height? 32. A stone falls from a church-steeple
in 4 seconds. What is the height of the steeple? 33. How far would a body
fall in the first second at a distance of 12,000 miles above the earth’s surface?
34. A body, at the surface of the earth, weighs 100 tons; what would be its
weight 1,000 miles above? 335. A boy, wishing to find the height of a steeple,
lets fly an arrow that just reaches the top and then falls to the ground. It isin
the air 6 seconds. Reqnired the height? 36. A cat let fall from a balloon
reaches the ground in 10 seconds. Required the distance? 3'7. In what time
will a pendulum 40 fect long make a vibration ? 38. Two meteoric bodies in
gpace are 12 miles apart. They weigh respectively 100 and 200 lbs. If they
should fall tozether by force of their mutunal attraction, what portion of the
distance would be passed over by each body ? 39. If a body weighs 2,000 1bs.
upon the surface of the earth, what would it weigh 2,000 miles above? 500
miles above? 40. At what distance above the earth will a body fall, the first
second, 21/5 inches ? 41. How far will a body fall in 8 seconds ? In the 8th
second? In 10 seconds? In the 80th second?

The ancient methods of keeping time were simple indeed. The sun-dial was
doubtless the earliest device; afterward the clepsydra was employed. This
congigted of a vessel containing water, which slowly escaped into a dish be-
low. 1In this was a floating body which, by its height, indicated the lapse of
time. King Alfred the Great, we read, nsed candles of a uniform size, gix ol
which lasted a day. He snrrounded these with cases of horn as a profection
from currents of air, From a mere fancied derivation of this kind, some have
spelled the word lantern, lanthorn. Clocks were ‘used in Enrope as early as
the 11th century. The application of the pendulum was made in the early part
of the 17th century. The first clock made in England, about A. ». 1288, was
considered of so much importance, that a high official was appointed to take
charge of it. The clocks of the Middle Ages were extremely elaborate. They
indicated the motions of the heavenly bodies ; birds came out and sang songs,
cocks crowed and trumpeters blew their homs ; chimes of bells were sounded,
and processions of dignitaries and military officers, in fantastic dress,
marched in front of the dial and gravely announced the time of day. Watches
were made at Nuremberg in the 15th century. They were styled Nuremberg
eggs. In the 16th century they were in common use. Many were as small as
the watches of the present day, while others were as large as a dessert-plate.
They had no minute or second hand, and reguired winding twice per day.
They were extremely cumbersome, containing about 800 pieces. In 1658, Dr.
Hare invented the main-spring. This gave to watches the accuracy of the
pendnlum. Waltham watches have but 120 pieces in all. Chronometers are
now made so perfect ag not to vary a minute in six months.

o
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Mortox is a change of place. Absolute motion is
a change without reference to any other object.
Relative motion is a change with reference to some
other object. Rest also is either Absolute or Rela-
tive. Ex.: We are in absolute motion with the
earth as it flies through space; when we walk, we
judge of our motion by the objects around us; a
man on a steamer is in motion with regard to the
shore, but at rest with reference to the objects on
the deck of the vessel. Nothing is in absolute-rest.
Motion seems to be a law of Nature. Velocity is the
rate at which a body moves. Force is that which
tends to produce or destroy motion.

REsisrances To MortoN.—The principal are, Fric-
tion, Resistance of the air, and Gravity. (1) Friction
is the resistance caused by the surface over which
a body moves. It is of two kinds, sliding and rolling.
If the surface of a body could be made perfeetly
smooth, there would be no friction ; but in spite of
the most exact polish, the microscope reveals
minute projections and cavities. We fill these
with oil or grease, and thus diminish friction. Fric-
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tion, between different bodies, varies curiously.
Between like substances it is greater. than between
unlike. Friction is of great value in common life.
Without it, nails, screws, and  strings would be
useless; engines could not draw the cars; we
could hold nothing in our hands; everywhere we
would walk as on glassy ice. (2) Resistance of the
air. 'The resistance which a body meets in passing
through air or water is caused by the particles
which it must displace. This increases according to
the square of the velocity. Thus, if we wish to double
our speed in running we must displace twice as much
air, and in half the time ; hence, the force must be
quadrupled. (3) Gravity tends to draw all bodies
to rest upon the earth.

" MoMeNTUM i the quantity of motion in a body.
It is equal to the weight of the body multiplied by
its velocity per second, expressed in feet. Ex.: A
stone, weighing 5 lbs., thrown with a velocity of 20
feet per second, has a momentum of 100 pounds.

The striking force of a body is equal to its weight
multiplied by the square of its velocity. (See p. 81.)
Ex. : A bullet weighing 2 ounces, fired with a velocity
of 1,400 feet per second, would strike with a force of
245,000 1bs. Place a hammer on the head of a nail,

and, though you push with all your might, you
cannot stir it. Swing the hammer by the handle
and let it fall upon the nail, and the blow will bury
it to the head. On the other hand, a large body
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may be moving very slowly and yet have an im-
mense momentum. An iceberg, with a scarcely
perceptible motion, will crush the strongest man-of-
war as if it were an egg-shell. Those who have
stood on a wharf have noticed with what prodigious
force large vessels grind against each other by the
slow movement of the tide. Soldiers have thought
to stop a spent cannon-ball by putting a foot against
it, but have found its momentum sufficient to break
a leg. :

Motion is not imparted instantaneously—We press
with all our strength against a large stone. At first it
does not stir. But the motion is transmitted from
the molecules we touch with our hands, particle by
particle, until it reaches the whole body, and the
stone yields. A horse will pull at a heavy load for
some moments before he starts it; if he should
spring forward suddenly, he would be likely to break
his harness. Tt is said that it would require a half
minute for a force applied at one end of a mile of
railroad-iron to move the last rail. A stone thrown
against a pane of glass shatters it ; but a bullet fired
through it will only make a clean,round hole. The
reason is, that the hole is made and the bullet gone
before the motion has time to pass into the sur-
rounding particles. A tallow candle may be fired
through a board, because it pierces it so quickly that
the particles have no time to yield. Its slight cohe-
sion, multiplied by its velocity, is greater than the
cohesion of the board.
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- 18t Law oF Morion.—A body once set in moteon
tends to move forever in a straight line. This is but
another statement of the property of inertia, of
which we have already spoken. There is a curious
illustration of it seen in the swinging of a pendulum.
A pendulum, made {o vibrate with the least possible
friction, is placed under the receiver of an air-pump.
The more perfectly the air is" exhausted the longer
* it will vibrate. In the best vacuum we can produce,
it will swing for twenty-four hours. It is supposed
that if all the “resistances to motion” were removed,
the pendulum would vibrate forever. Philosophers
can explain this only on the supposition that a body,
once started, tends to move forever in a straight
line. For reasons which are obvious, no experiment
can be performed which will directly prove the law.
We can see the principle, however, in combination
with the second law of motion.

2D Liaw oF MotioN.—A4 jforce acting upon a body in
motion or at rest, produces the same effect, whether it
acts alone or with other forces.

All bodies upon the earth are in constant motion,
and yet we move anything with the same ease that
we should, were the earth at rest. We throw a stoune
directly at an object and hit it, yet, within the
gecond, the mark has gone forward many feet.* A
ball thrown up into the air with a force that would
cause it to rise 50 feet, will ascend to that height
whatever horizontal wind may beblowing at the time.
If a cannon-ball or a bullet be thrown horizontally, it

* The earth moves forward in its orbit about the sun at the rate of 18 miley
per second. See Fourteen Weeks in Astronomy, p. 108.
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will fall just as fast and strike the earth just as
soon as if dropped to the ground from the muz-
zle of the gun. 1In Fig. 24, D is an arm driven
by a wooden
spring, E, and
turning on a
hinge at C.
At D is a hol- *
low contain-
ing a bullet
so arranged
that when the
arm is sprung, SN
it will throw the ball in the line F K. At ¥ is a
similar ball, supported by a thin slat, G, and so
arranged that the same blow which throws the
ball D, will let the ball F fall in the line F H.
It will be found that the two balls will strike the
floor together. This holds true, no matter how far
the ball D may be thrown. We here see that the
force of gravity produces the same effect whether it
acts alone or in combination with another force.
Comrounp MotioN.—Let a ball at A be struck by
a force which would Fig. 2.
drive it in the divec- " X
tion A B, and also
at the same instant
by another which s c
would drive it toward D; the ball will move in the
direction A C. The figure A B C D is termed the
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¢ Parallelogram of the Forces,” and the diagonal
A O the “Resultant.”
" CoMPOSITION OF ForcES.—Whenever a body is
 Fig. 2. acted upon by
two forces, we
draw lines rep-
resenting these
directions, and
mark distances
A D and A B,
whose lengths
represent their
2, comparative
velocities. We
next complete
the parallelo-
gram and draw the diagonal A C, which denotes the
resultant of these forces, or the direction in which the
body will move. If more than two forces act, we
find the resultant of two, then of that resultant and
a third force, and so on.

Tllustrations.—We have many illustrations of com-
pound motion in common life. A person wishes to
row a boat across a swift current. It carries him
down stream. He steers, therefore, toward a point
above that which he wishes to reach, and so goes
directly across.—While riding on a car, we throw a
stone at some object at rest. The stone, having the
motion of the train, strikes just as far ahead of the
object as it would have gone had it remained on the
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train. In order to hit the mark, we should have
aimed a little back of it.—The circus-rider wishes,
while riding his horse at full speed, to jump through
a hoop suspended before him. He simply springs
directly upward. He goes forward by the motion
which he had when he leaped from the horse. The
resultant motion ecarries him through the hoop and
he alights upon the saddle on the other side.—A
person riding in a coach drops a cent to the floor. It
falls in a vertical line and strikes where it would were
the coach at rest.—A bird, beating the air with both
its wings, flies in a direction between that of the
two. :

REsoruTION OF FORCES.
—This is the reverse of
the “Composition of (o]
Forces.” 1t consists in
finding what two forces
are equivalent to a given
force. It is attained by
drawing a parallelogram
having the given force
for a diagonal. Ex.:
There is a wind blowing
from the West against
G H, the sail of a vessel 8
going North. We can resolve the wind-force B D
into the two forces B E and B C. The former,
blowing parallel to the sail, is of no use; the latter

is perpendicular to it, and hence tends to drive the .
4

Fig. 21.
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vessel before it in a mnortheast direction. Again,
resolving B D in Fig. 28, which represents the

Fig. 28.

N

Fig. 29.

vertical force B C in Fig. 27,
we find that it is equivalent
to two forces, B E and B C.
The former pushes the vessel
sidewise, but it is mainly coun-
teracted by the shape of the
keel and the action of the rud-
der. The latter is parallel to
the course of the ship, and hur-
ries it along northward. By
shifting the rigging, one vessel
will sail into harbor while an-
other is sailing out, both
driven by the same
wind. Figs. 29 and 30
show how, by twice re-
solving the force of the
wind from the West, as
in the last figures, when
the sail G H is placed
in the new position, we
have (Fig. 30) a force,
B C, which drives the
vessel southward. If
a vessel should avish to

sail directly W. against this wind we have supposed,
it would tack alternately NW. and SW. In this way
it could go almost into the “teeth of the wind.”
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In a similar manner we may resolve the three
forces which act upon a kite—viz., the pull of the
string, the force of the wind, Fig. 0.

and its own weight. In Fig. N

27 let G H represent the face

of the kite. 'We can resolve \ H
B D, the force of the wind, E/
into B C and B E. We

next resolve B D, in Fig. 4

28, which corresponds to
B C in Fig. 27, into B E
and B C. We then have a ¢
force, B C, which overcomes
the weight of the kite and
also tends to lift it upward. 8
The string pulls in the direction D B, perpendicularly
to the face. The kite obeys neither one of these
forces but both, and so ascends in a direction, D G,
between the two. Itis really drawn up an inclined
plane by the joint force of the wind and the string.

A canal-boat drawn by horses is acted upon by a
force which tends to bring it to the bank. This
forcemay be resolved into two, one pulling toward
the tow-path, and the other directly ahead. The
former is counteracted by the shape of the boat and
the action of the rudder; the latter draws the boat
forward,

CirouLAR MoTioN is a variety of compound motion
produced by two forces called the Centrifugal and
the Centripetal. The former (centrum, the centre, and
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Jugio, to flee) tends to drive a body from the centre,
The latter (centrum, the centre, and péto, to seek)
tends to draw a body toward the centre.

The motion of the heavenly bodies presents the
grandest illustration of the operation of these forces.
The earth, when first formed, we may suppose, was
hurled into space from the hand of the Creator with
a force which would send it along the line B C in
Fig. 31. According to the law of inertia it would
never lose this force, but would continue to move
forever in a straight line. Being attracted, how-
ever, by the sun in the direction B S, it passes along

Fig. 31.

A
Q-

— -

the line B D, which is the resultant of these two
forces. Should the earth ever lose its own motion,
it would fall into the sun and feed that central fire.
Should the attraction of the sun cease, it would fly
off with headlong speed into the icy, cheerless regions
of space.
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Examples abound in common life. Water flies
from a grindstone on account of the centrifugal
force produced in the rapid revolution, which over-
comes the force of adhesion. In factories, grind-
stones are sometimes revolved with such velocity
that the centrifugal force overcomes the force of
cohesion, and the pondérous stones fly into fragments.
A pail full of water may be whirled around so rap-
idly that none will spill out, because of the centrif-
ugal force which overcomes the force of gravity.
When a horse is running around a small circle he
bends inward to overcome the centrifugal force.

The rapid revolution of the earth on its axis tends
to throw off all bodies headlong into space. As this
force acts contrary to that of gravity, it diminishes
the weight of all bodies at the
equator, where it is greatest, . N
737 It also tends to drive the e
water on the earth from the
poles toward the equator, and
in consequence to heap it
up in the equatorial region
of the ocean. Were the ve-
locity of the éarth’s rotation to
diminish, the water would run
back toward the poles, and tend
to restore the earth to a spherical form. This in-
fluence is well illustrated by the apparatus shown
in the figure. The hoop is made to slide upon its
axis, and if it is revolved rapidly it will assume an
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oval form, bulging out more and more as the velocity
is increased.®

TrirD Law oF MoTioN.—Action is equal to reaction,
and in the contrary direction. A bird in flying beats
the air downward, but the air reacts and supports
the bird. The boatman pushes with his pole against
the dock, and by the reaetion his boat is driven from
the shore. The oarsman strikes the water backward

"~ with the same force that his boat moves forward.

The swimmer kicks with his feet against the water,
which reacts and sends him ahead. The powder in

‘a gun explodes with equal force in every direction,

driving the gun backward and the ball forward, each
with the same momentum. Their relative velocities
vary with their respective weights ; the heavier the
gun the less will the recoil be noticed. When we
spring from a boat, unless we are cautious, the re-
action will drive it away from the shore. When we
jump from the ground, we push the earth from us,
while it reacts and pushes us away from it; we sep-
arate from each other with equal momenta, and our
velocity is as much greater than that of the earth
as we are lighter. We cannot jump from a soft sur-
face, because it yields; but a spring-board, which
reacts more promptly, aids us. 'We walk by reason

*This apparatus is always accompanied by a variety of objects
which may be used to illustrate very beautifully the prineiple
that all bodies tend to revolve about their shortest diameters.
This is an assurance that the earth will never change its axis of
rotation while it retains its present form.
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of the reaction of the ground on which we tread.
Thus at every step we take, we cause the earth to
move.* The apparatus shown in the figure consists
of ivory balls so hung as to readily Fig. 33.

vibrate. If a ball be let fall from one /

side it strikes the second ball, which
reacts with an equal force and stops the
- motion of the first, but transmits the
motion to the third ; that acts in the same manner,
and so on through the series, each acting and re-
acting until the last ball is reached ; this reacts and
then bounds off, rising as high as the first ball fell
(except the loss caused by friction). If two balls be
raised, two will fly off at the opposite end; if two
be let fall from one side and one from the other,
they will respond alternately from either side.
RerLEcTED MotioN.—This is pro- Fig. 3.

duced by the reaction of any surface
against which an elastic body is p
thrown. If a ball be thrown in the
direction O B against the surface A C,
it will rebound in the line B R. The angle O B P

A BCDE F

#No force in nature can be wasted. It must accomplish some-
thing. “ A blow with a hammer moves the earth. A boy could
in time draw the largest ship across the harbor in calm weather.”

“ Water falling day by da
‘V/ears the hardest rock away.”

Statues are worn smooth by the constant kissing of enthusiastic
worshippers. Stone steps are hollowed by the friction of many
feet. The ocean is filled by small drops which fall from the
clouds. We may notice none of these forces singly, but their
effects in the aggregate startle us.



[y

8o NATURAL PHILOSOPHY.

(the angle of incidence) will be equal to the angle
P B R (the angle of reflection).

MoTION IN A CURVED LINE.— Whenever two or more
instantaneous forces act upon a body, the resultant
is a straight line. 'When one is instantaneous, and
the other continuous, it is a curved line. When a
body is thrown into the air, unless it be in a ver-
tical line, it is acted upon by the instantaneous
force of projection and the continuous force of
gravity, and so passes through a line which curves
toward the earth.

PerpETUAL MoTION.—Nothing can be more utterly
impracticable than to make a machine capable of
perpétual motion. No machine can produce power;
it can only direct that which is applied to it. In all
machinery there is friction; this must ultimately
exhaust the power and bring the motion to rest.
These principles show the futility of all such at-
tempts.

Practical Quesiions.~1. Can arifle-ball be fired through a handkerchief
suspended loosely from one corner? 2. A rifle-ball thrown against a board
standing edgewise, will knock it down ; the same bullet fired at the board, will
pass through it without disturbing its position. Why is this? 3. Why can
a boy skate safely over a piece of thin ice, when, if he should pause, it would
break under bim directly? 4. Why can a cannon-ball be fired through a door
standing ajar, without moving it on its hinges? 5. Why can we drive on
the head of a hammer by simply striking the end of the handle? 6. Suppose
youwere on a train of cars moving at the rate of 30 miles per hour ; with what
force would you be thrown forward if the train were gtopped instantly? 7. In
what line does a stone fall from the masthead of a vessel in motion? 8. If a
ball be dropped from a high tower it will strike the ground a little east of a ver-
tical line. Why is this? 9. It is stated that a suit was once brought by the
driver of a light wagon against the owner of a coach for damages caused by a
collision.” The complaint was that the latter was driving so fast that when the

two carriages struck, the driver of the former was thrown forward over the
dashboard. On trial he was nonsuited, becanse his own evidence showed him
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to be the one who was driving at the unusual speed. Explain. 10. Suppose
a train moving at the rate of 30 miles per hour: on the rear platformis a cannon
almed parallel to the track and in a direction precisely opposite to the motion of
the car. Let a ball be discharged with the exact speed of the train; where
would it fall? 11. Suppose a steamer in rapid motion, and on its deck a man
jumping. Can he jump farther by ieaping the way the boat is moving orin the
opposite direction? 12. Why is a “running jump” longer than a standing
one? 13. Ifa stone be dropped from the masthead of a vessel in motion,
will it strike the same spot on the deck that it would if the vessel were at
rest? 14. Could a party play ball on the deck of the Great Eastern when
steaming along at the rate of 20 miles per hour, without making allowance for
the motion of the ship? 15. Since action is equal to reaction, why is it not
as dangerous to receive the “kick” of a gun as the force of the bullet? 16.
If you were to jump from a carriage in rapid motion, would you leap directly
toward the spot on which you wished to alight? 1'7. If you wished to shoot a
bird in swift flight, would you aim directly at it? 18. At what parts of the
earth is the centrifugal force least? 19. What causes the mud to fly from the
wheels of a carriage in rapid motion? 20. What proof have we that the
earth was once a soft mass? 21. On a curve in a railroad, onetrack is always
higher thanthe other. Why is this? 22. What i8 the principle of the sling ?
23. The mouth of the Mississippi River is about 2} miles farther from the cen-
tre of the earth than its source. In this sense it may be #aid to *“ run up hill.”
‘What causes this apparent opposition to the attraction of gravity? 24. Isit -
action orreaction that breaks an egg, when I strike it against the table? 25.
‘Was the man philosophical who said that it *“ was not the falling so far, but
the stopping so quick, that hurt him?” 2@. If one person runs against an-
other, which receives the greater blow? 2'7. Would it vary the effect if the
two persons were running in opposite directions? In the same direction?
28. Why cannot you fire a rifle-ball around a hill? 29. Why is it that a heavy
rifle “*kicks” less than a light shot-gun? 30. A man on the deck of a large
vessel draws a small boat toward him. How much does the ghip move to meet
the boat? 31. Suppose a string, fastened at one end, will just support a
weight of 25 Ibs. at the other. Unfasten it,and let two persons pull upon it in
opposite directions. How much can each pull without breaking it? 32. Can
a man standing on a platform-scale make himself lighter by lifting up on him-
sclf? 33. Why cannot a man lift himself by pulling up on his boot-straps ?
34. If, from a gun placed vertically, a ball were fired into perfectly still air,
where would it fall? 35. With what momentum would a steamboat weigh-
ing 1,000 tons, and moving with a velocity of 10 feet per second, strike against
a sunken rock ?——(On page 68, we found that a constant force which tends to
overcome a continued resistance, like that of air or water, must be as the
square of the velocity. This is termed its living force, or vis viva. This law
holds good only in starting bodies from a state of rest and in low velocities.
At high rates of speed less force is required. The comparative striking force
is, however, always as the square of the velocity.)——36. With what mo-
mentum would a train of cars weighing 100 tons, and running 10 miles per
hour, strike against an obstacle? 3'7. What would be the comparative strike
ing force of two hammers, one driver with a velocity of 20 feet per second,
and the other 10 feet ?






THE ELEMENTS® OF MACHINERY.

THESE are the simple machines to which all ma-
chinery can be reduced. The watch, with its complex
system of wheel-work, and the engine, with its belts,
cranks, and pistons, are only various modifications
of some of the six elementary forms—rviz., the lever,
the wheel and axle, the inclined plane, the screw, the
wedge, and the pulley. These six may be still further
reduced to the lever and inclined plane. They are
termed powers, but do not produce force; they are
only methods of applying and directing its They
also enable us to use the forces of Nature, such as
wind, water, and steam. The work done by the
power is always equal to that done by the weight.
The law of all mechanics is—

The power multiplied by the distance through whick
it moves, is equal to the weight multiplied by the distance
through which i moves. Thus 1 Ib. of power moving
through 10 feet = 10 Ibs. of weight moving through
one foot.

Tue LEVERis a bar turning on a pivot. The force
used is termed the power (P), the object to be lifted
the weight (W), the pivot on which the lever turns
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the fulerum (F), and the parts of the lever each side
of the fulcrum the arms. :

The three classes of levers.—I1. Power at one end,
weight at the other, and fulcrum between. IL

Fig. 36. Fig. 37,

e
®
H?ﬁ
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Power at one end, fulecrum at the other, and weight
between. IIL Weight at oné end, fulerum at the
other, and power between.
1st Class of Lever.—~We wish to lift a stone. We
Fig. 38, put one end of a handspike
under the stone, and resting the
bar on a block at F, we bear
down at P. A pump-handle is
a lever of the first class. The
hand is the P, the water lifted
the W, and the pivot the F. A pair of scissors is a
double lever of the same class. The cloth to be cut
Fig. 9. : is the W, the hand the P, and -
the rivet the F. i
2d Class—We may also
raise the stone, as in Fig. 39,
by resting one end of the
lever on the ground, which acts as a fulcrum, and
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lifting up on the bar. An oar is a lever of the
second class. The hand is the P, the boat the W,
and the water the F.

3d Class.—The treadle is a lever of the third class.
The end, C, resting on the ground is the F, the foot

Fig. 40.

is the P, and the force is transmitted by a rod to the
W, the reel above. In the fishing-rod, one hand is
the F, the other the P, and the fish the W.

Law of Equilibrium.—The lever is in equilibrium
when the arms balance each other. The distance
through which the P and the W move depends upon
the comparative length of the arms. TLet Pd repre-
sent power’s distance from the F, and Wd weight’s
distance ; then if Pd is twice Wd, the power will
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move twice as far as the weight. Substituting these
terms in the law of Mechanics, we have

PxPd=W x Wd, or P: W:: Wd: Pd.

In the first and second classes, as ordinarily used,
we gain power and lose time; in the third class we
lose power and gain time.

The Steelyard is a lever of the first class. The

Fig. 41,

power is at E, the fulerum at C, and the weight at
D. TIf the distance from the pivot of the hook D to
the pivot of the hook C is one inch, and from the pivot
of the hook C to the notch where E hangsis 12 inches,
then a 1-Ib. weight at E will balance 12 lbs. at W.
If the steelyard be reversed, as in Fig. 42, then the
distance of the fulcrum from the W is only 1 as
great, and the same weight at E will balance 48 Ibs.
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at D. Two sets of notches on opposite sides of the
bar correspond to these two positions.

Fig. 42.

W

The Arm is a lever of the third class. The muscle
(Physiology, p. 48) is attached to the bone’ of the
forearm, at a distance of about two inches from the
elbow joint, while from the centre of the palm of the
hand to the same point is about 13 inches. Hence
Wd = 13 inches and Pd = 2 inches. Therefore the
force exerted by the muscle must be over six times
the weight to be lifted by the hand. What we thus
lose in power, we gain in the speed of the motion.
We desire to perform quick movements with our
hands, and so they are wisely and expressly con-
trived to meet our wants.

Bent Lever.—In the hammer, when used to draw
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a nail, we have a good illustration of a bent lever.

Fig.43.  The real length of the arms is that of
the straight lines which correspond to
the direction in which the power and
weight act with reference to the fulerum.
: The Compound Lever consists of sev-
##5% oral levers so connected that the short
arm of the first acts on the long arm of the second,
and so on to the last. If the distance of A from the
I be four times that of B, then a power of § Tbs. at
A will lift a W of 20 lbs. at B. If the arms of the
second lever are of the same comparative length,
then a power of 20 lbs. at C will 1lift 80 lbs. at E.
In the third lever, a power of 80 lbs. at D will, in
the same proportion, lift 320 lbs. at G. Thus, with
» this system of three
levers, a power of 5
lbs. will balance a
weight of 320 1bs. In
order, however, to raise the weight one foot, the
power must pass through 64 feet. Hay-scales are
constructed upon the principle of
the compound lever.

Tre WHEEL AND AXLE is a modi-
fication of the lever. The wind-
lass used for drawing water from
a well, is a common form. The
power is applied at the handle, the
bucket is the W, and the F is the
axis of the windlass. The long arm of the lever is

Fig. 45.
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the length of the handle, and the short arm is the
semi-diameter of the axle. This is seen very clearly
in the cross-section shown
in Fig. 45, where O is the
F, O A the long arm, and
O B the short arm. In
Fig. 46, instead of turning
a handle we take hold of
pins inserted in the rim of
a wheel. Fig. 47 represents
a capstan used on board
of vessels for weighing the
anchor. The power is applied by means of hand-
si)ikes which radiate outward from the axle. Fig. 48
shows a form of the capstan Fig. 41.
often used in moving build-
ings, in which a horse fur-
nishesthe power. The wheel
and axle has the advan-
tage that it is a kind of per-
petuallever. We are not obliged to prop up the W and
readjust the lever, but both arms work eontinuously.
Low of Equilibrium.—By turning the handle or
wheel around once; the rope will be wound once
around the axle and the W be lifted that distance.
Applying the law of Mechanics, we see that the
Power x the circumference of the Wheel = the
Weight X circumference of the axle; or, as circles
are proportional to their radii,

P: W :: Radius of the Axle : Radius of the Wheel.
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If the radius of an axle be 6 inches, and the radius

Fig. 48.

of the wheel 24 inches, then the weight will exceed
the power four times.

Fig. 49. " Wheelwork consists of a series
of wheels and axles which act
upon each other on the princi-
ple of a compound lever. The
> cogs on the circumference of the
wheel are termed teeth, on the

- axle leaves, and the axle itself a
pinion. If the radius of the wheel F is 12 inches,
and that of the pinion 2 inches, then a power of 11b.
will apply a force of 6 lbs. to the second wheel E.
If the radius of this is also 12 inches, then the
second wheel will apply a force of 36 lbs. to the
third wheel. This, acting on ils axle, will balance a
W of 216 Ibs. In order, however, to lift this amount,
according to the principle already named, the weight
will only pass through 31 of the distance of the
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power. We thus gain power and lose speed. If we
wish to reverse this we can apply the power to the
axle, and, with ,a correspondingly heavy powes,
gain speed. This is the plan adopted in factories,
where a heavy water-wheel furnishes abundance of
power, and spindles or other swift machinery are to
be turned very rapidly.

TrE INcLINED PLANE.—If we wish to lift a heavy
cask into a wagon, we rest one end of a plank on
the wagon-box and the other on the ground. We
can then roll the cask up the inclined plane thus

Fig. 50.

4,

formed, when we could not have lifted it directly.
When roads are to be made over steep hills, they
are sometimes constructed around the hill, like the
thread of a screw, or in a winding manner, as shown
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in Fig. 50. The road from Callao to Lima, in
South America, is said to be one of the longest and
best-made inclined planes in the world. It is six
miles in length, and the total rise is 511 feet.
Stairs are inclined planes with steps cut in them to
facilitate their ascent. \

Fig. 51. Low of Equilibrium.—
In Fig. 51 we see that
the power must descend
a distance equal to A C
in order to elevate the
weight to the height C B. Applying the law of
Mechanics, we have P X length of the inclined
plane = W X height of inclined plane; hence,

P: W :: height of inclined plane : length of inclined plane.

Thus, if we roll a barrel of pork, weighing 200 Ibs.,
up a plane 12 feet long and 3 feet high into a wagon,
we have x = 50 lbs. : 200 Ibs. :: 3 feet : 12 feet. In
this case we lift only 50 lbs., or  of the barrel, but
we lift it through four times the space necessary if
we could have raised it directly into the wagon.
‘We thus lose speed and gain power. The longer
the inclined plane, the greater the load we can lift,
but the longer it will take to do it. ' If a road as-
cends one foot in 100 feet, then a horse drawing up
a wagon has to lift only 1}; of the load, besides
overcoming the friction. A body rolling down an
inclined plane acquires the same velocity that it
would in falling the same height perpendicularly.
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A train descending a grade of one foot to 100
feet tends to go down with a force equal to 14 of
its weight. Near Lake Lucerne, Switzerland, is a
valuable forest of firs on the top of an almost inac-
cessible Alpine mountain. By means of a wooden
trough, the trees are conducted into the water
below, a distance of eight miles, in as many minutes.
One standing near hears aYoar as of distant thunder,
and the next instant the descending tree darts past
him and plunges downward out of sight. The force
with which it falls is so prodigious, that if it jumps
out of the trough it is dashed to pieces.

THE ScREW consists of an inelined plane wound
around a cylinder. The inclined plane forms the
thread, and the cylinder the Fig. 53.
body. It works in a nut which =
is fitted with reverse threads
to move on the thread of the
screw. The nut may turn on
the screw, or the screw in the
nut. The power may be ap-
plied to either as desired, by
means of a wrench or a lever. The screw is used in
presses for squeezing oil and juices from apples,
grapes, rapeseed, linseed, sugar-cane, etc.; for copy-
ing letters, for coining money; in vises and in rais-
ing buildings.

Law of Equilibrium.—When the power is applied
at the end of a lever, it describes a circle of which
the leveris the radius. The distance through which
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the power passes, is the circumference of this circle ;
and the height to which the weight is elevated at
each revolution of the screw, is the distance between
two of the threads. Applying now the law of
Mechanics, we have P X circumference of circle =
W X interval between the threads; hence,

P : W :: interval : circumference.

The power of the screw m;ty be increased by length-
ening the lever, or by diminishing the distance be-
tween the threads. 3

Tur WEDGE usually consists of two inclined planes
placed back to back. It is used for
splitting logs of wood and blocks of
stone; forlifting vesselsin the dock;
and, in oil-presses, for squeezing.
Chimneys which have leaned over,
have been righted by wedges driven
in on the lower side. Nails, needles,
axes, etc., are constructed on the principle of the

wedge.
The Low of Equilibrium is, in theory, the same as
that of the inclined plane—viz.,

P : W :: thickness of wedge : length of wedge.

In practice, however, this by no means accounts for
its prodigious power. Friction, in the other mechani-
cal powers, materially diminishes their efficiency ; in
this it is essential, since, without it, after each blow
the wedge would fly back and the whole effect be
lost. Again: in the others, the power is applied as
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a steady force: in this it is a sudden blow, and is
equal to the momentum of the hammer.

TeE PuLLEy is simply another form of the lever
which turns about a fixed axis or fulerum. It con-
sists of a wheel, within the grooved edge of which
runs a cord.

‘When we wish to transmit force from one point to
another, we may do so either by pushing with a rigid
bar, or by pulling with a flexible cord. The advan-
tage of the latter method is, that we may
at the same time change the direction
of the force. This is accomplished by a
single_fized pulley, as in Fig. 55. Here
there can be no gain of power or of speed,
as the hand F must pull down as much
as the weight W, and both move with
the same velocity. It is simply a lever
of the first class with equal arms. But its use is
seen when we remember how, by means of it, a man
standing on the ground Fig. 5.
hoists a flag to the top of Iy \
a lofty pole, and thus jlis
avoids the trouble and [{}
danger of climbing up with il
it. Two fixed pulleys, |
arranged in the manner (||
shown in Fig. 56, enable |
us to elevate a heavy load i
to the upper story of a [l
building by horse-power. :
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Movable Pulley.—A form of the single pulley, where

it moves

Fig. 57.

with the W, is represented in Fig. 57. In
this, one-half of the barrel is sustained by
the hook I, while the hand lifts the other.
Since, then, the power is only one-half the
weight, it must move through twice the
space ; in other words, by taking twice the
time, we can lift twice as much. Here
power is gained and time lost.

‘We may also explain the action of the
single movable pulley by Fig. 58, in which
A represents the F, R the W acting in
the line O R, and B the P acting in the

$ B line B P. This is a lever of the second

class; and as B is twice as far from A
as O is, the power is only one-half
the weight.

Combmatzons of Pulleys.—1. In Fig. 59, we have

Fig. 59.

Fig.60. the W sustained by three cords,

; ?’ each of which is stretched by
. a tension equal to the P, hence

11b. of power will balance 3 lbs.
M| of weight. 2. In Fig. 60, the
power will in the same manner

- sustain a W of 41bs., and must
| descend 4 inches to raise the
|/ W one inch. 3. In the cord
marked 1, 1 (Fig. 61), each
y part has a tension equal to P;
: and in the cord marked 2, 2,
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each: part has a tension equal t0 2P, and so on with
the other cords. The sum of the tensions acting on
W is 16, hence W = 16 P.

Tig. 62 represents the Fig. o1.
ordinary ¢ tackle-block”

used by mechanics. 3
Law of Equilibrium.—
In all combinations of 1

pulleys, nearly one-half
the effective force is lost
by friction.* In most of
the forms in use, the W
is equal to the P multi-
plied by twice the num-
ber of movable pulleys.

Praclical Questions.—1. Describe therudder of a boat asalever; adoor;
a door latch; a lemon-squeezer; a pitchfork ; a spade: a shovel; a sheep-
shears ; apoker a pair of tongs ; & balance ; a pair of pincers ; a wheelbarrow ;
a man pushing open a gate with his hand near the hinge; a chopping-knife
(Fig. 63) ; a sledge-hammer, when the arm is swang
from the shoulder; a nut-cracker. 2. Show the Fig. 63.
change that occurs from the gecond to the third
class of lever, when you take hold of a ladder at one
end and raise it against a building. 3, Why is a
pinch from the tongs near the hinge more severe
than one near the end? 4. Two persons are carry-
ing a weight of 250 lbs., hanging between them from a pole 10 feet in
length, Where should it be suspended so that one will lift only 50 Ibs.?
5. In a lever of the first class, 6 feet long, where should the F be placed
80 that a power of 11b. will balance a W of 23 Ibs.? 6. What power would
be required to lift a barrel of pork with a windlass whose axle is one
foot in diameter, and handle 3 feet long? '7. What sized axle, with a whee!
6 feet in diameter, would be required to balance a weight of one ton by &

_ *The work lost is not destroyed, for this is an impossibility.
No force nor matter has been destroyed, so far as we know,
since the creation of the world. The force is converted into other
forms—heat, electricity, etc., according to the principle of the
correlation of forces, p. 316.
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power of 100 1bs.® 8. What number of movable pulleys would be required
to lift a W of 200 Ibs. by means of a power of 25 Ibs.? 9. How many lbs. could
be lifted with a system of 4 movable pulleys and one fixed pulley to change
the direction of the force, by a power of 100 Ibs.?  10. What weight could be
lifted with a single horse-power* acting on the system of pulleys shown in
Fig. 62 (tackle-block)? 11. What distance shounld there be between the
threads of a screw in order that a P of 25 1be. acting on a handle three feet long,
may lift a ton weight? 12. How high would a P of 12 1bs., moving 16 feet
along an inclined plane, lifta W of 96 1bs.? 13. I wish to roll a barrel of
flour into a wagon, the box of which is four feet from the ground. I can lift but
241bs. How long a plank must Iget? 14. The ‘‘evener” of a pair of whiffle-
trees is 8 feet 6 inches in length ; how much must the whiffletree be moved to
give one horse an advantage of ome-third over the other? 15. In a set of
three-horse whiffletrees, having an ‘* evener” 5 feet in length, at what point
should the plough-clevis be attached that the single horse may draw the same
as each of the span of horses? At what point to give him one-quarter advan-
tage? 16. What weight can be lifted with a power of 100 lbs, acting on a
screw having threads one-quarter of an inch apart,and a lever handle 4 feet long ?
1'7. What is the object of the big balls always cast on the ends of the handle
of the screw used in presses for copying letters? 18. In a pair of stuelyards
2feet long, the distance from the weight-hook to the fulcrum-hook is 2 inches ;
how heavy a body cun be weighed with' a 1-1b. weight at the further end?
19. Describe the change from tlLe first to the third class of levers, in the dif-
ferent ways of using a pitchfork orsgpade. 20. Why are not blacksmiths’ tongs
and fire-tongs constructed on the same principle? 21. In a lever of the third
class, what W will a P of 50 1bs. balance, if one arm is 12 feet and the other
8 feet long? 22. In a lever of the second class, what W will a P of 50 Ibs.
balance, with a lever 12 feet long, and W 8 feet from the F¢ 23. In a lever
of the first class, what W will a P of 50 1bs. balance, with a lever 12 feet long,
and the F 8 feet from the W? 24. In a wheel and axle, the P = 40 }bs., the
W = 360 1be., and the diameter of theaxle = 8in. Required the circumference
of the wheel. 25. Suppose,in a wheel and axle, the P = 20 1bs., the W = 240
1bs., and the diameter of the wheel = 4 feet. Required the circumference of the
axle? 26. Required, in a wheel and axle, the' diameter of the wheel, the
diameter of the axle being 10 inches, the P 100 Ibs., and the W1ton? 2%.
What P would be necessary to sustain a W of 3,780 Ibs. with a system of six

~ | movable pulleys, and a single rope passing over them all? 28. How many

movable pulleys would be required to sustain a W of 420 lbs., with a P of
210 Ibs. ?

* A horse-power is reckoned in Mechanics as a force which will lift 32,000
1bs. one foot in one minute, without any assistance of machinery,
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HYDROSTATICS.

HyprosraTics treats of liquids at rest. Its prin-
ciples apply to all liquids ; but water, on account of
its abundance, is taken as the type of the class, and
all experiments are based upon it.

1. L1QUIDS TRANSMIT PRESSURE EQUALLY IN ALL
DIRECTIONS.—This is the first ik bl
and most important law. As : /
the particles of a liquid move
freely among themselves,
there is no loss by friction,
and any force will be trans-
mitted  equally, upward,
downward, and sidewise.
Thus if a bottle be filled °
with water and a pressure of
1 1b. be applied upon the
cork, it will be communicated
from particle to particle
throughout the water. If
the area of the cork be one

square inch, the pressure upon any square inch of
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the glass at n, a, b or ¢, will be equal to 11b. If
the inside surface of the bottle be 100 square inches,
then a pressure of 1 1b. upon the cork will produce
a total force of 100 Ibs., tending to burst the bottle.
Qllustrations of the transmission of pressure by
Fig. 65. liguids. — Under

a D some circumstan-

= A\ =i ces this is more
perfect than that by solids. Let a straight tube, A B,
be filled with a cylinder of lead, and a piston, be
fitted to the end of the tube. If now a force be ap-
: plied at O it will be

0 transmitted with-
out loss to P. If,
instead, we use a

A bent tube, the force
will be transmitted
in the line of the arrow, and will act upon P but
L Eh slightly, if at all.

If, however, we
fill the tube with
water, the force
will pass with-
out diminution.
‘With cords, pul-
leys, levers, etc.,
we always lose
about one-half
of the force by
friction; but this “liquid rope” transmits it with

J!

Fig. 66.

o \\\\\"‘\ D
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no sensible loss. Take a glass bulb and stem, as
shown in Fig. 67, and fill it with water by the
process explained under Thermometers. When
full, if you are careful to let the stem slip loosely
through the fingers as the bulb strikes, you may
pound with it upon a smooth surface with all your
strength. In this case, the force of the blow is
instantly transmitted from the thin glass to the
water, and that being almost incompressible, makes
the bulb nearly as solid as a ball of iron.

If a Rupert’s drop be held in a vial of water, as in
Fig. 68, and the Fig. 68.
tapering end be 8
broken, the force
of the concussion
will be transmit-
ted to all parts of
the glass and the
vial will be in-
* stantly shattered.

Water as a mechan-
ical power.—Take two
cylinders, P and p,
connected as in Fig.
69, fitted with pistons
and filled with water.
Let the area of pbe &=
2 inches and that of P be 100 inches. Then,
according to the principle of the equal pressure of
liquids, a downward pressure of 1 1b. on each square
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inch of the small piston will produce an upward
pressure of 1 Ib. on each square inch of the large
piston. Hence a power of 2 lbs. would lift a weight
of 100 lbs. This proportion may be increased by
diminishing the size of p and increasing that of P,

Fig. 70.

so that the weight of a girl’s hand could lift a man-
of-war. Water has been well termed the “ seventh
mechanical power.”

Iydrostatic Press—Fig. 70 represents a press
constructed on the principle just explained. As the
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piston a is forced down upon the water in the
cylinder A by the workman, the pressure is trans-
mitted through the bent tube of water d around
under the large piston C which lifts up the platform
K, and thus compresses the bales placed upon it.
If the area of a is 1 inch and that of C 100 inches,
then a force of 100 lbs. will lift 10,000 lbs. Still
further to increase the efficiency of this press, the
handle is a lever of the second class. If the distance
of the hand from the pivot is ten times that of the
piston, a P of 100 lbs. will produce a force of 1,000
1bs. at @. This will become 100,000 lbs. at C. Hence,
with, a press of this size, a power of 100 lbs. will lift
a weight or produce a pressure of 100,000 lbs. Ap-
plying the principle of Mechanics, we see that here
as elsewhere there is no force created, but that P x
Pd = W X Wd. The platform will ascend only
tooioor part of the distance the hand descends. This
machine is used for baling hay and cotton for trans-
portation; for launching vessels; for testing the
strength of ropes, chains, etc. The presses employed
for raising the immense tubes of the Britannia
Bridge were each capable of lifting 2,672 tons, or
of throwing water in a vacuum to a height of nearly
six miles.

II. L1QUIDS INFLUENCED BY GRAVITY ALONE.—In this
case there is no external pressure applied. The
lower parts of a vessel of water must bear the
weight of the upper parts. Thus each particle of
water at rest is pressed downward by the weight
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of the minute column it sustains. It must, in turn,
press in every direction with the same force, else it
would be driven out of its place and the liquid would
no longer be at rest. Indeed, when a liquid is dis-
turbed in any manner it comes to rest; <. e., there is
an equilibrium established only when there is this
equality of pressure produced. In consequence of
this constant pressure the following laws obtain :
1st. Liquids at rest press downward, upward, and
sidewise with the same force—This may be illustrated
by the following experiment. If the series.of glass

tubes shown in Fig. 71 be placed in a pail of water,
the liquid will be forced up 1 by the upward pressure
of the water, 2 by the downward pressure, 3 by the
lateral pressure, and 4 by the three combined in dif-
ferent portions of the tube. The water will rise in
them all to the same height—. e., to the level of the
water in the pail.

2d. The pressure increases with the depth—The
pressure at the depth of one foot is the weight of
one cubic foot of water—viz., 62} lbs. (1,000 oz.); at
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2 feet, twice that amount; and so on.* In sea-water
it is greater, as that weighs 64.37 Ibs. per cubic foot.
At great depths this pressure becomes enormous. If
a strong square glass bottle, empty and firmly corked,
be sunk into the water,it will generally be crushed
inward before it sinks ten fathoms. Tt is said that
the Greenland whale sometimes descends to the
depth of a mile, but always comes up exhausted and
blowing blood. When a ship founders at sea, the
great pressure forces the water into the pores of the
wood, so that no part can ever rise again to the
surface to reveal the fate of the lost vessel.

3d. The pressure does not depend on the shape or size
of the vessel.—In the apparatus shown in Fig. 72 the
water rises to the
same heightinthe o,
variously shaped Y
tubes, which com-
municate  with
each other, what-
ever may be their
form or size. If
more water be

poured in one, it
will rise higher in
all the others.

% Depth. Lbs. per sq. foot. Depth. Lbs. per sq. foot.
11l 62.5 100 ft. 6,250
10 ft. 625. 1 mile, 330,000

16 ft. 1,000. 5miles, 1,650,000
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The Hydrostatic Bellows consists of two boards,
each hinged on one side and resting. on a rubber
Fig. 73.

bag, to which is
attached an up-
right tube, A.—
Water is poured
in at A until the
bag and tube are
filled. The pres-
sure of the column
of water in the
tube lifts  the
weights hung by
crossbars beneath.
Whether we use

the tube A or B will make no difference in the weight
supported, although the former holds ten times as
The tube C, however,
being much longer, will exert a greater pressure.

Fig. . Another form of the same apparatus

much water as the latter.

AR

(Fig. 74) consists of two boards con-
nected by a band’of leather, in which
a tall tube A is inserted. If this
be filled with water, the pressure
will be sufficient to lift a weight
as much greater than the weight of
the water in the tube as the area of
the bellows-board is greater than the
area of the tube.

Applying again the

principle of Mechanics, we see that if one ounce of
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water should raise a weight of 50 oz. one inch, then
the water must fall 50 inches. Fig. 75.

A strong cask fitted with a
small pipe 30 or 40 feet long,
if filled with water will burst
asunder. The pressure is as
great as if the tube were of the
same diameter as the cask.
In a coffee or tea pot the small
quantity of liquid in the spout
balances the large quantity
in the vessel. If it were not
50, it would rise in the spout
and run out.

The principle that a small
quantity of water will thus
balance another quantity,
however large, or will lift any
weight, however great, is fre- B
quently termed the “ Hydrostatic Paradox.” We see,
however, that it is only an instance of the general law.

4th. Water secks its level.—This tendency is seen es-
pecially in fountains and in the supply of water
furnished to cities from an elevated reservoir. In
Fig. 76 the tank is situated on a hill at the left,
whence the water is conducted underground through
a pipe to the fountain. The jet will rise, in theory, to
the level of the surface, but in practice it falls short
of this, owing to the friction at the nozzle of the pipe
and in passing through the air, and the weight of the
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falling drops. It has been thought that the Ro-
mans knew- nothing of this property of liquids, be-
cause they built immense stone aqueducts a hundred
wmiles in length, spanning valleys and rivers at vast

expense. Modern engineers simply carry the water
in pipes through the valley or under the bed of the
river, knowing that it will rise on the opposite side
to its level. The ancients appear to have under-
stood this principle, but could not make pipes capa-
ble of resisting the pressure.

Artesian wells are so named because they have
been used for a long time in the province of Artois,
in France. They were, however, employed by the
Chinese from early ages for the purpose of procuring
gas and salt water.
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Let A B and C D represent curved strata of clay
impervious to water, and K K a layer of gravel and
fine sand. The rain falling on the distant hills
filters down to C D, and collects in this hollow

Fig. .

basin. If a well be bored at H, as soon as it reaches
the stratum of gravel beneath, the water will rush
upward, under the tremendous lateral pressure, to
the height of the source, and often spout high in
the air. The well at Grenelle, near Paris, is very
celebrated. It is at -the bottom of a great chalk-
basin which extends many miles from the city.
It is over 1,800 feet deep and furnishes 1,000,000 gal-
lons daily. The wells of Chicago, on the level prai-
rie, are about 700 feet deep,’and discharge daily
about 1,250,000 gallons of clear cold water. The
force with which the water comes to the surface in-
dicates a -head of 125 feet above Lake Michifran.
Its source must be far away beyond Lake Superior,
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perhaps even beyond the Mississippi, toward the
Rocky Mountains. Artesian wells are bored in the
sands of Sahara; gardens are planted and dates
flourish wherever water is supplied. Brigades of
engineers are thus pushing forward the conquest of
the African desert.
- Rures ror THE CALCULATION OF PRESSURE.—1. 7o
‘= find the pressure on the bottom of a wvessel. Multiply
the area of the base by the perpendicular height,
and that product by the weight of a cubic foot of the
liquid.—2. T find the pressure on the side of a wessel.
Multiply the area of the side by half of the perpen-
dicular height, and that product by the weight of a
cubic foot of the liquid.
The pressure on the bottom of a cubical vessel
full of water, is the weight of the water: on each

Fig. 18,
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side, one-half; and on the four sides, twice the
weight ; therefore on the five sides, the pressure is
three times the weight of the water.

Tre WATER-LEVEL.—The surface of standing water
is said to be level—i. e, horizontal to a plumb-
line. This is true for small sheets of water, but for
larger bodies an allowance must be made for the cir-
cular figure of the earth. The curvature is 8 inches
per mile ; 2* X 8 inches = 82 inches for two miles;
32 x 8 inches = 72 inches for three miles, ete. The
spirit-level is an instrument used by builders for

Fig. 9.

levelling. It consists of a slightly curved glass
tube so nearly full of alcohol that it holds only a
bubble of air. When the level is horizontal, the bub-
ble remains at.the centre of the tube. :
SeEciFic GravVITY is the weight of a substance
compared with the weight of the same bulk of an-
other substance. It is really a method of finding the
density of a body. Water is taken as the standard™

* A cubic inch of distilled water at a temperature of 62° F.,
with the barometer at'30 inches. This standard weighs 252.456
grs.: 7,000 grs. make a pound Avoirdupois and 58,338 a gallon.
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for solids and liquids, and air for gases. A cubic
inch of zinc weighs seven times as much as a cubic
inch of water; hence its specific gravity = 7. A
eubic inch of carbonic acid gas weighs 1.52 times as
much as the same volume of air; hence its specific
gravity = 1.52.

Buoyant Force of Liquids.—The cube a b ¢ d is im-
mersed in water. We see that the lateral pressure

Fig. 80. at a is equal to that at b, be-

cause both sides are at the
same depth; hence the body
has no tendency toward
either side of the jar. The
upward pressure at c¢ is
greater than the downward
pressure at d, because its
depth is greater ; hence the
cube has a tendency to rise.
This upward pressure is called the buoyant force of
the water. Tts law, discovered by Archimedes, is—

The buoyant force is equal to the weight of the liquid
displaced. The downward pressure at d is the weight
of a column of water whose area is that of the top
of the cube, and whose perpendicular height is n d :
the upward pressure at ¢ is equal to the weight of a
column of the same size whose perpendicular height
is ¢ n. The difference between the two, or the buoy-
ant force, is the weight of a bulk of water equal to
the size of the cube.

The same is shown in what is called the“cylinder
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and bucket experiment.” The cylinder « exactly fits
in the bucket b. The glass vessel in which the buck-
et hangs is empty. The apparatus is balanced by
weights placed in the scale-pan. Water is then
poured into the glass vessel. Its buoyant force will
raise the cylinder and depress the opposite scale-pan.

Fig. 81,

Let water be cautiously dropped into the bucket;
when it is exactly full, the scales will balance again.
This proves that a body in water is buoyed up by a
Jorce equal to the weight of the water it displaces.

To find the specific gravity of a solid body by a hy-
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drostatic balance—Weigh the body in air, and in wa-
ter; the difference is the weight of its bulk of water:
divide its weight in air by its loss of weight in water ;
the quotient is the specific gravity. Thus, sulphur
loses one-half its weight when immersed in water;
hence it is twice as heavy as water, and its specific
gravity = 2.

To find the specific gravity of a liquid by the specific-
gravity flask.—This is a bottle which holds exactly
1,000 grains of water. If it will hold 1,840 grains of
sulphuric acid, the specific gravity of the acid is 1.84;
if it will hold 13,500 grains of mercury, the specific
gravity of that metal is 13.5.

To find the specific gravity of a liquid by a hydrom-
eter.—This instrument consists of a glass tube, closed
at one end and having at the other a bulb contain-
ing mercury or shot. A graduated scale is marked

Fig. 82. upon the tube. The alcoholmeter
A is so balanced as to sink in pure
water to the zero point at the bottom
of the scale. As alcohol is lighter
than water, the instrument will de-
scend for every addition of spirits
which is made. The degrees of the
scale indicate the percentage of al-
cohol. Instruments made in a sim-
ilar manner are used for determining
= the strength of milk, acids, and solu-
, tions of various kinds.
To find the weight of a given bulk of any substance.—
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Multiply the weight of one cubic foot of water by
the specific gravity of the substance, and that pro-
duct by the number of cubic feet. Ex.: What is
the weight of three cubic feet of cork? Solution :
1,000 oz. x.240* = 240 oz. ; 240 0z. X3 = 720 oz.
« Tofind the bulk of a given weight of any substance.—
Multiply the weight of a cubic foot of water by the
specific gravity of the substance, and divide the
given weight by that product. The quotient is the re-
quired bulk in cubic feet. Ex.: What is the bulk of
© 20,000 oz. of lead? Solution: 1,000 oz. x 11.36 *
| =11,360; 20,000 + 11,360 = 1.76 + cu. ft
v To find the wvolume of a body.—Weigh it in water.
The loss of weight is the weight of the displaced
water. Then, as a cubic foot of water weighs 1,000
oz., we can easily find the bulk of water displaced.
Ex. : A body loses 10 oz. on being weighed in water.
The displaced water weighs 10 oz. and is 5 of a cu-
bic foot ; this is the exact volume of the body.
Froaring BopiEs.—A very pretty experiment il-

* TABLE OF SPECIFIC GRAVITY. (See Rev. Chem., p. 288.)

Iridium,.. ... 21.80 | Flint Glags,...... 2.76 Liquids.
Platinum, .. 21,53 | Marble,.......... 2.70 | Sulphuric Acid,.... .. 1.84
GOld, ...eeveaseee. 1934 | Quartz,.......... 2.65 | Water from the Dead
Mercury,.....oo. . BB CRAK, ..k SO By sl b Y 1.24
Leadtis: S 58 .. 11.36 | Sulphar,......... 200 NMALK .. o0 vae o s ae daen 1.03
BoneR ... 1.99 | Sea-water,..........2 1.03
Phosphorus,..... 1.83 | Water,......c...o0. o 1.
SREET, M0 e L) 1.60 | Absolute Alcohol,...., .19
oo 180 BYhet] | | fiig i raatt et
97
rgt e
Potassium, ...... .86
Pine Wood, ..... .66

Gomiev, i taida L. 24
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lustrative of this subject is represented in the cut.
A glass jar is half full of water. An' egg dropped
in it sinks directly to the
bottom. If, however, by
means of a funnel with a
long tube, we pour a little
brine to the bottom be-
neath the fresh water, the
egg will gradually rise. We
may vary the experiment
by not dropping in the egg
until we nave half filled
the jar with the brine.
The egg will then fall to
the centre, and there float
like a balloon. Any solid
substance dissolved in
water simply fills the pores
of the water without add-
ing to its bulk. This in-
creases its density and buoyant power. A person
can therefore swim much more easily in salt than in
fresh water. Bayard Taylor says that he could float
on the surface of the Dead Sea, with a log of wood
for a pillow, as comfortably as if lying on a spring
mattress.  Another traveller remarks, that on
plunging in he was thrown out again like a cork;
and that on emerging and drying himself, the crys-
tals of salt which covered his body made him re-
semble an ““ animated stick of rock-candy.”

Fig. 83.
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A piece of iron will float, if we hammer it into a
vessel so that the weight of the water which it dis-
places will exceed its own weight. An iron ship will
not only float itself, but also carry a heavy cargo,
because it displaces a great bulk of water.

A body floating in water has its centre of gravity
at the lowest point. Herschel tells an amusing
story of a man who attempted to walk on water by
means of bulky cork boots. Scarcely, however, had
he ventured out ere the law of gravitation seized
him, and all that could be seen was a pair of heels,
whose movements manifested a great state of uneas-
iness in the human appendage below.

Fish are provided with an air-bladder, placed near
the spine, by means of which they can rise or sink at
pleasure.

Praclical Quesiions.—1. Why do housekeepers test the strength of lye,
by trying whether or not an egg will floaton it? 2. How much water will
it take to make a gallon of strong brine? 3. Why can a fat man swim easler
than alean one? 4.Why does the firing of a cannon sometimes bring to the
surface the body of a drowned person ? Ans. Because by the concussion it
shakes the body loose from the mud or any object with which itis entangled.
5. Why does the body of a drowned person generally come to the surface of
the water, after a time? Ans. Because the gases which are generated by de-
composition in the body render it lighter. 6. If we let bubbles of air pass up
through a jar of water, why will they become larger as they ascend ? '7. What
is the pressure on a lock gate 14 feet high and 10 feet wide, when the lock is
full of water ? 8. Will a pail of water weigh any more with a live fish in it -
than without? 9. If the water filtering down through arock should collect
in a crevice an inch square and 250 feet high, opening at the bottom into a
closed fissure having 20 square feet of surface, what would be the total pressure
tending to burst the rock ? 10. Why can stones in water be moved so much
more easily than on land? 11. Why is it so difficult to wade in the water
when there is any current ? 12. Why Is a mill-dam or a canal embankment
small at the top and large at the bottom? 13.In digging canals and building
railroads, ought not the engineer to take into consideration the curvature of
the earth? 14. Is the water at the bottom of the ocean denser than that at
the surface? 15. Why does the bubble of air in a spirit-level move as the

6
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instrament is turned? 16. Cannot aswimmer tread on pieces of glass and
other gharp substances at the bottom of the water withoutharm? 17. Will
avessel draw more water in fresh or insalt water? 18. Will iron sink in mer-
cury ? 19. The water in the reservoir in New York is about £0 feet above
the fountain in the City Hall Park. What is the pressure upon a gingle inch of
the pipe at thelatter point? 20. Why does cream rise on milk ¢ 21. If a ship
founders at sea, to what depth will ehe descend? (*Itisa poetical thought
that ships may thus sink into submarine currents and be carried hither and
thither with their precious cargoes of freight and passengers, on voyages
that know no end and toward harbors that they never reach.) 22. Thereis a
story told of a Chinese boy who accidentally dropped his ball into a deep hole
where he could not reach it. He filled the hole with water, but the ball would not
quite float. He finally bethought himself of a lucky expedient, which was suc-
cessful. Canyou guess it? 23.Which has the greater buoyant force, water or
oil? 24. What is the weight of four cubic feet of cork ! 25. How many ounces
of iron will a cubic foot of cork float in water? 26. What is the specific grav-
ity of a body whose weight in air is 30 grs. and in water 20 grs.? How much
is it heavier than water # 2%7. Which is heavier, a pail of fresh or one of galt
water? 28. The weights of a piece of syenite-rock in air and water were
3941.8 grs. and 2607.5 grs. Find its specific gravity. 29. A specimen of
green sapphire from Siam weighed in air 21.45 grs. and in water 16.33 grs. ; re-
quired its specific gravity. 830. A specimen of granite weighsin air 534.8 grs.
and in water 334.6 grs.; what is its specific gravity? 3 1. What is the bulk of
atonof iron? A tonofgold? A tonofcopper? 32.What isthe weight ofa
cube of gold 4 feet on each side? 3. A cistern is 12 feet long, 6 feet wide, and
10 feet deep ; when full of water, what is the pressure on each side? 34.Why
does a dead fish always float on its back? 35. A given bulk of water weighs
62.5 grs.,and the same bulk of muriatic acid 75 grs. What is the epecific grav-
ity of the acid ? .4ns. 1.2. 36. A vessel holds 10 Ibs. of water; how much
mercury would it contain? 3'7. A stone weighs 70 1bs, in air and 50 in wa-
ter; what is its bulk? 38. A hollow ball of iron weighs 10 Ibs. ; what must
be its bulk to float in water?

HYDRAULICS.

HypravLIcs treats of liquids in motion. In this,
as in Hydrostatics, water is taken as the type. In
theory, its prinéiples are those of falling bodies, but
they are so modified by various causes, that in prac-
tice they cannot be relied upon except as verified by
experiment. The discrepancy arises from changes
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of temperature which vary the fluidity of the liquid,
from friction, the shape of the orifice, &e.

The velocity of a jet is the same as that of a body
Jalling from the surface of the water—We can see that
this must be so, if we recall two principles we have
already learned. First, that “a jet will rise to the
level of its source;’ and second, that “to elevate a
body to any height, it must have the same velocity
that it would acquire in falling that distance.” It
follows, therefore, that the velocity of a jet depends
entirely on the height of the liquid above the orifice,
and that all liquids will issue with the same velocity
at the same depth. Molasses ought to flow with the
same speed as mercury, for the same reason that a
guinea falls in the same time as a feather. The ap-
plication of this principle is of course modified by
the temperature, and varic us other causes.

To find the velocity of a jet of water.—We use here
the 4th equation of falling bodies, v= 2 1/4d, in
which d is the distance of the orifice below the sur-
face of the water. Ex.: The depth of water above
the orifice is 64 feet ; required the velocity. Substi-
tuting 64 for d, we have v = 2 1/16 x 64 = 64 feet.

To find the quantity of water discharged in a given
time.—Multiply the area of the orifice by the veloci-
ty of the water, and that product by the number of
seconds. Ex.: What quantity of water will be dis-
charged in five seconds from an orifice having an area
of § a square foot, at a depth of 16 feet? At that
depth, v = 2vi6x 16 = 32 feet per second ; multi-
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plying by 1, we have 16 cubic feet as the amount dis-
charged in one second and 80 cubic feet in five sec-
onds. In practice, however, it is found that but 62
per cent. of this amount can be realized.

~ Errrcr or Tuses.—If we examine a jet of water, we
shall see, just outside the orifice, its size is decreased
to about 2 that at the opening. Thisis caused by the
water producing cross currents as it flows from dif-
ferent directions toward the orifice. If a tube of a
length twice or thrice the diameter of the opening be
inserted, the water adheres to the sides of the tube,
so that there is no contraction, and the flow is in-
creased to 82 per cent. of the theoretical amount.

If the tube be conical, and inserted with the large
end in the opening, the discharge may be increased
to 92 per cent. ; and strangely enough, by inserting it
with the smaller end next the orifice, the amount
exceeds that indicated by theory as much as 25 per
cent. It seems in this case to be made so easy for
the water to run, that more is coaxed out than ought
to go. Long tubes or curves, however, by their
friction, largely diminish the flow of water. It is
said that a single right-angle will decrease it one-
half, while an inch pipe 200 feet long will discharge
only } as much water as one an inch long.

Frow or WatTER IN Rivers.—A fall of only three
inches per mile is sufficient to give motion to water,
and produce a velocity of as many miles per hour.
The Ganges descends but 800 feet in 1,800 miles. Its
waters require a month to move down this long
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inclined plane. A fall of 38 feet per mile will make
a mountain torrent. The current moves more swiftly
at the centre than near the shores or bottom of a
channel, since there is less friction.

‘WATER-WHEELS are machines for using the force
of falling water. By means of bands or cog-wheels
the motion of the wheel is conducted from the axle
into the mill. The principle is that of a lever with
the P acting on the short arm. In this way, the
movement of the slow creaking axle reappears in the
swiftly buzzing saw or flying '
spindle. Water-wheels are of &=
four classes—7he Owvershot, Un-
" dershot, Breast, and Turbine
wheels. The ‘Overshot-wheel has
on its circumference a series of
buckets which receive the water
as it flows out of a sluice, C. The
buckets are so made as to hold the water as they
descend on one side, and to empty it as they come
up on the other. Overshot-wheels are valuable
where a great fall can be secured, since they require
but little water. They are made of great size. One
at Cohoes, N. Y., is 96 feet high. If P denotes the
weight of the water and d the distance it falls, then
the total force = Pd. Of this amount 80 per cent.
can be secured in the best wheels of this and the
third class.

The Undershot-wheel, instead of buckets has merely
projecting boards or floats, which receive the. force
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of the current. It is of use where there is little fall
and a large quantity of water. Itis said to utilize
only 20 per cent. of the force of the water.

7
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The DBreast-wheel is a medium between the two
before named, as may be seen in Fig. 86. :

The Turbine-wheel differs essentially from the
others named. It is placed horizontally, and is en-
tirely immersed in the water. In the figure, C is
the dam and D A the spout by which the water is
furnished to the wheel. E is a scroll-like casing en-
circling the wheel, and open at the centre above and
below. The axis of the wheel is the cylinder /, from
which radiate plane-floats against which the water
strikes. 'To confine the water at the top and the bot-
tom is a circular disk attached to the cylinder and the
floats. In these disks are the swells for discharging the
water. They project above and below, as seen in the
figure. Theycommence near the cylinder, and swell-
ing outward scroll-shaped, form openings curved
toward the cylinder, thus emptying the water in a
direction opposite to that in which it enters the
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wheel. This form utilizes as high as 90 per cent. of
theforce. Fisaband-wheel which conductsthe power
to the machinery. The principle of the turbine is

Fig. 817.
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that of the unbalanced pressure of a column of wa-
ter. It is finely illustrated in the old-fashioned
Barker’s Mill or Reaction Wheel. This consists of
an upright cylinder with horizontal arms, on the
opposite sides of which are small apertures. It rests
in a socket, so as to revolve freely. Water is sup-
plied from a tank above. If the openings in the
arms are closed, when the cylinder is filled with
water the pressure will be equal in all directions and
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the machine will be at rest. If now we open an
aperture, the pressure is relieved on that side, and

Fig. 8. the arm flies back-
' ward with the wun-
balanced pressure of
the column of water
above.

‘WavES are pro-
duced by the friction
of the wind against
the surface of the
water. A light wind
forms merely ripples;
these increase out in
the open sea, as
wave is raised upon
wave, until they be-
come great billows
which constantly
surge to and fro, so
that the sea is never
at rest. The wind
raises the particles of
water and gravity
draws them back again. They thus vibrate up and
down, but do not advance. The forward movement
of the wave is only an illusion. The form of the
wave progresses, but not the water of which it is
composed, any more than the thread of a screw
which we turn in our hand; or the undulations of a
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rope or carpet which is being shaken ; or the stalks
of grain which bend in billows as the wind sweeps
over them. If we watch a buoy in the harbor or
a body floating on the surface of water, we shall
see that it moves forward on the crest of each
wave through a few feet or inches, according to
the length of the wave; then stops, moves back-
ward in the hollow; stops, and again moves forward
as before on the crest of the next wave. The mole-
cules of water vi- :
brate to and fro in % ¥ =
an elliptical path. '
Thus, let the figure
represent two suc-
cessive wave-crests and the hollow between. While
the whole wave moves from the position A B to that
of C D, the molecules of water only move backward
or forward through a distance A B or C D ; forward
on the erest of the wave and backward in the hollow
as shown by the arrows. The velocity of the particles
may be much slower than that of the progressive
motion of the wave. Itis said that in an earthquake,
the velocity of the particles of the shaken ground is
often only three feet per second, while the earth-wave
moves across the country at the rate of 3,000 feet per
second.

Near the shore the character of waves is some-
what changed. The oscillations are shorter, and as
the waves do not balance those in the deeper water,

they are forced forward till the lower part of each wave
6*
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is checked by the friction on the sandy beach, and
the upper part curls over and falls beyond. The size
of “ mountain billows” has been much exaggerated.
The ocean is probably undisturbed below the depth
of 30 feet. The highest wave, from the deepest
“trough” to the very topmost “crest,” is only 43 feet.
The corresponding parts of different waves are
termed like phases. 'The distance between two like
phases, or hetween the crests of two succeeding
waves, is called a wave-length. Opposite phases are
those parts which are vibrating in different direc-
tions, as the point midway in the front of one wave
and another midway in the rear of the next wave.

A tide-wave may be setting steadily toward the
west; waves from distant storms may be moving upon
this ; and above all, ripples from the breeze then blow-
ing may diversify the surface. These different systems
will each be entirely distinet, yet the joint effect may
be very peculiar. If any two systems exactly coin-
cide with like phases,—the crest of one meeting the
crest of the other, and the furrow of one meeting the
furrow of the other,—the resulting wave will have a
height equal to the sum of the two. If any two coin-
cide with opposite phases,—the hollow of one strik-
ing the crest of andther,—the height will be the dif-
ference of the two. Thus, if in two systems having the
same wave-length and height, one is exactly half
a length behind the other, they will mutually destroy
each other. This is termed the interference of waves.
The manner in which different waves move among
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and upon each other, is seen by dropping a handful
of stones in water and watching the waves as they
Tig. 90.

circle out from the various centres in ever-widening
curves. Inthe figure is shown the beautiful appear-
ance these waves present when reflected from the
sides of a vessel.

The application of these principles in Sound and
Light will be found very important.

Praclical Questions.—1. How much more water can be drawn from a
faucet 8 feet than from one 4 feet below the surface of the water in a cistern ?
2. How much water will be discharged per second from a short pipe hav-
ing a diameter of 4 inches and a depth of 43 feet below the surface of the wa-
ter? 3. When we pour molasses from a jug, why is the stream so much *
Jarger near the nozzle than at some distance from it? 4. Ought a faucet to
extend into a barrel beyond the staves? 5. What would be the effect if both
openings in one of the arms of Barker’s Mill were on the same gide ?
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PNEUMATICS.

PxEUMATICS treats of the general properties and the
pressure of gases. Since the molecules move among
each other more freely even than those of liquids, the
conclusions at which we have arrived with regard to
transmission of pressure, buoyancy and specific gravity
apply also to gases. Its principles obtain in all gas-
eous bodies, but as air is the most abundant gas, it is
taken as the type of the class, as water is of liquids.

THE Air-puMp is shown in its essential features
in Fig. 91. A is a glass receiver standing on an oiled
pump-plate. The tube D, connecting the receiver
with the cylinder, is closed by the valve I opening
upward. There is a second valve, P, in the piston,
also opening upward. Suppose the piston is at the
bottom and both yalves
shut. Let it now be raised,
and there will be a vacuum
produced in the cylinder;
the expansive force of the
atmosphere in the receiver
2 will open the valve F and
™ drive the air through to fill
this empty space. When the piston descends, the
valve E will close, while the valve P will open,
and the air will pass up above the piston. On ele-
vating the piston a second time, this air is removed
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Fig. 92.

1337,

The Air-pump.

from the cylinder, while the air from the receiver
passes through as before. At each stroke a portion

of the atmosphere is drawn off; but
the expansive force becomes less and
less, until finally it is not sufficient
even fo lift the delicate valves. For
this reason a perfect vacuum cannot
be obtained. p
PROPERTIES OF THE AIR.— Weight.—
Exhaust the air from a flask which
holds 100 cubic inches, and then bal-
ance it accurately. If now we turn
the stop-cock, the air will rush in with

Fig. 93.
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a whizzing noise and the flask will descend. 'We shall
have to add about 31 grains to restore the equipoise.

FElasticity and compressibility.—These properties are
shown in the common pop-gun. We compress the
atmosphere in the barrel until the elastic force be-
comes so great as to drive out the stopper with a
loud report. As we crowd down the piston we feel
the elasticity of the air yielding to our strength, like
a cushion or a bent spring.

Fig. %4.

The bottle-imps, or Cartesian divers, illustrate the
same properties. Fig. 94 represents a very simple -
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form of this experiment. The cover of a common
fruit-jar is fitted with a small tin tube, which is in-
serted into a syringe-bulb. The jar is filled with
water and the divers placed within. These are hol-
low images of glass, having each a small opening at
the end of the curved tail. If we squeeze the bulb,
the air will be forced into the jar and the water will
transmit the pressure to the air in the image. This
being compressed, the water will enter, and the spe-
cific gravity being increased, the diver will descend.
On relaxing the grasp of the hand on the bulb, the
air will return into it, the air in the image will ex-
pand by its elastic force driving out the water, and
the diver, thus lightened of his ballast, will ascend.
The nearer the image is to the bottom, the less force
will be required to move it. With a little care it can
be made to respond to the slightest pressure, and
will rise and fall asif instinet with life. This experi-
ment shows also the buoyant force of liquids, their
transmission of pressure in every direction, the in-
crease of the pressure in proportion
to the depth; and the principle of
Barker’s Mill.

Expansibility.—Let a well-dried
bladder be partly filled with air
and tightly closed. Now place it
under the receiver and exhaust the
air. The air within the bladder ex-
panding will swell and oftentimes burst it into shreds.

Take two bottles partly filled with colored water.
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Let a bent tube be inserted tightly in A and
loosely in B. Place this apparatus under the re-
ceiver and exhaust the air. The expansive force of
the air in A will drive the water
over into B. On readmitting the
air into the receiver, the pressure
) will return the water into A. It
®¥ may thus be driven from one
bottle to the other at pleasure.
Pressure or THE AIR—If we place the hand-
glass on the plate of the Air-pump, covering it with
one hand, on exhausting the air
weshall soon find the pressure to
become painful. Tie over one
end of the glass a piece of well-
soaked bladder. When thor-
oughly dry, exhaust the air from
it as before, and the membrane
will burst with a sharp report.
The Magdeburg Hemispheres
are named from the city in which
Otto Guericke, their inventor, resided. They con-
sist of two small brass hemispheres, which fit closely
Fig. 95, together, but may be
; separated at pleas-
ure. If however, the'
air be exhausted
from within, the
strength of several
persons will be required to pull them apart. No

Fig. 9.
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matter in what position the hemispheres are held,
we ghall find the pressure the same.

Upward Pressure of the Air.
—Fill a tumbler with water, and
then lay a sheet of paper over
the top. Quickly invert the
glass, and the water will be sup-
ported by the upward pressure of
the air.

Within the glass cylinder
shown in Fig.100 there is a piston working air-
tight. Connect C with the pump by means of a
rubber tube and exhaust the
‘air. The weight will leap
up as if caught by a spring.

Buoyant Force of the Air.
—The principle of Archi-
medes holds true in gases as
in liquids. Illustrations of
this abound in common life.
Smoke and other light sub-
stances float in the air, as
wood does in water, because
they are lighter and are
buoyed with a force equal to ‘
the weight of the air they displace. In Fig. 101
we have a hollow sphere of copper, which is ex-
actly balanced in the air by a solid lead weight,
but instantly falls on being placed under the re-
ceiver and the air exhausted. This shows that its

Fig. 99.

Fig. 100.-
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weight was partly sustained by the buoyant force of
the air.

The pressure of the air sustains a column of mercury

Fig. 102.

30 inches high, of water 34
Jeet high, and is 15 lbs. per
square tnch.

Take a strong glass
tube about three feet in
length, and tie over one
end a piece of well-soaked
bladder. When thorough-
ly dry, fill the tube with
mercury, and invert it in a cup of the same liquid.
The mercury will sink to a height of about 30 inches.
If the area of the tube be one inch, this amount of
the metal will weigh about 15 lbs. The weight of ]
the column of mercury is equal to the downward |
pressure on each square inch of the surface of thej
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mercury in the cup. Hence we conclude that the
pressure of the atmosphere is 15 lbs. per square
inch, and will balance a column of mercury 30
inches high. As water is 13} times lighter than
mercury, it is evident that the same pressure would
balance a column of that liquid 13} times higher,
or 33% feet. On account of the unwieldy length

[of the tube required to exhibit the column of

water, it is not easy to verify this last statement.
It may, however, be prettily illustrated in the fol-
lowing manner. Pour on the mercury in the cup
(Fig. 102) alittle water colored with red ink. Now
raise the end of the tube carefully above the surface
of the metal, but not above that of the water which
will immediately rise in the tube, the mercury passing
down in beautifully beaded globules. The mercu-
rial column was only 30 inches high, while the water
will entirely fill the tube. Finish the experiment by
puncturing the bladder with a pin, when the water
will instantly fall to the cup below.

The pressure of the air varies—We live on the bed
of an aérial ocean whose invisible tides surge around
us on every side. More restless than the sea, its
waves beat to and fro, stirred by a multitude of causes.
Changes of temperature, moisture, &c., constantly
vary the weight of the air, and consequently change
the height of the column of liquid which it can sup-
port. There is also a diurnal variation, due to the
heat of the sun,—slight indeed, yet so marked that
Humboldt says that the play of the mercurial column
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could be used to indicate the hour of the day. The

pressure of the air increases with the depth. Hence,
in a valley its weight is greater than on a mountain.

“The figures given in the last paragraph apply only
to the level of the sea and the temperature of 60° I.
They are an average of all the variations, and are

considered the standard for reference.
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Mariotte’s Law.—Fig. 103 represents a long bent
glass tube with the end of the short arm closed.
Pour mercury into the long arm until it rises to the
point marked zero. It stands at the same height in
both arms, and there is an equilibrium. The air
presses on the mercury in the long arm with a force
equal to a column of mercury 30 inches ig, 105
high, and the elastic force of the air confined A&
in the short arm is equal to the same amount.
Let us now pour additional mercury into the
long arm until it stands at 30 inches. (Fig.
104.) We have evidently doubled the pres- |
sure. If we look at the short arm weshall |
find that the air is condensed to one-half °
its former dimensions, and of course the
expansive force must be doubled. 'We there-
fore conclude that the elasticity of a gas in-
creases and the volume diminishes in proportion
to the pressure upon it.

THE BAROMETER is an instrument for
measuring the pressure of the air. It con-
sists essentially of the tube and cup of mer-
cury shown in Fig. 102. A scaleis attached
for convenience of reference. The barom-
eter is used (1) to indicate the weather, and
(2) to measure the height of mountains. ‘

It does not absolutely foretell the charac- [
ter of the weather. It simply shows the
varying weight of the air, from which we must draw
our own conclusions. A continued rise of the mer-
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cury indicates fair weather, and a continued fall, foul
weather.

Since the pressure diminishes as one ascends above
the level of the sea, the observer ascertains the fall
of the mercury in the barometer, and the tempera-
ture by the attached thermometer ; and then, by ref-
‘erence. to carefully prepared tables, easily determines
the height.

Water-barometer.—Mercury is used for filling the
barometer because of its weight and its low freezing-
point. Water would require a tube about 34 feet in
length. Tt issaid that the first barometer was filled
with that liquid. The inventor, Otto Guericke, a
wealthy burgomaster of Magdeburg, Saxony, erected
a tall tube reaching from a cistern in the cellar up
through the roof of his house. A tall wooden image
—life-size—was placed within the tube, floating upon.
the water. On fine days, this novel weather-prophet
would rise above the roof-top and peep out upon the
queer old gables of that ancient city, while in foul
weather he would retire to the protection of the gar-
ret. The accuracy of these movements attracted the
attention of the neighbors. Finally, in their inno-
cency, becoming suspicious of Otto Guericke’s piety,
they openly accused him of being in league with the
devil. So the offending philosopher relieved this
wicked wooden man from longer dancing attendance
upon the weather, and the staid old city was once
more at peace.

Pumes.—Two varieties are in common use. These
are the Lifting and the Forcing pump.
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The Lifting-pump contains two valves opening
upward—one, a, at the top of the suction-pipe, B;
the other, ¢, in the piston. Suppose the handle to
be raised, the piston at the bottom of the cylinder

Fig. 106.

and both valves closed. Now depress the pump-
handls and elevate the piston. This will produce a
partial vacuum in the suction-pipe. The pressure of
the air on the surface of the water below will force
the water up the pipe, open the valve, and fill the
chamber, as seen in the first figure. Let the pump-
handle be elevated again, and the piston depressed.
The valve a will now close, the valve ¢ will open and
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the water will flow through it above the piston, as in
the second figure., 'When the pump-handle is low-
ered the second time and the piston elevated, the wa-
ter is lifted up to the spout, whence it flows out;
while at the same time the lower valve opens and
the water is forced up from below by the pressure
of the air, as in the third figure. £

If the valves and piston were fitted air-tight, the
water could be raised 34 feet (more exactly 135 times
the height of the barometric column)-to the lower
valve, but owing to various imperfections it com-

monly reaches  only 28 feet. ./

Fig. 107,

For a similar reason we some-
times find a dozen strokes neces-
sary to “bring water.”

The Force-pump has no valve
in the piston. The water rises
above the lower valve as in the
lifting-pump. 'When the piston
descends, the pressure opens
the valve O and forces the wa-
ter up the pipe D. This pipe
may be made of any length,
and thus the water driven to
any height.

The Fire-engine consists of
two force-pumps with. an air-
chamber. The water is driven
by the pistons m, n, alternately
into the chamber R, whence the air, by its ex-
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pansive force, throws it out in a continuous stream
through the hose-pipe attached at Z.

Fig. 108. .
Q
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TaE SIPHON consists simply of a tube bent in the
form of the letter U, having one arm longer than the
other. 'We insert the short arm in the water, and
then applying the mouth to the other, exhaust the
air. The water will immediately begin to flow from
the long arm, and continue until the lower end of the
short arm is uncovered, or until the water in the two
* vessels comes to the same level. A very instructive
variation of this experiment may be given if we color
the water with red ink, and then allow it to run from
one tumbler into another until just before the flow
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would cease ; then quickly elevate the vessel con-
* taining the long arm, carefully keeping both ends of
the siphon under the water, when the flow will set
back to the first vessel. Thus we may alternate,

backward and forward, until we see clearly that the
water flows always to the lower level from the long
arm, and ceases whenever the water in the two vessels
reaches the same level.

The Theory of the Siphon.—The pressure of the air
at b holds up the column of water a b, and the up-
ward pressure is the weight of the air less the weight
the column of water @ b. The upward pressure
at d is the weight of thé air minus the weight of the
column of water ¢ d. Now ¢ d is less than a 0,
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therefore the pressure at o is greater than that at b,
and the water in the tube is driven toward the longer
arm by a force equal to the difference between the
two arms.

Tt Pxeumatic INkSTAND is filled by pouring in
the ink when the bottle is tipped so that the nozzle
is at the top. The pressure Fig. 110.
of the air will then hold the
ink in the stand. When it
is used below the level of o,
a bubble of air passes in,
forcing the ink into the noz-
zle as desired.

Tre AxciExts noticing
how the air rushes in to
fill any empty space, ex-
plained the fact by saying,
“ Nature abhors a vacuum.” - This principle an-
swered the purpose of philosophers even in modern
times. In the 17th century, when workmen were
enmployed by the Duke of Tuscany to dig a very
deep well near Florence, they found to their sur-
prise that the water would not rise in the pump as
high as the lower valve. They applied in their
dilemma to Galileo. The old philosopher replied—
half in jest we hope, certainly he was halfin earnest—
“ Nature does not abhor a vacuum beyond 34 feet.”

THREE OPPOSING FORCES ACT UPON THE AIR—viz:
Gravity, which binds it to the earth, and the Centrif-
ugal and the Repellant [heat] forces, which tend to
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hurl it off into space. Under the action of the latter
forces the atmosphere, like a great bent spring, is
ready to bound away at the first opportunity ; but the
attraction of the earth holds it firmly in its place.
Heiear axp DENSITY OF THE AIr—Fifty miles
has been taken as the extreme limit of the atmos-
phere. The latest investigations, however, indicate
that there is an extremely rarefied air at the height
of perhaps 500 miles. Its density rapidly dimin-
ishes as we ascend. At the height of 3} miles it is
but one-half that at the sea-level. At 40 miles the
atmosphere is rare as in the vacuum of an air-pump.

Praclical Questions.—1. Why must we make two openings in a barrel
of cider when we tap it? 2. What is the weight of 10 cubic feet of air? 3.
‘What is the pressure of the air on 1 square rod of land ? 4. What is the pres-
sure on a pair of Magdeburg hemispheres 4 inches in diameter? 5. How
high a colnmn of water can the air sustain when the barometric column stands
at 28 inches? @. If we should add a pressure of two atmospheres (30 1bs. to
the square inch), what would be the volume of 100 cubic inches of common
air? '7. If, while the water is running through the siphon, we quickly lift the
long arm, what is the effect on the water in the siphon? If we lift the entire
giphon? 8. When the mercury stands at 204 inches in the barometer, how
high above the surface ot the water can we place the lower pump-valve? 9.
‘Why cannot we raise water by means of a siphon to a higher level? 10.
If the air in the chamber of a fire-engine be condensed to 1/,, its former bulk,

»what will be the pressure due to the expansive force of the air on every square
inch of the air-chamber? 11. What causes the bubbles to rise to the surface
when we put a lump of loaf-sugar in hot tea? 12. To what height can a bal-
loon ascend ? What weightcan itlift? 13. The rise and fall of the barometric
column shows that the air is lighter in foul and heavier in fair weather. Why
is this? Ans. In fair weather the moisture of the air is an invisible vapor
mingled with it and adding to its pressure, while in foul weather the vapor is
geparated in the form of clouds. 14. When smoke ascends in & straight line
from chimneys, is it & proof of the rarity or density of the air? 15. Why do
we not feel the heavy pressure of the air upon our bodies? 16. Isa, bottle
empty when filled withair? 1'7. Why is it so tiresome to walk in miry clay ?
Ans. Because the nupward pressure of the air is removed from our feet. 18.
How does the variation in the pressure of the air affect those who ascend
lofty mountains? Who descend in diving-bells ? 19. Explain the theory of
“gueking cider" through a straw.
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“ Science ought to teach us to see the invisible as well as the visible in
nature : to picture to our mind’s eye those operations that entirely elude the
eye of the body ; to look at the very atoms of matter, in motion and in rest,
and to follow them forth into the world of the senses.”—TYNDALL,






ACOUSTICS.

Acoustics treats of sound.*

SoUND IS PRODUCED BY VIBRATIONS.—By lightly
tapping a receiver or even a glass fruit-dish, you can
see that the sides are thrown into motion. TFill a
goblet half full of water, and wetting your finger, rub
it lightly around the upper edge of the glass. The
sides will vibrate, and tiny waves corresponding to
these movements will ripple the surface of the water.
The vibrations of a tuning-fork are very distinct.
Hold a card close to its prongs, and you can hear

* The term sound is used in two senses—the subjective (that which has ref-
erence to our mind) and the objective (that which refers only to the objects
around us). (1) Sound is the sensation produced upon the organ of hearing
by vibrations in matter. In this use of the word there can be no sound where
thereigno ear to catch the vibrations. An oak falls in the forest, and if there
isno ear to hear it there is no noise, and the old tree drops quietly to its
resting-place. Niagara's flood poured over its rocky precipice for ages, but
fell silently to the ground. There were the vibrations of earth and air, but
there was no ear to receive them and translate them into sound. When,
however, the first foot trod those primeval solitudes, and the ear first felt the
pulsations from the torrent, then first the roaring cataract found a voice
and broke its lasting silence. A trumpet does not sound. It only carves
the air into waves. The tympaimm is the beach on which these break into
sound. (2) Sound is those vibrations of matter capable of producing a
gensation upon thé organ of hearing. In this nse of the word there can be a
sound in the absence of the ear. An object falls and the vibrations are pro-
duced, though there may be no organ of hearing to receive an impression from
them.
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the repeated taps. Place your cheek near them, and
you will feel the little puffs of wind. Insert the
handle between your teeth, and you will experience
the indescribable thrill of the swinging metal. The
tuning-fork may be made even to draw the outline
of its vibrations upon a smoked-glass. Fasten upon
one prong a sharp-pointed piece of metal, and on

Fig. 111.

drawing the fork- along as in the figure, a sinuous
line will show the width (amplitude) of the vibrations.

From many similar experiments it is believed that
when a body is struck its molecules are thrown into
motion, and that all sound is produced by vibrations.

How sound is conveyed through the air.—Let us im-
agine the prong of the tuning-fork used in the last
experiment to advance, condensing the air in front
of it, and then to recede, leaving behind it a partial
vacuum. This process is repeated until the fork
comes to rest, and the sound ceases. Hach vibration
of the prong produces a sound-wave of air, which
contains one condensation and one rarefaction. In
water, we measure a wave-length from crest to crest;
in air, from condensation to condensation. The con-
densation of the sound-wave corresponds to the crest
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of the water-wave, and the rarefaction of the sound-
wave to the hollow of the water-wave. In the figure,

Fig. 112.
A a a’ b b 13 o’ d d
1 ‘m

‘;'II\

i

the dark spaces a, b, ¢, d represent the condensations,
and a; U, ¢ the rarefactions; the wave-lengths are
the distances ab, be, cd.

If we fire a gun, the gases which are produced ex-
pand suddenly and force the air outward in every
direction. This hollow shell of air thus condensed
imparts its motion to that next to it, while it springs
back by its elasticity and becomes rarefied. The
second shell rushes forward with the motion re-
ceived, then bounds back and becomes rarefied.
Thus each shell of -air takes up the motion and
imparts it to the next. The wave, consisting of
a condensation and a rarefaction, proceeds onward.
It is, however, as in water-waves, a movement of the
Jorm only, while the particles vibrate but a short
distance to and fro. The molecules in water-waves
oscillate vertically ; thosein sound-waves horizontally,
or parallel to the line of motion. :

7*
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If a bell be rung, the air adjacent to it is set in
motion : thence, by a series of condensations and
rarefactions, the vibrations of the bell are conveyed
to the ear, and thus produce the sensation of sound.

Fig. 113.
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‘When we speak, we do not shoot the air which we
expel from our lungs into the ear of the listener. We
simply condense the air just before our mouth and
throw it into vibrations. Thus a sound-wave is
formed. This travels onward and spreads in every
direction in the form of a sphere of which we are the

centre.
SOUND WILL NOT PASS OUT OF A  VACUUM.—In

the figure, B, the bell, is struck by clock-work which
may be set in motion by the sliding-rod . The ap-
paratus is suspended by means of silk cords, that no
vibration may be conducted through the pump itself.
If the air be exhausted, the sound will become so
faint that it cannot be heard, even when the ear is
placed close to the receiver.
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There is perfect silence in a vacuum. No sound
can therefore be transmitted to the earth from the
regions of space. The
movements of the heavenly
bodies are mnoiseless. In
the ez.(pressive language of
David, ¢ Their voice is not
heard.” ' In elevated re-
gions sounds are dimin-
ished in loudness. The
explosion of a pistol on
Mont Blanc is said to re-
semble that of an ordinary
fire-cracker; and it is diffi-
cult to continue a conver-
sation, as the voice must
be raised so far above its
natural pitch. The reverse
of this takes place when ¥
persons descend into deep
mines or in diving-bells.
The sounds then become startlingly distinct, and the
workmen are compelled to talk in whispers.

Tue VELociTY oF Sounp depends on the elasticity
and density of the medium through which it passes.
The higher the elasticity, the more promptly and rap-
idly the ‘motion will be transmitted, since the elastic
force acts like a bent spring between the molecules :
the greater the density, the more molecules to be
set in motfion, and hence the slower the transmissi. n.

Fig. 114,
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Sound travels through the air (at the freezing-point)
at the rate of 1,090 fect per second.—A rise in temper-
ature diminishes the density of the air, and thus
sound travels faster in warm and slowerin cold air.
A difference of 1° F. makes a variation of about 1

" foot in velocity.

Sound travels through water af the rate of 4,700 feet
per second— Water is denser than the air, and for that
reason sound should travel in it much more slowly ;
but its elasticity, which is measured by the force re-
quired to compress it, is so much greater, that the
rate is quadrupled.

Sound travels through solids faster than through air.
—This may be nicely illustrated by placing the ear
close to the horizontal bar at one end of an iron
fence, and having a person at the other end strike
the fence a smart blow. Two successive sounds will
reach the ear—one through the metal, and afterward
another through the air. Insome experiments made
by Biot, when a bell was struck at the end of aniron
tube 3,120 feet long, 21 seconds elapsed between the
two sounds. This would make the velocity in iron
nearly ten times that in air.

Sounds travel with the same wvelocity.—Under ordi-
nary circumstances we see that this must be true. A
band is playing at a distance, yet the harmony of the
different instruments is preserved. The soft and loud,
high and low notes reach the ear at the same time.
It has been said that the “ heaviest thunder trav-
els no faster than the softest whisper.” This is not
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verified by careful investigations. Mr. Mallet found
that in blasting with a charge of 2,000 Ibs., the ve-
locity was 967 feet per second, while with a charge of
12,000 1bs. it was increased to 1,210 feet per second.
Capt. Parry in his Arctic travels made a similar
observation. He states that on a certain occasion
when at a considerable distance, the sound of the
sunset-gun reached his ears before the officer’s word
of command to fire, proving that the report of the
cannon travelled sensibly faster than the sound of
the voice.

The velocity of sound may be used to.determine dis-
tances.—Light travels instantaneously as far as ali
distances on the earth are concerned. Sound moves
more slowly. TFor this reason we see a chopper
strike with his axe, and a moment elapses before we
hear the blow. If the time that intervenes is one
second, we know that the distance is about 1,090 feet.
By means of the second-hand of a watch or the
beating of our pulse, we can count the seconds that
elapse between a flash of lightning and the peal
of thunder which follows. Multiplying the velocity
of sound by the number of seconds, we have the dis-
tance of the thunderbolt. 4

THE INTENSITY OF SoUND depends upon the ampli-
tude of the wvibrations—The amplitude is the dis-
tance the molecules swing to and fro. As in a
pendulum, the greater the amplitude, the greater
the velocity. In momentum, we found that the force
of a striking body depends upon its weight and its
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velocity. Just so, if one sound appears to us louder
than another, it is because the air molecules hit the
ear-drum with greater force. On the top of a moun-
tain, because of the rareness of the atmosphere, there
are fewer molecules to strike the ear; hence, ac-
cording to the principles of momentum, the blow
will be less intense.

The intensity of sound diminishes as the square of the
distance increases.*—This is the natural effect of the
expanding of the sound-wave, which proceeds in the
form of a sphere. The larger the sphere, the greater
the number of air particles to be set in motion, and
hence the feebler their vibration. The surfaces of
spheres are proportional to the squares of their radii.
The radii of sound-spheres are their distances from
the centre of disturbance. Hence the force with
which the molecules will strike our ear decreases as
the square of our distance from the sounding body.

Speaking-tubes conduct sound to distant rooms be-
cause they prevent the waves from expanding and
losing their intensity.» Biot found that a conversa-
tion in a low tone could be kept up through a Paris
water-pipe 3,120 feet long. He says that “it was so

* The same proportion obtains in Gravitation, Sound, Light,
and Heat. We have seen how the pendulum is based upon the
force of gravity, and reveals the laws of falling bodies. Now we
find that the pendulum, and even the principles of reflected mo-
tion and momentum, are linked with the phenomena of sound.
As we progress further, we shall find how Nature is thus inter-
woven everywhere with proofs of a common plan and a common
Author. ;
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easy to be heard, that the only way not to be heard
was not to speak at all.” A communication could be
made in this manner even between two villages. The
ear-trumpet acts by collecting waves of sound and re-
flecting them into the ear. The speaking-trumpet is
often explained on the same principle as the speak-
ing-tube. A more rational theory is, that the sound
of the voice is strengthened by the vibrations of the
air in the tube.

RerracTION OF SoUND.—When a sound-wave goes
obliquely from one medium to another, it is bent out
of its direct course. It may even, like light, be
passed through a lens and brought to a focus. B is
a thin rubber balloon, filled with earbonic acid gas ;
w is a watch, and /’ is a glass funnel which as-

Fig. 115,

sists in collecting the wave at f, where the ear is
placed. By moving the head, a point will soon
be found where the ticks of the watch can be heard
very distinctly, while outside of it they are inau-
dible.
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REerFLECTION OF SoUND.—When a sound-wave strikes .
against the surface of another medium, a portion
goes on while the rest is reflected.

The law which governs Reflected Sound is that of
Reflected Motion ;—the angle of incidence is equal to
that of reflection. Tyndall relates that a bell on a
distant eminence in Heligoland failed to be heard
in the town. A reflector was therefore placed behind
it, so as to throw the sound-waves in the direction of
the long sloping street. This caused every stroke
to be distinctly audible. Domes and curved walls
and ceilings act in the same manner as mirrors in
the reflection of sound. Sir John Herschel relates
an amusing illustration of this fact. A confes-
sional in a cathedral in Sicily was so situated that
the whispers of the penitents were reflected by the
curved roof and brought to a focus at a distant part
of the edifice. This point was accidentally discov-
ered by a gentleman, who amused himself and his
friends by listening to utterances intended for the
ear of the priest alone. One day, however, his wife
was the penitent, and both he and his friends were
thus made acquainted with family secrets which
were as new to himself as they were the reverse of
amusing. “ The Ear of Dionysius” was a dungeon
in Syracuse, so constructed as to convey to the ears
of that tyrant every word spoken by its unfortunate
inmates. Whispering galleries are commonly made
of an elliptical form. Two persons, standing at the
foci with their backs to each other, can thus carry on
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a conversation in whispers which are entirely un-
noticed by those between them. Sound-waves have
been brought to a focus by the mainsail of a vessel
having accidentally taken a concave form ; in this
manner a bell was once heard 100 miles out at sea.

Decrease of Sound by Reflection.—If we strike the
bell represented in Fig. 114, we find a great differ-
ence between its sound under the glass receiver and
in the open air. Floors are deadened with tan-bark
or other fine material ; since, as the sound-wave passes
from each particle to the next of the unhomogene-
ous mass, it becomes weakeneé by partial reflection.
During a thunder-storm the air is of such varying
density that thunder-peals are never heard at a dis-
tance corresponding to their violence. For the same
reason, the roar of cannon on a field of battle is not
noticeable, and the day has often been lost within
n short distance of the reserves of the defeated
army, which were waiting for the sound of artillery
to call them to the scene of action. The air at
night is more homogeneous, and hence sounds are
heard more clearly and farther thanin the -daytime.
In foggy weather sounds suffer innumerable yeflec-
tions from the mist, and are soon destroyed.
(Tyndall.)

Resonance.—If the reflecting surface be very near,
the reflected sound will join the direct one and
strengthen it. This effect is termed a resonance. It
accounts for the well-known fact that a speaker can
be heard much more easily in a close room than in
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the open air. A smooth wall back of the stand
re-enforces the voice in the same manner. The old-
fashioned sounding-boards were by no means ineffi-
cient, however inelegant may have been their appear-
ance. Shells, by their peculiar convolutions, reflect
and augment the various sounds which fill even the
stillest air. As we hold them to our ear, they are
poetically said to “repeat the murmurs of their
ocean-home.” Furniture and wall-hangings break
up the resonance of a room ; and thus our footsteps
in unfurnished dwellings sound startlingly distinet.
Lchoes are produced where the reflecting surface is
so distant that we can distinguish the reflected
sound from the direct one. If the sound be short
and quick, this requires at least 56 feet ; butif it be
an articulate one, 112 feet are necessary. No one
can pronounce or hear distinctly more than five syl-
lables in a second; 1,120 ft.=—~5—224 ft.* If the wave
travel 224 feet in going and returning, the twe
sounds will hot blend, and the ear can detect a dis-
tinet interval between them. A person speaking in
a loud voice in front of a mirror, 112 feet distant,
can distinguish the echo of the last syllable he utters;
if twice that, or 224 feet, the last two syllables, ete.
Places where good echoes may be heard abound in
every locality. 'When several parallel surfaces are
properly situated, the echo may be repeated back-

* This calculation supposes the sound to travel at the rate of
1,120 feet per second.
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ward and forward in a surprising manner. At
Woodstock, England, is one which repeats 17 sylla-
bles by day and 20 by night. The reflecting surface
is distant about 2,300 feet; a quick,sharp ha / will
come back a ringing ha, ha, ha! The echo is often
softened, as in the Alpine regions, where it warbles a
beautiful accompaniment to the shepherd’s horn.
THE DIFFERENCE BETWEEN NOISE AND MUSIC is only
that between irregular and regular vibrations. What-
ever may be the cause which sets the air in motion,
if the vibrations be uniform and rapid enough, the
sound is musical. If the ticks of a watch could be
made with sufficient rapidity, they would lose their
individuality and blend into a musical tone. “ The
puffs of a locomotive are slow on first starting, but
they soon increase so as to be almost incapable of
being counted. If the puffs could reach 50 or 60 a
second, the approach of an engine would be her-
alded by an organ-peal of tremendous power.”
Nothing can be imagined to be more purely a
noise than the rattling of a cab over a stony street.
The pavement of London is composed of granite
blocks, four inches in width. A cab-wheel jolting
over this at the rate of eight miles per hour produces
a succession of 35 distinet sounds per second. These
link themselves together into a soft, deep musical
tone, that will bear comparison with notes derived
from more sentimental sources. (Houghton.)
Prrca.—If we hold a card against the cogs of
the wheel in the apparatus shown in Fig. 32, when



164

NATURAL PHILOSOPHY.

turned rapidly we shall obtain a pure, clear tone ; and
the faster the wheel is revolved, the shriller the tone,
or the higher the pitch. Hence we conclude that

Fig. 116

Pitch depends_on the ra-

pidity of the vibrations.
How To FIND THE NUM-

BER OF WAVES IN A MUSI-

___ 0AL SOUND.—This is de-

termined by means of an

“ ]))H' instrument called the Si-

ren. C is a cylindrical
box ; ¢, a pipe for admit-
ting the air ; a b, a plate
pierced with four series
of holes, containing 8,
10, 12, and 16 orifices
respectively; m, n, o, p
are stops for closing any
series at pleasure. The
vertical rod p is bevelled
at p' so as to turn in the

G socket x; d e is a disk
) s pierced with holes cor-

responding to those in
the lower plate, over -
which it is made to re-
volve. At s is an end-
less screw, which, as the

axis p revolves, causes two wheels to rotate, and
thus turns the hands upon the dial (Fig. 118). On
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any moment the number of

revolutions made by the upper disk. The holes
in @b and d e are inclined to each other, se that,

when a current of
air is forced in at ¢,
it passes up through
the openings in the
lower disk, and strik-
ing against the sides
of those in the upper
disk, causes it to re-
volve. As the upper
disk turns round, it
alternately opensand
closes the orifices in
the lower disk, and
thus converts the

steady stream of air

into uniform puffs.
At first they succeed
each other so slowly
that they may be
easily counted. At
last, as the motion
increases, they link
* themselves together,
and burst into a full,
melodious note. As

Fig. 117,
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the velocity augments, the pitch

rises, until the music becomes so shrill as to be painful.

Diminish the speed,

and the pitch falls immediately,
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Let us now see how the Siren is used to determine
the number of vibrations in any sound. Force the
air through it stead-
ily until the tone is
brought to any re-
quired pitch. Find
on the dial, at the
end of ‘a minute, the
number of revolu-
» tions made by the

disk. 'When the row

containing ten holes:

is open, and the tone
C,, it will indicate 1,536. There were ten puffs
of air, or ten waves of sound, in each revolution.
1,536 x 10 =15,360. - Dividing this by 60, we have
256 as the number per second. When the inner
and outer rows of holes are opened, the ear im-
mediately detects the difference of an octave be-
tween the two sounds. The one containing 8 pro-
duces the lower, and the one containing 16 the
higher tone. Hence we conclude that an octave
of any tone is caused by double the number of

T

vibrations.

How to find the length of the wave in a musical
sound.—Suppose the air in the last experiment was
of such a temperature that the foremost sound-wave
would have reached the distance of 1,120 feet in a
second. In that space there were 256 sound-waves.
Dividing 1,120 by 256, we have 4 feet 4 inches as the
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length of each. We see from this that we find the
wave-length by dividing the velocity of sound by
the number of vibrations per second. As the pitch
is elevated by rapidity of vibration, we readily per-
ceive that the low tones in music are produced by
the long waves and the high tones by the short
waves. An experiment illustrative of this can be
made wher® an express-train passes a railroad sta-
tion. As the engine approaches us, the waves from
the whistle are shortened by the rapid motion, and
as it recedes, are lengthened; the pitch of the
whistle will therefore be raised as the train comes
in, and be lowered as it goes out. The same result
may be detected if a person in a high swing pro-
duces, while in swift motion, a continuous musical
tone upon some instrument.

Application to any Musical Sound.—Whenever notes
from any two sources are in unison, they are pro-
duced by the same number of vibrations. If the
string of a violin, the cord of a guitar, the parch-
ment of a drum, and the pipe of an organ, produce
the same musical tone, it is because the vibrations
in all are isochronous. “If a voice and a piano
execute the same music, the steel strings of the
piano and the vocal cords of the singer vibrate
together and send out sound-waves of the same
length.” In order, then, to determine the number
and length of the sound-waves produced by a sono-
rous body, we have only to bring its sound and that
of the siren in unison. In this way it has been found
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that the wings of a gnat flap, in flying, at the rate
of 15,000 times per second. The waves produced
by a man’s voice in ordinary conversation are from
eight to twelve feet in length, and by a woman’s
voice from two to four feet. (Zyndall.)

SUPER-POSITION OF SOUND-WAVES.—(See Wave Mo-
" tion, p.128.)—The air may transmit sound-waves from
a thousand instruments at once. If the condensa-
tion of one wave meet the condensation of another,
it will augment the sound, the condensations becom-
ing more condensed and the rarefactions more rare-
fied by their coincidence. If, on the other hand, the
condensation of one meet the rarefaction of the
other, the result will be changed ; one wave motion
will be striving to push the air molecules forward,
and the other to urge them backward. Thus, if
they meet in exactly opposite phases and the two
forces are equal, they will balance each other and
silence will ensue. Thus a sound added to a sound
may produce silence. In the same way, two motions
may produce rest ; two lights may cause darkness ; and
two heats may produce cold.

il
L

Fig. 119.
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Suppose we have two tuning-forks, A and B,
placed a wave-length apart, and vibrating in unison.
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The waves from the two will coincide, as represented
by the light and dark shades in the figure. The
same would occur if they were placed at any num-
ber of wave-lengths apart. If they are a half wave-
length apart, the condensationof A coincides with
the rarefaction of B, and wice versa. The effect is
represented by the uniformity of the shading in Fig.
120. This is termed interference of sound-waves.

Fig. 120.

There are positions in which the prongs of a
tuning-fork interfere with each other so as to pro-
duce silence. If we strike the fork and turn it
slowly around beforethe ear, we shall find four points
whero the interference of the sound-waves entirely
neutralizes the vibrations.

ViBraTiONS OF CoRrpS.—Let a b be a stretched

Fig. 121.
a

cord made to vibrate. The motion from ¢ to d and
back again is termed a complete vibration; that
from e to d alonme, is a half-vibration. The dafensity

of the sound depends on the width of ¢ d- 1. e., the
8
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amplitude of the vibration. It is, however, very
weak, on account of the small amount of air a sim-
ple cord can set in motion. The laws which govern
the number of vibrations, and hence the pitch, are
investigated by means of an instrument known as
the SoNoMETER. It conmsists of two cords stretched
by weights at P, across two fixed bridges, A and B.

Fig. 122

D is a movable bridge, which serves to lengthen or
shorten the cords at pleasure. Beneath is a wooden
box which receives the vibrations of the cords and
communicates them to the air within. This is the
real sounding body.

1st Law. The number of vibrations per second in-
creases as the length of the cord decreases.—Let the
cord be caused to vibrate, and we shall hear the note
of the enfire string. Now place the movable bridge
D at the centre of the cord, and we shall obtain a
sound the octave of the former. Thus by taking
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one-half the length of the cord we double the num-
ber of vibrations. If an entire cord makes 20
vibrations per second, one-half will make 40, and
one-third, 60. The violin or guitar player elevates
the pitch of any string of his instrument by moving
his finger, and thus shortening the length of the
vibrating portion. In the piano, harp, ete., the
long and short strings produce the low and high
notes respectively. '

2d Law. The number of vibrations per second
tncreases as the square-root of the tension.—The cord
when stretched by 1 lb. gives a certain tone: to
double the number of vibrations and obtain the
octave requires a weight of 4 lbs. All stringed in-
struments are provided with keys, by means of which
the tension of the cord and the corresponding pitch
may be increased or diminished.

3d Law. The number of vibrations per second de-
creases as the square-root of the weight of the cord in-
creases.—If two strings of the same material be
equally stretched,and one have four times the weight
of the other, it will only vibrate half as often. In
the violin the bass notes are produced by the thick
strings. In the piano the result is obtained by coil-
ing fine wire around the heavy strings.

Nobes.—In the experiments just named, the cord
was shortened by means of a movable bridge which
held it firmly at the centre. If, instead, we simply
rest the feather-end of a goose-quill lightly on the
string, and then draw the bow over one-half, it will
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vibrate in two portions and will give the octave as

before. Remove the feather, and it will continue to

vibrate in two parts and to yield the same tone.
We can show that the second half vibrates by sim-
ply placing across the middle of that portion of the
wire a little paper rider. On drawing the bow the

rider will be thrown off. Hold the feather so as to
separate one-third of- the string and cause it to
vibrate. The remainder of the cord will vibrate
in two segments. When the feather is removed, the
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entire cord will vibrate in three different parts of
equal length, separated by stationary points called
nodes. This may be shown by placing on the wire
three riders; the one at the node will remain, while
the others will be thrown off. In the same manner
the cord may be divided into any number of equal
vibrating segments and stationary nodes.

Acoustic Figures.—Sprinkle some fine sand on a
glass or metal plate. Place the finger-nail on one

Fig. 125.

edge to stop the vibration at that point, as the
feather did in the last experiment, and draw the bow
lightly across the opposite edge. The sand will be
tossed away from the various parts of the plate and
will collect along two nodal lines, which divide the
large square. It is wonderful to see how the sand
will seemingly start into life and dance into line at
the touch of the bow. Fig. 126 shows some of the
beautiful patterns obtained by Chladni.
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Harmontces or overtones.—Even when a cord is caused
to vibrate in its full length, it-separates into parts at
the same time. Thus we have the full or fundamen-
tal note of the entire string ; and superposed upon
that, the higher notes produced by the vibrating
parts. These are called overfones or harmonics.
The overtones vary in different instruments. The
mingling of the two classes of vibrations defermines
the quality of the sound, and enables us to distin-
guish the music of different instruments.

Nodes of a Bell.—Let the heavy circle in Fig. 127,
represent the circumference of a bell when at rest.
Let the hammer strike at
a,b,c,ord. At one moment
as the bell vibrates it will
form an oval with a b, at
the next with ¢ d. for its
longest diameter. When
it strikes its deepest note,  \\}
the bell vibrates in four 7
segments, with n, n, n, n, as
the nodal points, whence
nodal lines run up from the edge to the crown of the
bell. It tends, however, to divide into a greater
number of segments, especially if it is very thin,
and so to produce a series of harmonic sounds.
These overtones, which follow the deep tones of the
bell, are frequently very striking, even in a common
call-bell.

" Nodes of a Sounding-board.—The case of the violin
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or guitar is composed of thin wooden plates which
divide into vibrating segments, separated by nodal
lines according to the pitch of the note which is
being played. The enclosed air vibrating in unison
with these, re-enforces the sound and gives it fulness
and richness. The sounding-board of the piano
acts in a similar manner.

TaE Musicar. ScALE.—The tone produced by the
vibrations of an entire string is called its fundamen-
tal sound. The various sounds of the scale above
this are given by the parts of the string indicated by

the fractions
G I DISR, R ER G A B,
Voo Ay Vi i
As the number of vibrations varies inversely as
the length of the cord, we need but to invert these
fractions to obtain the relative number of vibrations
per second ; thus, 4, {,4, $, §, ¥, 2. Reduced to a
common denominator, their numerators are propor-
tional, and we have the whole-numbers which repre-
sent the relative rates of vibration of the notes of

the scale, viz.:
A, 2, W, 3, 36, 40, 45, 48
The number of vibrations corresponding to the

different letters is,

c, D, E, F, G 7. B, c.
128, 144, 160,  170. 192, oM, 240,  256.

Winp INSTRUMENTS produce musical sounds by
means of enclosed columns of air. Sound-waves
run backward and forward through the tube and act
on the surrounding air like the vibrations of a cord.
The sound-waves in organ-pipes are set in motion
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either by means of fixed mouth-pieces or vibrating
reeds. The air is forced from the bellows into the

Fig. 128,

tube P, through the vent 4, and striking against the
thin edge a, produces a flutter. The column of air
above, being thus thrown into vibration, re-enforces
the sound and gives a full musical tone. The
length of the pipe determines the pitch. The varia-
tion in the quality of different wind-instruments is
caused by the mingling of the harmonics with the

fundamental tone. In the flute, for example, the
8*
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vibrating column of air may be made to break up
into vibrating segments with stationary nodes, by
merely varying the force of the breath.

SyMpATHETIC VIBRATIONS.—Stand near a piano
and produce a musical tone with the voice, and you
will find that a certain wire selects that pulse of sound
and responds to it. Change the pitch, and the first
string ceases, while another replies. If a hundred
tuning-forks of different tones be made to sound at
the foot of an organ-pipe, it will choose the one to
which it is able to reply, and respond to that alo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>