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The attention of Teachers, and other gentlemen interested in ed.-
ucation, is requested, to the following notices of this « System
of Philosophy,” which are from the most respectable sour-
ces :

From John Griscom, L. L. D. Principal of the New- York
High School.
New- York, June 19th, 1830.

EsteemMep FRIEND,

I have received and examined thy book on Natural Philosophy,
with much satisfaction ; Ihave no hesitation in saying, that I con-
sider it better adapted to the purposes of School Instruction, than any
of the Manuals hitherto in use with which I am acquainted. The
amiable author of the Conversations threw a charm over the different
subjects which she has treated of; by the interlocutory style which she
adopted, and thus rendered the private study of those Sciences more
attractive ; but this style or manner, being necessarily diffuse, is not
so well adapted to the didactic forms of instruction pursued in Schools.
Hence also, more matter can be introduced within the same com-
pass, and I find, on comparing thy volume with either of the editions
of the Couversations now in use, that the former, is much better en-
titled to the appellation of a System of Natural Philosophy, than the
latter. The addition also of' Electricity and Magnetism, is by no
means unimportant in a course of instruction in the Physical Scien-
ces.

I am, with great respect, JOHN GRISCOM.

P. S. Ihave recommended thy book to all the pupilsof our High
School, who attend to Natural Philosophy, and it is the only Book
which we shall row use as a Class Book. !
From H. Potter, Professor of Mathematics and Natural Philoso-

phy, in Washington College, Hartford, Conn.
DEAr SIR, |

I have examined a portion of your work on Natural Philosophy,
and am happy to say that I am, in general, well pleased with the
plan you have adopted. With the exception of a few errors, which
will doubtless be corrected in a subsequent edition, your mode of
" treating your subjects, seems to be sufficiently scientific for a work
so very elementary in its character—and at the same time, it is so
popular, as to present few difficulties to an uneducated person of or-
dinary understanding. The diagrams are generally well drawn,
and the plan of introducing them on the same page with the expla-
nation, will contribute greatly to the comfort and advantage of your
readers: ,

Very truly Yours, H. POTTER.
Dg. J. L. CoMsTCCK.

Washington College, July 1,1830.

Fromthe Right Rev. T. C. Brownell, D. D., L. L. D., President

of Washington College.

From a cursory examination of the worlk, I willingly concur in
the above recommendation. I know of no similar Book, which, for
plan and arrangement, is so well calculated for the use of Schools.

T. C. BROWNELL.

Dr. J. L. ComsTock.



Dr. Comstock,

I have examined your Treatise on Natural Philosophy with con-
siderable attention, having used it as a Text Book in the Grammar
School, immediately on its publication. With this knowledge of its
contents, I have no hesitation in pronouncing it the best work on this
subject, for the use of Schools and Academies, with which I am
acquainted, and therefore hope to see it extensively introduced.

E. P. BARROWS,
Principal Hariford Grammar School.
Hartford, June 26, 1830.
Dg. Cowmsrock,

Dear Sir,—I have carefully examined your System of Natural
Philosophy, and am of opinion that it is far saperior to any work of
the kind now in use. As particular excellencies of this System, I
would mention its happy illustrations—the perspicuity, variety, ar-
rangement, and originality of its diagrams, and the addition of much
new, interesting, and useful matter. It appears, indeed, to have
been a principal object with you, to give the Student correct and
definite ideas, and in this attempt I think you have been peculiarly
successful. 1 have been highly pleased with the work myself, and
can heartily recommend it to the attention and patronage of the pub-
lic. OLIVER HOPSON,

Principal of the Select School.
Hartford, June 1, 1830.

From the Teacher of Mathematics and Natural Philosophy in the High
School, at Ellington, Conn.

Dear Sir,—1 have examined your “System of Natural Philoso-
phy,” and used it as a text-book for one class. I consider it better
adapted to the purposes of elementary instruction than any work of
a similar kind with which T am at present acquainted.

ZEBULON CROCKER.

Ellington School, Aug. 10, 1830,

(GENTLEMEN, y

I have examined “Comstock’s Natural Philosophy,” and think it
iza book excellently adapted to communicate a competent knowledge
of the various subjects on which it treats. It does not enter into that
depth of Scientifical and Mathematical illustration, of which the
subjects are susceptible ; but it illustrates in a familiar way, most of
the principles of Natural Philosophy, and is enriched with a state-
ment of practical detailsin that science. It is a book well calculated
to be highly useful in our Schools and Academies,

Most respectfully Yours, &c. ROBERT BRUCE,

President of Western University, Penn.
GENTLEMEN,

[ have examined many of those Treatises of Natural Philosophy
that have been prepared for the younger classes of Students—Dr.
Comstock approaches more nearly to the idea I have formed of what
such a work should be, than any I have met with. It is rich in
Philosophical facts, its explanations are popular, its illustrations prac-
tical, and its language perspicuous. It is perfectly adapted to those
students at school that do not take an extensive course of Mathemat-
ics, and to those that do, it will serve the important purpose of an In-
troduction. Yours respectfully, J. H. FIELDING,

President of Madison College.
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PREFACE.

While we have recent and improved systems of Geography, of
Arithmetic, and of Grammar, in ample variety,—and Reading and
Spelling Books in corresponding abundance, inany of which show our
advancement in the science of education, no one has offered to the
public, for the use of our schools, any new or improved system of Na-
tural ' Philosophy. And yet this is a branch of education very exten-
sively studied at'the present time, and probably would be much more
so, were some of its partsso explained and illustrated as to make them
more easily understood.

The author therefore, undertook the following work at the sugges-
tion of several eminent teachers,who for years have regretted the want
of a book on this subject, more (amiliar in its explanations, and more
ample in its details, than any now in common use.

The Conversations on Natural Philosophy, a foreign work now ex-
tensively used in schools, though beautifuﬁy written, and often highly
interesting, ison the whole considered by most instructors, as exceed-
ingly deficient—particularly in wanting such a method in its expla-
nations, as to convey to the mind of the pupil, precise and definite
ideas ; and also in the omission of many subjects, in themselves most
useful to the student, and at the same time most easily taught.

Itis also doubted by many instructors, whether Conversations is the
best form for a book of instruction, and particularly on the several sub-
jects embraced in a system of Natural Philosophy. Indeed those who
have had most experience as teachers, are decidedly of the opinion
that it isnot ; and hence we learn, that in those parts of Europe where
the subject of education has received the most attention, and conse-
quently where the best methods of conveying instruction are suppos-
ed to have been adopted, school books in the form of conversations are
at present entirely out of use.

The author of ‘the following system hopes to have illustrated and
explained most subjects treated of; in a manner so familiar asto be
understood by the pupil, without requiring additional diagrams, or
new modes of explanations from the teacher. - §

Every one who hasattempted to make himself master ofa difficult
proposition by means of diagrams, knows that the great number of let-
ters of reference with which they are sometimes loaded, is often the
most perplexing part of the subject, and particularly when one ﬁgure
is made to answer several purposes, and is placed at a distance from
the explanation. To avoid this difficulty, the author has introduced
additional figures to illustrate the different parts of the subjects, instead
of referring back to former ones, so that the student is never perplexed
with many letters on any one figure. The figures are also placed
under the eye, and in immediate connexion with their descriptions, so
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that the letters of reference in the text, and those on the diagrams, can
be seen at the same time. In respect to the language employed, it
has been the chief object of the author to make hlmse%f understood by
those who know nothing of mathematics, and who indeed had no pre-
vious knowledge of Natural Philosophy. ‘Terms of science have
therefore been as much as possible avoided, and when used, are ex- «
plained in connexion with the subjects to which they belong, and it is
hoped, to the comprehension of common readers. This method was
thought preferable to that of adding a Glossary of scientific terms.

The author has also endeavored to illustrate the subjects as much
as possible by means of common occurrences, or common things, and
in this manner to bring philosophical truths as much as practicable
within ordinary acquirements. Itis hoped, therefore, that the prac-
tical mechanic may take some useful hints concerning his business,
from several parts of the work.

Hartford, May, 1830. °
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NATURAL PHILOSOPHY.

THE PROPERTIES OF BODIES.

A Bobpvy is any substance of which we can gain a know-
ledge by our senses. Hence air, water and carth, in all their
modifications, are called bodies.

There are certain properties which are common to all bo-
dies. These are called the essential properties of bodies.
They are Impenctrability, Extension, Figure, Divisibility,
Inertia, and Attraction.

Impenetrability. By impenetrability, it is meant that two
bodies cannot occupy the same space at the same time, or,
that the ultimate particles of matter cannot be penetrated.
Thus, if avessel be exactly filled with water, and a stone, or
any other substance heavier than water be dropped into it, a
quantity of water will overflow, just equal to the size of the
heavy body. Thisshows that the stone only separates or dis-
places the,particles of water, and therefore that the two sub-
stances cannot exist in the same place at the same time. Ifa
glass tube open at the bottom, and closed with the thumb at
the top, be 'pressed down into a vessel of water, the liquid will
not rise up and fill the tube, because the air already in the
tube resists it ; but if the thumb be removed, so that the air
can pass out, the water will instantly rise as high on the inside
of the tube as it is on the outside. Thisshows that the air is
impenetrable to the water. :

If a nail be driven into a board, in common language, it is
said to penetrate the wood, but in the language of philosophy,
it only separates, or displaces the particles of the wood. The

What is a body? Mention several bodies. What are the essential
properties of bodies? W hat ismeant by impenetrability ? How is it
proved that air and water are impenetrable?

Q
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same is the case, if the nail be driven into a piece of lead b
‘the particles ot the lead are separated from ‘each other, and
crowded together, to make room for the harder body, but the
particles themselves are by no means penetrated by the nail.

When a piece ot gold is dissolved in an acid, the particles
of the metal are divided, or separated from each other, and
diffused in ‘the fluid, but the particles of 'gald are supposed
‘still to be entire, for if the acid be removed, we obtain the
gold again inits solid form, just-as though its particles had
‘never been separated.

Extension. Every body, however small, must have length,
breadth, and thickness, since no substance can exist without
them. By extension, therefore, is only meant these qualities.
Extension has no respect to the size, or shape of a body. The
size, and shape 'of a'block of wood a foot square is quite dif-
ferent from that of a walking stick. But they both equally
possess length, breadth, and thickness, since the stick might
be cut into little blocks, exactly resembling in shape the
Jarge one. And these little 'cubes might again be divided
until they were only the hundredth part of an inch in diame-
ter, and still it is obvious, that they would possess length,
breadth, and thickness, for they could yet be ‘seen, felt, and
measured. But suppose ‘each of these little blécks to be
again divided a thousand times, itis true we could not meas-
ure them, but still they would possess the quality of exten-
sion, as really as they did before division, the only difference
being in respect to dimensions. _ L

‘Figure, or form, is the result of extension, for we cannot
conceive that a body has length and breadth, without its also
‘having some kind of figure, however irregular.

Some 'solid bodies have certain, or determinate forms,
which are produced by nature, and are always the same,s
wherever they are found. Thus a crystal of quartz has six
sides, while'a garnet has twelve sides, these numbers being
invariable. Some solids are so'irregular, that they ‘cannot

When a nail is driveninto a board, or piece of lead, are‘the particles
of these bodies penetrated or separated > Are the particles of gold dis-
solved, or only separated by the acid > What is meant by extension ?
In how many directions do bodies possess extension ? Of what is fig-
ure, or form, the result ? Do all bodies possess figure ? "What solid
‘are regularin their forms ? ‘What bodies are irregular ?
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he compared with any mathematical figure, This is the case
with the fragments of a broken rock, chips of wood, fractured
glass, &ec.

Fluid bodies have. no determinate forms, but take their
shapes from the vessels in which they happen to be placed.

Divisibility. By the divisibility of matter, we mean that
a body may be divided into, parts, and that these parts may
again be divided into other parts.

It is quite obvious, that if we break a piece of marble into
two parts, these two parts may again be divided, and that the
process of division may be continued until these parts are so
small as not individually to be seen or felt. Butas every body,
however small, must possess extension and form, so we can
conceive of none so minute but that it may again be divided.
There is, however, in all probability, a limit, beyond which
the particles of matter cannot be divided, for we do not sup-
pose that the atoms of which bodies are composed, are them-
selves divisible, or can be broken, and therefore here, divisi-
bility must end. But under what circumstances this takes
place, or whether it is in. the, power of man during his whole
life, to pulverize any substance so finely, that it may not again
be broken, is unknown. :

We can conceive, in some degree, how minute must be the
particles of matter, from circumstances that every day come
within our knowledge.

A single grain of musk will scent a room for years, and
still lose no appreciable part of its weight. Here, the particles
of musk must be floating in the air of every part of the room,
otherwise they could not be every where perceived.

Giold is hammered so thin, as to take 28,000 leaves to make
an inch in thickness. Here, the particles still adhere to each
other, notwithstanding the great surface which they cover,—a
single grain being sufficient to extend over a surface of fifty
square inches.

The ultimate particles of matter, however widely they may
be diffused, are not individually destroyed, or lost, but under
certain circumstances, may again be collected into a body

What is meant by divisibility of matter 2 Is there any limit to the
divisibility of matter ? Are the atoms of matter divisible? What ex-
amples are given of the divisibility of matter? IHow many leaves of
gold does it take to make an inch in thickness? How many square
inches may a grain of gold be made to cover?
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without change of form. Mercury, water, and many other
substances, may be converted into vapor, or distilled in close
vessels, without any of their particles being lost. In such
cases, there is no decomposition of the substances but only a
change of form by the heat, and hence the mercury and wa-
ter, assume their original state again on cooling.

When bodies suffer decomposition or decay, their elemen-
tary particles, in like manner, are neither destroyed nor lost,
but only enter into new arrangements, or combinations with
other bodies.

When a picce of wood is heated in a close vessel, such as a
retort, we obtain water, an acid, several kinds of gas, and
there remains a black, porous substance, called charcoal.
The wood is thus decoimposed, or destroyed, and its particles
take a new arrangement, and assume new forms, but that
nothing is lost is proved by the fact, that if the water, acid,
gases, and charcoal be collected and weighed, they will be
found exactly asheavy as the wood was, before distillation.

Bones, flesh, or any animal substance, may in the same
manner be made to assume new forms, without losing a par-
ticle of the matter which they originally contained.

The decay of animal, or vegetable bodies in the open air,
or in the ground, is only a process by which the particles of
which they were composed, change their places, and assume
new forms.

The decay, and decomposition of animals and vegetables on
the surface of the Earth form the soil, which nourishes the
growth of plants and other vegetables; and these in their
turn, form the nutriment of animals. Thus is there a per-

. petual change from death to life, and from life to death, and
. | asconstant a succession in the forms and places, which the
particles of matter assume. Nothing is lost, and not a parti-

" cle of matteris struck out of existence. The same matter of
which every living animal, and every vegetable was formed,
before and since the flood, is still in existence. As nothing is
lost or annihilated, so it is probable that nothing has been
added, and that we, ourselves, are composed of particles of

Under what circumstances may the particles of matter again be col-
lected in their original form > When bodies suffer decay, are their
particles lost ? W hat becomes of the particles of bodies which decay?
Is it probable that any matter has been annihilated, or added, since the
first creation ?
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matter as old as the creation. In time, we mustin our turn,
suffer decomposition, as all forms have done before us, and
thus resign the matter of which we are composed, to form
new existences.

Inertia. Inertia means passiveness, or want of power.
Thus matter is, of itself, equally incapable of putting itself in
motion, or of bringing itself to rest when in motion.

It is plain that a rock on the surface of the earth, never
changes its position in respect to other things on the earth.
It has of itself no power to move, and would, therefore, for-
ever lie still, unless moved by some external force. This factis
proved by the experience of every person, for we see the same
objects lying in the same positions all our lives. Now it is
just as true, that inert matter has no power to bring itself to
rest, when once put in motion, as it is, that it cannot put it-
self in motion, when at rest, for having no life, it is perfectly
passive, both to motion and rest, and therefore either state de-
pends entirely upon circumstances.

Common experience proving that matter does not put itself
in motion, we might be led to believe, that rest is the natural
state of all inert bodies, but a few considerations will shew,
that motion is as muchsthe natural state of matter as rest, and
that either state depends on the resistance, or impulse of ex-
ternal causes.

If a cannon ball be rolled upon the ground, it will soon
cease to move, because the ground is rough, and presents im-
pediments to its motion, but if it be rolled on the ice, its mo-
tion will continue much longer, because there are fewer im-
pediments, and consequently, the same force of impulse will
carry it much farther. We see from this, that with the same
impulse, the distance to which the ball will move must de-
pend on the impediments it meets with, or the resistance it has
to overcome. But suppose that the bail and ice were both so
smooth as to remove as much as possible the resistance caused
by friction, then it is obvious that the ball would continue to
move longer, and go to a greater distance. Next suppose we
avoid the friction of the ice, and throw the ball through the
air, it would then continue in motion still longer with the same

Whatis said of the particles of matter of which we are made? What
does inertia mean? Is rest or motion the natural state of matter ?
Why does the ball roll further on the ice than on the ground ? What
does this prove?

Q¥
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force of projection, because the resistance of the air is less
than that of the ice, and there is nothing to oppose its con-
stant motion, except the resistance of the air, and its own
weight, or gravity.

Ifthe air be exhausted, or pumped out of a vessel by means
of an air pump, and a common top, with a small, hard point,
be set in motion in it, the top will continue to spin for hours,
because the air does not resist its motion. A pendulum, set
in motion, in an exhausted vessel, will continue to swing, with-
out the help of clock work, for a whole day, because there is
nothing to resist its perpetual motion, but the small friction at

the point where it is suspended.
*  We see, then, that it is the resistance of the air, of friction,
and of gravity, which cause bodies once in motion ¢ » cease
moving, or come to rest, and that dead matter of itself, is
equally incapable of causing its own motion, or its own rest.

We have perpetual examples of the truth of this doctrine,
inthe moon, and other planets. These vast bodies move
through spaces which are void of the obstacles of air and fric-
tion, and their motions are the same that they were thousands
of years ago, or at the beginning of creation.

Attraction. By attraction is meant that property, or quality
in the particles of bodies, which make them tend toward each
other.

We know that substances are composed of small atoms, or
particles, of matter, and that it is a collection of these, united
together, that forms all the objects with which we are acquaint-
ed. Now when we come to divide, or separate any substance
into parts, we do not find that its particles have been united,
or kept together by glue, little nails, or any such mechanical
means, but that they cling together by some power, not obvi-
ous to our senses. 'This power we call aitraction, but of its
nature or cause, we are entirely ignorant. Experiment and
observation however, demonstrate, that this power pervades
all material things, and that under different modifications, it

Why, with the same force of projection, will a ball move further
through the air than on the ice? Why will a top spin, or a pendulum
swing longer, in an exhausted vessel than in the air? What are the
causes which resist the perpetual motion of bodies ? Where have we
an example of continued motion, without the existence of air and fric-
tion? What is meant by attraction? What is known about the cause
of attraction? Is attraction common to all kinds of matter, or not ?
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not only makes the particles of bodies adhere to each other,
but is the cause which keeps the planets in their orbits as they
pass through the heavens.

Attraction has received different names, according to the
circumstances under which it acts.

The force which keeps the particles of matter together, to
form bodies, or masses, is called attraction of cohesion. That
which inclines different masses towards each other, is called
attraction of gravitation. That which causes liquids to rise
in tubes, is called capillary attraction. That which forces
the particles of substances of different kinds to unite, is
known under the name of chemical aitraction.’ That which
causes the needle to point constantly towards the poles of the
earth is magnetic attraction; and that which is excited by
friction in certain substances, is known by the name of elec-
trical attraction.

The following illustrations, it is hoped, will make each kind
of attraction distinct and obvious to the miind of the student.

Attraction of cohesion acts only at very short distances; as
when the articles of hodies apparently touch each other.
In some substances it appears to act with much greater force
than in others.

Take two pieces of lead, of a round form, an inch in diame-
ter, and two inches long ; flatten one end of each, and make
through it an eye-hole for a string. Make the other ends of
each as smooth as possible, by cutting them with a sharp
knife. If now the smooth surfaces be brought together, with
a slight turning pressure, they will adhere with such force
that two men can nardiy pull them apart by the two strings.

In like manner, two pieces of plate glass, when their surfa-
ces are cleaned from dust, and they are pressed together, will
adhere with considerable force.

This kind of attraction is much stronger in some bodies
than in others. Thus it is stronger in the metals than in most
other substances, and in some of the metals it is stronger
than in others. In general it is most powerful among the

What effect does this power have upon the planets? Why has at-
traction received different names? How many kinds of attractien are
there? How does the attraction of cohesion operate” What is meant
by attraction of gravitation? =~ What by capillary attraction ? What by
chemical attraction? What is that which makes the needle point to-
wards the pole? How is electrical attraction excited? Give an ex-
ample of cohesive attraction.
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particles of solid bodies, weaker among those of liquids, apd
probably entirely wanting, among elastic fluids, such as air,
and the gases.

Thus, a small iron wire will hold a suspended weight of
many pounds, without having its particles separated ; the par-
ticles of water are divided by a very small force, while those of
air, are still more easily moved among each other. These
different properties depend on the force of cohesion with
which the several particles of these bodies are united.

When the particles of fluids are left to arrange themselves
according to the laws of their attraction, the bodies which
they compose assume the form of a globe or hall.

Drops of water thrown on an oiled surface or on wax—glo-
bules of mercury,—hail stones,—a drop of water adhering to
the end of the finger,—tears running down the cheeks, and
dew drops on the leaves of plants, are all examples of this law
of attraction. 'The manufacture of shot is also a striking 1l-
lustration. 'The lead is melted and poured into a sieve, at the
height of about two hundred feet from the ground. The
stream of lead immediately after leaving the sieve, separates
into round globules, which before they reach the ground, are
cooled and become solid, and thus are formed the shot used
by sportsmen.

To account for the globular form in all these cases, we
have only to consider that the particles of matter are mutually
attracted towards a common centre, and in liquids being free
to move, they arrange themselves accordingly.

In all figures expect the globe, or ball, some of the particles
must be nearer the centre than others. But in a body that is
perfectly round, every part of the outside is exactly at the
same distance from the centre.

Fig. 1. Thus the corners of a cube, or square, are
at much greater distances from the centre,
than the sides, while the circumference of
a circle or ball is every where at the same
distance from it. This difference is shown
by fig. 1, and it is quite obvious, that if the
particles of matter are equally attracted to-

)
N\ /! wards the common centre, and are free to
arrange themselves, no other figure could

In what substances is cohesive attraction the strongest? In what
substances is it weakest? Why are the particles of fluids more easily
separated than those of solids?
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possibly be formed, since then every part of the outside is
equally attracted.

The sun, earth, moon, and indeed all the heavenly bodies
are illustations of this law, and therefore were probably in so
soft a state when first formed, as to allow their particles freely
to arrange themselves accordingly.

Attraction of gravitation. As the attraction of cohesion
unites the particles of matter into masses or- bodies, so the
attraction of gravitation tends to force these masses towards
each other, to form those of still greater dimensions. - The
term gravitation, does not here strietly refer to the weight of
bodies, but to the attraction of the masses of matter towards
each other, whether downwards, upwards, or horizontally.

The attraction of gravitation is mutual, since all bodies not

only attract other bodies, but are themselves attracted.
Fig. 2. Two cannon balls, when suspended by long cords,
“— 50 as to hang quite near each other, are found to
exert a mutual attraction, so that neither of the
cords is exactly perpendicular, but they approach
each other, as in fig. 2.

In the same manner, the heavenly bodies,
when they approach each other, are drawn out of
the line of their paths, or orbits, by mutual at-
traction. ‘

The force of attraction increases in proportion
as bodies approach each other, and by the same
law it must diminish in proportion as they recede
from each other.

Attraction, in technical language, is inversely
) as the squares of the distances between the two

@ W  bodies. That is, in proportion as the square of

~ the distance increases, in the same proportion attraction de-
creases, and so the contrary. Thus if at the distance of 2
feet, the attraction be equal to 4 pounds, at the distance of 4

=3

What form do fluids take, when their particles are left to their own
arrangement? Give examples of this law. How is the globular form
which liquids assume, accounted for? If the particles of a body are
free to move, and are equally attracted towards the centre, what must
beits figure? Why must the figure be a globe? What great natural
bodies are examples of this law? What is meant by attraction of gra-
vitation? Can one body attract another without being itself attracted?
How is it proved that bodies attract each other? By what law, or rule,
does the force of attraction increasc?
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feet, it will be only 1 pound ; for the square of 2 is 4, and the
square of 4 is 16, which is 4 times the square of 2. On the
contrary, if the attraction at the distance of 6 feet be 3 pounds,
at the distance of” 2 feet it will be 9 times as much, or 27
pounds, because 36, the square of 6, is equal to 9 times 4,
the square of 2.

The intensity of light is found to increase and diminish in
the same proportion. Thus, if'a board a foot square, be pla-
ced at the distance of one foot from a candle, it will be found
to hide the light from another board of two feet square, at the
distance of two feet from the candle. Now a board of two
feet square is just four times as large as one of one foot square,
and therefore the light at double the distance being spread
over 4 times the surface, has only one fourth the intensity.

Fig. 3. This experiment
may be easily tried:
or may be readily
understood by fig.
3, where ¢ repre-,
sents the candle, A
the small board,
and Bthe large one ; B being four times the size of A.

The force of the attraction of gravitatiou, is in proportion
to the quantity of matter the attracting body contains.

Some bodies of the same bulk contain a much greater quan-
tity of matter than others: thus a piece of lead contains about
twelve times as much matter as a piece of cork of the same
dimensions, and therefore a piece of lead of any given size,
and a piece of cork twelve times as large, will attract each
other equally. '

Capillary Atiraction. 'The force by which small tubes, or
porous substances, raise liquids above their levels, is called
capillary attraction.

If a small glass tube be placed in water, the water on the
inside will be raised above the level of that on the outside of

Give an example of this rule. How is it shown that the intensity of
light increases and diminishes in the same proportion as the attraction
of matter? Do bodies attract, in proportion to bulk, or quantity of
matter? What would be the difference of attraction between a cubic
inch of Jead, and a cubic inch of cork? Why would there be so much
difference? What is meant by capillary attraction? How is this kind
of attraction illustrated with a glass tube ?
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the tube. 'The cause of this seems to be nothing more than
the ordinary attraction of the particles of matter for each other.
The sides of a small orifice are so near each other, as to at-
tract the particles of the fluid on their opposite sides, and as
all attraction is strongest in the dircction of the greatest
quantity of matter, the water is raised upwards, or in the di-
rection of the length of the tube. On the outside of the tube,
the opposite surfaces, it is obvious, cannot act on the same
column of water, and therefore the influence of attraction is
here hardly perceptible in raising the fluid. This seems to
be the reason why the fluid rises higher on the inside than on
the outside of the tube.

A great variety of porous substances are caf)able of this kind
of attraction. Ifa piece of sponge, or’ a lump of sugar be
placed, so that its lowest corner touches the water, the fluid
will rise up and wet the whole mass. Inthe same manner,
the wick of a lamp will carry up the oil to supply the Hame,
though the flame is several inches above the level of the oil.
If the end of & towel happens to be left in a basin of water, it
will empty the basin of its contents. And on the same princi-
ple, when a dry wedge of wood is driven into the crevice of a
rock, and afterwards moistened with water, as when the rain
falls upon it, it will absorb the water, swell, and sometimes
split the rock. In Germany, mill-stone quarries are worked
in this manner. ¢

Chemical attraction takes place between the particles of
substances of different kinds, and unites them into one com-
pound.

This species of attraction takes.place only between the
particles of certain substances, and is not, therefore, a uni-

* versal property. It isalso known under the name of chemical’
affinity, because it is 'said, that the  particles of substances
having an affinity between them, will unite, while those hav-
ing no affinity for each other do not readily enter into union.

here seem, indeed, in this respect, to be very singular pre-
ferences, and dislikes, existing among the particles of matter.
Thus, if a piece of marble be thrown into sulphuric -acid,
their particles will unite with great rapidity, and commotion,

Why does the water rise higher in the tube, than it ‘does on the out-
side ? ~ Give'some common illustrations of this principle. What is the
effect of chemical attraction ? By what other name is this kind of at-
traction known? What effect is produced when marble and sulphuric
-acid are brought together ?
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‘and there results a compound differing in all respects from
the acid or the marble. Butif a piece of glass, quartz, gold,
or silver, be thrown into the acid, no change is produced on
either, because these particles have no affinity. .

Sulphur and quicksilver, when heated together, will form a
beautiful red compound, known under the name of vermilion,
and which has none of the qualities of sulphur, or quicksilver.

Oil and water have no affinity for each other, but potash
‘has an attraction for both, and therefore oil and water will
unite, when potash is mixed with them. In this manner, the
well known article called soap is formed. But the potash has
a stronger attraction for an acid than it has for either the oil
or the water; and therefore when soap is mixed with an acid,
the potash leaves the oil, and unites with the acid, thus de-
stroying the old compound, and at the same instant forming a
new one. The same happens when soap is dissolved in any
water containing an acid, as the water of the sea and of cer-
tain wells. The potash leaves the oil, and unites '‘with the
acid, thus leaving the oil to rise fo the surface of the water.
Such waters are called hard, and will not wash, because the
acid renders the potash a neutral substance.

Magnetic Attraction. There is a certain ore of iron, a
piece of which, being suspended by a thread, will always
turn one of its sides to the north. This is called the load-
stone, or natural Magnet, and when it is brought near a piece
of iron, or steel, a mutual attraction takes place, and under
certain' circumstances, the two bodies will come together and
adhere to each other. This is called Magnetic Attraction.
When a piece of steel or iron is rubbed with a Magnet, the
same virtue is communicated to the steel, and it will attract
other pieces of steel, and if suspended by a string, one of its
ends will constantly point towards the north, while the other
of course, points towards the south. This s called an artificial
Magnet. The magnetic'needle is a piece of steel, first touched
‘with the loadstone, and then suspended, so as to turn easily

What is the effect when glass and this acid are brought together >
What is the reason of this difference? How may oil and water be made
to unite? Whatis the composition thus formed called? How does an
acid destroy this compound > What is the reason that hard water will
notwash?  Whatis a natural magnet? What is meant by magnetic
attraction?  What is an artificial magnet? What is a magnetic needle’
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on apoint. By means of this instrument, the mariner guides
his ship through the pathless ocean. See agnetism.

Electrical Attraction. When a piece of glass, or sealing
wax is rubbed with the dry hand, or a piece of cloth, and then
held towards any light substance, such as hair, or thread,
the light body will be attracted by it, and will adhere for a
moment to the glass or wax. The influence which thus
moves the light body is called Electrical Attraction. When
the light body has adhered to the surface of the glass for a
moment, it is again thrown off, or repelled, and this is called
Electrical Repulsion. See Electricity.

We have thus described and illustrated all the universal, or
inherent properties of bodies, and have also noticed the
several kinds of attraction which are peculiar, namely, Chem-
ical, Magnetic, and Electrical.  There are still several
properties to be mentioned. Some of them belong to certain
bodies in a peculiar degree, while other bodies possess them
but slightly.  Others belong exclusively to certain substances,
and not at all to others. These properties are as follows.

Density. This property relates to the compactness of
bodies, or the number of particles which a body contains
within a given bulk. It is closeness of texture. Bodies
which are most dense, are those which contain the least
number of pores. Hence the density of the metals is much
greater than the density of wood. Two bodies being of equal
bulk, that which weighs most, is most dense. Some of the
metals may have this quality increased by hammering, by
which their pores are filled up and their particles are brought
nearer to each other. The density of air is increased by
forcing more into a close vessel than it naturally contained.

Rarity. Thisis the quality opposite to density, and means
that the substance to which it is applied is porous, and light.
Thus air, water, and ether, are rare substances, while gold,
lead, and platina are dense bodies.

Hardness. This property is not in proportion, as might
be expected, to the density of the substance, but to the force
with which the particles of a body cohere, or keep their

What isits use > What is meant by electrical jattraction ? What
is electrical repulsion? What is density ? What bodies are most
dense? How may this quality be increased in the metals? What is
rarity ?  What are rare bodies? What are dense bodies? How does
hardness differ from density ?
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places. Glass, for instance, will scratch gold or platina,
though these metals are much more dense than glass. It is
probable, therefore, that these metals contain the greatest
number of particles, but that those of the glass are more firm-
ly fixed in their places.

Some of the metals can be made hard or soft at pleasure.
Thus steel when heated, and then suddenly cooled, becomes
harder than glass, while if allowed to cool slowly, it is soft
and flexible.

Elasticity is that property in bodies by which after being
forcibly compressed or bent, they regain their original state
when the force is removed.

Some substances are highly elastic, while others want this
property entirely. Tle separation of two bodies after impact,
or striking together, is a proof that one or both are elastic.
In general, most hard and dense bodies, possess this quality
in greater or less degree. Ivory, glass, marble, flint, and ice
are elastic solids. An ivory ball, dropped upon a marble
slab, will bound nearly to the height from which it fell, and
no mark will be left on either. India rubber is exceedingly
clastic, and on being thrown forcibly against a hard body,
will bound to an amazing distance.

Putty, dough, and wet clay, are examples of the entire
want of elasticity, and if either of these be thrown against
an impediment, they will be flattened, stick to the place they
touch, and never like elastic bodies, regain their former
shapes.

Among fluids, water, oil, and in general all such substan.-
ces as are denominated liquids, are nearly inelastic, while air
and the gaseous fluids, are the most elastic of all bodies.

Brittleness is the property which renders substances easily
broken, or separated into irregular fragments. - This property
belongs chiefly to hard bodies.

It does not appear that brittleness is entirely opposed to
clasticity, since in many substances, both these properties are
united. Glass is the standard, or type of brittleness, and yet

Why will glass scratch gold or platina ?  'What metal can be made
hard or soft at pleasure? Whatis meant by elasticity? How isit
known that bodies possess this property ? Mention several elastic
solids. Give examples of inelastic solids. Do liquids possess this
property? What are the most elastic of all substances? What is
brittleness ?  Are brittleness and elasticity ever found in the same
substance ? Give examples.
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a ball, or fine threads of this substance are highly elastic, as
may be seen by the bounding of the one, and the springing
of the other. Brittleness often results from the treatment to
which substances are submitted. Iron, steel, brass, and
copper, become brittle wher heated and suddenly cooled, but
if cooled slowly, they are not easily broken.

Malleability. ~Capability of being drawn under the ham-
mer, or rolling press.  'This property belongs to some of the
metals, but not to all, and is of vast importance to the arts
and conveniences of life.

The Malleable metals are, gold, silver, iron, copper and
some others. Antimony, bismuth, and cobalt are brittle
metals. Brittleness is therefore the opposite of malleability.

Gold is the most malleable of all substances. It may be
drawn under the hammer so thin that light may be seen
through it. Copper and silver are also exceedingly malle-
able.

Ductility, is that property in substances which renders
them susceptible of being drawn into wire.

We should expect that the most malleable metals would
also be the most ductile ; but experiment proves that this is
not the case. Thus tin and lead may be drawn into thin
leaves, but cannot be drawn into small wire. Gold is the
most malleable of all the metals, but platina is the most duc-
tile. Dr. Wollaston drew platina into threads not much
larger than a spider’s web.

Tenacity, in common language called toughness, refers to
the force of cohesion among the particles of bodies. Tena-
cious bodies are not easily pulled apart.  There is a remark-
able difference in the tenacity of different substances. Some
possess this property in a surprising degree, while others are
torn asunder by the smallest force.

Among the malleable metals, iron and steel are the most
tenacious, while lead is the least so. Steelis by far the most
tenacious of all known substances. A wire of this metal
no larger than the hundreth part of an inch in diameter
sustained a weight of 134 pounds, while a wire of platina of

How are iron, steel and brass, made brittle? What does malleability
mean? What metals are malleable; and what ones are brittle? Which
is the most malleable metal? What is meant by ductility? Are the
most malleable metals, the imost ductile? What is meant by tenacity?
From what does this property arise? What metals are most tena-
cious?



24 GRAVITY.

the same size, would sustain a weight of only 16 pounds, and
one of lead only 2 pounds. Steel wire will sustain 39,000
feet of its own length without breaking.

Recapitulation. The common, or essential properties of
bodies are Impenetrability, Extension, Figure, Divisibility,
Inertia, and Attraction. Attraction is of several kinds,
namely, attraction of cohesion, attraction of gravitation, ca-
pillary attracticn, chemical attraction, magnetic attraction,
and clectrical attraction.

The peculiar properties of bodies are density, rarity, hard-
ness, elasticity, brittleness, malleability, ductlity-and tena-
city.

Force of Gravity.

The force by which bodies are drawn towards each other
in the mass, and by which they descend towards the carth
when let fall from a height, is called the force of gravity.

The attraction which the earth exerts on all bodies near its
surface, is:called terrestrial gravity, and the force with which
any substance is drawn downwards, is called its weight.

All falling ‘bodies tend towards the centre of the earth, in a
straight line from the point where they are let fall. Ifthen a
body be let fall in any part of the world, the line of its direc-
tion will be perpendicular to the earth’s surface. It follows,
therefore, that two falling bodies, on opposite parts of the
earth, mutually fall towards each other. b

Suppose a cannon ball to be disengaged from a height op-
posite to us, on the other side of the earth, its motion in respect
to us, would be upward, while the downward motion from
where we stand, would be upward in respect to those who
stand opposite to us, on the other side of the earth.

In like manner, if the falling body be a quarter, instead of
half the distance round the earth from us, its line of direction
would be directly across, or at right angles with the line al-
ready supposed.

What proportion does the tenacity of steel bear to that of platina
and lead? What are the essential properties of bodies? How many
kinds of attraction are there? What are the peculiar properties of
bodies? What is gravity? What is terrestrial gravity? To what
point in the earth do falling bodies tend? In what direction will two
falling bodies from opposite parts of the earth tend, in respect to each

other? In what direction will one from half way between them meet
their line ?
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Fig. 4. This will he readily under-
5, stood by fig. 4, where the
? circle is supposed to be the

circumference of the earth,
a, the ball falling towards its
upper surface, where we
stand; b, a ball falling to-
wardsthe opposite side of the
| g 4 earth, but ascending in res.
/ pect to us, and d, a ball de-
scending at the distance of a
quarfer of the circle, from
the other two, and crossing
the line of their direction at
right angles.
O It will be obvious, there-
: fore, that what we call up,and
doun are merely relative terms, and that what is down in re-.
spect to us, is up in respect to those who live on the opposite
side of the earth, and so the contrary. Consequently down,
every where means towards the ceitre of the earth, and
up from the centre of the earth; because all bodies de-
scend towards the earth’s centre, from whatever part they are
let fall 'This will be apparent, when we consider, that as the
carth turns over every 24 hours, we are carried with it through
the points a, d, and b, fig. 4 ; and therefore, if a ball is sup-
posed to fall from the point a, say at 12 o’clock, and the same
ball to fall again from the same point above the earth, at 6
o’clock, thetwo linesof direction will be at right aniles, as rep-
resented in the figure, for that part of the earth which wasunder
aat 12 o’clock, will be under d at 6 o’clock, the earth having in
that time performed one quarter of its daily revolution. At 12
o’clock at night, if the ball be supposed to fall again, its line
of direction will be at right angles with that of its last decent,
and consequently it will @scend in respect to the point on which
it fell 12 hours before, because the earth would have then

How is this shown by the figure? Are the terms up and down rela-
tive, or positive, in their meaning? What is understood by down in
any part of the earth? Suppose a ball be let fall at 12 and then at 6
o’clock, in what direction would the lines of their descent meet each
other? Suppose two balls to descend from opposite sides of the earth,
what would be their direction in respect to each other?
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gone through one half her daily rotation, and the point a
would be at b.

The velocity or rapidity of every falling body, is uniformly
accelerated, or increased in its approach towards the earth,
from whatever height it falls.

If a rock is rolled from a stcep mountain, its motion is at
first slow and gentle, but as it proceeds downward, it moves
with perpetually increased velocity, seeming to gather fresh
speed every moment, until its force is such that every obstacle
is overcome ; trees and rocks are beat from its path, and its
motion does not cease until it has rolled to a great distance on
the plain.

The same principle of increased velocity as bodies descend
from a height, is curiously illustrated by pouring molasses
or thick syrup from an elevation to the ground. The bulky
stream, of perhapstwo inches in diameter, where it leaves the
vessel, as it descends, is reduced to the size of a straw, or
knitting needle ; but what it wants in bulk is made up in ve-
locity, for the small stream at the ground, will fill a vessel
Just as soon as the large one at the outlet.

For the same reason, a man may leap from a chair without
danger, but if he jumps from the house top, his velocity be-
comes so much increased, before he reaches the ground, as
to endanger his life by the blow.

It is found by experiment, that the motion of a falling body
is increased, or accelerated in regular mathematical propor-
tions.

These increased proportions do not depend on the increased
weight of the body, because it approaches nearer the centre of
the earth, but on the constant operation of the force of gravi-
ty, which perpetually gives new impulses to the falling body,
and increases its velocity.

It has been ascertained by experiment, that a body, falling
freely, and without resistance, passes through a space of 16
feetand 1 inch during the first second of time. Leaving out
the inch, which is not necessary for our present purpose, the
ratio of descent is as follows.

Suppose the body falls through a space equal to 16 feet the

What is said concerning the motions of falling bodies > How is this
increased velocity illustrated? Why is there any more dangerin jump-
ing {rom the house top than from a chair? W hat number of feet does
a falling body pass through during the first second ?
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first second of time ; at the end of this space and time, it will
have acquired such a degree of celerity as is sufficient to carry
it through twice this space during the next second, though it
should then receive no new impulse from the cause by which
its motion had been accelerated ; butif the same accelerating
cause continue, it will carry the body 16 feet further; on
which account, it will have fallen in all four times 16 feet, or
64 feet at the end of the second second ; and then it will have
acquired such a degree of celerity as is sufficient to carry it
through a double space in as much more time ; that is 4 times
16 feet in one second more, even though the force of gravity,
or the accelerating force should cease to act. But this force
still continuing to act in a uniform manner, it will again in
equal time produce an equal effect, and will therefore add 16
feet to the velocity already acquired, atthe end of the second
second, which being 64 feet, it will fall 80 feet, or five times
as far the third second, as it did the first. In three seconds,
the velocity acquired will be 3 times that acquired at the end
of the first second, which being twice 16 feet, is equal to &
times 16 feet, to which, again, is to be added the accelerating
force 16 feet, making 7 times 16 feet for the space passed
through during the fourth second.

Hence we learn that if a body moves at the rate of 16 feet
during the first second, it will move 48 feet during the next
second, making in all 64 feet at the end of the second second,
5 times 16 during the third, or 80 feet, and 7 times 16, or 112
feet in the 4th second, and so on in this proportion.

Thus it appears, that to ascertain the velocity with which a
body falls in any given time, we must know how many feet it
fell during the first second. The velocity acquired in one
second, and the space fallen through during that time being
the fundamental clements of the whole calculation, and all
that are necessary for the computation of the various circum-
stances of falling bodies.

The difficulty of calculating exactly the velocity of a falling
body from an actual measurement of its height, and the time

How far does it fall during the next second > How far during the
third? Suppose the accelerating force should cease at the beginning of
the third secoad ; how far would it fall during that second > Why does
i1 fall more than this during that second 2. How many times 16 feet
does a body move in the 4th second? What are the fundamental ele-
ments by which the velocity of a falling body may be computed ?
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which it takes to reach the ground, is so great, that no accu-
rate computation could be made from such an experiment.
This difficulty has, however, bee_:n overcome by a curious
piece of machinery, invented for this purpose by Mr. Atwood.
Fig. 5. This machine consists of two
upright posts of wood, fig. 5, with
/\L’ cross pieces, as shewn in the fig-
m ure. The weights A and B, are
) { of the same size, and made toba-
\\-// I lance each other very exactly,
and are connected by the thread
which passes over the wheel €.
F is a ring through which the
weight 4 passes, and G isa stage
on which the weight rests in its
descent. The ring and stage
both slide up and down, and are
fixed at pleasure by thumb
g k screws. The post H, 1, is a
graduated scale, and the pendu-
lum J¢, is kept inmotion by clock-
work. L, isa small bar of met-
al, weighing a quarter of an
& l_i’] ounce, and longer than the di.
B

—

Ry
F)
e

EREE e W

ameter of the ring F.

When the machine is to be
used, the weight is drawn up to
. : the top of the scale, and the ring
and stage are placed a certain
rumberofinchesfrom each other.,
The small bar Z, is then placed

h 1 acrossthe weight 4, by means of
which it is made slowly to descend. When it has descended
to the ring, the small weight L, is taken off by the ring, and
thus the two weights are left equal to each other. Now it
must be observed, that the motion, and descent of the weight
A is entirely owing to the gravitat’iﬁ@éqrce of the weight L,
until it arrives at the ring F, when the action of gravity is sus.
pended, and the large weight coatifiues to move downwards

Is the velocity of a falling body calenlated from actual measurement,
or by a machine? Deseribe the operation of Mr. Atwood’s machine
for estimating the velocities of falling bodies.
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to the stage, in consequence of the velocity it had acquired
previously to that time.

To comprehend the accuracy of this machine, it must be
understood that the velocities of gravitating bodies are sup-
posed to be equal, whether they are large or small, this being
the case when no calculation is made for the resistance of the
air. Consequently, the weight of a quarter of an ounce placed
on the large weight A, is a representative of all other solid
descending bodies. The slowness of its descent, when com-
pared with freely gravitating bodies, is only a convenience by
which its motion can be accurately measured, for it is the
increase of velocity which the machine is designed to ascer-
tain, and not the actual velocity of falling bodies.
~ Now it will be readily comprehended, that in this respect,
it makes no difference how slowly a body falls, provided it
follows the same laws as other descending bodies, and it has
already been stated, that all estimates on this subject are made
from the known distance a body descends during the first
second of time.

It follows, therefore, that if it can be ascertained, exactly
how much faster a body falls during the third, fourth, or fifth
second, than it did during the first second, by knowing
how far it fell during the first second, we should be able to
estimate the distance it would fall during all succeeding
seconds. :

If, then, by means of a pendulum beating seconds, the
weight A should be found to descend a certain number of
inches during the first second, and another certain number
during the next second, and so on, the ratio of increased de-
scent would be precisely ascertained, and could be easily ap-
plied to the falling of other bodies; and this is the use to which
this instrument is applied.

By this machine, 1t can also be ascertained, how much the
actual velocity of a falling body depends on the force of gravi-
ty, and how much on acquired velocity, for the force of gravity
gives motion to the descending weight only until it arrives at

After the small weight is taken off by the ring, why does the large
weight continue to descend? Does this machine shew the actual velo-
city of a falling body, or only its increase? How does Mr. Atwood’s
machine show, how much the celerity of a body depends upon gravity,
and how much on acquired velocity ?
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the ring, after which the motion is continued by the velocity
it had before acquired.

From experiments accurately made with this machine, it has
been fully established, that if the time of a falling body be di-
vided into equal parts, say into seconds, the spaces through
which it falls in each second, taken separately, will be as the
odd numbers, 1, 3, 5, 7, 9, and so on, as already stated. To
make this plain, suppose the times occupied by the falling body
to be 1,2, 3, and 4 seconds ; then the spaces fallen through
will be as the squares of these seconds, or times, viz. 1,4, 9,
and 16, the square of 1 being 1, the square of 2 being 4, the
square of 3,9, and so on. The distance fallen through, there-
fore, during the second second, may be found, by taking 1,
the distance corresponding to one second, from 4, the distance
corresponding to 2 seconds, and is therefore 3.  For the 3d
second, take 4 from 9, and therefore the distance will be 5.
For the fourth second, take 9 from 16, and the distance will
be 7, and so on. During the first second, then, the body falls
a certain distance, during the next second, it falls three times
that distance, during the third, five times that distance, during
the fourth, seven times that distance, and so continually in
that proportion.

It will be readily conceived, that solid bodies falling from
great heights, must ultimately acquire an amazing velocity
by this proportion of increase. An ounce ball of lead, et
fall from a certain héight towards the earth, would thus
acquire a force ten or twenty times as great as when shot
out of a rifle. By actual calculation, it has been found that
were the moon to lose her projectile force, which counter-
balances the earth’s attraction, she would fall to the earth
in four days and twenty hours, a distance of 240,000 miles.
And were the earth’s projectile force destroyed, it would fall
to the sun in sixty-four days and ten hours, a distance of
95,000,600 of miles.

Every one knows by his own experience the different

Suppose the times of a falling body are as the numbers 1, 2,3, 4, what
will be the numbers representing the spaces through which it falls?
Suppose a body falls 16 feet the first secondyhow far will it fall the
third second? Would it be possible for a rifle ball to acquire a greater
force by falling, than if shot from a rifle? How long would it take the
Moon to come to the earth, according to the law of increased velocity ?
How long would it talke the earth to fall to the sun?
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effecis of the same body falling from a great or a small
height. A boy will toss up his leaden bullet and cateh it
with his hand, but he soon learns by its painful effects, not to
throw it too high. The effects of hail-stones on window
glass, animals, and vegetation, are often surprising, and
sometimes calamitous illustrations of the velocity of falling
bodies. , ke

It has been already stated that the velocities of solid bodies
falling from a given height, towards the earth are equal, or in
other words, that an ounce ball of lead will descend in the
same time as a pound ball of lead.

This is true in theory, but there is a slight difference in
this respect in favor of the velocity of the larger body, owing
to the resistance of the atmosphere. We, however, shall at
present consider all solids of whatever size, as descending
through the same spacesin the same times, this being exactly
true when they pass without resistance. o

To comprehend the reason of this we have onlyto con-
sider, that the attraction of gravitation in acting on a mass
of matter acts on every particle it contains. This being
true, every particle is drawn down equally and with the same
force. The effect of gravity therefore, is in exact proportion
to the quantity of matter the mass contains, and not in propor-
tion to its bulk. A ball of lead of a foot in diameter, and
one of wood of the same diameter are obviously of the same
bulk ; but the lead will contain twelve particles of matter
where the wood contains one, and consequently will be
attracted with twelve times the force, and therefore will
weigh twelve times as much.

If then, bodies attract each other in proportion to the
quantities of matter they contain, it follows that if the mass
of the earth were doubled, the weights of all bodies on its
surface would also be doubled ; and if its quantity of matter
were tripled, all bodies would weigh three times as much as
they do at present.

It follows also, that two attracting bodies, when free to
move, must approach each other mutually. If the two bodies

What familiar illustrations are given of the force acquired by the ve-
locity of falling bodies? Will a small and a large body fall through
the same space in thesame time? On what parts of a mass of matter
does the force of gravity act? Is the effect of gravity in proportion to
bulk, or quantity of matter? Were the mass of the earth doubled,
how much more should we weigh than we do now?
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contain like quantities of matter, their approach will be
equally rapid, and they will move equal distances towards
each other. But if the one be small and the other large, the
small one will approach the other with a rapidity proportioned
to the less quantity of matter it contains.

Itis easy to conceive, that if a man in one boat pulls at a
rope attached to another boat, the two boats, if of the same
size, will move towards each other at the same rate ; but if’
the one be large and the other small, the rapidity with which
each moves will be in proportion to its size, the large one
moving with as much less velocity as its size is greater.

A man in a boat pulling a rope attached to a ship, seems
only to move the boat, but that he really moves the ship will
be obvious when it is considered, that a thousand boats pull-
ing in the same manner would make the ship meet them half
way.

I}L appears, therefore, that equal forces acting on bodies
containing different quantities of matter, move them with
different velocities, and that these velocities are in inverse
proportion to their quantities of matter.

In respect to equal forces, itis obvious that in the case
of the ship and single boat, they were moved towards each
other by the same force, that is, the force of a man pulling by
arope. The principle holds in respect to attraction, for all
bodies attract each other equally, according to the quantities
of matter they contain, and since all attraction is mutual, no
body attracts another with.a greater force than that by which
it is attracted.

. Suppose a body to be placed at a distance from the earth
weighing two hundred pounds; the earth would then attract
the body with a force equal to two hundred pounds, and the
body would attract the earth with an equal force, otherwise
their attraction would not be equal and mutual. Another body
weighing 10 pounds, would be attracted with a foree equal
to 10 pounds, and so of all bodies according to the quantity of

Suppose one body moving towards another, three times as large, by
the force of gravity, what would be their proportional velocities? How
is this illustrated ? Docs a large body attract a small one with any
more force than it is attracted ? Suppose a bedy weighing 200 pounds
to be placed at a distance from the earth, with how much force does

the earth attract the body > With what force does the body attract
the earth?
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matter they contain ; each body being attracted by the earth
with a force equal to its own weight, and attracting the earth
with an equal force.

If the man in the boat pulled the rope with the force of
100 pounds, it is plain that the force on each vessel would
be 100 pounds ; for suppose each end of the rope to be thrown
over a pulley, and a weight of 50 pounds attached to these
ends, it would take just 100 peunds in the middle of the rope
to balance them.

It is plain from these principles, that all attracting bodies
which are free to move, mutually approach each other, and
therefore that the earth moves towards every body which is
raised from its surface, with a velocity and to a distance pro-
portional to the quantity of matter thus elevated from its
surface. But the velocity of the earth being as many times
less than that of the falling body as its mass is greater, it fol-
lows that its motion is not perceptible to us.

The following calculation will shew how immense a mass
of matter it would take, to disturb the earth’s gravity in a per-
ceptible manner.

If a ball of earth equal in diameter to the tenth part of a
mile, were placed at the distance of the tenth part of a mile
from the earth’s surface, the attracting powers of the two
bodies would be in the ratio of about 512 millions of millions
to one. For the earth’s diameter being about 8000 miles,
the two bodies would bear to each other about this proportion.
Consequently if the tenth part of a mile were divided into
512 million of millions of equal parts, one of these parts
would be nearly the space through which the earth would
move towards the falling body. Now in the tenth part of a
mile there are about 6400 inches, consequently this number
must be divided into 512 millions of millions of parts, which
would give the eighty thousand millionth part of an inch
through which the earth would move to meet a body of the
tenth part of a mile in diameter.

Suppose aman in one boat, pulls with the force of 100 pounds at a
rope fastened to another boat, what would be the force on each boat?
How is this illustrated ? Suppose the body falls towards the earth, is
the earth set in motion by its attraction > ~Why is not the earth’s mo-
tion towards it perceptible ? What distance would a body, the tenth
part of a mile in diameter, placed at the distance of a tenth part of o
mile, attract the earth towardsit ?

4
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ASCENT OF BODIES. »

Ascent of Bodies.

Having now explained and illustrated the influence of
gravity on bodies moving downward and horizontally, it
remains to show how matter is influenced by the same power
when bodies are moving upward, or contrary to the force of
gravity. .

What has been stated in respect to the velocity of falling
bodies is exactly reversed in respect to those which are
Fig. 6 thrown upwards, for as the motion of a falling body

vd

(47

)

is increased by the action of gravity, so is it retard-
ed by the same force, when thrown upwards.

A bullet shot upwards, every instant loses a part
of its velocity, until having arrived at the highest point,
it there rests an instant, and then returns again to the
earth.

The same law that governs a descending body,
governs an ascending one, only that their motions are
reversed.

The same ratio is observed to whatever distance the
ball is propelled, for asthe height to which 1t is thrown
may be estimated from the space it passes through
during the first second, so its returning velocity is in
alike ratio to the height to which it was sent.

This will be understood by fig. 6. Suppose a
ball to be propelled from the point a, with a force
which would carry it to the point b in the first second,
to ¢ in the next, and to d in the third second. It
would then remain nearly stationary for an instant,and
in returning, would fall through exactly the same
spaces in the same times, only that its direction would
be reversed. Thus it will fall from d to ¢, in the first
second, to bin the next, and to ain the third.

Now the force of a moving body is as its velocity
and its quantity of matter, and henee the same ball
will fall with exactly the same force that it rises. For
instance, a ball shot out of a rifle, with a force suffi-
cient to overcome a certain impediment, on returning,
would again overcome the same impediment.

What effect does the force of gravity have on bodies moving upward?
Are upward and downward motion governed by the same laws? Ex-
plain fig. 6. What is the difference between the upward and return-
ing velocity of the same body?
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Fall of Light Bodies.

1t has been stated that the earth’s attraction acts equally
on all bodies containing equal quantities of matter, and that
in vacuo, all bodies, whether large or small, descend from
the same heights in the same times.

There is however, a great differenee in the quantities of
matter which bodies of the same bulk contain, and conse-
quently a difference, in the resistance which they meet with
in passing through the air.

Now the fall of a body containing a large quantity of matter
in a small bulk, meets with little comparative resistance, while
the fall of another, containing the same quantity of matter,
but of larger size, meets with more in comparison, for it is
easy to see that two bodies of the same size meet with
exactly the same actual resistance. Thus, if we let falla
ball of lead and another of cork, of two inches in diameter
each, the lead will reach the ground before the cork, because,
though meeting with the same resistance, the lead has the
greatest power of overcoming it.:

This however does not affect the truth of the general law
already established, that the weights of bodies are as the
quantities of matter they contain. It only shews that the
pressure of the atmosphere, prevents bulky and porous sub-
stances from falling with the same velocity with such as are
compact or dense.

Were the atmosphere removed, all bodies, whether light or
heavy, large or small, would descend with the same velocity.
This fact has been ascertained by experiment in the following
manner. '

The a¢ir pump is an instrument, by means of which, the
air can be pumped out of a close vessel, as will be seen un-
der the article Pneumatics. Taking this for granted, at
present, the experiment is made in the following manner.

Why will not asack of feathers and a stone of the same size fall
through the air in the same time ? Does this affect the truth of the
general law that the weights of bodies are as their quantities of mat-
ter > What would be the effect on the fall of light and heavy bodies,
were the atmosphere removed ?
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Fig. 7.
i On the plate of the air pump A, place
the tall jar B, whichis open at the bottom,
and has a brass cover fitted closely to the
top. Through the cover let a wire pass, air
tight, having a small cross at the lower end.
':L(JJ_ On each side of this cross, place a little

stage, and so contrive them that by turning
the wire by the handle C, these stages shall
be upset. On one of the stages place a
}& B guinea or any other heavy body, and on the
" other place a feather. When thisis arran-
ged, let the air be exhausted from the jar
by the pump, and then turn the handle C,so
that the guinea and feather may fall from
‘ their places, and it will be found that they

will both strike the plate at the same in-
stant. Thus is it demonstrated, that were
it not for the resistance of the atmosphere,
a bag of feathers and one of guineas would

& i~ fall from a gi height with the same ve-
i given heig e
(4 @ ) locity and in the same time,

Motion.

Motion may be defined, a continued change of situation
with regard to a fixed point.

Without motion there would be no rising or setting of the
sun—no change of seasons—no fall of rain—no building of
houses, and finally no animal life. Nothing can be done
without motion, and therefore without it, the whole universe
would be at rest and dead.

In the language of philosophy, the power which puts a body
in motion, is called force. Thus itis the force of gravity
that overcomes the inertia of bodies, and draws them towards
the earth. The force of water and steam gives motion to
machinery, &c.

For the sake of convenience, and accuracy in the applica-
tion of terms, motion is divided into two kinds, viz. absolute
and relative.

How is it proved that a feather and a guinea will fall through equal
spaces in the same time, where there is no resistance > How will you
define motion? What would be the consequence, were all motion to
cease? What is that power called which puts a body in motion? How
is motion divided ?
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Absolute motion is a change of place with regard to a fixed
point, and is estimated without reference to the motion of any
other body. When a man rides along the street, or when a
vessel sails through the water, they are both in absolute
motion.

Relative motion, is a change of place in a body, with re-
spect to another body, also in motion, and is estimated from
that other body, exactly as absolute motion is, from a fixed
point.

The absolute velocity of the earth in its orbit from west to
east, is 68,000 miles in an hour ; that of Mars, in the same
direction, is 55,000 miles per hour. The earth’s relative velo-
city in this case, is 13,000 miles per hour from west to east.
That of Mars comparatively, is 13,000 miles from eastto west,
because the earth leaves Mars that distance behind her, as
she would leave a fixed point.

Rest, in the common meaning of the term, is the opposite
of motion, but it is obvious, that rest is often a relative term,

. since an object may be perfectly at rest with respect to some
things, and in rapid motion in respect to others. Thusa
man sitting on the deck of a steam-boat, may move at the rate
of fifteen miles an hour, with respect to the land, and still be
at rest with respect to the boat. And so, if another man was
running on the deck of the same boat at the rate of fifteen
miles the hour in a contrary direction, he would be stationary
in respect to a fixed point, and still be running with all his
might, with respect to the boat.

Velocity of Motion. :

Velocity is the rate of motion at which a body moves from
one place to another.

Velocity is independent of the weight or magnitude of the
moving body. Thus a cannon ball and a musket ball, both
flying at the rate ofa thousand feet in a second, have the same
velocities. P

Velocity is said to be uniform, when the moving body pass-
¢s over equal spaces in equal times. If a steam-boat moves at
the rate of 10 miles every hour, her velocity is uniform. The
revolution of the earth from west to east is a perpetual exam.
ple of uniform motion.

What is absolute motion ? What is relative motion > What is the
earth’s relative velocity in respect to Mars > In what respect is a man
in a steam boat at rest, and in what respect does he move? What is
velocity 2 When is velocity uniform ?*
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Velocity is accelerated, when the rate of motion is constantly
increased ; and it passes through unequal spaces in equal
times. Thus when a falling body moves sixteen feet during
the first second, and forty-eight feet during the next second,
and so on, its velocity is accelerated. A body falling from a
height freely through the air, is the most perfect example of
this kind of velocity.

Retarded velocity is when the rate of motion of the body is
constantly decreased, and it is made to move slower and slow-
er. A ball thrown upwards into the air, has its velocity con-
stantly retarded by the attraction of gravitation, and conse-
quently, it moves slower every moment.

Force, or Momentum of Moving Bodies.

The velocities of bodies are equal, when they pass over
equal spaces in the same time ; but the force with which bo-
dies, moving at the same rate, overcome impediments, is in
proportion to the quantity of matter they contain. This pow-
er, or force, is called the momentum of the moving body.

Thus, if two bodies of the same weight move with the same
velocity, their momenta will be equal. :

Two vessels, each of a hundred tons, sailing at the rate of
six miles an hour, would overcome the same impediments, or
be stopped by the same obstructions. Their momenta would
therefore be the same.

The force, or momentum of a moving body, is in proportion
to its quantity of matter, and its velocity.

Alarge body moving slowly, may have less momentum than
asmall one moving rapidly. Thus a bullet, shot out of a gun;
moves with much greater force than a stone thrown by the
hand. The momeutum of a body is found by multiplyiﬂg its
quantity of matter by its velocity.

Thus, if the velocity be 2, and the weight 2, the momentum
will be 4. If the velocity be 6 and the weight of the body
4, the momenturn will be 24.

If a moving body strikes an impediment, the force with
which it strikes, and the resistance of the impediment are
equal. Thus if a boy throw his ball against the side of the

When is velocity accelerated ? Give illustrations of these two kinds
of velocity. What is meant by retarded velocity ? Give an example
of retarded velocity. What is meant by the momentum of a body ?
When will the momenta of two todies be equal? Give an example;
When has a small body more momentum than a large one? By what
rule is the momentum of a body found?
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house, with the force of 3, the house resists it with the same
force, and the ball rebounds. If he throws it against a pane
of glass with the same force, the glass having only the power
of 2 to resist, the ball will go through the glass, still retaining
one_third of its force.

From observations made on the effects of bodies striking
each other, it is found that action and re-action are equal ; or,
in other words, that force and resistance are equal. Thus,
when a moving body strikes one that is at rest, the body at
rest returns the blow with equal force.

This is illustrated by the well known fact, that if two per.
sons strike their heads together, one being in motion, and the
other still, they are both equally hurt.

The philosophy of action and re-action is finely illustrated
by a number of ivory balls, suspended by threads, as in fig.

Fig. 10. 10, so as to touch each other. If
— the ball @ be drawn from the per-
pendicular, and then let fall, so
as to strike the one next to it, the
motion of the falling ball will be
communicated through the whole
row, from one to the other. None
of the balls, except f, will, how-
ever, appear to move. This will
be understood, when we consider
that the re.action of &, is just
equal’to the action of @, and that
each of the other balls, in like
%% manner, a;:ts, and re-acfts, onthe
a other, until the motion of e arrives
b TR at f, which, having no imi)edi-
ment, or nothing to act upon, is itself put in motion. 1t is,
therefore, re-action, which causes all the balls, except f, to
remain at rest.

It is by a modification of the same principle, that rockets
are impelled through the air. The stream of expanded air, or
the fire which is emitted from the lower end of the rocket,
pushes against the atmospheric air, which, re-acting against
the air so expanded, sends the rocket along.

When a moving body strikes an impediment, which receives the
greatest shock? What is the law of action and re-action? How is
this illustrated? When one of the ivory balls strikes the other, why

does the most distant one only move > On what principle are rockets
impelled through the air?



40 REFLECTED MOTION.

It was on account of not understanding the principles of
action and re-action, that the man undertook to make a fair
wind for his pleasure boat to be used whenever he wished to
sail. He fixed an immense bellows in the stern of his boat,
not doubting but the wind from it would carry him along.
But on making the experiment, he found that his boat went
backwards, instead of forwards. The reason is plain. The
re-action of the atmosphere on the stream of wind from the
bellows, before it reached the sail, moved the boat in a con-
trary direction. Had the sails received the whole force of the
wind from the bellows, the boat would not have moved at all,
for then, action and re-action would have been exactly equal,
and it would have been like a man’s attempting to raise him-
self over a fence by the straps of his boots.

Reflected Motion.

Tt has been stated that all bodies when once set in motion,
would continue to move straight forward, until some impedi-
ment, acting in a contrary direction, should bring them to
rest; this motion being a consequence of the inertia of
matter.

Such bodies are supposed to be acted upon by a single
force, and that in the direction of the line 1n which they move.
Thus, a ball sent out of a gun, or struck by a bat, turns neither
to the right, nor left, but makes a curve towards the earth, in
consequence of another force, which is the attraction of gra:
vitation, and by which together with the resistance of the at-
mosphere, it is finally brought to the ground.

The kind of motion now to be considered, is that which is
produced when bodies are turned out of a straight line by
some force, independent of gravity.

A single force, or impulse, sends the body directly forward,
but another force, not exactly coinciding with this, will give
it a new direction, and bend it out of its former course.

If, for instance, two moving bodies strike each other oh-
liquely, they will both be thrown out of the line of their for-
mer direction. This is called reflected motion, because, it
observes the same laws as reflected light.

In the experiment with the boat and bellows, why did the boat move
backwards? Why would it not have moved at all, had the sail receiy-
ed all wind from the bellows? Suppose a body is acted on, and set in
motion by a single force, in what direction will it move? What is the
}noﬁon called, when a body is turned out of & straight line by another

orce?
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The bounding of a ball ; the skipping of a stone over the
smooth surface of a pond ; and the oblique direction of an
apple, when it touches a limb in its fall, are examples of re
flected motion.

By experiments on this kind of motion, it is found, that
moving bodies observe certain laws, in respect to the direc-
tion they take in rebounding from any impediment they hap:
pen to strike. Thus, a ball, striking on the floor, or wall of
a room, makes the same angle in leaving the point where it
strikes, that it does in approaching it.

Flg‘ ¥I Suppose a, b; ﬁg‘ ll’

o to be a marble slab, or
o ¢ floor, and ¢ to be an
ivory ball, which has
beenthrowntowardsthe
FNe~7 floor in the direction of
e b the line ¢, e; it will re-
bound in the direction of the line ¢, d, thus making the two
angles f and g exactly equal.
If the ball approached the floor under a larger or smaller
angle, its rebound would observe the same rule. Thus, ifit
Fig. 12. fell in the line %
kifig. 12, 5t8 ek
bound would be in
the line & 7, and if
it was dropped per-
pendicularly froml
to k, it would re-
turn in the same
line tol. The an-
gle which the ball
L3 makes in its ap.-
proach to the floor is called the angle of incidence, and that
which it makes in departing from the floor, is called the angle
of reflection, and these angles are always equal to each other

.

What illustrations can you give of reflected motion? What laws
are observed in reflected motion? Suppose a ball to be thrown on the
floor in a certain direction, what rule will it observe in rebounding?
W hat is the angle called, which the ball makes in approaching the floor
What is the angle called, which it makes in leaving the floor 2 What
is the difference between these angles?
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Compound Motion.

Compound motion is that motion, which is produced by two
or more forces, acting in different directions, on the same
body, at the same time. This will be readily understood by
a diagram.

Fig. 13. Suppose the ball g, fig. 13,

to be moving with a certain
velocity in the line b ¢, and
suppose that at the instant
a c when it came to the point a,
it should be struck with an
equal force in the direction
of d e, as it cannot obey
the direction of both these
forces, it will take a course
between them, and fly off in
the direction of f.
"The reason of this is plain.
P f* The first force would carry
the ball from b to ¢; the second would carry it from d to
e, and these two forces being equal, gives it a direction
Jjust half way between the two, and therefore it is sent to-
wards f.

The line a f, is called the diagonal of the square, and re-
sults from the cross forces, b and d being equal to each other.
If one of the moving forcesis greater than the other, then the
diagonal line will be lengthened in the direction of the greater
force, and instead of being the diagonal of a square, it will
become the diagonal of a parallelogram, or oblong square.

Fig. 14. Suppose the force in the

¢ direction of a b. should

¢ drive the ball with twice the

b <« velocity of the cross force

c d, fig. 14, then the ball

xis would go twice as far from

i the line ¢ d, as from the line

b a, and e f would be the

. diagonal of a parallelogram

£ d whose length is double its
breadth.

What is compound motion? Suppose a ball, moving with a certain
force, to be struck crosswise, with the same force, in what direction will

it move? Suppose it to be struck with half its former force, in what
direction will it move ?
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Suppose a boat in crossing a river, is rowed forward at the
rate of four miles an hour, and the current of the river is at
the same rate, then the two cross forces will be equal, and the
line of the boat will be the diagonal of a square, as in fig. 13.
But if the current be four miles an hour, and the progress of
the boat forward only two miles an hour, then the boat will go
down stream twice as fast as she goes across the river, and
her path will be the diagonal of a parallelogram, asin fig. 14,
and therefore to make the boat pass directly across the
stream, it must be rowed towards some point higher up the
stream than the landing place ; a fact well known to boatmen.

Circular Motion.

Circular motion, is the motion of a body in a ring, or circle,
and is produced by the action of two forces. By one of these
forces, the moving body tends to fly off in a straight line,
while by the other it is drawn towards the centre, and thus it
is made to revolve, or move round in a circle.

The force by which a body tends to go off in a straight line,
is called the centrifugal force; that which keeps it from fly-
ing away, and draws it towards the centre, is called the cen-
tripetal force. ;

Bodies moving in circles are constantly acted upon by these
two forces. If the centrifugal force should cease, the moving
body would no longer perform a circle, but would directly ap-
proach the centre of its own motion. If the centripetal force
should cease, the body would instantly begin to move off in a
straight line, this being, as we have explained, the direction
which all bodies take when acted on by a single force.

Fig. 15. This will be obvious by fig.
15. Suppose a to be a cannon
ball, tied with a string to the
centre of a slab of smooth mar-
ble, and suppose an attempt
be made to push this ball with
o the hand in the direction of b;
it is obvious that the string
would prevent its going to that
point ; but would keep it in the
circle. - In this case, the string
is the centripetal force.

What is the line A F, fig. 13, called? What is the line E F,fig. 14,
called? How are these figures illustrated? What is circular motion?
How is this motion produced? What is the centrifugal force?
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Now suppose the ball to be kept revolving with rapidity,
its velocity and weight would occasion its centrifugal force ;
and if the string were to be cut, when the ball was at the
point ¢, for instance, this force would carry it off in the line
towards b.

The greater the velocity with which a body moves round
in a circle, the greater would be the force with which it would
fly off in a right line.

Thus, when one wishes to sling a stone to the greatest dis-
tance, he makes it whirl round with the greatest possible ra-
pidity, before he lets it go. Before the invention of other
warlike instruments, soldiers threw stones in this manner with
great force, and dreadful effects.

The line about which a body revolves, is called its awis of
motion. 'The point round which it turns or on which it rests,
is called the centre of motion. In fig. 15, the point d, to
which the string is fixed, is the centre of motion. In the
spinning top, a line through the centre of the handle to the
point on which it turns, is the axis of motion.

In the revolution of a wheel, that part which is at the great-
est distance from the axis of motion, has the greatest velocity,
and consequently, the greatest centrifugal force.

Fig. 16. Suppose the wheel, fig. 16, to
revolve a certain number of times
in a minute, the velocity of the
end of the arm, at the point a,
would be as much greater than its
middle at the point b, as its dis-
tance is greater from the axis of
motion, because it moves in a lar-
ger circle, and consequently the
centrifugal force of the rim c,
would in like manner, be as its
distance from the centre of mo-
lisution.

Large wheels, which are designed to turn with great velo-
city, must, therefore, be made with corresponding strength,

What is the centripetal force? Suppose the centrifugal force should
cease, in what direction would the body move? Suppose the centripe-
tal force should cease, where would the body go? Explain fig. 15.
What constitutes the centrifugal force of a body moving round in a
circle? How is this illustrated? What is the axis of motion? What
is the centre of motion? Give illustrations. What part of a revolv-
ing wheel has the greatest centrifugal force? Why?
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otherwise the centrifugal force will overcome the cohesive at-
traction, or the strength of the fastenings, in which case the
wheel will fly in pieces. This sometimes happens to the
large grind-stones used in gun-factories, and the stone either
flies away piece-meal, or breaks in the middle, to the great
danger of the workmen.

Were the velocity of the earth round its axis about seven-
teen times greater than it is, those parts at the greatest dis-
tance from its axis, would begin to fly off in straight lines, as
the water does from the grindstone, when it is turned rapidly.

Centre of Gravity.

The centre of gravity, in any body or system of bodies, is
that point upon which, the.body, or system of bodies, acted
upon only by gravity, will balance itself in all positions.

The centre of gravity, in a wheel, made entirely of wood,
and of equal thickness, would be exactly in the middle, or in
its ordinary centre of motion. But if one side of the wheel
were made of iron, and the other part of wood, its centre of
gravity would be changed to some point, aside from the centre
of the wheel.

Fig.17. Thus, the centre of gravity in the
wooden wheel, fig. 17, would be at
the axis on which it turns ; but were
the arm a, of iron, its centre of mo-
tion and of gravity would no longer
be the same, but while the centre of
motion remained as before, the cen.
‘tre of gravity would fall to the point
a. Thus the centre of motion and
of gravity, though often at the same
point, are not always so.

‘When the body is shaped irregularly, or there are two or
more bodies connected, the centre of gravity is the point on
which they will balance without falling.

Fig. 18. If the two balls @ and b, fig. 18,
weigh each four pounds, the centre of
gravity will be a point on the bar equal-
ly distant from each.

Why must large wheels, turning with great velocity, be istrongly
made? What would be the consequence, were the velocity of the
earth 17 times greater than itis? Where is the centre of ‘_‘grayity in a

body? Where is the centre of grayity in a wheel, made o \yoqd? If
one side is made of wood, and the other of iron, where is this centre?
Ts the centre of motion and of gravity always the same?
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Fig 19. But if one of the balls be heavier than
c the other, then the centre of gravity will
in proportion, approach the larger ball.
Thus in fig. 19, if ¢ weighs two pounds,
and d eight pounds, the centre of grav-
ity will be four times the distance from ¢ that it is from d.

In a body of equal thickness, asa board, or a slab of mar.
ble, but otherwise of an irregular shape, the centre of gravity
may be found by suspending it, first from one point, and then
from another, and marking by means of a plumb line the per-
pendicular ranges from the point of suspension. 'The centre
of gravity will be the point where these two lines cross each
other.

Thus, if the irregular shaped piece of board, fig. 20, be

Fig. 20. Fig. 21. Fig.22.  ‘suspended by
making a hole

X throngh it at
i J the point a,and
at the same
point suspend-
: ing the plumb

" A .

line ¢, both

board and line

will- hang in
the position represented in the figure. Having marked this
line across the board, let it be suspended again in the position
of fig. 21, and the perpendicular line again marked. The
point where thiese lines cross each other, is the centre of gra-
vity, as seen by fig. 22.

it is often of great consequence, in the concerns of life,
that the subject of gravity should be'well ‘considered, since
the strength of buildings, and of machinery ofien depends
chiefly on the gravitating point.

Common experience teaches, that a tall object, with a nar-
row base, or foundation, is ‘easily overturned ; but common
experience does not teach the reason, for it is only by under-
standing principles, that practice improves experiment.

An upright object will fall to the ground when it leans so
much that a perpendiculat line from its'centre of gravity falls
beyond its base. A tall chimney, therefore, with a narrow

When two bodies are connected, as by a bar between them, where is
the centre of gravity? In a board of irregular shape, by what method
'is the centre of gravity feund?
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foundation, such as are commonly built at the present day,
will fall with a very slight inclination.
Now in falling, the centre of gravity passes through part of
a circle, the centre of which is at the extremity of the base
})in which the body stands. This will be comprehended by
fig. 23.
Fig. 23. Suppose the figure to be a block of
marble, which is to be turned over, by
lifting at the corner a, the corner d would
n L7 be the centre of its motion, or the point
on which it would turn. The centre of
gravity, ¢, would, therefore, describe the
2 A part of a circle, of which the corner, d, is
the centre.
It will be obvious, after a little consideration, that the
greatest difficulty we should find in turning over a square
block of marble, would be, in first raising up the centre of
gravity, for the resistance will constantly become less, in pro-
portion as this point approaches g perpendicular line over the
corner d, which, having passed, it will fall by its own gravity.
The difficulty of turning over a body of a particular form,
will be more strikingly illustratred by the figure of a triangle,
or low pyramid,
Fig. 24. In fig. 24, the centre of gravity is so
s I low, and the base so broad, that in turning
it over, a great proportion of its whole
weight must be raised. Hence we see the
firmness of the pyramid in theory, and ex-
perience proves its truth ; for buildings are
found to withstand the effects of time, and
the commotions of earthquakes, in proportion as they ap-
proach this figure.
The most ancient monuments of the art of building, now -
standing, the pyramids of Egypt, are of this form.
When a ball is rolled on a horizontal plane, the centre of
gravity is not raised, but moves in a straight line parallel to

In what direction must the centre of gravity be from the outside of
the base, before the object will fall? In falling, the centre of gravity
passes through part of a circle, where is the centre of this circle? In
turning over a body, why does the force required constantly become
less and less? Why is there less force required to overturn a cube, or
square, than a pyramid of the same weight? When a ball is rolled on
a horizontal plane, in what direction does the centre of gravity move’
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the surface of the plane, and is consequently aliways directly’
over its centre of motion.

Fig. 25. Suppose, fig. 25, a is the plane

on which the ball moves, bthe line on

/\ which the centre of gravity moves,
and ¢ a plumb line, showing that the'

centre of gravity must'always be ex-

k d actly overthe centre of motion, when
N the ball moves on a horizontal plane..
Hence we see the reason why a ball

& moving on such a plane, will rest
with equal firmness in any position, and why so little force is
required to set it in motion. For in no other figure does the
centre of gravity describe a horizontal line over that of mo-
tion, in whatever direction the body is moved.

Fig. 26: If the plane is inclined downwards,
the ball isinstantly thrown into motion,
because the centre of gravity then falls
forward of that of motion, or the point
on which the ball rests.

This is explained by fig. 26, where
a is the point on which the ball rests,
or the centre of motion, ¢ the perpen-
dicular line from the centre of gravity,
ae shewn by the plumb weight c.

If the plain isinclined upward, force
‘ is required to move the ball in that di-
rection, because the centre of gravity then falls behind that
of motion, and therefore the centre of gravity has to be con-
stantly lifted. This is also shewn by fig. 26, only considering
the ball to be moving up the inclined plane, instead of
down it.

From these principles, it will be readily understood, why
so much force is required to roll a heavy body, as'a hogshead
of sugar, for instance, up an inclined plane. The centre of
gravity falling behind that of motion, the weight is constantly
acting against the force employed to raise the body.

Explain fig. 25. Why does a ball on a horizontal plane rest equally
well in all positions? Why does it move with little force? Ifthe plane
is inclined downwards, why does the ball roll in that direction? Why
is force required to move a ball up an inclined plane?
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Fig. 217. From what has been stated, it will be under-
stood, that the danger that a body will fall, isin
proportion to the narrowness of its base, com-

@ / pared with the height of the centre of gravity
above the base.

Thus a tall body, shaped like fig. 27, will

fall, if it leans but very slightly, for the centre

b of gravity being far above the base, at a, is
brought over the centre of motion, b, with little
inclination, as shown by the plumb line.
Whereas a body shaped like fig. 28, will not

Fig.28.  fall, until it leans much more, as shown by the

direction of the plumb line.

We may learn, from these comparisons, that
it is much more dangerous to ride in a high
carriage than in a low one, in proportion as the
carriage is high, and the wheels near each oth-
er, or in proportion to the narrowness of the base,
and the height of the centre of gravity. A
load of hay upsets where the road raises one

4 wheel but little higher than the other, because
it is high, and broader on the top than the distance of the
wheels from each other, while a load of stone is very rarely
turned over, because the centre of gravity is near the earth,
and its weight between the wheels, instead of being far above
them.

Inman the centre of gravity is between the hips, and hence,
were his feet tied together, and his arms tied to his sides, a
very slight inclination of his body would carry the perpendi-
cular of his centre of gravity beyond the base, and he would
fall. But when his limbs are free to move, he widens his
base, and changes the centre of gravity at pleasure, by throw-
ing out his arms, as circumstances require.

When a man runs, he inclines forward, so that the centre
of gravity may hang before his base, and in this position, he is
obliged to keep his feet constantly advancing, otherwise he
would fall forward.

What is the danger that a body will fall proportioned to? Why is a
body, shaped like fig. 27, more easily thrown down, than one shaped
like fig. 287 Hence, in riding inu carriage, how is the danger of upset-
ting proportioned> Where is the centre of a man’s gravity? Why
will a man fall with a slight inclination, when his feet and arms are
tied ?

B*
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A man standing on one foot, cannot thfow his body forward
without at the same time throwing his other foot backward, in
order to keep his centre of gravity within the base.

A man; therefore; standing with his heels against a perpen-
dicular wall, cannot stoop forward without falling, because the
wall prevents his throwing any part of his body backward.
A person, little versed in such things, agreed to pay « certain
sum of money for an opportunity of possessing himself of dou-
ble the sum; by taking it from the floor with his heels against
the wall. 'The man of course, lost his money, for in such a
posture, one can hardly reach lower than his own knee.

The base, on which a man is supported; in walking, or
standing, is his feet, and the space between them. By turning
the toes out, this basc is made broader, without taking much
from its length, and hence persons who turn their toes out-
ward, not only walk more firmly, but more gracefully, than
those who ‘turn them inward.

In consequence of the upright position of man, he is con-
stantly obliged to employ some exertion to keep his balance:
This seems to be the reason why children learn to walk with
sb much difficulty, for after they have strength to stand, it re-
quires considerable experience, so to balance the body, asto
skt ome foot before the other without falling.

By experitnce ini the art of balancing; or of kceping the
centre of gravity in a line over the base, men sometimes per-
form things, that, at first sight, appear altogether beyond hu-
man power, uch as dining with the table and chair standing
on 4 single rope, dancing on a wire, &c.

No form under which matter exists, escapes the general
law of gravity, and hence vegetables, as well as animals are
formed with reference to the position of this centre, in respect
to the base. i

It is interesting, in reference to this circumstance, to ob-
]serve how exactly the tall trees of the forest conform to this
aw.

The pine, which grows a hundred feet high, shoots up with
as much exactness, with respect to keeping its centre of gra-
vity within the base, as though it had been directed by the

Why cannot one who stands with his heels against a wall stoop for-
ward?  Why does a person walk most firmly, who turns his toes out-
ward? Why does not a child walk as soon as he canstand? In what
does the he art of balancing, or walking on a rope consist? What is
abserved in the growth of the trees of the forest, in respect to the laws
af gravity ?
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plumb line 6f a master builder. Tts limbs, towards the top
are sent off in conformity to the same rule ; each one growing
in respect to the other, so as to preserve a due balance be:
tween the whole.

It may be observed, also, that where many trees grow near
each other, as in thick forests, and consequently where the
wind can have but little effect on each, that they always grow
taller than when standing alone on the plain. The roots of
such trees are also smaller, and do notstrike so deep as those
of trees standing alone. A tall pine, in the midst of the for-
est would be thrown to the ground by the first blast of wind,
were all those around it cut away.

Thus, the trees of the forest; not only grow so as to pre-
serve their centres of gravity; but actually conform, in a cer-
tain sense; to their situations.

‘ Centre of Inertia.

Tt will be remembered that inertia is one of the inherent, or
essential properties of matter, and that it is in consequence of
this property, when bodies are at rest, that they never move
without the application of force, and when once in motion,
they never cease moving without some external cause;

Now inertia, though like gravity, it resides equally in every
particle of matter, must have, like gravity, a centre in each
particular body, and this centre is the same with that of
gravity. :

In a bar of iron, six feet long, and 2 inches square, the
centre of gravity is just three feet from each end, or exactly in
the middle. If] therefore, the bar is supported at this point,
it will balance equally, and because there are equal weights
on both ends it will not fall. 'This, therefore, is the centre of
gravity % ;

Now suppose the bar should be raised by raising up the
centre of gravity, then the inertia of all its parts would be
overcome equally with that of the middle. The centre of
gravity, is thérefore, the centre of inertia. .

The centre of inertia, being that point, which, being lifted;
the whole body is raised, isnot, therefore, always at the cen-
tre of the body.

W hat effect does inertia have upon bodies atrest? W hat effect does
it have on bodiesin motion? Is the centre of inertia, and that of gra-
vity the same? Where is the centre of inertia ina body, or a system
of bodies ?
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Fig. 29, Thus suppose the same bar of iron,

whoseinertia was overcome by raising
(\ a the centre, to have balls of different
&7 weights attached to its ends ; then the
centre of inertia would no longer re-

main in the middle of the bar, but would be changed to the
point a, fig. 29,80 that to lift the whole, this point must be
raised, instead of the middle, as_before.

Equilibrium.

When two forces counteract, or balance each other, they
are said to be in equilibrium.

It is not necessary for this purpose, that the weights oppos-
ed to each other should be equally heavy, for we have just seen
that a small weight placed at a distance from the centre of
inertia, will balance a large one placed nearit. To produce
equilibrium, it is only necessary, that the weights on each
side of the support should mutually counteract each other, or
if set in motion, that their momenta should be equal.

A pair of scales are in equilibrium, when the beam is in a
horizontal position.

To produce equilibrium in solid bodies, therefote, it is only
necessary to support the centre of inertia, or gravity.

Fig. 30. Ifa body, or several bodies, con-
nected, be suspended by a string,
as in fig. 30, the point of support
is always in a perpendicular line
above the centre of inertia. The
plumb line d, cuts the bar connect-

iy a ing the two balls at this point.
kg * ) Were the two weightsin this figure
l equal, it is evident that the hook, or

point of support must be in the

middle of the string, to preserve the horizontal position.
When a man stands on his right foot, he keeps himself in
equilibrivm, by leaning to the right, so as to bring his centre

of gravity in a perpendicular line over the foot on which he
stands.

Why is the point of inertia changed by fixing different weights to the
ends of theironbar? What is meant by equilibrium ? To produce
equilibrium must the weights be equal? When is a pair of scales in
equilibrium? ‘When a body is suspended by a string, where must the
support be with respect to the point of inertia?
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Curvilinear, or bent Motion.

We have seen that a single force acting on a body drives it
straight forward, and that two forces acting crosswise, drive it
midway between the two, or give it a diagonal direction.

Curvilinear motion differs from both these, the direction of
the body being neither straight forward, nor diagonal, but
through a line which is curved.

This kind of motion may be in any direction, but when it
is produced in part by gravity, its direction is always towards
the earth.

A stream of wafer from an aperture in the side of a vessel,
as it falls towards the ground, is an example of a curved line,
and a body passing through such a line, is said to have curvili:
near motion.  Any body projected forward, as a cannon ball,
orrocket, falls to the earth in a curved line.

Itis the action of gravity across the course of the stream,
orthe path of the ball that bends it downwards, and makes it
form a curve. This motion is therefore'the result of two for-
ces, that of projection, and that of gravity.

The shape of the curve, will depend on the velocity of the
stream or ball. 'When the pressure of the water is great, the
stream, near the vessel, is nearly horizontal, because its velo-
city is in proportion to the pressure. When a ball first leaves
the cannon, it describes but a slight curve, because its projec-
tile velocity is then greatest.

FRig. 131,

The curves prescribed by jets of
water, under different degrees of pres-
sure, are readily illustrated by tapping
a tall vessel in several places, one
above the other.

Suppose fig. 31 to be such a vessel,
filled with water and pierced as repre-
a \ sented. . The streams will form curves

differing from each other, as seen in

\ the figure. Where the projectile force
is greatest, as from the lower orifice,

the stream reaches the ground at the
[~ greatest distance from the vessel, this
_——d distance decreasing, as thé pressure

What is meant by curvilinear motion? What are examples of this
kind of motion? What two forces produce this motion? On what
does the shape of the curve depend? How are the curves described by
jets of water illustrated ?
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becomes less towards the top of the vessel. The action of*
gravity being always the same, the shape of the curve de-
scribed, as just stated, must depend on the velocity of the mov-
ing body ; but whether the projectile force be great or small,
the moving body, if thrown horizontally, will reach the ground
from the same height in the same time.

This, at first thought, would seem not to be true, for without
consideration, most persons would assert, very positively, that
that if two cannon were fired from the same spot, at the same
instant, and in the same direction, one of the balls falling half
a mile, and the other a mile distant, that the ball which went
to the greatest distance, would take the most time in perform-
ing its journey.

But it must be remembered that the projectile force does
not in the Ieast interfere with the force of gravity. A ball
flying horizontally at the rate of a thousand feet per second,
is attracted downwards with precisely the same force as one,
flying only a hundred feet per second, and must therefore de-
scend the same distance in the same time.

The distance to which a ball will go, depends on the force.
of impulse given it the first instant, and consequently on its
projectile velocity. If it moves slowly, the distance will be
short—if more rapidly, the space passed over will be greater.
It makes no difference, then, in respect to the descent of the
ball, whether its projectile motion be fast, or slow, or whether
it moves forward at all.

This is demonstrated by experiment. Suppose a cannon to
be loaded with a ball, and placed on the top of a tower, at such
a height from the ground, that it would take just three seconds
for a cannon ball to descend from it to the ground, if let fall
perpendicularly. Now suppose the cannon to_be fired in an
exact horizontal diregtion, and at the same instant, the ball to
be dropped towards the ground. They will both reach the
ground at the same instant, provided the ground be a horizon-
tal plane from the foot of the tower to the place where the
projected ball strikes. '

What difference is there in respect to the time taken by a body to reach
the ground, whether the curve be great or small? Why do bodies
forming different curves from the same height, reach the ground at the
same time? Suppose two balls, one flying at the rate of a thousand,
and the other at the rate of a hundred feet per second, which would de-
scend most during the second ? Does it make any difference in respect
to the descent of the ball, whether it has a projectile motion or not?
Suppose, then, ane ball be fired from a cannon, and another let fall
from the same height at the same instant, weuld they both reach the
ground at the same time ?
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_ This will be made plain by fig. 32, where a is the perpen-
‘dicular line of the descending ball, ¢ b the curvilinear path of
that projected from the cannom, and d, the horizontal line
‘from the foot of the tower.

Fig. 32.

The reason why the two balls will reach the grotnd at the
same time, is easily comprehended. ;

During the first second, suppose that the ball which is
dropped, reaches 1; during the next second it falls to 2, and
at the end of the third second it strikes the ground. Mean-
time, the ball shot from the cannon is projected forward with
such velocity as to reach 4 in the same time that the other
is falling to1. But the projected ball falls downward exactly
as fast as the other, for it meets the line 1, 4, which is parallel
to the horizon at the same instant. During the next second,
the projected ball reaches 5, while the other arrives at 2 ;
and here again they have both descended through the same
downward space, as is seen by the line 2, 5, which is parallel
with the other. During the third second, the ball from the
cannon will have nearly spent its projectile force, and there-
fore, its motion downward will be greater, while its motion
forward, will be less than before. The reason of this will
be obvious, when it is considered, that in respect to gravity,
botl: balls follow exactly the same law, and fall through equal
spaces in equal times. Therefore as the falling ball descends
through the greatest space during the last second, so that
from the cannon, having now a less projectile velocity, its
downwardmotion is more direct, and, like all falling bodies,
its velocity is increased as it approaches the edrth.

‘Explain fig. 32, showing the reason why the two balls will reach the
ground at the same time. Why does the ball approach the earth more
rapidly in the last part of ‘the curve, than in the first part ?
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From what has been said, it may be inferred, that the hori.
zontal motion of a body through the air, does not in the least
interfere with its gravitating motion towards the earth, and
therefore that a rifle ball, or any other body projected forward
horizontally, will reach the ground in exactly the same period
of time, as one that is let fall perpendicularly from the same
height.

The twe forces acting on bodies which fall through curved
lines, are the same as the centrifugal and centripetal forces,
already explained ; the centrifugal in case of the ballibeing
«caused by the powder—the centripetal being the- pﬁtlon of
gravity.

Now it is obvious, that the space through whlch a cannon
ball, or any other body can be thrown, depends onthe velocity
with which it is projected, for the attraction®f}gravitation
and the resistance of the air acting perpetually, the tume which
a projectile can be kept in motion, through the aar, is only a
few moments.

If, however, the projectile be thrown from zm»elevated situa-
tion, it is plain that it would strike at a greastu' distance than
if thrown on alevel, because it would remain: longer in the
air. Every one knows that he can throw as stone to a greater
distance, when standing on a steep hill, than when standing
on the plain below:

Bonaparte, it is'said, by elevating the range of his shot,
bombarded Cadiz from the distance of five miles. Perhaps,
then, from a high mountain, a cannon ball might be thrown to
the distance of six or seven miles.

Fig. 33. Suppose the circle, fig.

LY 883, to be the earth, and a
a high mountain on its
surface.  Suppose that
‘this mountain reaches
above the atmosphere, or
is fifty miles high, then a
cannon ball might perhaps
‘reach from a to b, a dis-
tance of eighty, or a hun-
dred miles, because the
resistance of the atmos.
‘phere being out of the
calculation, it would have
‘nothing to contend with,
except the attraction of

‘What is the force called, which throws a ball forward ?
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gravitation. If; then, one degree of force, or velocity would
send it to b, another would send it to ¢ : and if the force was
increased three times, it would fall at d, and if four times, it
would pass to e. If now we suppose the force to be about ten
times greater than that with which a cannon ball is projected,
it would not fall to the earth at any of these points, but would
continue its motion, urtil it again came to the point a, the
place from which it was first projected. It would now be in
equilibrium, the centrifugal force being just equal to that of
gravity, and therefore it would perform another, and another
revolution, and so continue to revolve round the earth per-
petually.

The reason why the force of gravity would not ultimately
bring it to the earth, is, that during the first revolution, the
effect of this force is just equal to that exerted in any other
revolution, but neither more nor less ; and, therefore, if the
centrifugal force was sufficient to overcome this attraction du-
ring one revolution, it would also overcome it during the next.
Itis supposed, also, that nothing tends to affect the projectile
force except that of gravity, and the force of this attraction
would be no greater during any other revolution than during
the first.

In other words, the centrifugal and centripetal forces are
supposed to be exactly equal, and to mutually balance each
other; in which case, the ball would be, as it were, suspended
between them. As long, therefore, as these two forces con-
tinued to act with the same power, the ball would no more
deviate from its path, than a pair of scales would lose their
balance without more weight on one side than on the other.

It is these two forces which retain the heavenly bodies in
their orbits, and in the case we have supposed, our cannon
ball would become a little satellite, moving perpetually round
the earth.

Resultant Motion.
Suppose two men to be sailing in two boats, each at the

What is that called, which brings it to the ground? On what does
the distance to which a projected body may be thrown depend > Why
does the distance depend apon the velocity? Explain fig. 33. Suppose
the velocity of a cannon ball shot from a mountain 50 miles high, to be
ten times its usual rate, where would it stop? When would t.hls ball
be in equilibrium? Why would not the force of gravity ultimately
bring the ball to the earth ?  After the first revolution, if the two forces

. continued the same, woald not the motion of the ball be perpetual ?
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rate of four miles an hour, at a short distance opposite to each
other, and suppose as they are sailing along in this manner,
one of the men throws the other an apple. In respect to the
boats, the apple would pass directly across, from one to the
other, that is, itsline of direction would be perpendicular to
the sides of the boats. But its actual line through the air,
would be oblique, or diagonal, in respect to the sides of the
boats, because in passing {rom boat to boat, it is impelled by
two forces, viz. the force of the motion of the boat forward,
and the force by which it is thrown by the hand across this
motion.

This diagonal motion of the apple is called the resultant,
or the resulting motion, because it is the effect, or result, of
two motions, resolved into one. Perhaps this will be more

Fig. 34. clear by fig. 34, where @ b,and ¢
d, are supposed to be the sides
of the two boats, and the linee f,
of the apple. Now the apple,
when thrown, has a motion with
2 the boat at the rate of four miles
£ - - - d an hour, from ¢ towards d, and this
motion is supposed to continue just
as though it had remained in the boat. Had it remained in the
boat during the time it was passing from e to f; it would have
passed from e to h. But we suppose it to have been thrown
at the rate of eight miles anhour in the direction towards g,
and if the boats are moving south, and the apple thrown to-
wards the east, it would pass, in the same time, twice as far
towards the east as it did towards the south. Therefore, in
respect to the boats, the apple would pass in a perpendicular
line from the side of one to that of the other, because they
are both in motion, but in respect to one perpendicular line
drawn from the point where the apple was thrown, and a
parallel line with this, drawn from the point where it struck
the other boat, the line of the apple would be oblique. This
will be clear, when we consider that when the appleis thrown,
the boats are at the points ¢ and g, and that when it strikes,
they are at b and f, these two points being opposite to each
other.

=2

3
(4
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Suppose two boats, sailing at the same rate and in the same direc-
tion, if an apple be tossed from one to the other, what will be its direc-
tion in respect to the boats? 'What would be its line through the air,
in respect to the boats ? What is this kind of motion called? Why is
it called resultant motion ? Explain fig. 34.
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The line ¢, f, through which the apple is thrown, is called
the diagonal of a parallelogram, as already explained under
compound motion. .

On the above principle, if two ships, during a battle, are
sailing before the wind at equal rates, the aim of the gunners
will be exactly the same as though they stood still ; whereas
if the gunner fires from a ship standing still, at another under
sail, he takes his aim forward of the mark he intends to hit,
because the ship would pass a little forward while the ball is
going to her. And so on the contrary, if a ship in motion
fires at another standing still, the aim must be behind the
mark, because, as the motion of the ball partakes of that of
the ship, it will strike forward of the point aimed at.

For the same reason, if a ball be dropped from the topmast
of a ship under sail, it partakes of the motion of the ship for-
ward, and will fall in a line with the mast, and strike the same
point on the deck, as though the ship stood still.

If a man upon the full run drops a bullet before him from
the height of his head, he cannot run so fast as to overtake it
before it reaches the ground.

It is on this principle, thatif a cannon ball be shot up ver-
tically from the earth, it will fall back to the same point ; for
although the earth moves forward while the ballis in the air,
yet as it carries this motion with it, so the ball moves forward
also, in an equal degree, and therefore comes down at the
same place.

Ignorance of these laws induced the story-making sailor to
tell his comrades, that he once sailed in a ship which went so
fast, that when a man fell from the mast-head, the ship sailed
away and left the poor fellow to strike into the water behind
her.

Pendulum.

A pendulum is a heavy body, such as a piece of brass, or
lead, suspended by a wire or cord, so as to swing backwards
and forwards.

Why would the line of the apple be actually perpendicular in respect
to the boats, but oblique in respect to parallel lines drawn from where
it was thrown, and where it struck ? How is this further illustrated?
When the ships are in equal motion, where does the gunmuer take his
aim? Why does he aim forward of the mark, when the other shipis
in motion > Ifa ship in motion fires at one standing still, where must,
be the aim ? Why in this case, must the aim be behind the mark '
W hat other illustrations are given of resultant metion? Whatis
pendulum ’
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When a pendulum swings, it is said to wvibrate ; and that
part of a circle through which it swings, is called its arc.

The times of the vibration of a pendulum:are'very nearly
equal, whether it pass through a greater.or léss part of its arc.

Fig. 35. Suppose a and

3 b, fig. 35, to be

two pendulums

of equal length,
and suppose the
weights of each
2 £ are cartied, the

one to ¢, and the

F. ¢) other to d, and

both let fall at

the same instant;
their vibrations would be equal in respect to time, the one
passing throuh its arc from ¢ to e, and so back again, in the
same time that the other passes fromd to f, and back again.

The reason of this appears to be, that when the pendulum
is raised high, the action of gravity draws it more directly
downwards, and it therefore acquires, in falling, a greater
comparative velocity than is proportioned to the trifling differ-
ence of height.

In the common clock, the pendulum is connected with
wheel work, to regulate the motions of the hands, and with
weights by which the whole is moved. The vibrations of the
pendulum are numbered by a wheel having sixty teeth, which
revolves once in a minute. Each tooth, therefore, answers
to one swing of the pendulum, and the wheel moves forward
one tooth in a second. Thus the second hand revolves once
in every sixty beats of the pendulum, and as these beats are
seconds, it goes round once in a minute. By the pendulum,
the whole machine is regulated, for the clock goes faster, or
slower, according to its number of vibrations in a given time.
The number of vibrations which a pendulum makes in a given
time, depends upon its length, because a long pendulum does
not perform its journey to and from the corresponding points
of its arc so soon as a short one.

4

What is meant by the vibration of a pendulum? What is that part
ofa circle called, through which it swings? Why doesa pendulum
vibrate in equal time, whether it goes through a small, or large part of
its arc? Describe the common clock. How many vibrations has the
pendulum in a minute? On what depends the mumber of vibrations
which a pendulum makes in a given time ?
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*  As the motion of the clock is regulated entirely by the
pendulum, and as the number of vibrations are as its length,
the least variation in this respect will alter its rate of going.
To beat seconds, its length must be about 39 inches. In the
common clock, the length is regulated by a screw, which
raises and lowers the weight. But as the rod to which the
weight is attached, is subject to variations of length in conse-
quence of the change of the seasons, being contracted by cold,
and lengthened by heat, the common clock goes faster in
winter than in summer.

Various means have been contrived to counteract the ef-
fects of these changes, so that the pendulums may continue
the same length the whole year. Among inventions for this
purpose, the gridiron pendulum is among the best. It is so
called, because it consists of several rods of metal connected
together at each end.

The principle on which this pendulum is constructed, is
derived from the fact, that some metals dilate more by the
same degree of heat than others. Thusbrass will dilate twice
as much by heat, and consequently contract twice as much
by cold, as steel. If then these differences could be made to
counteract each other mutually, given points at each end of
a system of such rods would remain stationary the year round,
and thus the clock would go at the same rate in all climates,
and during all seasons.

Fig. 36. - This important object is accomplished by the fol-
lowing means.

Suppose the middle rod, fig. 36, to be made of
brass, and the two outside ones of steel, all of the
same length. Let the brass rod be firmly fixed to
the cross pieces at each end. Let the steel rod a,
be fixed to the lower cross piece, and b, to the upper
cross piece. The rod a, at its upper end passes
through the cross piece, and in like manner, b
4\ | |€ through the lower one. Thisis done to prevent
these small rods from playing backwards and for-
wards as the pendulum swings.

Now as the middle rod is lengthened by the heat
twice as much as the outside ones, and the outside
rods together are twice as long as the middle one,
the actual length of the peadulum can neither be

What is the medium length of a pendulum beating seconds? Why
does a common clock go faster in winter than in summer?

6%
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increased, nor diminished by the variations of tempera-
ture.
Fig. 37.  To make this still plainer, suppose the lower
T_‘ "L cross piece, fig. 87, to be standing on a table, so that
it could not be lengthened downwards, and suppose
by the heat of summer, the middle rod of brass
should increase one inch in length. This would
b elevate the upper cross piece an inch, but at the
same time the steel rod a, swells half an inch, and
the steel rod b, half an inch, therefore, the two
4 sILL points ¢ and d, would remain exactly at the same
= Sistance from each other.

As it is the force of gravity which draws the weight of the
pendulum from the highest point of its arc downwards, and
as this force increases, or diminishes, as bodies approach to-
wards the centre of the earth, or recede from it, so the pendu:
lum will vibrate faster, or slower, in proportion as this attrac-
tion is stronger or weaker.

Now it is found that the earth at the equator rises higher
from its centre, than it does at the poles, for towards the
poles it is flattened. The pendulum, therefore, being more
strongly attracted at the poles than at the equator, vibrates
faster. For this reason, a clock that would keep exact time
at the equator, would gain time at the peles, for the rate at
which a clock goes, depends on the number of vibrations its
pendulum makes. Therefore, pendulums, in order to beat
seconds, must be shorter at the equator and longer at the
poles. ® 7

For the same reason, a clock, which keeps exact time at
the foot of a high mountain would move slower on its top.

There is a short pendulum, used by musicians for marking
time, which may be made to vibrate fast or slow, as occasion
requires. This little instrument is called a metronome, and
besides the pendulum, consists of several wheels, and a spiral
spring, by which the whole is moved. 'This pendulum is only

What is necessary in respect to the pendulum, to make the clock go
true the year round? ~ What is the principle on which the gridiron pen-
dulum is constructed? What are the metals of which this instrument
is made? Explain fig. 36, and give the reason why the length of the
pendulum will not change by the variations of temperature. Explain
fig. 37. What is the downward force which makes the pendulum vi-
brate? Explain the reason why the same clock would go fastes at the
g};)]es and slower at the equator. How cana clock which goes true at
the equator be made te go true at the poles?
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ten or twelve inches long, and instead of being suspended
by the end, like other pendulums, the rod is prolonged above
the point of suspension, and there is a ball placed at the up-
per, as well as at the lower extremity.

g2, This arrangement will be understood
}é\ by fig. 38, where a is the axis of sus-
pension, b the upper ball, and ¢ the

lower one. Now when this pendulum

a vibrates from the point a, the upper

ball constantly retards the motion of
the lower one, by in part counterbal-

: ancing its weight, and thus preventing
its full velocity downwards.

Perhaps this will be more apparent

> by placing the pendulum, fig. 39, for
a moment on its side, and across a
Fig. 39. bar, at the point of suspension.

In this position, it will be seen,
. that the little ball would prevent
._.@.-—-——‘,——O—- the large one from falling with
its full weight, since, were it
' moved'to a certain distance from
the point of suspension, it would balance the large one, so
that it would not descend at all. It is plain, therefore, that
the comparative velocity of the large ball will be in proportion
as the small one is moved to a greater or less distance from
the point of suspension. The metronome is so constructed,
the little ball being,made to move up and down on the rod,
at pleasure, and thus its vibrations are made to beat the time
of a quick or slow tune as occasion requires.
By this arrangement, the instrument is made to vibrate
every two seconds, or every half, or quarter of a second, at
pleasure.

MECHANICS.

Mechanics is a science which investigates the laws and ef-
fects of force and motion.

Will a clock keep equal time at the foot, and on the top of a high
mountain? Why will it not? What is the metronome ? How does
this pendulum differ from common pendulems?  How does the upper
ball retard the motion of the lower one? How is the metronome made
to go faster or slower at pleasure’ What is mechanics?
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The practical object of this science is, to teach the best
modes of overcoming resistances by means of mechanical
powers, and to apply motion to uscful purposes, by means of
machinery.

A machine 1s any instrument by which power, motion, or
velocity is applied, or regulated. :

A machine may be very simple, or exceedingly complex.
Thus a pin is a machine for fastening clothes, and a steam
engine is a machine for propelling miils and boats. '

As machines are constructed for a vast variety of purposes,
their forms, powers, and kinds of movement must depend on
their intended uses.

Several considerations ought to precede the actual con-
struction of a new or untried machine ; for if it does not ans-
wer the purpose intended, it is commonly a total loss to the
builder.

Many a man, on attempting to apply an old principle to a
new purpose, or to invent a new machine for an old purpose,
has been sorely disappointed, and when he came to the actual
test, has found, too late, that his time and money have
been thrown away, for want of proper reflection, or requisite
knowledge.

If a man, for instance, thinks of constructing a machine
for raising a ship, he ought to take into consideration, the in-
ertia, or weight, o be moved—the force to be applied—the
strength of the materials, and the space, or situation, he has
to work in. For, if the force applied, or the strength of the
materials be insufficient, his machine is obviously useless ;
and if the force and strength be ample, but the space be
wanting, the same result must follow.

If he intends his machine for twisting the fibres of flexible
substances into threads, he may find no difficulty in respect
to power, strength of materials, or space to work in, but if the
velocity, direction, and kind of motion he obtains be not ap-
plicable to the work intended, he still loses his labor.

Thousands of machines have been constructed, which, so
far as regards the skill of the workmen, the ingenuity of the
contriver, and the construction of the individual parts, were
models of art and beauty ; and, so far as could be seen with-
out trial, admirably adapted to the intended purpose. But on
putting them to actual use, it has too often been found that
their only imperfection consisted in a stubborn refusal to do
‘any part of the work intended. i

What is the object of this science? What is a machine? Mention
one of the most simple, and one of the most complex of machines.
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Now a thorough knowledge of the laws of motion, and the
principles of mechanics would, in many instances at least,
have prevented all this loss of labor and money, and what is
still worse, so much vexation and chagrin, by showing the
projector that his machine would not answer the intended
purpose. ;

The importance of this kind of knowledge is therefore ob-
vious, and it is hoped will become more so as we proceed.

In mechanics, as well as in other sciences, there are words
which must be explained, either because they are common
words used in a peculiar sense, or because they are terms of
art, not in common use. All technical terms will be as much
as possible avoided, but still there are a few, which it is ne-
cessary here to explain.

Force is the means by which bodies are set in motion, kept
in motion, and, when moving, are brought to rest. The force
of gun-powder sets the ball in motion, and keeps it moving,
until the force of resisting air, and the force of gravity bring
it to rest.

Power is the means by which the machine is moved, and
the force gained. Thus we have horse power, water power,
and the power of weights. y

Weight is the resistance, or the thing to be moved by the
force of the power. Thus the stone is the weight to be
moved by the force of”the lever, or bar.

Fulcrum, or prop, is the point or part on which a thing is
supported, and about which it has more or less motion. In
raising a stone, the thing on which the lever rests, is the ful-
crum.

In mechanics there are a few simple machines called the
mechanical powers, and however mixed, or complex, a combi-
nation of machinery may be, it consists only of these few in.-
dividual powers.

We shall not here burthen the memory of the pupil, with
the nanies of these powers, of the nature of which he is at
present supposed to know nothing, but shall explain the action
and use of each in its turn, and then sum up the whole for
his accommodation.

What is meant by force, in mechanics? What is meant by power?
What is understood by weight? What is the fulerum? Are the me«
chanical powers numerous, or only few in number ?
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The Lever.

Any rod, or bar, which is used in raising a weight, or sur-
mounting a resistance, by being placed on a fulcrum, or prop,
becomes alever.

This machine is the most simple of all the mechanical
powers, and is therefore in universal use.

Fig. 40. Fig. 40 represents a
straight lever, or hand-
spike, called also a crow-
bar, which is commonly
used in raising and
moving stone and other
heavy bodies. The
block b, is the weight,
or resistance, a is the

lever, and ¢, the fulcrum.

he power is the hand, or weight of a man applied at @, to
depress that end of the lever, and thus to raise the weight.
" It will be observed, that by this arrangement, the applica-
tion of a small power may be made to overcome a great re-
sistance.

The force to be obtained by the lever, depends on its length,
together with the power applied, and the distance of the
weight and power from the fulcrum.

Fig. 41. Supose fig 41, that a, is the

& lever, b the fulerum, d the weight

¢ to be raised, and c the power.
Ab Let d, be considered three times

as heavy as ¢, and the fulcrum
three times as far from ¢ as it is

Oc from d ; then the weight and

d power will exactly balance each

other. Thus if the bar be four

feetlong, and the fulcrum three feet from the end, then three

pounds on the long arm, will weigh just as much as nine

pounds on the short arm, and these proportions will be found
the same in all cases.

What is alever ? What is the simplest of all mechanical powers?
Explain fig. 40. Which is the weight : Where is the fulerum ? Where
is the power applied? W hat is the power in this case ? On what does
the force to be obtained by the lever depend? Suppose a lever 4 feet
long, and the fulcrum one foot from the end, what number of po
will balance each other at the ends ?
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When two weights balance each other, the fulcrum is al-
ways at the centre of gravity between them, and therefore to
make a small weight raise a large one, the fulcrum must be
placed as near as possible to the large one, since the greager
the distance from the fulcrum the small weight, or power is,
the greater will be its force.

Fig. 42. Suppose the weight b, fig. 42,
to be sixteen pounds, and sup-

f pose the fulcrum to be placed so
<5 Cg near it, as to be raised by the
\ A . ¢ power a, of four pounds, hang-

/]

ing equally distant from the ful-

crum and the end of the lever.

If now the power @, be remov-

ed, and another of two pounds, ¢, be placed at the end of the

lever, its force will be just equal to @, placed at the middle of
the lever. .

But let the fulcrum be moved along to the middle of the

lever, with the weight of sixteen pounds still suspended to it,

it would then take another weight of sixteen pounds, instead

of two pounds, to balance it, fig. 43.
Thus the power which would

Fig. 43. balance 16 pounds, when the
fulcrum is in one place, must be
= B exchanged for another power

weighing 8 times as much, when

the fulcrum is in another place.

From these investigations, we

may draw the following general

truth, or proposition, concerning

the lever. <« That the force of the lever increases in proportion

to the distance of the power from the fulcrum, and diminish-

es in proportion as the distance of the weight from the fulcrum,
increases.” . -

From this proposition may be drawn the following rule, by

which the exact proportions between the weight, or resistance,

and the power may be found. Multiply the weight by its

When weights balance each other, at what point between them must
the fuleram be? Suppose a weight of 16 pounds on the short arm of a
‘lever is counterbalanced by 4 pounds in the middle of the long arm, -
what power would balance this weight at the end of the lever 7 Sup-
pose the fulcrum to be moved to the middle of the lever, what power
would then be equal to the 16 pounds ? What is the general proposi-

tion drawn from these results ?
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distance from the fulcrum ; then multiply the power by its

distance from the same point, and if the products are equal,

the weight and the power will balance each other.

Suppose a weight of 100 pounds on the short arm of a lev-
er, 8 inches from the fulerum, then another weight, or power,
of 8 pounds, would be equal to this, at the distance of 100
inches from the fulcrum ; because 8 multiplied by 100 is equal
to 800 ; and 100 multiplied by 8 is equal to 800, and thus
they would mutually counteract each other.

Fig. 44. Many instruments in com-
mon use are on the principle
of this kind of lever. Scis-
sors, fig. 44, consist of two
levers, the rivet being the
fulcrum for both. The fin-
gers are the power, and the
cloth to be cut, the resist-
ance to be overcome.

Pincers, forceps, and sugar cutters, are examples of this
‘kind of lever.

A common scale-beam, used for weighing, is a lever, sus-
pended at the centre of gravity, so that the two arms balance
each other. Hence the machine is called a balance. The
fulcrum, or what is called the pivot, is sharpened, like a
wedge, and made of hardened steel, so as much as possible to
avoid friction.

Fig. 45. A dish is suspended by cords
to each end or arm of the lever,
for the purpose of holding the

- articles to be weighed. When

a the whole is suspended at the
point @, 45, the beam or lever
— — ought to remain in a horizontal
position, one of its ends being exactly as high as the other.
If the weights in the two dishes are equal, and the support
exactly in the centre, they will always hang as represented in
the figure. ;

A very slight variation of the point of support towards one

What is the rule, for finding the proportions between the weight and
power? Give an illustration of this rule. What instruments operate
on the principle of thislever ? When the scissors are used, what is the
resistance, and what the power? In the common scale-beam where is
the fulcrum? In what position ought the scale-beam to hang ?
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‘end of the lever, will make a difference in the weights em-
ployed to balanee each other. In weighing a pound of sugar,
‘with a scale beam of eight incheslong, if the point of support
is half an inch too near the weight, the buyer would be cheat-
ed nearly one ounce, and consequently nearly one pound in
‘every sixteen pounds. This fraud mightinstantly be detected
by changing the places of the sugar and weight, for then the
difference would be quite material, since the sugar would then
seem to want twice as much additional weight as it did really
want.

The steel-yard differs from the balance, in having its sup.
port near one end, instead of in the middle, and also in hav-
ing the weights suspended by hooks, instead of being placed
ina dish.

Fig. 46. If we 1suppose the beam to be

7 inchesllong, and the hook, c, fig.

G 2 £ ‘.e» '? ‘1 £ £ 46, to be one inch from the gnd,
< then the pound weight a, will re-

a quire an additional pound at ,

2 for every inch it is moved from it.

This, however, supposes that the

‘bar will balance itself, before any weights are attached to it.

In the kind of lever described, the weight to be raised is on

one side of the fulerum, and the power on the other. Thus

the fulerum is between the power and the weight, There is

another kind of lever, in the use of which, the weight is pla-

‘ced between the fulcrum and the hand. ‘In other words, the

weight to be lifted, and the power by which it is moved are

the same side of the prop.

Fig. 47. This arrangement is

represented by fig. 47,

7 where w is the weight, 7

the lever, f* the fulerum,

_ and p a pulley,over which

 a Z a string is thrown, and a

small weight suspended,

as the power. In the

w common use of alever of

the first kind, the force is

How may a fraudulent ‘scale-beam be.made? How may the cheat

be detected? How does the steel-yard «differ from the balance? In

the first kind of lever, where is the fulcrcum, in respect to the weight

and power? In the second kind where is the fulerum, in respect to the
weight and power? * ;

i
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gained by bearing down the long arm of the le\_/er, v_vhidh 8
called prying. In the second kind the force is gained by
carrying the long arm in a contrary direction, or upward, and
this is called Lifting.

Levers of the second kind are not so commion as the first,
but are frequently used for certain purposes. The oars of a
boat are examples of the second kind. The water against
which the blade of the oar pushes, is the fulcrum,*the boat is
the weight to be moved, and the hands of the man the power.

Two men carrying a load between them on a pole, is also
an example of this kind of lever. Each man acts as the pow-
‘er in moving the weight, and at the same time each becomes
a fulcrum in respect to the other.

If the weight happens to slide on the pole, the man towards
‘whom it goes, has to bear more of it in proportion as its dis-
tence from him is less than before,

A load at a, fig. 48, is borne
equally by the two men, being
equally distant from each ; but

. b (e e
- : T at.b three quarters of its weight
‘would be on the man at that
é) é end, because three quarters of

the length of the lever, would
be on the side of the other man.

In the third, and last kind of lever, the weight is placed at
one end, the fulcrum at the other end, and the power between
them, or the hand is between the fulcyum and thie weight to be
lifted.

Fig. 48.

Fig. 49. - This is represented by fig.
3 49, where ¢ is the fulcrum, a
) the power, suspended over the
' pulley b, and-d is the weight
. ° a ‘to be raised.
cV ‘ 1 This kind of lever works to

great disadvantage, since the
power must be greater than

d the weight. It is therefore
seldom used, except in cases

What is the action of the first kind called? What is the action of
the second kind called? Give examples of the second kind of lever.
In rowing a boat, what is the fulcrum, what the weight, and what the
power? What other illustrations of this principle is given? In the

third kind of lever, where are the respective places of the weight,. pow-
er,end fulerum ?
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where velocity and not force is required. In raising a ladder
from the ground to the roof a house, men are obliged, some-
times to make use of this principle, and the great difficulty of
raising the ladder illustrates the mechanical disadvantage of
this kind of lever.

We have now described the three kinds of levers, and we
hope, have made the manner in which each kind acts, plain,
by illustrations. But to make the difference between them
still more obvious, and to avoid all confusion, we will here
compare them together.

In the first kind, the weight, or resistance, is on the short
arm of the lever, the power; or hand, on the long arm, and the
fulerum.between them. In the second kind, the weight is
between the fulcrum, and the hand, or power; and, in the
third kind, the hand is between the fulcrum and the weight.

b Fig. 50.

(BA
=

Fig. 51, Fig. 52.

<

®

In fig. 50, the weight and hand both act downwards. In
51, the weight and hand act in contrary directions, the hand
upwards, and the weight downwards, the weight being be.
tween. In 52,the hand and weight also act in contrary di-
rections, but the hand is between the fulcrum and the weight.

What is the disadvantage of this kind 6f lever? Give an example of
the use of the third kind of lever. In what direction do the hand and
weight act, in the first kind of lever? In what direction do they actin
the second kind? In what direction do they act in the third kind ?
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Compound Lever. Whenseveral simple levers are conneet-.
ed together, and act, one upon the other, the machine is
called a compound lever. Inthis machine, as each lever acts
as an individual, and with a force equal to the action of the
next lever upon it, the force is increased or diminished, and
becomes greater or less in proportion to the number or kind
of levers employed.

We will illustrate this kind of lever by a single example,
but must refer the inquisitive student to more extended works
for a full investigation of the subject.

Fig. 53. Fig. 53,
represents a

e M compound

BT o LRk Ay ;i 7iN lever, con-
sisting of 3
(B simple lev.
ers of the

o b first kind.

In caleulating the force of this lever, the same rule applies;
which has been given for the simple lever, namely, the length
of the long arm is to be multiplied by the moving power, and
that ef the short one, by the weight, or resistance. Let us
suppose, then, that the three levers in the figure are of the
same length, the long arms being six inches, and the short
ones, two inches long, required, the weight which a moving
power of 1 pound at @ will balanee at b. Inthe first place, 1
pound at @, would balance 3 pounds at e, for the lever being
6 inches, and the power 1 pound, 6X 1=—=6, and the short one
being 2 inches, 2 X3—=6. The long arm of the second lever
being also 6 inches, and moved with a power of 3 pounds,
multiply the 3by 6=18; and multiply the length of the short
arm being 2 inches, by 9=18. These two products being
equal, the power upon the long arm of the third lever, at d,
would be 9 pounds. 9 pounds--6=54, and 27 X2, is 54 ; so
that 1 pound at @ would balance 27 at b.

The increase of force is thus slow, because the propertion
between the long, and short arms, is only as 2 to 6, or in'the
proportions of 1,’3, 9.

What is a compound lever? By what rule is the force of the com-
pound lever calculated? How many pounds weight will be raised by
three levers connected, of eight inches each, with the fulerum two
inehes from the end, by a power of one pound?
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Now suppose the long arms of these levers to be 18 inches,
and the short ones 1 inch, and the result would be surprisingly
different, then 1 pound at @, would balance 18 pounds at e,
and the second lever would have a power of 18 pounds. This
being multiplied by the length of the lever, 18 18=324
pounds at d. The third lever would thus be moved by a power
of 824 pounds, which, multiplied by 18 inches for the weight
it would raise, would give 5832 pounds.

The compound lever is employed in the construction of
weighing machines, and particularly, in cases where great
weights are to be determined, in situations where other ma-
chines would be inconvenient, on account of their occupying
too much space. I

Wheel and Axle.

The mechanical power, next to the lever in simplicity, is
the wheel and axle. It is however, much more complex than the
lever. It consists of two wheels, one of which is larger than
the other, but the small one passes through the larger, and
hence both have a common centre, on which they turn.

Fig: 54. ; § r y
o g The manner in which this
machine acts, willbe understood
p by fig. 54. 'The large wheel a,

on turning the machine, will
take up, or throw off as much
more rope than the small wheel
or axle b, as its circumference is
greater. If we suppose the cir-
cumference of the large wheel
to be four times that of the small
one; then it will take up the rope
four times asfast. And because
a is four times a$ large as b, 1 pound atd will balance 4
pounds at ¢, on the opposite side. .

The principle of this machine is that of the lever, as will
be apparent by an examination of fig. 55.

If the long arms of the levers be 18 inches, and the short one, one
inch, how much will a power of one pound balance? Inwhat machines
is the compound lever employed? What advantages do these machines
possess over others? What is the next simple mechanical power to
the lever? Describe this machine. Explain fig. 54. On what princi-
ple does this machine act?

: i
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Fig. 55 This figure represents the machine
g.' 55. : :

endwise, so as to show in what manner
the lever operates. The two weights
hanging in oppositionr to each other, the
one on the wheel at @, and the other on
the axle at b, act in the samme manner as
if they were connected by the horizontal
lever a b, passing from one to the other,
having the common centre, ¢, as a ful-
crum between them.

The wheel and axle, therefore, acts
like a constant succession of levers, the
long arm being half the diameter of the
wheel, and the short one half the diameter of the axle; the
common centre of both being the fulcrum. The wheel and
axle, has, therefore, been called the perpetual lever.

The great advantage of this mechanical arrangement is,
that while alever of the same power, can raise a weight buta
few inches at a time, and then only in a certain direction, this
machine exerts a continual force, and in any direction wanted.
To change the direction, it is only necessary that the rope by
which the weight is to be raised, should be carried in a line
perpendicular to the axis of the machine, to the place below
which the weight lies, and there be let fall over a pulley.

Fig. 56. Suppose the wheel
and axle, fig. 56, is
erected in the third
story of a store house,

4 &
® e )¢ With the axis over the
p scuttles, or doors
‘ through the floors, so

‘ . that goods can be raised
8
7%

by it from the ground
floor, in the direction
4 of the weight @.  Sup-
pose also, that the same
store stands on a wharf,

In fig. 55, which is the fulerum, and which the two arme of the lever ?
What is this machine called, in reference to the principle on which it
acts? What is the great advantage of this machine over the lever and
cther mechanical powers? Describe fig. 56, and point out the manner
in which weights can be raised by letting fall a rope over the pulley,

where ships come up to
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its side, and goods are to be removed from the vessels into the
upper stories. Instead of removing the goods into the store,
and hoisting them in the direction of a, it is only necessary to
carry the rope b, over the pulley ¢, whichis at the end of a
strong beam projecting out from the side of the store, and then
the goods will be raised in the direction of d, thus saving the
labor of moving them twice,

The wheel and axle, under different forms, is applied to a
variety of comemon purposes.

Fig. 57. The capstan, in universal use, on

board of ships and other vessels, is
an axle placed upright, with a head,
or drum, a, fig. 57, pierced with
holes, for the levers b, ¢, d. The
weight is drawn by the rope e, pass-
ing two or three times round the
axle to preventits slipping.

This is a very powerful, and con-
venient machine. When not in use,
the levers are taken out of their pla-
ces and laid aside, and when great force is required, two, or
three men can push at each lever. :

The common windlass for drawing water, is another modi-
fication of the wheel and axle. The winch, or crank, by
which it is turned, is moved around by the hand, and there is
no difference in the principle, whether a whole wheel is turned,
or a single spoke. The windlass, therefore, answers to the
wheel, while the rope is taken up, and the weight raised by the
axle, as already described.

Fig. 58. In cases where great
. | weights are to be raised,
fTTT05 H P and it is required that the
| | machine should be as
small as possible, on ac-
count of room, the simple
wheel and axle, modified
as represented by fig. 58;
is sometimes used.
The axle may be con-
Isidered in two parts, one

r—

W hat is the capstan, where is it chiefly used ? What are the pecu-
Jiar advantages of this form of the wheel and axle ? T the common
windlass, what part answers to the wheel ?
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of which is larger than the other. The rope is attached by
its two ends to the ends of the axle, as seen in the figure.
The weight to be raised is attached to a small pulley, or wheel,
round which the rope passes. The elevation of the weight
may be thus described. Upon turning the axle, the rope is
coiled around the larger part, and at the same time it is
thrown off the smaller part. At every revolution, therefore,
a portion of the rape will be drawn up, equal to the circum-
ference of the thicker part, and at the same time a portion,
equal to that of the thinner part, will be let down. On the
whole, then, one revolution of the machine will shorten the
rope where the weight is suspended, just as much as the dif-
ference between the circumference of the two parts,

Fig. 59 Now to understand the principle on which
j this machine acts; we must refer to fig. 59,
where it is obvious that the two parts of the
rope @ and b, equally support the weight d,
and that the rope, as the machine turns, pass-
es from the small part of the axle ¢, to the
* large part %, consequently the weight does
not rise in a perpendicular line towards ¢, the
centre of both, but in a line between the out-
sides of the large and small parts. Let us.
consider what would be the consequence of
changing the rope a to the larger part of the
a4 axle, so as to place the weight in a line per-
pendicular to the axis of moticn. Inthis case,
it is obvious that the machine would be in equilibrium, since
the weight d, would be divided between the two sides equally,
and the two sarms of a lever passing through the centre c,
would be of equal length, and therefore no advantage would
be gained. But in the actual arrangement, the weight being
sustained equally by the large and small parts, there is involv-
ed alever power, the long arm of which is equal to half the
diameter of the large part, while the short arm is equal to half
the diameter of the small part, the fulcrum being between
them.

Explain fig. 58. Why is the rope shortened, and the weight raised ?
What is the design of fig. 59> Does the weight rise perpendicular to
the axis ¢f motion ? Suppose the cylinder was, throughout, of the same
size; what would be the consequence? On what principle does this
machine act? Which are the long; and short arms of the lever; and
where is the fulcrum ?
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As the wheel and axle is only a modification of the simple
lever, so a system of wheels acting on each other, and trans-
mitting the power to the resistance, is only another form of
the compound lever.

Fig. 60.

Such a combination is
shown at fig. 60. The
first wheel, @, by means
of the teeth, or cogs
around its axle, moves
the second wheel, b,
with a force equal to that
of a lever, the long arm
of which extends from
the centre of the'wheel
and axle to the circum-
ference of the wheel,
where the power. p, is
suspended, and the short
arm fromthe same centre to the ends of the cogs. The dot-
ted line ¢, passing through the centre of the wheel a, shows
the position of the lever, as the wheel now stands. The cen-
tre on which both wheels turn, it will be obvious, is the ful-
crum of thislever. As the wheel turns, the short arm of this
lever will act upon the long arm of the next lever by means of
the teeth on the circumference of the wheel b, and this again
through the teeth on the axle of &, will transmit its force to
the circumference of the wheel d, and so by the short arm of
the third lever to the weight w. As the power, or small
weight falls, therefore, the resistance, w, is raised, with the
multiplied force of three levers, acting on each other.

In respect to the force to be gained by such a machine,
suppose the number of teeth an the axle of the wheel a, to be
six times less than the number of those on the circumference
of the wheel b, then & would only ‘turn round once, while
turned six times. And in like manner, if the number of teeth
on the circumference of d, be six times greater than those on
the axle of b, then d would turn once, while b turned six
times. Thus six revolutions of @ would make b revolve ouce,
and six revolutions of 5, would make d revolve once. There-
fore a makes thirty-six revolutions, while d makes only one.

On what principle does a system of wheels act, as represented ia fig.
602 Explain fig. 60, and show how the power, p, is transferred, by the
action of levers to w.
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The diameter of the wheel g, being three times the diame-.
ter of the axle of the wheel d, and its velocity of motion being
36 to 1, 3 times 36 will give the weight which a power of 1
pound at p, would raise at w. Thus 36x3=108. One
pound at p would therefore balance 108 pounds at w.

If the student has attended closely to what has been said
on mechanics, he will now be prepared to understand, that
no machine, however simple or complex it may be, can create
the least degree of force. It is true that one man with a
machine, may apply a force which a hundred could not exert
with their hands, but then it would take him a hundred times
as long.

Suppose there are twenty blocks of stone to be moved a
hundred feet ; perhaps twenty men, by taking each a block,
would move them all in a minute. One man, with a capstan,
we will suppose, may move them all at once, but this man,
with his lever; would have to make orie revolution for
every foot he drew the whole load towards him, and there-
fore to make one hundred revolutions to perform the whole -
work. It would also take him twenty times as long to do it,
asit took the twenty men. His task, indeed, would be more
than twenty times harder than that performed by the twenty
men, for in addition to moving the stone, he would have the
friction of the machinery to overcome, which commonly
amounts to nearly one third of the force employed.

Hence thére would be an actual loss of power by the use of
the captan, though it might be a convenience for the one
man to do his work by its means, rather than to call in nine-
teen of his neighbours to assist him.

The same principle holds good in tespect to other machi-
nery, where the strength of man is employed as the power, or
prime mover. 'There is no advantage gained, except that of
convenience. In the use of the most simple of all machines,
the lever, and where, at the same time, there is the least force
lost by friction, there is no actual gain of power, for what
seems to be gained in force is always lost in velocity. Thus
if a lever is of such length to raise 100 pounds an inch by
the power of one pound, its long arm must pass through a

What weight will one pound at p, balance at w? Is there any actual
power gained by the use of machinery? Suppose 20 men to move 20
stones to a certain distance with their hands, and one man moves them
back to the same place with a capstan, which performs the most actual
labor?> Why? Why then is machinery a convenience? *
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'space of 100 inches, Thus what is gained in one way is

lost in another.

Any power by which a machine is'moved, must be equal to
the resistance to be overcome, and, in all cases where the
power descends, there will be a propertion between the velo-
city with which it moves downwards, and the velocity with
which the weight moves upwards. There will be no differ-
ence in this respect, whether the machine be simple or com-
pound, for if its force be increased by increasing the number
of levers, or wheels, the velocity of the moving power must
also be increased, as that of the resistance is diminished.

There 'being, then, always a proportion, between the velo-
city with which the moving force descends, and that with
which the weiglhit ascends, whatever this propertion may be,
it is necessary that the power should have to the resistance
the same ratio that the velocity of the resistance has to the
velocity of the power. In other words, «The power multi-
plied by the space through which it moves, in a vertical direc-
tion, must be equal to the weight multiplied by the spacethrough
which it moves in a vertical direction.”

This law is known under the name of ¢the law of ‘virtual
velocities,” and is considered the golden rule of mechanics.

This principle has already been explained, while treating
of the lever, but that the student should want nothing to assist
him in clearly ‘comprehending so important a law, we will
again illustrate it in a different manner.

Fig. 61. Suppose a weight of ten pounds to be

« suspended on the short arm of the lever,

fig. 61, and that the fulcrum is only one

inch from the weight ; then, if the lever be

b ten inches long, on the ‘other side of the
fulecrum, one pound at @ would raise, or

balance, the ten pounds at 5. But in raising

the ten pounds one inch in a'vertical direc-

‘tion, the long arim of the lever would ‘fall

‘In the use of the lever, what proportion is there between.the force of
the short arm, and the velocity of the long arm? How is this illustra-
ted ? It is said, that the velocity of the power downwards, must be-in
proportion to that of the weight upwards? Does it make any differ-
ence, in this respect, whether the machine be simple or compound?
W hat is the golden rule of mechanics? Under what name is this law
known? Esplain fig. 61, and show how the rale is illystrated by that

figure.
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ten inches in a vertical direction, and therefore the velocity
of a would be ten times the velocity of b.

The application of this law, or rule, is apparent. The pow-
er is 1 pound, and the space through which it falls is 10 inch-
es, therefore 10 X1==10. The weight is 10 pounds, and the
space through which it rises is one inch, therefore 1 X 10=10.

Thus the power, multiplied by the space through which it
moves, is exactly equal to the weight, multiplied by the space
through which it moves.

fipsie- Again, suppose the lever,

s, 'fig. 62, to be thirty inches
long, from the fulcrum to the
pomt where the power p is
suspended, and that ‘the
1 weight w is two inches from
i the Tulerum. Tf the power
;be 1 pound, the weight must
{be fifteen pounds, to produce
; equilibrium, and the power
; p must fall thirty inches, to
. L4 J raise the weight w two inch.-
es. Therefore the power
‘being 1 pound, and the space 30 inches, 30X1=30. The
weight being 15 pounds, and the space 2 inches, 15X2=30.

Thus the power, 'multlphed by the space through which it
falls, and the weight, multiplied by the space through which
it rises, are‘etual.

However complex the machine may be, by which the force
of a descending power is transmitted to the weight to be raised,
the same rule ‘'will apply, ‘as it does to the action of the sim-
‘ple lever.

The Pulley.
A pulley, consists of a wheel, which is grooved on the edge,
‘and which is made to turn on its axis, by a cord passing
over it.

Explain fig. 62, and show how the same rule is illustrated by it.
‘What is said of the application of this rule to complex machines’?
‘What is a pulley ?
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Fig. 63, represents a simple pulley,
with a single fixed wheel.” In other
forms of the machine, the wheel moves
up and down, with the weight.

The pulley is arranged among the .
simple mechanical powers, but when
several are connected, the machine is
called a system of pullies, or a compound
= pulley.
>~ One of the most obvious advantages
ofthe pulley is, its enabling men to exert
their own power, in places, where they cannot go themselves.
Thus, by means of a rope and wheel, a man can stand on the
deck of a ship, and hoist a weight to the topmast.

By means of two fixed pullies, a' weight may be raised up-
ward, while the power moves in a horizontal direction. The
weight will also rise vertically through the same space that
the rope is drawn horizontally.

Fig 64. Fig. 64 represents two fixed
pullies, as they are arranged for
such a purpose. In the erec-
tion of a lofty edifice, suppose
the upper pulley to be suspend-
ed to some part of the building ;
then a horse, pulling at the rope
a, would raise the weight
vertically, as far as he went
horizontally.

In the use of the wheel of the
pulley, there is no mechanical
advantage, except that which
arises from removing the friction, and diminishing the imper-
fect flexibility of the rope.

In the mechanical effects of this machine, the result would
be the same, did it slide on a smooth surface with the same
ease that its motion makes the wheel revolve.

The action of the pulley is on a different principle from that
of the wheel and axle. A system of wheels, as already ex-
plained, acts on the same principle as the compound lever.

What is a simple pulley? Whatis a system of pullies, or a com-
pound pulley ? What 1s the most obvious advantage of the pulley?
How must two fixed pullies be placed, to raisea weight vertically, as
far as the power goes horizontally ? What is the advantage of the
wheel of the pulley ? p
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But the mechanical efficacy of a system of pullies, is derived
entirely from the division of the weight among the strings em-
ployed in suspending it. In the use of the single fized pulley,
there can be no mechanical advantage, since the weight rises
as fast as the power descends. 'This is obvious by fig. 63 ;
where it is also apparent that the power and weight must be
exactly equal, to balance each other.

Fig. 65. In the single moveable pulley, fig. 65, the
same rope passes from the fixed point a, to
the power p. It is evident, here, that the

i weight is supported equally by the two parts

S of the string between which it bangs.
Therefore, if we call the weight w, ten
pounds, five pounds will be supported by
one string, and five by the other. The pow-
er, then, will support twice its own weight,

V4 so that a person pulling with a force of five
pounds at p, will raise ten pounds at w.
W The mechanical force therefore, in respect

to the power is astwo to one.

Fig. 66. In this example, it is supposed there are only
two ropes, each of which bears an equal part of
the weight.

If the number of ropes be increased, the
weight may be increased, with the same power ;
or the power may be diminished in proportion
as the number of ropes is increased. In fig.
66, the number of ropes sustaining the weight,
is four, and therefore, the weight may be four
times as great as the power. This principle
must be evident, since it is plain that each rope
sustains an equal part of the weight. The
weight may therefore be considered as divided
into four parts, and each part sustained by one
rope.

In fig. 67, there is a system of pullies repre-
resented, in which the weight is sixteen times
the power.

How does the action of the pulley differ from that of
the wheel and axle? Is there any mechanical advan-
tage in the fixed pulley ?  What weight at p, fig. 65,
will balance ten pounds at w ? Suppose the number of
ropes to be increased, and the weight increased, must
the power be increased, also?
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Fig. 67. The tension of the rope d, e, is
X == evidently equal to the power, p, be-
' cause it sustains it: d, being a
moveable pulley, must sustain a
weight equal to twice the power ;
but the weight which it sustains,
is the tension of the second rope,
d,c. Hence the tension of the se-
cond rope is twice that of the first,
and, in like manner, the tension of
the third rope is twice that of the
second, and so on, the weightbeing
equal to twice the tension of the
last rope.

Suppose the weight w, to be six-
teen pounds, then the two ropes
8 and 8 would sustain just 8 pounds
each, this being the whole weight
divided equally between them.
The next two ropes, 4 and 4,
would evidently sustain but half

this whole weight, because the
- : other half is already sustained by
a rope, fixed at its upper end. The next two ropes sustain
but half of 4, for the same reason ; and the next pair, 1 and
1 for the same reason, will sustain only half of 2. Lastly,
the power p, will balance two pounds, because it sustains but
half this weight, the other half being sustained by the same
rope, fixed at its upper end.

It is evident, that in this system, each rope and pulley
which is added, will double the effect of the whole. Thus,
by adding another rope and pulley beyond 8, the weight w
might be 32 pounds, instead of 16, and still be balanced by
the same power.

In our calculations of the effects of pullies, we have allowed
nothing for the weight of the pullies themselves, or for the
friction of the ropes. In practice, however, it will be found,

Suppose the weight, fig. 66, to be 32 pounds, what will each rope
bear? Explain fig. 67, and show what part of the weight each rope
sustains, and why 1 pound at p, will balance 16 pounds at w. Explain
the reason why each additional rope and pulley will double the effect
of the whole, or why its weight may be double by that of all the oth-
ers, with the same power.
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that nearly one third must be allowed for friction, and that
the power, therefore, to actually raise the weight must be
about one third greater than has been allowed.

The pulley, like other machines, obeys the law of virtual
velocities, already applied to the lever and wheel. Thus, “in
a system of pullies, the ascent of the weight, or resistance, is
as much less, than the descent of the power, as the weight is
greater than the power.” If, as in the last example, the weight
is 16 pounds, and the power 1 pound, the weight will rise
only one foot, while the power descends 16 feet.

In the single fixed pulley, the weight and power are equal,
and consequently, the weight rises as fast as the power de-
scends.

With such a pulley, a man may raise himself up to the
mast head by his own weight. Suppose a rope is thrown
over a pulley, and a man ties one end of it round his body,
and takes the other end in his hands. He may raise himself
up, because, by pulling with his hands, he has the power of
throwing more of his weight on that side than on the other,
and when he does this, his body will rise. Thus, although
the power and the weight are the same individual, still the
man can change his centre of gravity, so as to make the pow-
er greater than the weight, or the weight greater than the
power, and thus can elevate one half his weight in succession

The Inclined Plane.
The fourth simple mechanical power is the inclined plane:
Fig. 68. This power consists of a plain,
‘ 2 smooth surface, which is inclined

towards, or from the earth. It is
represented by fig. 68, where from
ato b is the inclined plane ; the
line from d to a, is its height, and
that from b to d, its base.

A board, with one end on the
ground, and the other end resting
on a block, becomes an inclined plane.

This machine, being both useful and easily constructed, is
in very general use, especially where heavy bodies are to be
raised only to a small height. Thus a man, by means of an

d

In compound machines, how much of the power must be allowed for
the friction? How may a man raise himself up by means of a rope and
singlc fixed pulley? What is an inclined plane?

]
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inclined plane, which he can readily construct with a board,
or couple of bars, can raise a load into his wagon, which ten
men could not lift with their hands.

The power required to force a given weight up an inclined
plane, is in a certain proportion to its height, and the length of
its base, or, in other words, the force must be in proportion to
the rapidity ofits inclination.

Fig. 69. The power p, fig. 69,
pulling a weight up the
inclined plane, from cto
d, only raises it in a per-
pendiculardirection from
e to d, by acting along
the whole length of the
plane. If the plane be
twiceas long asitis high,
that s, if the line from c to d be double the length of that from
e to d, then one pound at p will balance two pounds any where
between d and ¢. It is evident, by a glance at fig. 69, that
were the base, that is, the line from e to ¢ lengthened, the
height from ¢ to d being the same, that a less power at p,
would balance an equal weight any where on the inclined
plane ; and so on the contrary, were the base made shorter,
that is the plane more steep, the power must be increased in
proportion,

Suppose two inclined planes,
fig. 70, of the same height,
with bases of different lengths;
then the weight and power,
will be to each other as the
length of the planes. If the
length from a to b, is two feet,
and that from b to ¢, one foot,
then two pounds at d, will balance four pounds at w, and soin
this proportion, whether the planesbe longer or shorter.

The same principle, with respect to the verticle velocities
of the weight and power applies to the inclined plane, in com-
mon with the other mechanical powers.

On what occasions is this power chiefly used ? Suppose a man wants
to load a barrel of ciderinto his waggon, how does he make an inclined
plane for this purpose? To roll a given weight up an inclined plane,
to what must the force be proportioned? Explain fig. 69. If the
length of the long plane, fig. 70, be double that of the short one, what
must be the proportion between the p:wer and the weight?
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Fig. 7L Suppose the inclined plane, fig.

71, to be two feet from a to b, and

one foot from ¢ to b, then, as we

have already seen by fig. 69,apow-

v er of one pound at p, would bal-

ance a weight of two pounds at w.

Now in the fall of the power to

a ¢ | draw up the weight, it is obvious

that its verticle decent must be just

) twice the verticle ascent of the

: weight ; for the power must fall

down the distance from a to b, to draw the weight that dis-

tance ; but the vertical height to which the weight w, is raised,

is only from¢ tob. Thusthe power, being two pounds, must

fall two feet; to raise the weight, four pounds, one foot. Thus,

the power and weight, multiplied by the several velocities,
are equal.

The Wedge.

The next simple mechanical power is the wedge. This
instrument may be considered as two inclined planes, placed
base to base. It is much employed for the purpose of split-
ting, or dividing solid bodies, such as wood and stone.

Fig. 72. Fig. 72 represents such a wedge, as is usually

7 employed in cleaving timber. This instrument is
also used in raising ships and preparing them to
launch, and for a variety of other purposes.
Nails, awls, needles, and many cutting instru-
ments, act on the principle of the wedge.

There is much difficulty in estimating the pow-
er of the wedge, since this depends on the force,
or the number of blows given it, together with
the obliquity of its sides. A wedge of great ob-
liquity would require hard blows to drive it for-
ward, for the same reason that a plane much in-
clined, requires much force to roll a heavy body
up it. But were the obliquity of the wedge, and

What is said of the application of the law of vertical velocities to
the inclined plane? Explain fig. 70, and shew why the power must
fall twice as far as the weight rises. On what principle does the wedge
act? In what cases is this power useful? W hat common instruments
act on the principle of the wedge? What difficulty is there in estima~
ting the power of the wedge?
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the fprce of each blow given, still it would be difficult to as-
certain the exact power of the wedge in ordinary cases, forin
the splitting of timber, and stone, for instance, the divided
parts act as levers, and thus greatly increase the power of the
wedge. Thus, in a log of wood, six feet long, when split
one half of its length, the other half is divided with ease, be-
cause the two parts act as levers, the lengths of which con:
stantly increase, as the cleft extends from the wedge.

The Screw.

The screw is the fifth and last simple mechanical power.
It may be considered as a modification of the inclined plane, or
as a winding wedge. Itis an inclined plane running spirally

Fig. 713 round a spindle, as will be obvious
by fig. 73. Suppose a to be a piece

4 of paper cut into the form of an in-
i clined plane, and rolled round the
piece of wood d; its edge would
form the spiral line, called the
thread of the screw.
& If the finger be placed between
T the two threads of a screw, and the

s¢rew be turned round once, the
finger will be raised upward équal to the distance of the two
threads apart. In this manner the finger is raised up the in-
clined plane, as it runs round the cylinder.

Fig. 74. The power of the screw is trans-
mitted and employed by means of
another screw called the nut, through
which it passes. This has a spiral

roove running through it, which

= g
% exactly fits the thread of the screw.
D a

If the nut is fixed, the screw itself,
onturningit round, advances forward ;
but if the screw is fixed, the nut, when
turned, advances along the screw. \

Fig. 74 represents the first kind of
. screw, being such as is commonly
/"N usedin pressing paper, and other sub-

On what principle does the screw act? How is it shown that the
serew is a modification of the inclined plane? Explain fig. 74. Which
is the screw, and which the nut?
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stanc¢es. The nut n, through which the screw passes, an-
swers also for one of the beams of the press. If the screw be
turned to the right, it will advance downwards, while the nut

stands still.
Fig. 75. A screw of the second kind is

represented by fig. 75. In this,

S
the screw is fixed, while the nut n
by being turned by the lever/, from
l left to right, will advance down the
n — screw.
c—si

In practice the screw is never
/ used as a simple mechanical ma-
S chine; the power being always ap-
plied by means of a lever, passing
J through the head of the screw, as
in fig. 74, or into the nut, as in fig.

75.

The screw, therefore, acts with
the combined power of the inclined plane and the lever, and
its force is such as to be limited only by the strength of the
materials of which it is made.

In investigating the effects of this machine, we must, there-
fore, take into account both these simple mechanical powers,
'so that the screw now becomes really a compound engine.

In the inclined plane, we have already seen, that the less
itisinclined, the more easy the ascent up it. In applying the
same principle to the screw, it is obvious, that the greater the
distance of the threads from each other, the more rapid the
inclination, and consequently, the greater must be the power
to turn it, under a given weight. On the contrary, if the
thread inclines downwards but slightly, it will turn z with less
power, for the samereason, that a man can roll a heavy weight
up a plane but little inclined. Therefore, the finer the screw,
or the nearer the threads to each other, the greater will be the
pressure under a given power.

Let us suppose two screws, the one having the threads one
inch apart, and the other half an inch apart; then the force
which the first screw will give with the same power at the

Which way must the screw be turned, to make it advance through
.the nut? How does the screw, fig. 75, differ from fig. 74? Is the
screw ever used as a simple machine? By what other simple power is
it moved? What two simple mechanical powers are concerned in the
force of the screw? Why does the nearness of the threads make a
difference in the force of the screw ?
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lever will be only half that given by the second. The second
screw must be turned twice as many times round as the first,
to go through the same space, but what is lost in velocity is
gained in power. At the lever of the first, two men would
raise a given weight to a given height by making one revolu-
tion ; while at the lever of the second, one man would raise
the same weight to the same height, by making two revolu-
tions.

It is apparent that the length of the inclined plane, up
which a body moves in one revolution, is the circumference
of the screw, and its height, the interval between the threads.
The proportion of its power would therefore be ¢ as the cir-
cumference of the screw, to the distance between the threads,
so is the weight to the power.”

By this rule, the power of the screw alone can be found ;
but as this machine is moved by means of the lever, we must
estimate 'its force by the combined power of both. In this
case, the circumference described by the end ofthe lever em-
ployed, is taken, instead of the circumference of the screw
itself. The means by which the force of the screw may be
found, is therefore by multiplying the circumference which the
lever describes by the power. Thus ¢ the power multiplied
by the circumference which it describes, is equal to the weight
or resistance, multiplicd by the distance between the two contig-
uous threads.” Hence the efficacy of the screw may be in-
creased, by increasing the length of the lever by which it is
turned, or by diminishing the distance between the threads.
If then, we know the length of the lever, the distance between
the threads, and the weight to be raised, we can readily cal-
culate the power ; or, the power being given, and the distance
of the threads and the length of the lever known, we can es-
timate the weight the screw will raise.

Thus, suppose the length of the lever to be forty inches, the
distance of the threads one ineh, and the weight 8,000 pounds;
required the power, at the end of the lever, to raise the weight.

The lever being 40 inches, the diameter of the circle, which

Suppose one screw, with its threads one inch apart, and another half
an inch apart, what will be their difference in force ? What is the length
of the inclined plane up which a body moves by one revolution of the
screw ? What would be the height to which the same body would move
at one revolution? How is the force of the screw estimated? How
may the efficacy of the screw be increased ? The length of the lever,
the distance between the threads, and the weight, being known, how
can the power be found? Give an example,
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the end describes, is 80 inches. The circumference is a lit-
tle more than three times the diameter, but we will call it
just three times. Then 80x3=240 inches, the circumfer-
enceof the circle. Tle distance of the threadsis 1 inch, and
the weight 8,000 pounds. To find the power, multiply the
weight by the distance of the threads, and divide by the cir-
cumference of the circle. Thus
circum. in. weight, power.
BOT..0%0 ol Lo AR OR0 M=ol

The power at the end of the lever must therefore be 331
pounds. In practice this power would require to be increas-
ed about one third, on account of friction.

The force of the screw is sometimes employed to turn a
wheel, by acting on its teeth. In this case it is called the
perpetual screw.

Fig. 76. Fig. 76 represents such a ma-

¢ Chine. Itisapparent, that by turn-

L ‘s> ing the crank c, the wheel will re:
ARRRE! J volve, for the thread of the screw
&\ N\ passes between the cogs of the
£ wheel. By means of an axle;

,55\) 3% through the centre of this wheel,
like the common wheel and axle,

[ this becomes an exeeedingly pow-
Léz/lm erful machine, but like all other
contrivances for obtaining great

power, its effective motion is ex-
ceedingly slow. It has however
some disadvantages, and particularly the great friction between
the thread of the screw and the teeth of the wheel, which pre-
vents it from being generally employed to raise weights.

We have now enumerated and deseribed all the mechani-
cal powers usually denominated simple. They are five in
number, namely, the Lever, Wheel and Axle, Pulley, Wedge,
Inclined Plane, and Screw.

In respect to the principle on which they act, they may be
resolved into three simple powers, namely, the lever, the in-
clined plane, and the pulley ; for it has been shown that the
wheel and axle is only another form of the lever, and that the
screw is but a modification of the inclined plane.

What is the screw called when it is employed to turn a wheel 2 What
is the objection to this machine for raising weights ?© How many sim-
Ple mechanical powers are there ? and what are they called? How can
they be resolved into three simple powers ?
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It is surprising indeed, that these simple powers can be so
arranged and modified as to produce the different actions in
all that vast variety of intricate machinery which men have
invented and constructed.

The variety of motions we witness in the little engme which
makes cards, by being supplied with wire for the teeth, and
strips of leather to stick them through, would itself seem to
involve more mechanical powers than those enumerated.
This engine takes the wire {rom a reel, bends it into the form
of teeth; cuts it off; makes two holes in the leather for the
tooth to pass through ; sticks it through ; then gives it another
bend, on the opposite side of the leather; graduates the spa-
ces between the rows of teeth, and between one tooth and
another ; and at the same time carries the leather backwards
and forwards, before the point where the teeth are introduced,
with a motion so exactly corresponding with the motions of
the parts which make and stick the teeth, as not to produce
the difference of a hair’s breadth in the distance between
them.

All this is done without the aid of human hands, any far-
ther than to put the leather in its place, and turn a crank ; or
in some instances many of these machines are turned at once,
by means of three or four dogs, walking on an inclined plane
which revolves.

Such a machine displays the wonderful ingenuity and per-
severance of man, and at first sight would seem to set at
naught the idea that the lever and wheel were the chief sim-
ple powers concerned in its motions. But when these mo-
tions are examined singly and deliberately, we are soon con-
vinced that the wheel, variously modified, is the principal me-
chanical power in the whole engine.

It has already been stated, that notwithstanding the vast
deal of time and ingenuity which men have spent on the con-
struction of machinery, and in attempting to multiply their
powers, there has, as yet, been none produced, in which the
power was not obtained at the expense of velocity, or veloci-
ty at the expense of power; and therefore no actual force is
ever generated by machinery.

Suppose a man able to raise a weight by means of a com-
pound pulley of ten ropes, which it would take ten men to

What is said of the card-making machine? Whatare the chief me-
chanical powers concerned in its motions® Is there any actual force
generated by machinery? Can great velocity and great force be produ-
ced by the same machinery? Why not?
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raise by one rope, without pulleys. If the weight is to be
raised a yard, the ten men by pulling their rope a yard will do
the work. But the man with the pulleys must draw his rope
ten yards to raise the weight one yard, and in addition to this,
he has to overcome the friction of the ten pulleys, making
about one third more actual labor than was employed by the
ten men. But notwithstanding these inconveniences, the use
of machinery is of vast importance to the world.

On board of a ship, a few men will raise an anchor with a
capstan, which it would take ten or twenty times the same
number to raise without it, and thus the expense of shipping
men expressly for this purpose is saved.

One man with alever, may move a stone which it would
take twenty men to move without it, and though it should take
him twenty times as long, he would still be the gainer, since
it would be more convenient, and less expensive for him to do
the work himself, than to employ twenty others to do it for
him.

When men employ the natural elements as a power to over-
come resistance by means of machinery, there is a vast saving
of animal labor. Thus mills, and all kinds of engines, which
are kept in motion by the power of water, or wind, or steam,
save animal labor equal to the power it takes to keep them in
motion.

HYDROSTATICS.

Hydrostatics is the science which treats of the weight,
pressure, and equilibrium of water, or other fluids, when in a
state of rest.

Hydraulics is that part of the science of fluids which treats
of water in motion, and the means-of raising and conducting
it in pipes or otherwise, for all sorts of purposes.

The subject of water at rest, will first claim investigation,
since the laws which regulate its motion will be best under-
stood by first comprehending those which regulate its pres-
sure.

A fluid is a substance whose particles are easily moved
among each other, as air and water.

Which performs the greatest labor, ten men who lift a weight with
their hands, or one man who does the same with ten pulleys? Why ?
What is hydrostatics> How does hydraulics differ from hydrostatics 2
What is a fluid?
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‘The air is called an elastic fluid, because it is easily com-
;pressed into a smaller bulk, and returns again to its original
state whean the pressure isremoved. Water is called a non-
elastic fluid, because it admits of little diminution of bulk un-
der pressure.

The non elastic fluids, are perhaps more properly called Z;-
quids, but both terms are employed tosignify water and other
bodies possessing its mechanical properties. The term fluid,
when applied to the air, has the word elastic before it.

One of themost obvious propertiesof fluids, is the facility with
which they yield to the impressions of other bodies, and the
rapidity with whteh they recover their former state, when the
pressure is removed. The cause of this, is apparently the
freedom with which the particles of liquids slide over, or among
each other ; their cohesive attraction being so slight as to be
overcome by that of gravity. = On this want of cohesion among
their particles seem to depend the peculiar mechanical pro-
perties of these bodies. ‘

In solidg, there is such a connection between the particles,
that if one part moves, the other part must move also. But
in fluids, one portion of the mass may be in motion, while the
other is at rest. In solids, the pressure is always downwards,
or towards the centre of the earth’s gravity ; but in fluids the
particles seem to act on each other as wedges, and hence
when confined, the pressure is sideways, and even upwards,
as well as downwards.

Fig. 77.  Water has commonly been called a non-elastic sub-
stance, but it is found that under great pressure its
volume s diminished, and hence itis proved to be
elastic. The most decisive experiments on this sub-

& ject were made within a few years by Mr. Perkins.
The experiments were made by means of a hollow
€ cylinder, fig. 77, which was closed at the bottom, and

.,L @made water tight at the top, by a cap, screwed on.

" | Through this cap at @, passed the rod b, which was

five sixteenths of an inch in diameter. The rod was

so nicelv fitted to the cap, as also to be water tight.

Around the rod at ¢, there was placed a flexible ring,

which could be easily pushed up or down, but fitted

so closely as to remain on any part where it was pla-
bl - oy

What is an elastic fluid > Why is air called an elastic fluid > What
substances are called liquids 2 What is one of the most obvious prop-
erties of liquids? On what do the peculiar mechanical properties of
fluids depend ? 9
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A cannon of sufficient size to receive this eylinder, which
swas three inches in diameter, was furnished with a strong
cap and forcing pump, and set vertically into the ground. The
cannon and cylinder were next filled with water, and the cy-
linder, with its rod drawn out, and the ring placed down to
the cap, as in the figure, was plunged into the cannon. The
water in the cannon was then subjected to an immense pres-
sure by means ofthe forcing pump, after which, on examina-
tion of the apparatus, it was found that the ring ¢, instead of
being where it was placed, was eightinches up the rod. The
water in the cylinder being compressed into a smaller space,
by the pressure of that in the cannon, the rod was driven in,
while under pressure, but was forced out again by the expan-
sion of the water, when the pressure was removed. Thus the
ring on the rod would indicate the distance to which it had
been forced in, during the greatest pressure.

This experiment proved that water under the pressure of
one thousand atmospheres, that is the weight of 15000 pounds
to the square inch, was reduced in bulk about one part in
24,

So slight a degree of elasticity under such i immense pres-
sure, is not appreciable under ordinary circumstances, and
therefore in practice, or in common experiments on this fluid,
water is considered as non-elastic.

Equal pressure of Water.

The particles of water, and other fluids, when confined,
press on the vessel which confines them, in all directions, both
upwards, downwards, and sideways.

From this property of fluids, together with their weight, or
gravity, very unexpected and surprising effects are produced.

The effect of this property, which we shall first examine is,
that a quantity of water, howeversmall, will balance another
quantity however large. Such a proposition at first thought
night seem very improbable. But on-examination, we shall
find that an experiment with a wery simple apparatus will con-
vince any one of its truth. Indeed, we every day see this
principle established by actual experiment, as will be seen di-
rectly.

In what respect'does the pressure of a flnid' differ from-that of a sol-
id? Is water an elastic, or a non-elastic fluid? Describe fig. 77, and
shew how water was found to be elastic. In what proportion does the
bulk of water diminish under a pressure of 15000 pounds to the square
inch? In common expenments, is water considered elastic, or non-
elastic 2 When water is confined, in what direction does it press ?
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Fig. 78 represents a common coffee-pot,
supposed to be filled up to the dotted line a,
with a decoctiorr of coffee, or any other li-
quid. The coffee, we know, stands exact-
ly at the same height both in the body of the
pot, and in its spout. Therefore the small
quantity in the spout balances the large
quantity in the pot, or presses with the same
force downwards, as that in the body of the pot press-
es upwards. This is obviously true, otherwise, the large
quantity would sink below the dotted line, while that in the
spout would rise above it; and run over. '

Fig. 79. The same principle is more strikingly
¢ illustrated by fig. 79.

Y/ Suppose the cistern @ to be capable
% of holding one hundred gallons, and into
its bottom there be fitted the tube b, bent as
b seen in the figure, and capable of contain-
ing one gallon. The tops of the cistern
and tube being open, pour water into the
tube at ¢, and it will rise up through the
j perpendicular bend into the cistern, and if
—— the process be continued, the cistern will
be filled by pouring water into the tube. Now it is plain that
the gallon of water in the tube, presses against the hundred
gallons in the cistern with a force equal to the pressure of the
hundred gallons, otherwise that in the tube would be forced
upwards higher than that in the cistern, whereas we find that

the surfaces of both stand exactly at the same height.

From these experiments we learn, ‘that the pressure of &
luid is mot in proportion to its quantity, but to its height, and
that a large quantity of water in an openvessel, presses down-
wards no more than a small quantity of the same height.”

In this respect, the size or shape of a vesselis of no con-
sequence, for if a number of vessels differing entirely from
each otherin figure, position, and capacity, have a communica-
tion made between them, and one be filled with water, the sur+

How does the experiment with the coffee pot shew that a small quan-
tity of liquid will balance a large one? Explain fig. 79, and shew how
the pressure in the tube is equal to the pressure in the cistern. What
conclusion, or general truth, is to be drawn from these experiments ?
What difference does the shape or size of a vessel make in respect to
the pressure of a fluid on its bottom ?
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face ofthe fluid in all wiil be at exactly the same elevation.
If therefore, the water stands at an equal height in all, the
pressure in one raust be just equal to that in another, and so
equal tothat in all the others.

Fig. 80.

¢
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. To make this obvious, suppose a number of vessels, of
different shapes and sizes, as represented by fig. 80, to have
a communication between them by means of a small tube pass-
ing from one to the other. If now, one of these vessels be
filled with water, or if water be pouredinto the tube @, all the
other vessels will be filled at the same instant up to the line
b, c. 'Therefore the pressure of the water in @, balances that
in 1, 2, 3, &c., while the pressure in each of these vessels is
equal to that in the other, and so an equilibrium is produced
throughout the whole series.

If an ounce of water beé poured into the tube @, it will
produce a pressure on the contents of all the other vessels,
equal to the pressurc of all the others on the tube ; for, it
will force the water into all the other vessels to rise upwards
to an equal height with that in the tube itself. Hence we
must calculate, that the pressure in each vessel is not only
equal to that in any of the others, but also that the pressure in
any one, is equal to that in all the others.

From this we learn, that the shape or size of a vessel has
no influence on the pressure of its liquid contents, but that the
pressure of water 1s as its height, whether the quantity be
great or small. We learn also, that in no case will a quantity
of liquid, however large, force another quantity however small,

* above the level of its own surface.

Explain fig. 80, and shew how the equilibrium is produced. Sup-
pose an ounce of water be poured into the tube @, what will be its ef-
fect on the contents of the other vessels? What conclusion is to be
drawn from pouring the ounce of water into the tube a ?
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This is proved by experiment ; for if, from a pond situated
on a mountain, water be conveyed in an inch tube to the valley
an hundred feet below, the water will rise just a hundred feet
in the tube ; that is, exactly to the level of the surface of the
pond. Thus the water in the pond, and that in the tube press
equally against each other, and produce an exaet equilibrium.

Thus far we have considered the fluid as acting only in vessels
with open mouths, and therefore at liberty to seek iis balance,
or equilibrium by its own gravity. Its pressure, we have seen,
is in proportion to its height, and not its bulk.

Now by other experiments it is ascertained that the pres-
sure of a liquid is in proportion 10 iis height, and ils area at the

ase.

Fig. 81. Suppose a vessel ten feet high,and

‘ e two feet in diameter, such as is repre-

sented at a, fig. 81, to be filled with

water ; there would be a certain amount

i of pressure, say at ¢, near the bottom.

Let d represent another vessel, of the

same diameter at the bottom, but only

a foot high, and closed at the top.

Now if a small tube, say the fourth of

an inch in diameter, be inserted into

the cover of the vessel d, and this tube

be carried to the height of the vessel

a, and then the vessel and tube be fill-

E—ﬁd ed with water, the pressure on the bot-

\__JV toms and sides of both vessels will be

equal, and jets of water starting from d, and ¢, will have ex-
actly the same force.

This might at first seem improbable, but to convince our-
selves of its truth, we have only to consider that any impres-
sion made on one portion of the confined fluid in the vessel
d, is instantly communicated to the whole mass. Therefore
the water in the tube b presses with the same force on every
other portion of the water in d, as it does on that small portion
over which it stands.

This principle is illustrated in a very striking manner by

What is the reason that a large quantity of water will not force a
small quantity above its own level > Is the force of water in proportion
to its height, or its quantity? How isa small quantity of water shown
to press equal to a large quantity by fig. 812 Explain the reason why

the pressure is as great atd, as at c.
o
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the experiment, which has often been made, of bursting the
strongest wine cask with a few ounces of water.

Fig. 82. Suppose a, fig. 82, to be a strong cask already

v filled with water, and suppose the tube b thirty
feet high, to be screwed, water tight, into its
head. When water is poured into the tube, so
as to fill it gradually, the cask will show increas-
ing signs of pressure, by emitting the water
through the pores of the wood, and between the

b joints : and finally as the tube is filled, the cask
will burst asunder.

The same apparatus will serve to illustrate the
upward pressure of water ; for if a small stop-
cock be fitted to the upper head, on turning this,

U when the tube is filled, a jet of water will spout

up with 2 force, and to a height that will aston-

a ish all who never before saw such an experi-
ment.

. . In theory, the water will spout to the same
height with that which gives the pressure, but in practice, it
is found to fall short, in the following proportions:

If the tube be twenty feet high, and the orifice for the jet
half an inch in diameter, the water will spout nearly nineteen
feet. If the tube be fifty feet high, the jet will rise upwards
of forty feet ; and if an hundred feet, it will rise above eighty
feet. Itis understood ia every case, that the tubes are to be
kept full of water.

The height of these jets shew. the astonishing effects that a
small quantity of fluid produces when pressing from a perpen-
dicular elevation.

An instrument called the hydrostatic bellows, also shows,
in a striking manner, the great force of a small quantity of
water, pressing in a perpendicular direction.

This instrument consists of two boards, connected together
with strong leather, in the manner of the common bellows.
It is then furnished with a tube a, fig. 83, which communi-
cates between the two boards. A person standing on the
upper board, may raise himself up by pouring water into the
tube. If the tube holds an ounce of water; and has an area

How is the same principle illustrated by fig. 82? How is the upward
pressure of water illustrated by the same apparatus? Under the pres-
sure of a column of water twenty feet high, what will be the height of
the jet? Under a pressure of a hundred feet, how high will it rise ?
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Fig. 83.
i equalto a thousandth part of the area
T of the top of the beliows, one ounce of
water in the tube will balance a thousand
" ounces placed on the bellows.

This property of water was applied
by Mr. Bramah to the construction of
his hydraulic press. But instead of a
high tube of water, which in most cases
could not be readily obtained, he
substituted a strong forcing pump, and
instead of the leather bellows, a metallic
pump barrel, and piston.

This arrangement will be un-
derstood by fig. 84, where the
pump barrel, a, b, is represented
as divided lengthwise, in order
to shew the inside, 'The piston
¢, is fitted so accurately to the
barrel, as to work up and down
water tight ; both barrel and
piston being made of iron. The
thing to be broken, or pressed,
islaid on the flat surface i, there

being above this, a strong frame to meet the pressure, not
shown in the figure. The small forcing pump, of which d is
the piston, and k the lever by which it is worked, is also made
of iron. : :

Now suppose the space between the small piston and the
large one, at w, to be filled with water, then, on forcing down
the small piston, d, there will be a pressure against the large
piston, ¢, the whole force of which will be in proportion as the
aperture in which ¢ works, is greater than that in which d
works. If the piston d is half an inch in diameter, and the
piston ¢, one foot in diameter, then the pressure on ¢ will be
576 times greater than that on d. Therefore, if we suppose
the pressure of the small piston to be one ton, the large piston

What is the hydrostatic bellows ? What property of water is this ir-
strument designed to show? Explain fig. 84. Where is the piston?
Which is the pump barrel, in which it works ? Inthe hydrostatic press,
what is the proportion between the pressure given by the small piston,
and the force exerted on the large one?
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will be forced up against any resistance with a pressure equal
to the weight of 576 tons. It would be easy for ¢ single man
to give the pressure of a ton at d, by means of the lever, and
therefore a man, with this engine; would be able to exert a force
equal to the weight of near 600 tons.

It is evident, that the force to be obtained by this principle,
can only be limited by the strength of the materials of which
the engine is made. Thus, if a pressure of two tons be given
to a piston, the diameter of which is only a quarter of an inch,
the force transmitted to the other piston, if three feet in diam-
eter, would be upwards of 40,000 tons ; but such a force is
much too great for the strength of any material with which we
are acquainted.

A small quantity of water, extending to a great elevation,
would give the pressure above described, it being only for the
sake of convenience, that the forcing pump is employed, in-
stead of a column of water.

There is no doubt, but in the operations of nature, great
effects are sometimes produced among mountains, by a small
quantity of water finding its way to a reservoir in the crevices
of the rocks far beneath.

¥ig. 85, Suppose in
the interior of
a mountain,fig.
85,there should
be a space of
ten yards
square, and an
inch deep,filled
with water,and
) === c_lgseti up on all
Wyl / d i X sides ; and sup-
- pose thatin the
course of time, a small fissure; no more than an inch in diam-
eter, should be opened by the water, from the height of two
hundred feet above; down to this little reservoir. The con-
sequence might be, that the side of the mountain would burst
asunder, for the pressure, under the circumstances supposed,
would be equal to the weight of five thousand tons.

Whatis the estimated force which a man could give by one of these
engines ?  If the pressure of two tons be made on a piston of a quarter
of aninch in diameter, what will be the force transmitted to the other
piston of three feet in diameter? What is said of the pressure of was<
ter in the crevices of mountains, and the consequences ?
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Water Level.

‘We have seén, that in whatever situation water is placed,
it always tends to seek a level. Thus, if several vessels com-
municating with each other be filled with water, the fluid will
be at the same heighf in all, and the level will be indicated by
a straight line drawn through all the vessels, as in fig. 80.

It is on the principle of this tendency, that the little instru-
ment called the water level is constructed.

Fig. 86. The form of this instru-
ment is represented by fig.
¢ 86. It consists of a b, a
tube, with its two ends
turned at right angles, and
=——=————_la left open. Into one of the
ends is poured water or mercury, until the fluid rises a little
above the bends of the tube. On the surface of the fluid, at
each end, are then placed small floats, carrying upright frames,
across which are drawn small wires or hairs, as seen at ¢ and
d. These hairs are called the sights, and are across the line
of the tube.

It is obvious that this instrument will always indicate a le-
vel, when the floats are at the same height, in respect to each
other, and not in respect to their comparative heights in the
ends of the tube, for if one end of the instrumient be held
lower than the other, still the floats must always be at the
same height. To use this level, therefore, we have only to
bring the two sights, so that one will range with the other;
and on placing the eye at ¢; and looking towards d, this is
determined in a moment.

The level is indispensable in the construction of canals and
aqueducts, since the engineer depends entirely on it, to ascer-
tain whether the water can be carried over a given hill or
mountain.

Fig. 87. The common spirit level consists of

@ a glass tube, fig. 87, filled with spirit of
e wine, excepting a small space in which
there is left a bubble of air. This

bubble, when the instrument is laid on

On what principle is the water-level constructed? Describe the
manner in which the level with sights is used, and the reason why the
floats will always be at the same height. What is the use of the level?
Describe the common spirit level, and the method of using it.
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a level surface, will be exactly in the middle of the tube, and:
therefore to adjust a level, it is only necessary to bring the
bubble to this position.

The glass tube is enclosed in a brass case, which is cut out
on the upper side, so that the bubble may be seen, as repre:
sented in the figure.

This instrument is employed by builders, to level their
work, and is highly convenient for that purpose, since 1t is
only necessary to lay it on a beam to try its level.

Specific Gravity.

If a tumbler be filled with water to the brim, and an egg, or
any other heavy solid, be dropped into it, a quantity of the
fluid, exactly equal to the size of the egg, or other solid, will
be displaced, and will flow over the side of the vessel. Bodies
which sink in water, therefore, displace a quantity of the fluid
equal to their own bulk.

Now it is found, by experiment, that when any substance
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