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PREFACE.

'I'nis Treatise on Natural Philosophy differs from others
in the large number of practical experiments and exercises
which it contains, The authors believe that students of
science should be, as far as possible, investigators, and, to
encourage the spirit of research, they have given sugges-
tions tending to lead them on in this way. The experi-
ments can nearly all be performed with very simple and
inexpensive materials, such as any school or home can
furnish. More elaborate instruments are described for the
benefit of classes which have access to them. The book
can also be used by classes which have not time to perform
the experiments. Yet it is strongly recommended that as
many as possible be tried.

Two sizes of type are used through the book. The
matter printed in large type will form a complete ele-
mentary course, and the whole book a more exhaustive
one. Those who take the former are advised to include
as many as convenient of the experiments, exercises, and
questions. The large number given will allow the teacher
to make selections suited to the ability of the class.

The use of technical terms, except where they seemed
necessary to the better comprehension of the subject, has

been avoided. It has been recognized that the majority
3
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4 PREFACE.

of students of natural philosophy have no use for these
terms. What they want is a practical knowledge of the
subject and the cultivation of scientific habits of mind.
The methods of the leading scientific men of the present
time have been incorporated, and their instruments de.
scribed and figured. In any treatise on the subject which
embraces an account of these methods, the doctrine of the
conservation of energy must have a prominent place. The
great advances in practical science within the last few
vears, especially in sound, electricity, and meteorology,
have also been utilized so far as they scem to bear on the

principles.

NOTE TO REVISED EDITION.

Ix the present revision, made by C. Canby Balderston,
of Westtown School, Pennaylvania, the chapter on Electrie-
ity has been entirely rewritten, with a view of making it
represent as nearly us possible the present state of the
science. The chapters on Matter, Motion and Force, and
Light have been largely rewritten and rearranged, experi-
ence in the use of the book having suggested some changes.
The subject of surfice-tension has been introduced into the
chapter on Liquids, and the naphtha-engine is described in
the chapter on Heat.

As a new featurc, » summary of each chapter has been
added, which cannot fail to assist the student in gaining

a clear conception of the subject.
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NATURAL PHILOSOPHY.

CHAPTER L
MATTER.

1. What is Matter 2—All the bodies and substances which
occupy space, the stars and the planets, rocks, water, and
air, and everything we can sec or feel, is composed of
matter.

We can crumble a rock or divide a quantity of water
into smaller portions. These can aguain be subdivided, and
all the fragments will resemble the original in their prop-
erties.  There is a practical limit to this subdivision,
arising from the imperfection of our senses or our tools,
but we may suppose it carried on till the very smallest
possible fragments remain which possess the properties of
the substance.

2. Molecules.—To these fragments we give the name
molecules. They are definite quantities of matter, which
have size and weight.

Hence a molecule is the smallest portion of any substance
in which its properties reside! All matter is made up of
molecules, We know that molecules must be extremely
small. Sixteen ounces of gold, which in the form of a cube
would not measure an inch and a quarter on a side, can be
spread out so that it would gild silver wire sufficient to
reach round the earth. Its thickness must then be at least

! The properties of matter are those qualities which are peculiar to
it,—which belong to it and to nething else.

7
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8 NATURAL PHILOSOPHY.

one molecule, and is doubtless many. In odors, which
produce sensation by invisible particles, the molecules
scatter about through the atmosphere for years without
apparently diminishing the size of the substance from
which they are separated. Microscopists have found ani-
mils so minute that four million of them would not be so
large as a single grain of sand, yet each has its organs and
its circulating fluids.

3. Size of Molecules.—No molecule of any substance is large
enough to be visible, even in the most powerful microscope. It is only
by the most careful experiments that any notion of the size of molecules
ean be formed, and the results of such experiments indicate that they are
minute bevond our comprehension. Bir William Thomson estimates
that it a drop of water as large as a pea were magnitied to the size of
the earth the molecules would then appear scarcely larger than the
original drop.

The spaces between the molecules of matter are believed to be much
larger than the molecuies themselves.

4. Atoms.—It i3 not possible to divide a molecule by
pounding or grinding, but by means of heat or some other
chemical agent most molecules may be separated into two
or more portions. Hach of thesc is called an atom; and
this eannot be further divided. The word atom means
indivisible. .

5. Elements and Compounds.—The atoms of some sub-
stances arce all alike,—that is, the substance is composed
of one kind of matter only, which cannot be separated into
other kinds, Such a substance is called an element. About
seventy elements have been found on the carth. Exam-
ples: iron, gold, silver, carbon, hydrogen, oxygen. Most
of the substances which we see are compounds of two or
more of the elements. Water is composed of hydrogen
and oxygen; wood, cotton, starch, sugar, are composed of
hydrogen, oxygen, uuad carbon. Salt is composed of chlo-
rine and sodium.

6. The clements in a compound are generally very differ-
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MATTER. 9

ent from each other and from the compound. The science
of chemistry treats more fully of the elements and their
union into compounds. Here are two chemical experimentas.

Experiment 1.—Dissolve a little baking- or washing-soda in water
and pour in some vinegar. Bubbles of gas come out.

A molecule of soda is composed of a number of atoms of different
substances. The acid in the vinegar causes a division of the molecule,
forming new substances.  One of these substunces (carboenic acid) is &
gas, which passes off' into the air.  The others remain in the vessel,

1f a small porticn of sugur be burned on a stove, a black substunce
will remain. A molecule of sugar is composed of forty-five atoms of
three different kinds,—carbon which we can see as chareounl, and hydro-
gen and oxygen, which are colorless invisible guses. Heat separated
the atoms of the molecules ; the gases passed off’ into the air, und the
solid carbon remained.

7. Matter Indestructible.—If the cscaping gases and the
carbon of the last experiment could be weighed, the sum of
the weights would be found to be just equal to the weight
of the original sugar. Hence we arvive at an important
property of matter,—it is indestructible.

There are many cases of the apparent destruction of
matter in combustion and chemical action, but all that is
done is to change its form. "The molecules are divided,
and the atoms form new combinations, some or all of which
are invisible. In all the various changes continually going
on, in our furnaces and laboratories, and in nature, not a
new atom is ever created. Aeccording to the best of our
knowledge, the amount of matter in the universe has
remained unchanged since the original creation.

8. Matter Porous.—The molecules of matter do not fit
closely together. Ience open spaces, or pores, are left
between them. We then arrive at a property of muatter
which is believed to be universal,—it is porous.

Experiment 2.—Fill a tumbler with cotton-wool, pressing it down
so firmly that the vessel will hold no more. Now remove the cotton
and fill the vessel with aleohol. With eare, the cotton may all be
replaced without spilling the aleohol.  The cotton has gone into the
pores of the alcohol, and the alcohol into the pores of the cotton. It is

impossible to conceive that the molecules of both substances oceupy
the same space.
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10 NATURAL PHILOSOPHY.

). Matter can be Expanded and Compressed.—As a result
o’ the porosity of matter, it is possible to expand or to com-
press it.  The molecules are not changed in form or size,
but they are further separated in expansion, and crowded
together in contraction, so that the substance becomes more
porous in one case and less so in the other. Heat in general
separates the molecules from one another. A ball that will
just co through » ving when cold will not do so when heated.
The mercury in a thermometer-tube rises in hot weather
because the heat separates the molecules and there is no
chauce for expansion in any other dircetion. The ends
of the rails of a railroad-traek which touch each other in
aunmer are separated in winter. A nail can be driven
into wood because 1t causes a compression of the molecules

around to make a place for it

Experiment 3.—0On a cork
flonting on water place ashaving.
Set it on fire; and put over it an
inverted tumbler.  The heat of
the combustion will expand the
aiv in the twmnbler and force it
out under the edge: what is left
will quickly eool and eontract, so
thut almost innmediately the water will rise into the tumbler.

Fi16. 1.—ExraxsioN ny HeaTt,

10, Malleability and Ductility.—Malleable substances are
such as can be hammered or rolled into sheets. Ductile
snbstances are sveh as can be drawn into wire.  In these
cases the molecules slide past one auother and arrange
themselves differently.  Thiz motion ot the molecules i3
not possible in all solid bodies, and some possess it in a
much higher degree than others.  Gold may be hammered
out into sheets less than 40,6 of an inch in thickness,
Copper, silver. and tin can also be beaten out into very
thin foil.

One of the substances which may most readily be drawn
out inte wires is wss,  Heated red-hot in an aleohol flame
or hot gas flame, a small glass rod or tabe may be drawn
out into a very fine thread.

Sacred Science Inscicuce

wiwusacredscience.com



MATTER. 11

Metal wire is made by drawing the soft metal through
holes, ench one smaller than the preceding.  Platinum wirve
can be reduced so that it will be finer thun the finest hair.

11. Elasticity.— Almost all bodies and all substances ave
more or less elastic; that is, when forced into a different
xize or shape,——some by conipression, some by stretching.
some by bending or twisting,—the molecules tend 1o re-
sume their positions with referenee to one another, and
restore the substance to its shape or size,

Experiment 4.—Let a rubber ball 11l on o dusty, varnizhied table-

top.  Notice the size of the muark it makes.  Lay it quictly on aoother
sput of the table, and compare the marks.

12, When a ball is allowed to full on a hard floor, there
15 a compression of the molecules of the ball near the point
ot contact with the floor. The elasticity of the ball causes
an immediate restoration to the original form ot the ball,
and this produces the rebound.  When gases are com-
pressed, they recover their former state immediately when
the pressure is withdrawn,  They are said to be perfecrly
elastic.  Although liquids ean he compressed but slightly,
they are also perfectly clastic.

Gases exhibit elasticity only on being compressed.
Liquids and most elastie solids exhibit it wheu released
from any kind of strain. though some highly elastic bodies
an be siretehed very dittle; eg., cold glass, steel,

Query.— Whaut substance is uppermost in your minds ws highly
elastic when compressed, stretehed, bent, or twisted ?

13. Limit of Elasticity.—As siated above. there appears
to be no it to the elasticity of gases and Hauids, Solids
reach the limit of their elasticity when the molecules arve
forced so far from their position that they cannot regain
it. and the body remains bent or compressed ; or when they
actually let ¢o and the body breaks.

Mention some substances to illustrate each lhmmit,
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12 NATURAL PHILOGSOPHY.

14. Tenacity.—When a solid is composed of molecules
which adhere so closely that they strongly resist a force
tending to pull them apart, it is said to be tenacious, The
amount of tenacity depends on the structure of the sub-
stance.  Wrought iron, being fibrous, has much more
tenacity than cast iron, which i1s granular. Steel is very
tenacious. A bundle of wires will support much more
weight than the same material in solid form.  Hence the
cables of suspeusion-bridges, which have to hold up im-
mense weights, are usually made up of bundles of fine
steel wire,

If'a piece of stick be placed on two supports some dis-
tance apart, and broken by a weight applied in the middle,
the lower fibres will be found to be separated.

15. Bridges.—When a weight rests on a bridge, it has to stand
the same kind of strain as the stick. The tendency is to pull it apart
at the bottom. IToree un iron bridge has its lower ¢ chord”” made of
tenacious wrought iron rather than of cast iron. The upper chord is
compressed, and is frequently made of cast iron, which will withstand
more compressing force than wrought iron will.

16. Hardness.— Hardness is a property of solid bodies,
which enables them to resist attempts to cut or scratch
therm,

Experiment 5.—Scratch a piece of glass with the edge of a quartz
ervstal or piece of lint,  Attempt to do the same with a penknife-
blade,  Quartz is narder than glass, and glass is harder thun the knife.

17. Density.—The density of a substance is the amount
of matter in a given bulk. It is determined by the weight
of the substance. A cubic inch of lead is heavier than a
cubie inch of wood because it is more dense. Density is
entirely distinct from hardness.

18. Volume.—The volume of a body is the amount of
space it occupies. or its size.

19, Mass.—The mass of a body is the total quantity of
matter which it contains. If a gas be heated it expands,
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MATTER. 13
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and the deunsity decreases, but, as no new molecules are
formed, the mass remains the same. The mass, therefore,
depends on two things, volume and density. The number
of molecules in a cubic inch of a body, multiplied by the
number of cubic inches, gives the whole number of mol-
ecules. In other words, the product of the volume and the
density gives the mass, or

Mass = volume X density.

20. Units,—To designate masses, as indeed to designate
longth, area, volume, density, time, work, or anything else
by number or definite quantity, we must refer in cach case
to a unit. A unit, when it is a measure of size or duration,
is simply one. Other units are taken as one for standards
of comparison. For instance, a given volume of hydrogen
is lighter than the same volume of any other gas, therefore
it in called one, and other gases are compared with it by
number to denote their density, oxygen being 16, nitrogen
14, and 8o on.

21. Two Systems of Units.—Most of the countries of
Europe have adopted a system of measures and weights
which originated in France nearly a hundred years ago.
In this system the number of one denomination required
to make one of the next higher is always fen. As our
numbers are formed in the same way (units, tens, hundreds,
etc.) there i1s no reduction required when we use this
system. It 18 known as the French or decimal system of
weights and measures. The use of this system was author-
ized in this country by act of Congress in 1866, but it wus
not made compulsory, so in trade we still generally use the
oid system, which came from England and is still in use
there, and which is known as the English system.

22. In this book both systems are used. the English because most
boys and girls are more familiar with it, and the decimal, because it is
much easier to calculate in, and beecause it is desirable that it should
become farniliar to us, so that we may adopt it.

2
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14 NATURAL PHILOSOPHY.

23. Unit of Leagth.—The English unit of length is the
yard. We may use the divisions and multiples of the yard
—feet, inches, miles, etc.—in certain cases, and they be-
come the units in those cagses. The decimal unit of length
is the metre. Remember that a metre is about 1 yard
3% inches, a decimetre about 4 inches, and a centimetre
about  of an iuch. (See Appendix.)

24. The standuard yard is & metul rod preserved in the Royal Ex-
chequer, London,  Other yard-sticks are as nearly the length of that
one ay they ean be made.  The standard metre is a metal rod preserved
by the govermment of France. It is intended to be one forty-millionth
of’ the meridian circumference of the earth.

25. Units of Surface and Volume.—The units of surface
are simply the squares of the units of length. and the
units of volume the cubes of the units of length. For
instance, square foot, square yard, square metre; cubic
foot, eubie yard. cabic metre. The square decametre and
cubic metre tnk: new names, as units, the square deca-
metre being an are and the cubic metre being a sfere.
(Provounced air and stair.) The cubic decimetre is the litre
(leeter). and is the unit of volume for liquids, grain, ete.

26. Unit of Mass.—The Inglish unit of mass is the
avoirdupois pound. The French unit is the gram, which
i= the mass of a cubic centimetre of water at its greatest
density.  The pound is simply a standard weight of metal
preserved in the Royal Exchequer.

27. The C. G. S. System.—The decimal system of units is
generally designated in more advanced books as the «“ C. G.
S system, from the units of length, mass, and time,—
centimetre, gram, second.

28. Unit of Density.—The unit of density for solids and
liquids is the density of water at 39.2° F,

29. Affinity, Cohesion, Attraction.—The force which
holds together the atoms in a molecule is called affinity.

The force which holds together the molecules in a body
18 called cohesion.
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MATTER. 15

The force which holds together the different bodies of
the universe is called attraction.

Hence affinity makes substances ; cohesion makes bodies ;
attraction makes systems.

Attraction 1s also used to express the force which draws
one body to another, as in the case of magnets, ete.

30. States of Matter.—There are three states or condi-
tions of matter,—solid, liquid, and gaseous. A possible
fourth state of matter is referred to in Arts. 45 and 570

31. Solids.—In solids the molecules preserve their po-
sitions with considerable firmness, vesisting attempis to
displace them. Hence these retain their form and size.
The force of cohesion is strong.

32. Liquids.—In liguids there is perfect freedom of the
molecules among themselves, so that the bodies adapt their
form to the surrounding vessel. They retain their size, but
change their form with the slightest force exerted upon
them. The force of cohesion is weak.

33. Gases.—In gases therc iz no cohesion, the molecules
have a repellent action upon one another, so that an un-
restrained gas will expand indefinitely.

34. Motion of Molecules.—The moleeules of all budies are he-
Heved to be in rapid motion. In solids this is restrained by cohesion,
go that a molecule has only a short vibratory motion.  In liquids the
molecules slide over one another without resistance, restrained only
when they veach the sides of the enclosing vessel.  This contact pro-
duces the pressure against the sides. In gases the molecules are
strongly repelled from one another, and dash about with great ve-
locity. Hence there are constant collisions among them and with
other bodies. Our bodies are subject to this incessant battering by
the little molecules of the atmosphere, but, the force being the same
on both sides of the tissues, we do not notice it.

35, Adhesion.—Adhesion is the force with which different
surfaces stick together. It is adhesion which causes mortar
to stick to bricks, paste to stick to paper, glue to wood, or
two glued surfaces to stick to each other.
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16 NATURAL PHILOSOPHY.

36. Gravity and Weight.—Unsupported bodies fall to-
wards the carth. This is on account of the ecarth’s attrac-
tion for them. Bodies that are supported press downward
on account of the same attraction. The greater the at.
traction the harder the pressure. The weight of a body is
simply the measure of the earth’s attraction for it.

37. Weight Proportional to Mass.—The earth attracts or
pulls every particle of a body. Suppose the pull of the
earth on each particle to be exerted through a string
attached to the particle, and suppose all the strings to be
pulled together, the sum of all the pulls would represent
the attraction on the whole body. IIence the more mole-
cules the greater the attraction. But the mass is deter-
mined by the number of molecules. Ilence we have the
law,—

Under the same conditions the weights of bodies are pro-
portioned to their masses.

38. Unit of Weight.—The unit of weight is the same as
the unit of muass, the pound or the gram.

39. How Gravitation Acts.—The earth’s attraction for
bodies on or near it has been called gravity. In a wider
sense, applied to the universe, it is called gravitation. This
force is in many ways different from other forces, It does
not require any time to act, nor does it require any medium
to act through. It traverses the great space between the
sun and the carth, to the best of our knowledge, instan-
taneously. Nor does the interposition of another body
affect it in any way. We can cut off sound, or heat, or
light, by the interposition of a wall, but attraction acts
through it without diminution. Nor does the kind of
matter make any difference. very molecule is attracted
alike, the number of molecules determining the total at-
traction.

40. Law of Gravitation.—The main facts of gravitation
were discovered by Sir Isaac Newton, who announced the
following law: Every particle of matter in the universe at-
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MATTER. 17

tracts every other particle, the attraction of any two for each
other being directly proportional to the product of their masses.
and inversely proportional to the square of the distance be-
tween them.

Questions.—How much is the attraction between two bodies in-
creased by doubling the mass of one of then? By doubling the mass
of both?  How is attraction affected by doubling the distance between
two bodies? By doubling both masses and doubling the distance
between them ?

+1. Gravity Above and Below the Earth's Surface.—
Gravity is greatest at the surface of the carth. When we
go down into the earth gravity decreases, because some
of the matter of the earth is attracting us upward. Were
we 1o get half-way to the centre we should have only half
the weight that we have at the surface. At the contre we
should have no weight, being ecqually attracted in all
directions,

As we go above the earth gravity decreases us the square
of the distance from the centre of the earth increases.

42, Mass Constant.—The position of the body does not
affect the mass. It might be removed far from the earth
and the mass would be the same. The number of mole-
cules—i.e., the mass—would be constant if carried to the
sun; but as there is 0o much more mass in the sun than
in the carth, the attraction, and consequently the weight
of the body, would be greatly increased.

43. Mobility and Inertia.—Bodies will not move unless
some force is exerted on them from without. and (hey
vield to the slightest force impressed which is not counter-
balanced by some other force. This brings us to two other
properties of matter.—mobility, which induces it to yield
freely to impressed forces, and inertia. which prevents it
from moving itself, from stopping itself, or from changing s
direction of motion.

Examples of inertia are numerous. It requires more
force to start a car than to keep it in motion. When sud-

b 2%

Sacred Science Inscicuce

wiwul.sacredscience.com



.18 NATURAI PHILOSOPHY,

denly stopped by another force, the contents are thrown
forward by their inertin. A ball projected upward stops,
not because it Las power to stop itself, but because another
force, gravity, is constantly pulling against its motion. A

marble thrown swiftly through a panc of glass will make
a small round hole, because the inertia of the other parts
of the glass prevents them from yielding to the sudden
IMPression.

Experiment 6.—Place a card on the end of a finger, and a cent on

the card. By a quick stroke with the forefinger of the other hand the
card may be shot ont, leaving the cent resting on the linger.

41, Ether.— We have spoken of the three forms of matter,
solid, liquid, and gascous; we have also said that the mole-
cules of matter do not fill up the whole space, but that
pores, which are lavge compared with the size of the mole-
cules themselves, exist in all substances. This intermolec-
ular space is supposed to be filled with something called
ether, which is as far separated from gases by its properties
as gases are from liquids. It also fills the pores of the air,
and the spaces between the planets and between the stars,
outside the bounds of the atmospheres which surround
them. It is highly elastic, without weight or color, or any
other properties which can be perceived by the senses, It
i1s supposed to be the agent which by its vibratory motion
conveys the rays of light from the sun to the earth; and
which carries them between the molecules through trans.
parent substances.

45, Radiant Idatter.—Dr. William Crookes® has found
that by exhausting the air in a tube so as to leave not more
than one- miilmnth the ordinary amount, the remaining
substance has properties so peculiar that he feels justified
in giving it a new name. He calls it radiant matter. and
considers it to be a fourth form of matter. Solid, liquid,
gaseous, and radiant would then be the four aggregate

. —— e — - B ]

1 An Lng]mh scientist, now hvmg (189,&)
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MATTER. 19

states, each having properties which widely separate it
from the others. By passing electric sparks through
radiant matter some of its properties have been deter-
mined.!

Exercises.—I1. Is matter destroved when water is dried up? when
gunpowder explodes? when house gus burns?  Where does it go to?

2. To what property of matter do blotting-pads owe their utility ?
rubber bands? watch-springs? pop-guns? putty ? hammers? piano-
strings ¥ wuter-filters ?

3. Why does not the addition of a little sugar to a full cup of coffee
cause it to overflow ?

4. When we fix the head of a hammer on the handle by striking
the end of the handle on a block, what property do we use?

5. Why does a foot-ball, nearly empty, become full when we exhaust
the air from around it? why does it soon collapse 7

6. One sixteen-thousandth of a cubic inch of indigo dissolved in
sulphurie acid ean color two gallons of water. What property of
mutter is here shown?

7. How would you test the relative hirdness of two minerals?

8. When water is converted into steam, are the molecules enlarged
or separated ? is its mass increased or diminished? its demsity? its
weight ? its volume ?

9. Name a substance which is often found in all three forms.

10. If you knew the volume and mass of a solid, how would you
obtain its density ? if you knew its mass and density, how would you
obtain its volume?

11. Give an instance of a hard body which has liitle cohesion.

12. Why does not a large stone fall to the earth more rapidly than a
small one?

13. If a body were removed to a distance of 8000 miles from the
surface of the earth, how much less would it weigh than at the sur-
fuce? Ans. } as much.

14. What would a 100-pound weight weigh if moved to the distance
of the moon (60 radii of the earth)? dns. 4 pound.

15. Suppose a sphere were one-half the giameter of the earth and
of the same density, what would a body which weighed 100 pounds on
the earth weigh at its surface?  Ans. 50 pounds.

Note.—Its mass would be one-cighth that of the earth. and distance
of the body from its centre one-half.

SUMMARY OF CHAPTER L

46. Matter is made up of a countless number of minute molecules.
It is perfectly inert, but each particle has the property of atiructing

every other particle,
It has extension in three dimensions. It has three (possibly four)

states of aggregation.

I These will be further explained, page 33".
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—

CHAPTER I1L

MOTION AND FORCE.

47. Rest and Motion.—In natural philosophy we gener-
ally speak of motion with reference to fixed points on the
carth, and these are said to be at rest, though of course
they are movine with the earth through space. We may
consider motion with reference to any other point. A
man moves in & boat when he shifts on his seat, or in a
moving train when he walks from one part of the train
to anothenr.

48. Kinds of Motion.—When a body in motion passes
over equal spaces in equal times, its motion is wuniform.
When it passes over unequal spaces in equal times, its
motion is varied. When the spaces in successive times
become greate.. ils motion is accelerated, and when less, re
tarded. This acccleration or retardation may also be uni-
form or varied.

49. Veloeity.—The welocity of a motion is the space
traversed in a unit of time. It may be in miles per
hour, feet per second, ete.

Feet moved in Successive Seconds, Kinds of Motion.

|
30 30 30 20 J Tniform.
I
i
|

.10 15 20 25 Uniformly accelerated.
20 18 18 14 Uniformly retarded.
20 14 116 4 Varied,—not uniformly.

| | |
; : ! |

Questions. — When a train starts from a station, what kind of
maotion is it? when stopping? when a ball iz thrown upward? when
it tl<? What kind of motion in the hands of a watch? in the cur-
rent of a river? in the winds?
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MOTION AND FORCE. 21

50. Force.— Force is anything which tends to produce, change,
or destroy motion. One force on a body at rest tends to
move it. If it acts on a body in motion, it may change the
direction ov velocity of' the motion, or destroy it. Two or
more forces may act on a body at rest so as to balance cach
other and cause no motion. But each one tends to produce
motion. In bridges and buildings we have cases of bal-
anced forces. Gravity is a force always acting upon them,
and upon everything they sustain. This produces other
forces acting along the various timbers and pieces, If the
structure is well built, the strains from these forces are
exactly balanced, every part is sufficiently strong to do its
worle, and there is no motion except such as is due to the
elasticity of the materials.

51. Kinds of Force.—A force may act for an instant and
then cease, in which case it is said to be an impulsive force;
or it may act for some time, when it is a continuous force.
The striking of a ball by a bat is an example of an impul-
sive force, and the pulling of a train by a locomotive, of a
continuous force,

52. Impulsive Force produces Uniform Motion.—An 7m-
pulsive force tends to produce uniform motion, and a continuous
force accelerated motion. This would scem to be contradicted
hy experience. For the motion of a ball ig soon destroyed,
an:l the continual pull of the ¢ngine may only keep the
train moving uniformly. But the force of the bat or
of the locomotive does not act alone. Were it not for
gravity, the resistance of the air, and friction. which are
modifying forces, the ball would move on forever with
uniform velocity, and the velocity of the train would
be accclerated so long as the engine pulled it ever so
siightly.

53. Newton’s Laws of Motion.—All the circumstances
of motion are embraced in three laws, first enunciated by
Sir Isaac Newton. These cannot be proved mathemati-
cally. They should be looked upon as fundaumental prin-
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22 NATURAL PHILOSOPHY.

ciples, which depend on the properties of matter, and which
may be shown to be true by experiment.

They are as follows:

1. A body at rest remains at rest unless acted on by a force;
and a body in wmotion would move forever in a straight line
with uniform velocity unless acted on by a force.

2. Motion, or change of motion, is proportional to the force
impressed, and is in the direction in which the force acts.

3. For every action there 18 a reaction equal in amount and
opposite in direction.

54, The first law is the result of the inertia of matter,
and the secou.l, of its mobility. The first says matter can
do nothing itself, and the second, that the slightest force
will bave its corresponding cffect.

The third law may be made clear by some illustrations.
The earth attracts an apple and causes it to fall. The
apple attracts the earth just as strongly, and the earth
moves to meet it, but the greater mass of the earth makes
it move so little that the motion is not noticed. A horse
walking on a tow-path pulls a loaded canal-boat. Ile acts,
through the rope, on the boat, and the reaction occurs
where his feet press backward against the ground. Put
the horse on the forward deck and let him pull ever so
hard on the same rope shortened, he could not move the
boat, because both action and reaction would be exerted on
it, and would balance each other.

55. Momentum.— Momentum is the quantity of motion. -The
momentum of the earth was the same as the momentum
of the apple. ror while its velocity was less, its mass was
as many times greater. IHence mass and velocity together
make up momentum. A body weighing two pounds has
twice the motion of one of one pound which has the same
velocity ; a body with twice the velocity of another has
twice the motion, the mass being the same. In general we
have the equation,—

Momentum = mass X velocity.
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MOTION AND FORCE. 23

56. The number representing the momentum of a moving body has
no name, and such numbers are used only in comparing. A body
weighing 200 pounds and moving 10 feet per second (momentum 2000)
has twice the momentum —that is, twice the moving power—ot a body
weighing 50 pounds and moving 20 feet per seccond (momentum 1000).
In the casze of action and reaction between two moving bodies, or
bodies free to move towards each other, the momentum of one is equal
to the momentum of the other.

Questions.—A man standing in the bow of a boat which, with its
load, weighs 500 pounds, pulls on a rope which extends to a man
standing in the bow of & similar boat weighing 1000 pounds. How do
the momenta of the boats compare? How do their velocities compare ?

57. Measure of Forces,— We may measure forces in two
ways. One way is by the pressure necessary to resist
them,—weighing the forces, as it were. The unit is then
the pound or the gram. These vary as gravity varies,
being greater nearer the level of the sea. A better way
to measure forces is by the velocity they would produce if
acting alone. The velocity which a force can impart to
a unit of mass by acting on it for a unit of time is its
acceleration.

58. Units of Force.—In the English system the units are
the pound and second, and the unit of force is that force
which in one second will give a mass of one pound a ve-
locity of one foot a second. The C. G. S. system employs
the C. G. 8. units (Art. 27), and gives us the unit of force
called the dyne, which means force. The dyne is the force
which, acting for one second, will give a mass of one gram
a velocity of one centimetre a sccond. 7.e.. which will give
one gram an acceleration of one centimetre per second.

59. If a force of a dyne act constantly on a moving mass of one
eram, it will increase its velocity regularly, for at the end of each
second the inertia keeps it moving at its acquired velocity, and the
force adds to its velocity continually. The additional velocity in any
mass is directly proportional to the force; hence the acceleration is a
measure of the force.

60. Magnitude of the Units of Force.—The units of force
must not in any way be confounded with the units of weight which
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24 NATURAL PHILOSOPHY.

are named in defining them. The weight of a pound or of a gram is a
measure of gravity, Now, gravity acting on any ordinary mass of
matter near the earth and free to fall ¢ives it an acceleration of about
32.2 feet, or 980 centimetres per seeond.  (See Art. 88.) If the mass
i a gram, and it acquires a velocity of 980 centimetres a second, it
inust be acted upon by a foree of 980 dynes, as one dyne could give it
a velocity of only one centimetre per second.  The dyvne is equivaleny,
then, to a force or pressure of 5y of a gram at the sea-level. The
megadyne (mililon dynes) is used in practice to denote forces of
appreciable magnitude.

61. Effect of Two Forces.— Experiment 7.—Fasten two pulleys
against a vertical board so that th(y
will turn freelv.  Arrange cords us in
the figure, nul\mg the lcnut at w s0
qs not to slip.  Hang weights p, 4,
and », being careful not to %t 7 greater
than p and ¢ combined, “Menstre ab
and e, proportional to the weizhts p
and ¢; that is, if » is three pounds,
make af three feet, and if ¢ is four
pounds, make «c four feet. Make the
F16. 2.—PARALLELOGRAM OF Forces string bdc seven feet long, and fasten

it at b and ¢. IPut a pin at &, four
feet from & and three feet from e¢. Hang a plumb-line from this pin.
It will pass the point ¢ and the weight 7, and the distance da will be
ws many feet as therr are pounds in ».

62. Parallelogram of Forces. — The figure abde is a
parallelogram, and the line da is the diagonal. Any two
forces acting on a body in the same plane, but not in the
same straight line, move the body from one corner to the
opposite corner of a parallelogram, just as the forces p and
g suspend the weight » in
the direction of the diago-
nal. This is illustrated in
rowing a boat across a cur-
rent, and in many other
familiar wavs., Draw two
lines to represent the direc-
tion and magnitude of the foreces. Through the end
of cach of these lines draw a line parallel to the other.
The figure will be the parallelogram of forces, and the
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MOTION AND FORCE. 25

diagonal, which represents the direction and distance taken
by the body, is the resultant of the two forces. In Figs. 2
and 3, ad is the resultant of ab and ac. So any number of
forces may have one resultant.

63. Centrifugal Force.—When a body is swuug around
by a string there are two forces acting
on it. Omne 18 itg inertia, which would =
tend to make it move in a line, ab,
touching the curve. The other is a¢, the w—______ >
pull of the string. The tendency would
be to move in the diagonal ad. But as this
pull is acting continuously, and the direc-
tion continually changing, the line is a ¢
surve, These are the forces which keep Mo %Momox ix 4
the earth and all the planets in their orbits.

The outward pull on a string, which is the result of the

5

¥

lﬂﬂﬂﬂﬂlﬂ[ﬂm T H“ﬂi\i\l*lllil IlHN

P16, 5.~—CENTRIFUGAL FoRCE APPARATUS.

inertia of the body tending to cause it to get farther from
the centre, is centrifugal force. It is always equal to the
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26 NATURAL PHILOSOPHY.

force drawing towards the centre and opposite in diree
tion.

64. Effects of Centrifugal Force.—A striking cffect of
centrifugal force is shown by the apparatus of Iig. 4
Herve the flexivie bands are put in rapid rotation, and the
centrifugal force malkes them assume the form indieated
by the dotted line. When the earth was a soft body, the
centrifugal force caused by its rotation on its axis probably
produced the bulging at the equator which we now notice.
The centrifugal force is greater at the equator than else-
where, because of the greater velocity of the carth there.
Hence bodies are lighter there than at the poles. An
equestrian leanbs inward in riding around a curve, to bal.
ance the centrifugal force. 1t is this force which causes
mud to fly from moving carriage-wheels, or water from a
grindstoue, and which sometimes breaks a rapidly-revols-

ing fly-wheel. In sugar-refineries
the syrup is separated from the
5 crystals by being thrown outward,
» the sugar being retained by a wire
gauze. Clothes are dried by a simi-
lar arrangement. In a bicycle in
motion the centrifugal force causes
the particles to continue to move in the same plane. Hence
the faster it is going the more difficalt it is to overturn.
65. Moment of a Force.—The moment of a force is its
ability to produce rotation. If ab, Fig. 6, be a lever ro-
tating about the point a, and a force p be applied at 4. in
the direction of the arrow-head. it will, if sufficient, turn
the body. Thix ability will depend on the magnitude of
the force and the length of its lever-arm, and is cqual to
their product. Thus, the moment of p =p X ab.

™
R

Fig. 6.—MoxuNt 0F A FORCE.

Exercises.—1. A force of ten pounds has a lever-arm of 2 feet:
what is its moment?

Ans.—20 foot-pounds. :

2. A force of 16 grams has a lever-arm of 200 metres: what is its

moment in kilogram-metres ?
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MOTION AND FORCE. 27

66. Work.— Work counsists in moving against resistance.
A horse or an engine does work when it pulls a load, a
bird when it propels itsclf through the air, o man when
he lifts up a weight.

Let us take the latter case.  When a load is lifted. a cer-
tain amount of work is done; when it is lifted twice as high,
twice as much work is done, or when the weight is twice
as great, twice as much work is done; when twice as great
a weight is lifted through three times the height, =ix times
the work is donc; or,

Work done = weight X height.

In general, the work done by any force is the product
of the force and the distance through which it moves.

67. Unit of Work.—The unit of work in the English
gystem is the foot-pound. It is the work done in lifting
the unit of weight (pound) through a unit of height (foot).
The French system uses the units kilogram and metre, and
the unit of work is the kilogram-metre.

68. Power.—When work, simply, is estimated, the time
required for it is not taken into account. Ten pounds
lifted 10 feet are 100 foot-pounds of work, whether hoisted
by an engine in a second or carried up a ladder by a boy in
a minute. But it is evident that when power is estimated
time must be taken into account. An engine which will
perform 1000 units of work in a second has twice the
power of an engine which requires two seconds to perform
the same work.

69. Unit of Power.—The unit used in estimating the
power of engines, boilers, electric motors, water-wheels,
etc., is the horse-power, which is the ability to do 33,000
foot-pounds of work in onc minunte. To find the horse-
power of an engine, multiply the weight lifted, or pressure
of steam in pounds, by the number of feet moved in one
minute, and divide by 33.000. An engine having a piston
of 165 square inches, a two-foot stroke, and an average
available steam-pressure of 25 pounds per square inch,
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28 NATURAL PHILOSOPHY,

develops 75 horse-power when making 150 revolutions per
minute.

Exercises.—1. Work out the above.

2. How many foot-pounds of work are done in lifting 20 pounds 10
feet?

3. An engine hoi 2 tons of coal up a 600-foot shaft in 1 minute:
what horse-power dous it exert?

4. What horse-power is required to perform the work of the lust
exarnple in 2 minutes? in 5 minutes 7 in } minute ?

ENERGY.

70. Energy is Ability to do Work. A moving body has
energy. A body lifted up has cnergy. They can do work
in moving or in falling. The units of energy are the same
as the units of work.

71. The Erg.— Lhe units of work given in Art. 67 are
derived from the weight of the pound and the kilogram.
Weight depends upon gravity, aud as this varies with the
distance from the earth’s centre, any units derived from it
must vary accordingly. This variation on the ecarth’s sur-
face is very slight, and the units are likely to remain in use
when estimating heavy work. For the purpose of exuact
science, however, an invariable unit of energy is desirable.
The erg is such « anit. It is the energy expended or the
work done by a force of one dyne (Art. 88) acting through
one centimetre.

This is equivalent to lifting 41, of a gram, at the sea.
level, 1 centimetre high., (Art. 60.)

How many ergs in a kilogram-metre?
i2. The dyne and the erg are invariable, because thev depend upoun
the wasy, not the weight, of a cubie centimetre of wuter.

73. Potential Luergy.—A weight held up by the hand
has the power by virtue of its position to fall, and hence do
work, if its support be withdrawn. A body of water held
up by a dam has the power to do work on a water-whecl,
if allowed to fall upon it. A wound-up spring has poswer
to perform work in turning the machinery of a clock.
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The ability to do work which a body thus bhas by reason
of its position 1s called energy of position, or potential enerqgy.

74, Kinetic Energy.—A weight descending, water falling
on a wheel, a spring uncoiling, a bullet moving through
the air, a muscle in use, have energy,~—energy of motion, or
kinetic energy, sometimes eulled actual encrgy.

75. The formula for potential energy is w X A, where w represents
the weight of a body, and 4 the height to which it is raised.

76. Potential and Kinetic Energy Equal.—If the body w
fulls the distance A, it can of course raise a corresponding
weight to the same height; that s, its kinetic energy is
cqual to w X distance it falls, which is the same as « X A.

77. Transformation of Energy.—When a body is thrown
upward its energy of’ motion becomes less and less. When
it has reached its greatest height this has been all con-
verted into energy of position.  As the body falls the en-
ergv of position reappears as energy of motion, and when
the body strikes the ground the kinetic energy is equal to
the potential energy at the highest point.

78. Conservation of Energy.— Iinergy is indestructible as
matter is, though it is frequently changed in form. The
heat of a steam-engine is converted into motion, and the
motion, carried to a dynamo, is converted into electricity,
which may be converted into light or into heat again. So
with cvery form of encrgy, none of it can be completely
destroyed any more than matter can. This great principle
is known as the conservation of energy, and in its fullest
sense it means that the total enerqy of the universe is always
constant in quantity, never more, never less, no matter what
variations it passes through. When a moving object comes
to rest without doing manifest work, its energy 1s simply
transferred to something else, to motion of the air, heat
of brakes, bearings, &ec.

Experiment 8.—Place about a half-dozen glass ¢ marbles,”” or better,
ivory balls, over a crack hetween two smooth, level floor-boards. See
a%
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30 NATURAL PHILOSOPHY,

that they are all in contact. Draw back the ball at one end and roli it
aguinst the end of the line. The ball at the other end will move away,
and the others will main-
tain their places. How dig
the energy pass through the
middle balls without move
ing them?
Experiment g.—Stretch
L nas10N BALLS, a string, not too tightly,
between two supports sev-
eral feet cpart. Suspend from it, at equal distances from the ends, by
equul sivings, two equal weights, « and &, Fig. 8. Draw the weight &
back, so that it will swing
aeross the direction of the
\ / horizontal string.,  Soon
« will begin to swing, and
when it has attained the
length of swing originally
given to 4, 6 will be no-
ticed at rest. Immedi-
ately, however, & starts
a b to swing again, aud, on at-
taining its original height,
a will be found at rest. So
theyalternately swingand
rest for some time, the friction of the air, ete., finally stopping them.
Notice that the original energy of position given to & was sufficient to
carry either « or 6 alone to the full height, or both together to half the
lieight, but never to carry both together to the full height at which b
started. This is a very entertaining experiment.

¥ig. & —CoONSERVATION OF ENERGY.

CENTRE OF GRAVITY.

79. Definition.—The centre of gravity of a body is the
point on which it will balance. If a body has a regular
shape and a nniform structure, the contre of gravity is in
the middle.

80. To Find the Centre of Gravity.—The centre of gravity
of an irregular board, or other thin body, may be found as
follows: Suspend the body freely on a round awl thrust
through it at any point, and suspend a plumb-line from the
awl at the samc wine. The centre of gravity will hang
directly below the point of support; that is, somewhere in
the plumb-line. When the body and the plumb-line come
to rest, clasp the line to the body, and mark its path with
a pencil and ruler. Now thrust the awl through any
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-

other point of the body and suspend the plumb-linc as
before. The centre of gravity will be in the plumb-line
again, and as it is in both plumb-lines, it is at their inter-
section. Bore a hole here, and the body will revolve
freely on the awl. In the case of most irregular solids the
centre of gravity is calculated from the shape of the body
and weight of the parts.

T

Fig. 3.—CENTRE OF GRAVITY.

Experiment 10.—Lay a thin board on the edge of a table, and when
it is just ready to fall, mark the table-edee with a peneil.  Change the
position of the board, and again mark the table-edge. Bore a hole at
the intersection of these lines and insert an awl to rotate the board on.

81. Line of Direction.—The line of direction is a vertical
or perpendicular line through the centre of gravity of a
body.

82. Stability.—A body so supported that the centre of
gravity is raised by any attempt to overturn the body is
stable. 1f the centre of gravity begins immediately to fall
the body is unstable. Example of a stable body, a brick
lying flat; of an unstable body, an egg balanced on end.

83. Base and Stability.—If the line of direction fall
within the base of support of a body, the body will stand,
otherwise it will overturn. The larger a body’s base the
more stable it is, for the line of direction will have more
room for play when the body is tilted. The higher a body
the less stable it is, for the centre of gravity swings faster
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when the body is tilted, and soon brings the line of
direction outside the base.

Fi1g. 10, ~Lixe snos CONTRE 0F (GRAVITY MISST FALL INRIDE THE Y HEFLS.

Queries.~—What would be the effect of building the tower of Pisal
considerably higher?

What is the gencral shape of very high chimneys, and why ?

A farmer hauls loads of hay and loads of stone over the same slanting
road : which is more likely to upset ?

84 When a man stands ercct, the line from his centre of
gravity talls between his feet. In beginning to walk, he
throws his body forward. so as to bring his centre of gravity
in front of his rect.  He would now fall did he not catch
himself by throwing one foot forward. The operation is
then repeated with the other foot. He also throws his
body from side to side, so as to keep che centre of gravity
over the foot which is on the ground. In carrying a
weight on his back he leans forward, and in carrying it in
one band he leans sidewise for the same reason.

85. The Bieycle.—The bicycle has no hase, and therefore
it is entively »i-fable; that is, it will not stand. When
running, the rider moves his centre of gravity slightly from
side to side, and also by slightly turning his wheel in

} Where is this, and how constructed ?
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the direction in which he tends to fall, he makes use of
centrifugal force to straighten up his machine.

86. Suspended Bodies,—When a body is freely suspended
the centre of gravity is always under the support (Art. 80),
and of course it is always stable.

Experiment 11.—Construct the ap-
paratus shown in Fig. 11. @b and be =
are two pine sticks notched together. or
hinged together, at 5. ed i3 a string
tied to the handle of the pail and fitting
imto a notch at d. Have the pail part
full of corn.

Experiment 12.—Bend a piece of Fig. 11.

rather stout wire into this shape, and
fasten an ounce or two of lead to each end. Then place the end of the
tongue 7' on the corner of a table, so that the weights will not touch the

Fi16. 12.—CEXTRE OF GRAVITY,

table. On trial, bend the tongue a little, if
necessarv, so that the frame and weights will
rest level.

Experiment 13.—Thrust a needle with a
sharp point up through a cork, and put the
cork in a bottle.  Into another cork thrusta
pin and two knives or forks.  The side of the
pin may now be supported on the point of the
needle, and the forks set to revolving, best by
&lowing on them. —r T

¥ia. 13,
S7. Bodies Revolve about the Cen- ’

tre of Gravity.—Experiment 14.—Make a ball of wood or cork
and firmly imbed a heavy piece of lead in one side of the ball.  Throw
the ball up into the air with a twirling motion. Try rolling it across
the floor.

Any revolving body, or system of revolving bodies, re-
volves about the common centre of gravity. We say the

[ Sacred Science Inscicuce

wiwul.sacredscience.com



34 NATURAL PHILOSOPIY.

earth revolves about the sun. They bhoth revolve about
their common centre of gravity, or the point at which
they would balance if placed on opposite ends of a lever.
(Art. 103.)

Exercises.—1. When will a hody slide, and when poll, down an
inclined plane ?

2. In rising from a chair, why do we lean the body forward ?

3. Why s it casier to walk on a fence with a long stick in the
hand ?

4. When is a pendulum in stable equilibrium ¢

5. Is n cone balanced on its apex stable? on its buse? on its side?

6. Why cannot a person pick up un object from the floor in tront of
him when standing with his heels against a vertical wall?

7. Should the centre of gravity of a ship be high or low? of a

wagon ?

8. Why is it easier to suspend an ivon ring on a nuil on the inside
than to balanee it on the outside ?

9. What would a 200-pound man weigh if moved to within 1000
miles of the centre of the earth? . lus, 50 pounds.

FALLING BODIES.

88. Acceleration of a Falling Body.—We have learned
(Art. 57) that acceleration is & measure of a force. This
applies especially to gravity, because it acts on a body uni-
formly-—with uniform pressure or stress—no matter in
what direction or at what rate it may be moving. Other
forces frequently lose in intensity, as the velocity of motion
increases, in the direction in which the force acts. This
effect of gravity is shown in a body falling towards the
earth,—the centre of the earth. It is found, by experiment,
that a body falling freely towards the earth incrcases its
velocity at the rate of 32.2 feet (9.80 metres) per second.
In algebraic equations for solving problems relating to fall-
ing bodies this quantity (32.2 feet, or 9.80 metres) is repre-
sented by the letter g.

89, It may be »-ked, Why does acceleration measure the force of
gravity more accurately than aweight, which is the constant pull of
gravity on a body at rest?  Weight depends upon mass (Art. 37), and
as the masses of ditferent bodies are not the same, it is plain that we
can derive from this nothing uniform to represcut the pull of gravity.
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All bodies, small and large, fall fowards the earth with the suime velocity,
0 that this gives us a uniform standard of attraction.

Some of the old philosophers thought and taught that the rate of a
falling body was dependent upon its mass. They did not try the ex-
perinient, as any boy or girl may, by letting a dime and a half-dollur
drop to the floor at the same instant. The half-dollar is pulled tive
times as hard as the dime is, and they would have reasoned that there-
fore it should move five times as fast. They did not consider that the
fivefold force has five times the muss to more. Suppose we were to let
six dimes drop.  'We should expect them to strike the floor at the same
instant.  What difference can it make if five of them are joined to-
gether in a half-dollar?

90. Time and Distance of Falling Bodies.—Having learned
by experiment the acceleration caused by gravity, we can
easily apply it to finding the distance a body falls in a
given time, the time required to fall a given distance, cte.
Liet us give an illustration

First, it will be readily granted that as gravity increases
the rate of a falling body by 32.2 feet per second, the
velocity (represented by v) is always equal to 32.2 feet
multiplied by the number of seconds the body has beeun
falling (represented by £, for time), or v = gt.

Second. it is easily secen that if a body starts from rest
and increases its velocity uniformly for any length of time,
its velocity in the middle of the time will be one-half the
velocity at the end of the time, or its average veloecity
is one-half its final velocity, or #g¢t. This average ve-
locity multiplied by the number of seconds must give the
whole space traversed by the body (represented by s), or

= 3 gt X t = } g% This equation gives us a direct
method of finding times and distances mentioned above,

Note.—These problems may be solved arithmetieally. Of course the

space divided by 1 g (16.1 feet, or 4.90 m.} will give the square of the
time in seconds.

Exercises.—1. How far will a body fall in 5 seconds?
2. How far will a body fall in 64 seconds 7 Ans. 880.225 feet.
3. How many metres will a bod\ fall in 2 seconds ?
Sacred Science Insdicuce

wiwul.sacredscience.com



36 NATURAL PHILOSOPHY.

4. The upper suspension bridge at Niagara Falls is nearly 197.225
feet high: how long would it take a stone to drop from the bridge to
the water?

Solution.—As s==1g X £, =5+ 1g 197.225 = 16.1 == 12.25,
this being £, ¢ == 17 12.25 == 8.5, number of' seconds.

o. The Eitfel tower is 300 metres high: how long would it require
fur a4 cobd ehisei o drop trom the top to the bottom.  dus. 7.82 seconds.
With what velocity would it strike ?

5. Hew high is a balloon when u bag of ballast thrown out requires
9 sceomds to reach the earth 7 'What velocity does the bag acquire?

91. Projection Upward.—When a body is projected up-
ward, the attraction of the earth takes away from its
energy of motion, and when it falls it gives it back aguin.
It has the same velocity in coming down that it had in
going up at the same height. The circumstances of the
motion are just reversed.

Exercises.—1. A boy kicks a foot-ball straight up. It comes back
again in 4 scconds.  How high did it go? whut velocity did he give it?

Suggestion.—The oall rose just half the time.

2. A bullet is shot upward with a velocity of 257.6 feet per second:
how high will it go?

92. Resistance of the Air.—The figures and results given
above make no allowance for the resistance of the ajr. On
account of this resistance the velocity of bodies falling in
the air is alwavs less than the ealeulated velocity, heights
arc less than ealeulated heights, and times are longer than
ealeulated time:  The resistance of the air is greater for
Heht bodies than for heavy ones, and it increases as ve-
locity increases, but much more rapidly.

Experiment 15.— Carefully cut a piece of paper into a circular shape
slightlv smaller than a silver dollar.  Hold one in each band and
let them drop at the same instant. Now place the paper disk, leve],
on top of the dollar, and let the dollar go. Tf carefully done, the
dollar pushes the air away, keeps it from the paper, and they fall to-
gether.

93. If a bodv were projected horizontally from the top
of a tower. it would reach the level at the same time as 1f
it were dropped. Moreover, it would reach thelevel at the
same time whatever its velocity of projection. For gravity
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is the only downward force acting, and it pulls the ball to
the earth in just the same time, whetber it moves horizon- -

tally during the time or not.
Lz
LA

Experiment 16,—8lide a coin or voll a |y
marble with force from u level table so
that it will shoot horizontally nearly across
the room. Just as it leaves the table let
another one drop to the floor. If uceu-
rately started, they will strike the floor at
the sane instant. !

94. Curved Path of a Projectile.— I < A

In the above experiments the pro- Fio. M.—FrosEeriox Homizon-
jected body was acted upon by two

forces, the projecting force and gravity. The projecting
force was impulsive (Art. 51), but gravity acted continu
ously. The path was curved. All projectiles move in curved
paths because they are acted upon continuously by gravity.
It is a law, that motion in a cwrve is always produced by the
action of « continuous forece directed toward a poiat out of the
line of motion. The grandest examples of this arc scen in
the motions of the heavenly bodies. The planets revolve
around the sun, having received somehow an initial velocity,
moving by inertia, and being continuously acted on by the
sun’s gravitation.

THE PENDULUM.

95. Definition.—A pendulum is a weight suspended by a
cord or rod, so that it may swing back and forth. One
swing of a pendulum is called a vibration. When drawn
aside from a vertical line, the weight is raized and gravity
causes it to desecend. Its inertia carries it up the other
side, and were it not for friction and the resistance of the
air it would rise to the height from which it fell, and swing
back and forth forever. On account of these resistances it
does not rise so high, but makes shorter and shorter vibra-
tions, and is finally brought to rest.

96. Energy of a Pendulum.—When drawn aside, it has
energy of position equal to its weight multiplied by ab;
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this is converted into energy of motion in the fall, and this
is reconverted to energy of position in the ascent, except
such portion of it as appears as heat in
the point of suspension and in the air.
Finally the whole energy is converted
mto heat, and the pendulum comes to
rest.

97. Laws of the Pendulum.—1. T%e time
of a given pendulum is independent of the
P extent of vibration.
io———" With the common pendulum, a long
swing 18 performed in very nearly the
same time that a short one 1s. A pen-
dulum can be so arranged that the times will be exact.

2. The times of different pendulums at the same place are
proportional to the square roots of their lengths.

The converse of this rule is useful in practice; the lengths
are proportional to the squares of the times.

Fig. 15.—PeENDULUM.

Note.—The length of a pendulum is taken from the point of sus-
pension to the ¢ centre of oscillation,” a point near the centre of
gravity of the weight.

3. The times of the same pendulum at different places are
inversely proportional to the square root of the intensity of
gravity.

98. This law ..ives us a means of determining the shape
of the earth. A pendulum at the equutor is made to beat
seconds accurately. Taken to New York it beats more
rapidly, showing that it is nearer the centre of the earth.
(Art. 64.) Taken to Iceland it beats more rapidly yet,
showing that it is still nearer the carth’s centre.

Query.—How much nearer is the North Pole to the earth’s centre
than a point on the equator, both being at sea-level ?

99. The Seconds Pendulum.—In the Middle United
States a pendulum about 39.1 inches, or 993 millimetres,
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long vibrates once a second, and is ecalled the seconds
pendulum.

Experiment 17.—(lst Law.) Suspend a weight of one or two ounces
hy a thin string to a nall driven into a wall.  Slide the loop out on
the nail, that the weight may not rud.  Measure
the string about 38.1 inches tu the centre of grav-
ity of the weight.  Draw the weight aside a foot
aud let it swing. Take the time of 80 vibrations.
Again take the time of 80 vibrations when the
pendulum is swinging but o few inches.

Experiment 18,—(2d Law.) Buspend a second
weight by a string one-fourth as long as the first.
Draw aside and let both go at once. What
result ?

Exercises.—1. If a seconds pendulum in a
given place is 39 inches long, how long is a pen-
duluin that beats haif seconds? how long to beat
one-third seconds? how long to vibrate in two
secong:ls? how long to vibrate in one minute ?

2. Some experiments were recently made with a
pendulum at Bunker Hill Monument. If the
string was 208, feet long, what was the time of
vibration? (See Art. 99.)

100. Pendulum for Clocks.—The use of
the pendulum in clocks may be explained
by Fig. 16. The pendulum swings be-
tween two arms a, and is connected with
the rod o and the escapement mn, The
pallets of the escapemient work into the
teeth of the escapement-wheel R. When
the pendulum swings, one of the teeth
of the wheel escapes from the pallet m, 1o ST Frovmes

he wheel escapes froi ¢ pallet m, o CLOCKS.

and the clock weight (or spring) which

acts through the train of wheels falls a little and moves
R forward. But no sooner has m released a tooth than n
catches another, which cannot be released till the pendu-
lum swings back and lifts n out.  So the teeth ave released
just as rapidly as the pendulum swings. Heat and cold
lengthen and shorten ordinary penduluom-rods, and thus
change the rate of the clock. Many pendulums have me-
chanical devices by which the heat, while it lengthens the
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rod. raises the weight, and vice versa, and thus keeps the
pendulum of the same length. The hands and fuce of a
clock are simply to keep count of the number of times
the pendulum vibrates, and thus save us very mcenotonous
work !

MACHINES.

101. The Mechanical Powers.—All machines, however
complex, are combinations of one or more of the six me-
chanical powers.—viz., the lever, wheel and axle, pulley, in-
clined plane, wedge, and screw.

These six mechanical powers, and the many combinations
of them in machinery, are intended, in a general sense, to
increase either the efliciency of the power applied to the
machine, or the rate of motion.

102. Law of Machines.—It is a universal law in me-
chanics that power is gained only at the cxpense of speed, and
speed s gained only at the expense of power.

This follows f»m our definition of momentum. A heavy
weight moving slowly has as much moving force as a light
weight moving rapidly. In the mechanical powers we
always consider a weight or load to be moved (or resistance to
be overcome) and a power to do the work. In calculating
the efficiency of o machine, the power and load are consid-
eved to be balanced, or in equilibrium. If the power mouves
the load, it must be greater than the amount caleulated for
cquilibrium, and enough greater at least to overcome the
friction of the machine and the inertia of the load.

THE LEVER.

103. The Lever.—A lever is any bar or rod which is used
to pry or move a weight, by having the power applied to
one point which is free to move, the weight supported on
another movable part, and another point resting on or
against an immovable support. This support is called the
tulerum, and theio are three classes of levers, depending
upon the-position of the fulcrum.
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In levers of the first class the fulcrum is between the
power and the weizcht. (Fig. 17.)

Firo. 17.—LEver oF THE Firsr (rass.

In levers of the second class the weight is between the
power and the fulerum. (Fig.18.)

Fic. 18,—LEVER oF THE SEcoND CLASS,

In levers of the third clasa the power is between the
weight and the fulerum. (Fig. 19)

Questions.—What kind of lever is a balance? a see-saw? a pair
of scissors? a ladder raised by a man nearits base ? the forearm of a
man? u pair of tongs? pincers? a wheelbarrow ? sheep-shears? the
handle of a water-pump? a claw-hammer used in drawing a nail ?
the rudder of a ship?

‘Where is the fulerum in each caze?

104. Lever-Arms and Leverage —The part of any lever
between the power and the fulerum is called the power-arm
4%
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of the lever, and the part betwceen the weight and the ful-
crum is called the weight-arm. The ratio of the power-arm to
the weight-arm is called the leverage, and represents how many
times greater the weight vs than the power, or the number of
times the power is multiplied by using the lever.

v g

D

, V
¢ ._ !
e =--—-- "
G B R

Fia, 18.—LEVER of THE THIRD CLARS.

105. Law of the Lever.—The italics in the last article
give onc expression of the law of the lever. That law may
be expressed in many ways. In proportion it would be

g w i weight-arm @ power-arm,
Asg an equation this becomes
p X power-arm == w X weight-arm,
or, the moment of the power = the moment of the weight.

Note.—In the above, p represents the power, and s the weight, and
these letters will be so used hereafter in all problems relating to
machines.

106. In levers of the second class the power-arm is the
whole lever, and therefore always greater than the weight-
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arm. In levers of the third class the weight-arm is the
whole lever, and always greater than the power-arm. 1n
levers of the first class, cach arm is a part, only, of the
lever, and the position of the fulcrum determines which 1s
longer. Therefore power is always gained by using a
second-class lever, always lost by using a third-class lever,
and gained or lost by using a first-class lever, depending
on whether power or weight has the longer part of the
lever.

107. To gain intensity of force by the use of a lever we
want all the leverage possible, and this is accomplished by
getting the weight as near as possible to the fulcrum.
Notice that the spaces traversed by power and weight are
inversely as the power is to the weight. (Art.102.) Any
force or weight multiplied by the distance it moves is
called the #work done” by that force or weight. Hence
the law applied to all machines:

The work done by the power is equal to the work done by the
weight or load.

[4 a -5 a
A A ~ =
Fra, 20, Fis, 21. Fia. 22,

Exercises.—(In these problems, the power is alwayvs applied at 5,
the weight rests at ¢, and « is the fulerum.)

1. In Fig. 20, ab —= 10 inches, ae =2 inches, p =20 pounds: find w.

2. In F]«r. 20, bc = 22 inches, p -= 40, w = 400 find «r.

3. In Fl”‘. 20, ab =12 inches. ac =13 inches, 10 =40 pounds: find p.

4. In Fl”‘. 20, p = 16, w == 240: find the leverage.

5. In Flc‘r 21, ab = 20 ac = 4, w = 75 pounds: u'qmred P

6. In Flg 21, ab = 24 1I]Lhea, » == 100 pounds, w := 300 pounds:
required be.

7. In Fig. 22, ab = 1 inch, «¢c = 12 inches, w - 20 pounds: re-
quired p.

8. In Flg. 22, ab = 2 inches, ac == 8 inches, & moves at the rate of 3
feet per second, at what rate does ¢ move? w == 3 pounds: required p.

Experiment 19.—Take a solid foot-rule, or better. a 1netre-stick,
marked to centimetres. TProcure two empty tomato-cans with wire
handles, and a few pounds of nails. Place the metre on w proper ful-
crum, and, with a can suspended from each end, balunce it yuite
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accurately with the nails. Then count any number of nails into one
can. and \eraf\ the hw of the lever by counting the number reguired
in the other can to balunce it.  TUse a spring-balance for power, with a
lever of the third class.

108. The Balance.—The balance is a lever of the first
kind. Itsaccuracy will depend on the exact equality of the

!ty
e,
ek

Fia. 24.—ARM oF A DrnicaTe Baraxcs,

two arms, and may be tested by first weighing a substancs,
then reversing weights and substance. If they still bal.
ance, it is correct.
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THE WHEEL AND AXLE.

109. Definition.—The wheel and axle as a mechaniea]
power consists of a wheel attached to an axle so that they
turn together. The power is applied to the circumference
of the wheel, and the weight is hoisted by a cord wound
on the axie. A crank may take the place of the wheel.

110. Law of Wheel and Axle.—The principle of the wheel
and axle is the same as that of
the lever.

The radius of the wheel ab is
the lever-arm of the power, and the
radins of the axle ac is the lever-
arm of the weight. There is equi-
librium when

P X ab==1w X ac.
Having given any three of these,
the fourth can be found as in the 7 il
Frg. 25 —WHEesl aA¥D AXLE,
case of the lever.

The other statements of the law of the lever apply also

to the wheel and axle.

Fia, 26, ~YWiNpLaAss, Fig. 27.~—CAPSTAN,

The windlass (Fig. 26) and capstan {Fig. 27) are ex.
amples of the wheel and axle.
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111. Cog-Wheels. — If the wheel or the axle has teeth which
work into similur teeth in other
wheels, we will have a train of
cog-wheels,  The law of equi-
libriumi of such a train is: the
weight inultiplied by the product
of all the radii of the axles is
equal to the power multiplied by
the product of all the radii of the
whecls.

Since the teeth of a small wheel
are the same distance from one
another as the teceth of a larger
wheel in which it works, when it
makes a complete revolution the larger one has only turned part
way round. If one has half as many teeth as the other, it will make
two revolutions to one of the other. It will, therefore, travel twice
az fast.  But the number of teeth is proportional to the circumfer-
ences, and hence to the radii, of the wheels. Hence we have the prin-
ciple that the velocity of connected wheels is inversely proportional
to their radii.

112, Train of Wheels.— An axle with cogs is called a pinion.
If a power turns a wheel the pinion of which works in another wheel,
the pinion of this in another wheel. and o on, we have great increase
of power, but we losc velocity., If we apply our power to the other
end of the train, the last wheel, we gain great velocity when we reach
the first pinion, but we lose power in the same proportion. The first
method is used when we want a small power to move a heavy weight,
and the latter when we want to gain a great velocity.

Wheels may also be connected by means of belts. The circum-
stances of motion are the same as in a train of cog-wheels. In this
cage the friction betwern the belt and the surface of the wheel takes
the place of the cogs, and the advantage is that power can be commu-
nicated through a long distance.

F1g. 28,-—TRAIN OF W ARELS,

Exercises.—In the following examples let R stand for the radius of
the wheel and » for the radius of the axle.

L. Given R =20, » == 5, and P =200, to find W.

2 Given R =20, P:«:IOU, and W-=1000, to ind ».

8. Given R==20, » == 1, and W =500, to find P.

4. Given r==1}, W == I()OO, and P~—~10 to find RA.

8. In lifting an anchor which weighs 1000 pounds, four men work &
capstan having a radius of 2 feet, by bars the outer ends of which are
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8 feet from the centre of the barrel. i ow much force does each exert?
Ans. 83.3 -{- pounds.

6. A power of 5 pounds acts on & wheel with a radius of 1 foot.
The pinion (2 inches radius) acts in a wheel of 1 foot radius. This is
repeated B times.  What weight may be lifted ? . dns. 1080 pounds.

7. Given R =:50 centimetres, » =10 centimetres. The power, 10
Kilograms, required V. The power falls 20 metres. How far will it
hoist 1W?

THE PULLEY.

113. Fixed Pulley.—The pulley consists of & wheel work-
ing in a block. In its simplest form it is used to change
the direction of a force. In this case there is no power
gained ; a little is lost by friction and by the stiffness of
the rope ; but, except these, it is carried over without loss
or gain. In Fig. 29 the downward force becomes an up-
ward one, and can be applied to lifting weights. Such a
pulley is called a fized pulley.

114. Movable Pulley.——The case is different when we
have a pulley such as is shown in Fig. 30. Here the

ARTUILEYRAAAT

BA

P

v

F1a, 29,—F1x£p PULLEY. Fig. 30.—MovaBsLE PULLEY.

weight is supported by votn brancnes of the cord above
ihe pulley; hence the tension on each need be but half
the weight; that is, for equilibrium, 7 must be twice P.

Sacred Science Inscicuce

wiww.sAcredscience.com



48 NATURAIL PHILOSOPHY.

A pulley of this kind will. therefore, enable a power of one
pound to lift a weight of two pounds. Such a pulley is
called a movuble pulley.

TE ISR

115. Work done.—Sinece, when W is lifted any
distance, the pulley is elevated the same arnount,
ihe ropes av both ¢ and & will be shortened, and P
wili have to rise through twice this distance.
Hence, us in the lever, in order to gain the advan-
tage of the movable pulley, we lose spuce and thne,
The work done by the power is equal to the work
done by the weight.  (Art. 107.)  While in motion,
the momentum of the power is equal to the momen-
tum of the weight.

116. Combination of Pulleys. — Fig. 31
represents the theory of movable pulleys.
To estimate the power gained let us sup-
pose a foree of one pound applied at P. Dis-
regarding friction, this force of one pound
is felt throughout the whole length of the
vope, and, as the rope pases gix times to the
Fro 31— Contmrsn movable blocik, it (zhaf block) will be sup-

mox or Proeys.  ported by a force of six pounds.

117. Law of the Pulley.—In a rombina-
tion of pulleys with one rope, a power will balance a weight as
many times greater than itself as the number of times the rope
passes to the morvable block.

118. The Differential Pulley-Block.—Fig. 32 represents
the differential pulley, which may be made to gain power
to any extent, and is a complete example of the principle
of mechanics st od in Art. 102

The fixed puliey, or “differential pulley-block,” consists
of two wheels, or “sheaves,” cast solidly together. The
circumference of cach of these sheaves is pocketed to carry
the links of the chain and prevent slipping. The sheave
ar the back, or right-hand side of the block, contains one
more pocket, at least, than the front sheave. To hoist the
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load, the operator pulls the chain at P. When a given
number of links, say 40, have passed through his hand, the
wheel 4 has made one revolution. This
takes up 40 links at B, and lets out 38 links
at (', which shortens the double chain 8C 2
links and ruises W one link. (Each pocket
counts fwo links) As the operator pulls P
forty times as far as W rises, 1 pound will
balance -0 pounds. This pulley will sustain
its load at any height without running down,
by the friction of the chain and bearings.
This is a great advantage. To lower W, the
operator pulls the chain at L.

The wheel A4 may be made of any size, thus dimin-
ishing the ratio of the two sheaves and increasing the
power accordingly.  Mechanical devices may be used
to turn A, thus further increasing the lifting power
of the pulley. '

Exercises.—-1. In Fig. 3%, how much weight will v,
a power of 20 prsund:&n hft‘f |  Fre. 3% Drrrsae

2. If the power moves through 30 feet, how fur “gxuiir Purvey.
will the weight move?

5. How much power will be required to lift a weight of 1 kilogram
through 1 metre, and through what distance will it move? )

CHLLILLTLL e i h kUL LUULLLL L 1 eatet it fi K

W
Fi16. 33.—PULLEYS, Fra. 3¢.—PULLEY AND WINDLASS.

4. In asyvstem of pulleys with one rope a power of 2 pounds balances
a weight of 24 pounds: how many movable pulleys are employed ?
¢ d - 5
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5. In the combination of pulley and windlass of Fig. 84, ad is 2
feet, uc # inches. A power of 80 pounds is applied at &: how much
weight can be lifted ?

6. How many turns will be required to lift the weight through 3
fect ?

7. Tn a difereni... pulley-block there are 31 and 30 pockets respec-
tively on the two sheaves. P ==10 pounds: required W.

& In the differential pulley shown in Fig. 82 there are 20 and 19
pockets in the upper wheel. W =1000 pounds, and the friction adds
2000 pounds: required P.

THE INCLINED PLAXNE.

119. Definition.—The inclined plane is any plane surface
inclined to the horizon. A board for rolling barrels into a
wagon, a railwi wrack not level, a coasting hill, are inclined

planes.

120. We best illustrate the use of the inclined plane by the board, or
<skidg,” for loading a wagon with barrels. The skids are used to
avoid the necessity of lifting the barrel perpendicularly. The work
done is the weight of the barrel multiplied by the height of the wagon.
A boy who could not at all lift the barrel, could roll it up the skids.
In rhe railway, or in the common road, we may not wish particularly
io pliee the loud on the hill-tops, but if « hill-top is in the line of the
roal. and cannot be cut away. we must surmount it to gain the farther
side, und the load must be raised the height of the hill.  The slope of
a railway is called its grade, and the steepness of the grade is generally
denoted by giving the number of perpendicular feet per mile. In a
road with a grade of 66 feet per mile, the rise would be 66 feet in 5280,
or 1 foot in 80. Fora small plane we would call this a grade of 1in
80. Oun such a plane a pressure of 1 pound weuld hold a weight of
84 pounds; that is, would prevent it from rolling down, the other
79 pounds being supported by the plane.  This holds good in any case,
and gives us the

121. Law of the Inclined Plane.—A given power, acting
parallel with the plane, will balance a load as many times
qreater than itself as the length is times greater than the height
of the plane.

Here the work done by the power is the power multi-
plied by the whole distance it moves, and the work done b
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the weight is the weight multiplied by the distance it rises
vertically.

Fic. 83.—1INCLINED PLANE.

Exercises.—1. In Fig. 35, DF =20, EF-=4, W=>500 pounds:
find I . :

2. In the same figure with the same dimensions, P == 250 pounds:
find W

3. A boy, who can push 100 pounds, wishes to roll a barrel of oil,
weighing 500 pounds, into a wagon 4 feet high: how fong must his
skids be?

4. A locomotive which can exert a continuous pull of 15,000 pounds
on a train is required to draw a train weighing 990,000 pounds: what
is the steepest grade it can overcome?

»

c
D £ B

Fia. 36.~—CoMBINATION OF POWERS.

5. Tn the combination of lever, inclined plane. and pulley of Fig.
36, AB =10 feet, dC==2 fect, DF =20 feet, KF =8 feet, P.=100
pounds: how large a weizht can be lifted?

8. How much power will be needed to lift a ton ?

7. How far will P have to move to drag W through 1 foot?

THE WEDGE AND SCREW.

122. The Wedge.—If the inclined plane is pushed under
the body, it becomes a wedge, and the same rules for equi-
libriuin hold good. The height of the plane i3 now the
back of the wedge, and the weight is as many times greater
than the power as the length exceeds the back of the
wedge.

Wedges are used for splitting timber, for raising heavy
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weights, for cutting and piercing. Knives, scissors, awls,
chisels, pins, needles, are wedges.
123. The Screw.—A screw is an inclined plane wound
around a eyvlinder.
e Experiment 20.-—Take a triangle of
paper, as in Fig. 87, and wind it ammad i

cylinder of W()Gd, it will illustrate how an
inclined plune can be made into a screw.!

B 124. Law of the Serew.—One com-
Fio. 31.—Screw a¥o Iv- plete turn of the screw will lift the
weight through the distance which
separates the threads. The law of the screw is, therefore,
. that the pressure exerted is
' & as many times greater than
IS the power as the circumfer-
ence deseribed by the power
is greater than the distance
between the threads.

P

Exercise,— A power of 30
pounds applied at the end of a
lever 2 feet long acts on a screw,
the distance between the threads

of which is 4% of an inch: how
Fxc;. 38.wTur; SUREW. much weight can be lifted ?

In the common screw, propellied by a serew-driver, the
weight is the resistance of the material penetrated, and the
circumference described by the power is the circle through
which the largest part of the handle travels.?

125. Frietion.—All the laws of machines are modified by
friction. Friction is roughness aut the point of contact of
two surfaces, which prevents them from sliding freely on
each other. Iu .overs there is friction at the fulerum, in
the wheel and axle and pulley at the bearings, on the

! Such a curve is a helix, and not a spiral, as often stated. A spiral
is & curve in one plane.

2 The distance between the threads of a fine screw is best obtained
by measuring an inch along it and counting the number of sthreads,..
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inelined plane, wedge, and scerew, at their surfaces. In all
these cases this represents so much resistance, to overcome
which additional power is requirved. It is important to as-
certain the amount of friction be-

tween surfaces of different kinds, so i ,.,,,f f’/'3

that its effect may be accurately
taken into account in our theories
of machines. The following will
atford a means of testing its amount.

Experiment 21.—Fasten a pulley to the
table, as in Fig. 89. Place a block on the 1
table and attach the pulley-cord to it.  On F16, 39.—DFTERMINING
the other end of the cord apply weights till FRICTION.
the block begins to move, The amount
of these Welf"hi‘s will mensure the friction between the block and the

dbgﬁ'

Experiment 22.—Place a brick on end, then on face on the table;
the friction will be the same in both cases.

Pluce a second brick on top of the first; the friction will be doubled.

126. Laws of Friction.—By some such arrangement as
this it has been found,—

1. That friction is less between metals of different kinds
than between metals of the same kind. Hence the advan-
ixs_; of brass bearings for iron axles.

2. That it is prs}p@z*nona% to the weight (or pressure),
and does not depend on extent of surface in contact.

3. That it is greater at the start than after motion has
commenced. A part of the weight may be removed from
the cord, and it will continue to descend.

The object of lubricants is to diminish friction.

127. Friction Essential.—Friction should not be looked
upon as a resistance merely: it is indispensable to our wel-
fare. Tt is the friction between our feet and the ground
which saves us from falling at every step. It is the friction
between the particles of dirt and the rocks which prevents
all the hills from erumbling down and everything being ve-
duced to a dead level. 1t is the friction of nails and screws
which gives them their utility and prevents all our strue-
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tures from falling to ruins. It enables the engine to draw
us on the track; it gives to belted wheels their value; it
enables us to make long ropes of short strands, and keeps
knots tied; it prevents the rivers from flowing with the
velocity of falliv: bodies.—(Art. 156.)

128, Machines do not create Energy.—\e have seen both
in the lever and in the pulley that the work done by the
power i3 equal to the work done by or upon the weight or
resistance. This is a general law of machines. Wheunever
we gain power we lose speed, and when we gain speed we
lose power. A machine cannot create any energy. It
transmits that which is applied to it by an external power.
The power does work upon it, and it does work upon the
resistance.  This work may be of a different kind, but is
the same in amount,

129. Uses of Machines.—The question then comes up,
What do we gain by machines? Sometimes we gain ounly
a chanee of direction, as in the fixed pulley; sometimes it
is an advantage to gain power at the expense of velocity,
as in a lever or pulley used to raise a heavy weight; and
sometimes it is an advantage to guin velocity at the ex-
pense of power - in the case of a clock, where the slow fall-
ing of the weight, or uncoiling of the spring, may cause more
apid motion ot the hands. Sometimes it is a gain to change
the character of the power, as in the steam-engine, where
heat produces mechanical motion, or in electric-lighting
machines, where heat and motion produce electricity and
light. Machines are also a great gain in enabling us to use
the power of the wind, of steam, of' falling water, and of
animals.

130. Perpetual Motion.—These examples will show the
character of the gains of machinery. In no case is the
energy increased by the machine itself. We see, then. the
folly of all _ hich will
keep themselves running without the addition of any ex-
ternal energy. Any such machine would havé’ ¥ create
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energy. Let us suppose that water falling on a wheel
would cause such motion of the wheel as would, applied to
a pump, force the water up to the level from which it fell.
This would be & perpetual-motion machine, for it would
keep itself going forever without any new supplies of
force. But it requires just as much energy to lift the
water up to its level as is given out by the fall. But part
of the energy of the fall is required to overcome the frie-
tion of the machinery and the resistance of the air, hence
there cannot be enough left to raise the water to its old
level. If machines could be constructed so as to run with-
out any resistance, perpetual motion would be possible, and
under no other circumstances.

Such a machine would be useless for any practical pur-
poses, for if any machinery were connected with it, it would
soon bring it to rest, and a new supply of power would be
needed.

General Exercises.}—1. The minute-hand of a watch is twice as
long as the second-hand : show that the end of the second-hund moves
thirty times as fast as the end of the minute-hand.

2. Find the space described in the fifth second by a fulling body.

3. If a body falls for a quarter of a minute, show that at the end of
that time it would be moving at the rate of 483 feet per sceond, und
ascertain what this velocity will be, expressed in miles per hour.

4. A stone dropped into a well is heard to strike the water in two
seconds and a half: find the depth of the well. Ans. 100 feet.

5. An express train, 66 yards long, moving at the rate ot 40 miles
an hour, meets a siow train, 110 yards }un_, moving at the rate of 20
miles an hour: find how long a man in the e\prea-a train takes to
pass the slow train, and how ionof the express train takes in completely
pxcc ng the siow train.  Ars. 713 minute. 5 minute,

f. A river, one mile broad, is running downward at the rate of 4
miles an hour: a steamer can go up the river at the rate of ¢ wiles
pw hour: find at what rate it can go down the river. dxs. 14

A moving body is observed m increase its velocity by a velocity
of 8 feet per second in ev ery second : find how far the body would
move from rest in b scconds.  Axs. 100 feet,

! In these and other exercises at the ends of the chapters a great
variety is given. The teacher should make a selection adapted to the
class. Many classes had better omit all of them, while some would be
benefited by working them all. Sacred Science Inscicuze
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8. Show that a eylinder, if placed on its flat end, will be in stable
equilibrium, but, if placed on its curved surtace, in neutral equilib-
riun.

0. A triangular board i3 hung by a string attached to one corner:
finil what point in the opposite side will be in g line with the string.

10. Find where the fulernm must be piaced that 2 pounds and 8
pounds may balance at the extremities of a lever 5 feet long.

i1, The arms of u lever are respectively 15 and 16 inches: find
what weight at the «nd of the short arm will balanee 30 pounds at
the end of the lond arn. and what weight at the end of the long arm
will balauce 80 pounds at the end of the short arm.

12. A straight lever, 6 feet long, and heavier towards one end than
the other, i tound to balance on a fuleram 2 feet from the heavier
eudd, but when placed on a fulerum at the middle it reguires a weight
of 3 pounds hung at the lighter end to keep it horizontal : find the
weight of the lever.  das. 9 Ths.

13. Two men, A and B, carry a weight of 200 pounds on a pole
between them ; the men are 5 feet apart, and the weirzht is at a distance
ot 2 feet from A ¢ find the weight which each man hus to bear.

14, Buppose that a body which really weighs 1 pound appearsin a
balanee to weigh 1 pound 1 ounce : find the proportion of the length of
the arms.

15, A substance ia weighed from both arms of o fulse balance, and
it. apparent weights are % and 4 pounds ¢ find the true weight.

18. The radius of the uxle of a capstan is 1 foot 1 if four men push
encll with a torce of 100 pounds on spokes 5 feet loug, show that on
the whole a tension of 2000 pounds ean be produced on the rope which
pisses around the axle.

17. A wheel and axle is used to raise a buckef from a well; the cir-
cumlerence of the wheel i=s 60 inches, and while the wheel makes three
revolutions the bucket, which weighs 30 pounds. rises 1 foot: find the
smallest force which can turn the wheel.  Ans, 2 1hs,

18. Suppose the power to act parallel to the plane, and that the
f-ight of the plane 3+ its base as 5 is to 121 if the weight is 85 pounds,
find the power.  dns. 25 lbs

14, Find the relation between the power and the weight in a screw
which has 10 threads to an inch, and ix moved by a power acting at
right angles to an arm ot the distance of 1 foot fromn the centre.

20. A pendulum vibrates 65 times in o minute: how much must it
be lensthened to vibrate once in a second ?

Suggestion.—Time of one vibration =} seconds.  Ans. Zf of its
length.

21. In what time would a zeconds pendulum vibrate at a height of
4000 miles above the earth’s surfuce 7 at a depth of 2000 miles under
ground?

22, How long iz » vendulum which vibrates 40 times a minute, &
seconds pendulum veing 39.1 inches long ?

23. A seconds pendulum carried up a mountain vibrates 58 times a
minute: what is the force of gravity? Ans. §iF of gravity at the
surfuce.  This would be expressed by saving it would canse an accel-
aration in a fulling body of 30.1 feet per second.  Work out this result.
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SUMMARY OF CHAPTER II

Change from a state of rest to a state of motion, or vice verse, is always
produced by the application of some force.

Torces are either impulsive or continuous,

An impulsive force tends to produce uniform motion, and a continu-
ous force tends to produce accelerated motion.

The fundamental relations of motion and force are expressed in the
three laws of motion first stated by Sir Isane Newton.

- The momentum of a moving body is its ability to impart motion to
another body.

Forces may be measured either by the pressure which they cause or
by the acceleration they can produce in bodies free to move.

The C. G. 8. unit of accelerating force is the dvne. This is the force
which will accelerate a muss of one gram at the rate of one centimetre
per second.

The dyne in the middle United States is about 4}z of » gram.

Two forces acting on a body in any direction, not in the same straight
line, will move it to the opposite corner of a parallelogram, of which
the two sides represent the magnitude and direction of the two forees.

When a body in motion is acted on by a continurus foree towards any
point out of the line of motion, its path is a curve.

Work consists in causing motion against resistance.

The practical units of work are the foot-pound and the kilogram-
metre.  The invariable unit is the erg.

Power is estimated in units of work and fime.

The practical unit of power is the horse-power,—i.e., the ability to 1ift
thirty-three thousand pounds one foot in one minute.

Energy is ability to do work.

Potential energy is the energy possessed by a body or a substance on
account of its position, or state of compression or strain,

Kinetic energy ig the energy which a body posseszes on nccount of its
motion. Its amount is determined by the weight as well as the relocity
of the body.

A body starting to move is eonverting potential encrgy into kinetic
energy ; a body stopping in a position of increased advantage is con-
verting kinetic energy into potential.

Energy is indestructible. It may undergo countless transformations,
but the total amount in the universe is always the same,

The centre of gravity of a body is the poiut on which the body will
balance. E
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A body is stable when, the centre of gravity being moved, it tends to
return to its original position.

The carth's attraction (gravity) causes a velocity of about 32.2 feet,
or 9.8 metres, per second in a body free to fall. This acceleration is
practically the sane for all bodies, light und heavy, and whether they
have a motion horizontally or not.

Gravity #rekes from the veloeity of u body moving upward 82.2 feet
each second.

The resistanee o the air seriously modities the results of calculation
for very rapidly-moving bodies or bodies of light material.

A swinging penduluin is a complete example of the conversion of
potential into kinetic energy, and vice versa.

All machines are combinations of the six mechanical powers, the
lever, wheel and axle, pulley, inclined plane, wedge, and screw, some
of them frequently much modified.

In all machines velocity of motion is gained only at the expense of
intensity of pressure, nnd vice versa,

The principle of all machines is that the power multipled by the dis-
tanee it mores i3 ol to the weight multiplied by the distance it rises.

All the laws of machines are much modified in practice by rigidity
of ropes and other material, and by various other resistances, the prin-
cipal one of which is friction.

No machine, however nearly perfect, can create or originate any
energy, power, foree, or work : it simply affords a convenient method
of applving the kinetie energy of moving air and falling water, the
radiant encrgy of licht and heat, the subtle energy of electricity, and
the vitul muscular energy of ourselves and our domestic animals. to
such purposes as we choose,
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