www.libtool.com.cn



)N

"SCHOOL OF EDUCATION
' LIBRARY

TEXTBOOK COLLECTION
GIFT OF
THE PUBLISHERS







- www.libtool.com.cn ¢



www.libtool.com.cn



www.libtool.com.cn







TABLE OF SPECTIRA  pi1




-

UL

-

FILTOSOP

LT IENT I

]
!

I‘]':

[ R P A e e SSDES T

N Editon,

KEVI " "D« =rbhi 1V I o0 oD WO wiTy

UEOLCTESTD Rt o, 67 500 0 " R

o - I S R
PRI SO e :

: P .- - . . A

ot [P AL, U el R U . 8

Lo i 5! i‘l?‘ P R S

“ITSON,

PO ATLNY NSV BENIGARS R s

NEW YCRK ANE CITIL 0

BLAKEMAN . TAVLOR & COMeANY.

ey



.




WELLS’S

NATURAL.. PHILOSOPHY:

FOR THE USE OF,

SCHOOLS, ACADEMIES, AND PRIVATE STUDENTS.

By DAVID A. WELLS.

Netn Bhition.

CAREFULLY REVISED AND RE-EDITED IN ACCORDANCE WITH
THE LATEST RESULTS OF SCIENTIFIC
DISCOVERY AND RESEARCH.

By WORTHINGTON C. F.ORD.
st BEBARTMENT OF -ERUCATION -
'LELAND STANFORD JUNTOR UNIVERSITY

WITH MANY NEW ENGRAVINGS.

.

NEW YORK AND CHICAGO:
IVISON, BLAKEMAN, TAYLOR, & COMPANY.
1879.

Y4
4



624571

CoPYRIGHT, 1879.
By IVISON, BLAKEMAN, TAYLOR, & CO.




PREFACE.

THE first edition of WELLS’S NATURAL PHILOSOPHY was
published in 1857 ; and its use and success ever since, as a
text-book for elementary instruction in the principles of
physical science, have been almost without precedent in.
educational experience.

The recent and extensive progress in scientific discovery,
especially in the departments of heat, light, electricity, and
magnetism, has, however, for some time past, rendered a
complete revision of the original work most necessary; and
this task, under the supervision of the original author and
several experienced teachers, has now been very carefully
performed by Mr. Worthington C. Ford.

As thus revised, with the addition of many new engrav-
ings, the present edition of this old and favorite text-book
is believed to be fully in accordance with the requirements
of the times, and worthy of the renewed confidence of
teachers, students, and the public.

NEw YORK, September, 1879,

N. B.— For the convenience of those who may desire it, this work
is also bound in TWO PARTS. Part One consists of the first two hun-
dred pages; Part Two, of the remaining three hundred pages.
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NATURAL PHILOSOPHY.

INTRODUCTION.

1. Natural Philosophy is that department of science

which treats of all those phenomena or

N What is nat-
appearances observed in masses of matter ural philoso-
in which there is no change in the com- **
position of the body.

2. Chemistry, on the contrary, treats of all those
phenomena observed to take place in mi- wpgeis
nute particles, or portions of matter, in chemistry?
which there is a change in the character and compo-
sition of the matter itself. ]

3. A falling body, the motion of our limbs or of
machinery, the flow of liquids, the occur- w, . areex.
rence of sound, the changes occasioned by amplesof the

. . .. phenomena
the action of heat, light, and electricity, of natural
. philosophy ?
are all examples of phenomena which are
referred to the department of natural philosophy.

Strictly speaking, we have no right, in natural philosophy, to con-
ceive or imagine any thing ; for the truths of all its laws and princi-
ples may be proved by direct observation; that is, by the use of our
senses. When we conceive, reason, or imagine, concerning the proper-

ties of matter, we have in reality passed beyond the limits of natural
1



2 NA'i’URAL PHILOSOPHY.

philosophy, and entered upon the application of the laws of mind or
of mathematics to the principles of natural philosophy. Practically,
however, no such division of the subject is ever made. »

The truths and operations of chemistry, in contradistinction to the
truths and operations\/of | natural philosophy, cannot all be proved and
made evident by direct observation. Thus, when we unite two pieces
of machinery, as two wheels, or when we lift a weight with our hands,
or move a heavy body by a lever, we are enabled to see exactly how
the different substances come in contact, how they press upon one
another, and how the power is transmitted from one point to another.
These are experiments in natural philosophy in which every part of
the operation is clear to our senses. But when we mix alcohol and
water together, or burn a piece of coal in a fire, we see merely the
result of these processes; and our senses give us no direct information
of the manner in which one particle of alcohol acts upon another par-
ticle of water, or how the oxygen of the air acts upon the coal. These
are experiments in chemistry, in which we cannot perceive every part
of the operation by means of our senses, but only the results. Had
there been but one.kind of substance or matter in the universe, the
laws of natural philosophy would have explained all the phenomena
or changes which could possibly take place; and, as the character or
composition of this one substance could not be changed by the action
of any different substance upon it, there could be no such department
of knowledge as chemistry.

4. The term Physics is often used instead of the
What is term “ natural philosophy,” both having
meantd’  the same general meaning and significa-
“physics”? tion. It is also customary to speak of
“ physical laws,” “physical phenomena,” and “physi-
cal theories,” instead of saying the laws, phenome-
na, and theories of natural philosophy.

5. A Physical Law is the constant relation which
Whatare  €Xists between any phenomenon and its
Physicas  cause. A Physical Theory is an exposition
- theories?  of a]l the laws which relate to a particular

class of phenomena.
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Thus, when we speak of the “ theory ” of heat, or of electricity, we
have reference to a general consideration of the whole subject of heat
or electricity ; but when we use the expression, a “law ” of heat, of
light, or of electricity, we have reference to a particular department of
the whole subject.



CHAPTER L
MATTER, AND ITS GENERAL PROPERTIES.

1. Matter is the general name which has been giver
Whatis mat. 1O that substance which, under an infinite
ter? variety of forms, affects our senses. We
apply the term “matter ” to every thing that occu-
pies space, or that has length, breadth, and thickness.

2. It is only through the agency of our five senses
How do we (hearing, seeing, smelling, tasting, and feel-
e thingex. ing) that we are enabled to know that any
ists ? matter exists. A person deprived of all
sensation could not be conscious that he had any
material existence.

What is 3. A Body is any distinct portion of

body ? matter existing in space.

Whntarethe . .

propertics of matter are the powers belonging to it

matter ? . o . .
which are capable of exciting in our mind

certain sensations.

It is only through the different sensations which different substances
excite in our minds, or, in other words, it is by means of their different
properties, that we are enabled to distinguish one form or variety of
matter from another.

The forms and combinations of matter seen in the animal, vegetable,
and mineral kingdoms of nature are numberless; yet they are all com-
posed of a very few simple substances or elements.

4

4. The properties or the qualities of .

.




MATTER, AND ITS GENEML PROPERTIES. S

5. By a simple substance we’ mean one Wh

at is a
which has never been derived 'ﬁ'om or simple sub-
separated into, any other kind of rnalf.er stance

Gold, silver, iron, oxygen, and hydrogen are exa'hlpl'es pf simple
substances or elements, because we are unable to deco‘n;peze' them,
convert them into, or create them from, other bodies. < *.

°
v

6. ‘The number of the elements or sim- what is*the" ",
ple substances with which we are at present puame & -3
(1879) acquainted is sixty-four. ments ? <

7. These substances are not all equally distributed g
over the surface of the earth: most of pow gistrib-
them are exceedingly rare, and only known uted?
to chemists. Some ten or twelve only make up the
great bulk or mass of all the objects we see around
us.

All the different forms and varieties of matter are in some respects
alike; that is, they all possess certain general properties. Some of
these properties are essential to the very existence of a body; others
are non-essential, or a body may exist without them. Thus it is essen-
tial to the existence of a body that it should occupy a certain amount
of space, and that no other body should occupy the same space at the
same time ; but it is not necessary for its existence that it should pos-
sess color, hardness, malleability, and the like non-essential properties.

8. The following are the general properties of
matter : Magnitude or Extension, Impene- Whatarethe
trability, Divisibility, Porosity, Compressi- SSarProp-
bility, Inertia, and Indestructibility. ter?

9. By Magnitude we mean the property of occupying
space. We cannot conceive that a portion whatis
of matter should exist so minute as to have magnitude?

no magnitude, or, in other words, to occupy no space.
The surfaces of a body are the external limits of its magnitude;




6 NATURAL PHILOSOPHY.
the size of a body is th¢.¢ilfznti‘t§y of space it occupies; the area of a
body is its quantity, or éxtent. ‘of surface.

The figure of bedy is its form or shape, as expressed by its
boundaries or ten'nmatmg extremities; the vo/ume of a body is the
quantity of ﬁpace included) within(its \external surfaces. The figure
and vohu’he “ef "2 body are entirely independent of each other. Bodies
havmg vec)' different figures may have the same volume, or bodies of
thie same figure may have very different volumes. Thus a globe may

o hav.c ten times the volume of another globe, and yet have the same

g hgure, or a globe and a cylinder may have the same volume, — that is,
. -.' may contain the same amount of matter within their surfaces, —but

possess very different figures.

10. By /mpenetrability we mean that property or
What is im. q}lallty of matter which rfenders it impos-
penetrabil-  sible for two separate bodies to occupy the
fey? same space at the same time.

There are many instances of apparent penetration of matter, but in
all of them the particles of the body which seem to be penetrated are
merely displaced. When a nail is driven into a piece of wood, the
particles of wood are not penetrated, but merely displaced. If a
needle be plunged into a vessel of water, all the water which pre-
viously filled the space into which it entered will be displaced,
and the level of the water in the vessel will rise to the same height
as it would have done had we added a quantity of water equal
in volume to the bulk of the needle. When we walk through the
atmosphere we do not penetrate into any of the particles of which
the air is composed, but we merely push them aside, or displace
them. If we plunge an inverted tumbler into a vessel of water,
the air contained in it will prevent the water from rising in the
glass; and, notwithstanding the amount of pressure we may exert
upon the tumbler, it cannot be filled with water until the air is
removed from it.

11. By Divisibility we mean that property which
What is i. Matter possesses of being divided, or sepa-
visibility?  rated into parts. The divisibility of matter
is not infinite, but has a limit,
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The extent to which matter can be divided, and yet be perceived by
the senses, is most wonderful. Extent to

A grain of musk has been kept freely exposed to the which mat-
air of a room, of ,which |the door and windows were ter can bedi-
constantly kept open, for a period of two years, during vided.
all which time the air, though constantly changed, was densely impreg-
nated with the odor of musk; and yet at the end of that time the
particle was found not to have greatly diminished in weight. During
all this period, every particle of the atmosphere which produced the
sense of odor must have contained a certain quantity of musk.

In the manufacture of silver-gilt wire used for embroidery, the
amount of gold employed to cover a foot of wire does not exceed the
720,000th part of an ounce. The manufacturers know this to be a
fact, and regulate the price of their wire accordingly. But, if the gold
which covers one foot is the 720,000th part of an ounce, the gold on
an inch of the same wire will be only the 8,640,000th part of an
ounce. We may divide this inch into one hundred pieces, and yet see
each piece distinctly without the aid of a microscope: in other words,
we see the 864,000,000th part of an ounce. If we now use a micro-
scope magnifying five hundred times, we may clearly distinguish the
432,000,000,000th part of an ounce of gold, each of which parts will
be found to have all the characters and qualities which are found in
the largest masses of gold.

Some years since a distinguished an]lbh chemist made a series of
experiments to determine how small a quantity of matter could be
rendered visible to the eye; and by selecting a peculiar chemical com-
pound, small portions of which are easily discernible, he came to the
conclusion that he could distinctly see the billionth part of a grain.

In order to form some conception of the extent of this subdivision
of matter, let us consider what a billion is. We may say a billion is
a million of millions, and represent it thus, 1,000,000,000,000 ; but the
mind is incapable of conceiving any such number. If a person were
to count at the rate of two hundred in a minute, and work without
intermission twelve hours in a day, he would take, to count a billion,
6,944,944 days, or more than 12,000 years. But this may be nothing
to the division of matter. There are living creatures so minute, that
a hundred millions of them may be comprehended in the space of a
cubic inch. But these creatures, until they are lost to the sense of
sight, aided by the most powerful instruments, are seen to possess
arrangements fitted for collecting their food, and even capturing their
prey. They are, therefore, supplied with organs; and these organs
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must consist of parts corresponding to those in larger animals, which
in turn must consist of atoms, or little particles, if we please so to
term them. In reckoning the size of such atoms, we must not speak
of billions, but of billions of billions. Such a number can be repre-
sented thus, 1,000/000}000,000,000,000{000,000; but the mind can form
no rational conception of it.*

Of what is 12. Matter is supposed to be made up
matter sup-  of exceedingly small particles, to which

posed to be .
composed? the name afoms has been given.

The atoms of each elementary substance are believed to be alike in
shape, weight, color, &c.; but the atoms of each element differ essen-
tially from those of every other element. These atoms cannot be
divided by physical means, nor are they in contact with one another,
but are separated by spaces which are great in comparison to their
supposed size, and within which they are continually vibrating.

13. A molecule is a particle of matter composed
Whatisa  Of @ group of two or
molecule?  more atoms. Mole-
cules may be broken up into
their constituent atoms by
chemical means.

14. Porosity is the property
in virtue of which spaces exist
Whatispo. DEtween the atoms
rosity ? and between the mol-
ccules of bodies. When these
spaces are large they are called
sensible pores, as in wood or
sponge ; when they are very
small they are termed physical
pores, and are invisible to the
Fic. 1. naked eye, as in gold or lead.

* The billion is here used according to the English notation. — I /de Webster.
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That leather is porous the following experiment proves. A long
glass cylinder (Fig. 1) is surmounted by a metal cup with a leather
bottom. On filling the cup with mercury, and exhausting the air from
the cylinder by means of, an air-pump, the mercury is forced through
the leather, and falls'in' a' fine shower-to the bottom of the cylinder.

The porosity of liquids may be proved by mixing together equal
measures of alcohol and water; when the resulting mixture will be
found to occupy less space than its two constituents did separately.

15. By Density we mean the proportion which
exists between the quantity of matter wnatisden-
contained in a body and its magnitude or ®*'?
size. Thus, if, of two substances, one contains twice
as much matter in a given space as the other, it is
said to be twice as dense.

There is a direct connection between the density of a body and
its porosity. A body will be more or less dense according as its par-
ticles are arranged closely together, or are separated from each other:
and hence it is clear, that, the greater the density, the less the porosity ;
and the greater the porosity, the less the density.

16. The reasons for believing that the atoms of
matter do not actually touch each other What is the
are, that every form of matter can by press- evidence of

the existence
ure be made to occupy a smaller space of poresin
than it originally filled. Therefore, as no *' ™"’
two particles of matter can occupy the same space at
the same time, the space by which the size or vol-
ume of a body may be diminished by pressure must,
before such diminution took place, have been filled
with openings, or pores. Again: all bodies expand
or contract under the influence of heat and cold.
Now, if the atoms were in absolute contact with
each other, no such movements could take place.
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17. By Compressibility we mean that property of
What is matter in virtue of which a body allows
;c;lli:t:;r?essi- its vo_lut.m? or size to be diminished, with-

: out/diminishing the number of the atoms
or particles of which it is composed.

All matter may be compressed. The most solid stone, when
loaded with a considerable weight, is found to be compressed. The
foundations of buildings, and the columns which sustain great weights
in architecture, are proofs of this. Metals, by pressure and hammer-
ing, are made more compact and dense. Air, and all gases, are sus-
ceptible of great compression. Water, and all liquids, are much less
easily compressed than either solid or gaseous bodies.

18. Again: if the particles of matter of which a
Whatisex. body is composed do not touch each other,
pansibility 7 jt js clear that they may be forced farther
apart. This we find to be the case with all matter.
Expansibility is, therefore, that property of matter
in virtue of which a body allows its volume or size
to be increased, without increasing the number of
the atoms or particles of which it is composed.

All bodies, when submitted to the action of heat, expand, and
Illustrations OCCUPY a larger space than before. To this increase in
of expansi- dimensions there is no limit. Water, when sufficiently

bility. heated, passes into steam; and the hotter the steam, the
greater the space it will occupy. .

19. Inertia signifies the total absence in a body of
whatisin- all power to change its state. If a body
ertia? is at rest, it cannot of itself commence
moving; and, if a body be in motion, it cannot of
itself stop, or come to rest. Motion, or cessation of
motion, in a body, therefore, requires a power to exist
independent of itself.
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It is obvious, from the definition given, that, when a body is once
put in motion, its inertia will cause it to continue to move until its
movement is destroyed or stopped by some other force.

A ball fired from a cannon would move on forever, were it not for
the resistance or friction of the air and the attraction of the earth.

20. By Friction we mean the resistance which a
moving body meets with from the surface wnatis
on which it moves. friction ?

A marble rolled upon a carpet will move but a short distance, on
account of the roughness and unevenness of the surface. Its motion
would be continued much longer on a flat pavement, and longer still on
fine, smooth ice. If friction, the attraction of the earth, and the
resistance of the air, were entirely removed, the marble would move
on forever.

Owing to the property of inertia, or the indifference of matter to
change its state, we find it difficult, in running, to stop wpat are
all at once. The body tends to go on, even after we examples of
have exerted the force of our muscles to stop. We inertia?
take advantage of this property by running a short distance when
we wish to leap over a ditch or chasm, in order that the tendency to
move on, which we acquire by running, may help us in the jump. For
the same reason, a running-leap is always longer than a standing one.

Many of the most frightful railroad-accidents which have happened
are due to the laws of inertia. The locomotive, moving rapidly, is
suddenly checked by an obstruction, collision, or breakage of ma-
chinery; but the cars, in virtue of the velocity previously acquired,
continue to move, and, in consequence, are driven into or piled upon
each other.

For the same reasons, the wheel of an engine continues to pursue
its course for a time after the driving force has stopped. This prop-
erty is taken advantage of to regulate the motions of machinery. A
large, heavy wheel is used in connection with the machinery, called a
fly-wheel. This heavy wheel, when once set in motion, revolves with
great force; and its inertia causes it to move after the force which has
been imparted to it'has ceased toact. A water-wheel or a steam-engine
rarely moves uniformly; but as it is not easy, on the instant, either to
check or increase the movement of the heavy wheel, its motion is
steady, and causes the machinery to which it is attached to work
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smoothly and without jerking, even if the action of the driving force
be less at one moment than at another.

21. All the researches and investigations of mod-
Is matterin. €TT/SCiENCe teachcus that it is impossible
destructible? for any finite agent to either create or de-
stroy a single particle of matter. The power to cre-
ate and destroy matter belongs to the DEiTy alone.
The quantity of matter which exists in and upon the
earth has never been diminished by the annihilation
of a single atom.

When a body is consumed by fire, there is no destruction of matter:
it has only changed its form and position. When an animal or vege-
table dies and decays, the original form vanishes; but the particles of
matter of which it was once composed have merely passed off to
form new bodies, and enter into new combinations.

Practical Questions on the Properties of Matter.

3. Are the pores of a body entirely empty, vacant spaces ?

The pores of a body are often filled with another substance of a
different nature. Thus, if the pores of a body be greater than the
atoms of air, such a body being surrounded by the atmosphere, the air
will enter and fill its pores.

2. When a sponge is placed in water, that liquid appears to penetrate it. Does the
water really enter the soLID particles of the sponge ?

It does not: it only enters the pores, or vacant Spaces between the
particles.

3. Why do bubbles RrisE to the surface when a piece of sugar, wood, or chalk, is
plunged under water ?

Because the a/7 previously existing in the pores becomes displaced
by the water, and rises to the surface as bubbles.
4. What occasions the SNAPPING of wood or coal when laid upon the fire ?

The air or liquid contained in the pores becomes expanded by heat,
and bursts the covering in which it is confined.

5. How is water, or any other liquid, made PURE by filtering through paper, cloth,
a layer of sand, rock, &c. ¢

The process of filtration depends on the presence of pores in the
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substance used as a filter, of such magnitude as to allow the particles
of liquid to pass freely, but not the particles of the matter contained
in it which we wish to separate.

6. Gold and lead are metals of great density : their pores are not visible. Is there
any PROOF of their existence,’ beside’the fact-that-they can be compressed ?

Water can be forced mechanically through a plate of lead or gold
without rupturing any portion of the metal. Mercury, or quicksilver,
confined in a dish of lead or gold, will soak through the pores, and
escape at the bottom.

An interesting experiment was tried at Florence, Italy, nearly two
centuries ago, which furnished a striking illustration of the porosity of
so dense a substance as gold. A hollow ball of this metal was filled
with water, and the aperture exactly and firmly closed. The globe
was then submitted to a very severe pressure, by which its figure was
slightly changed. Now, it is proved in geometry that a globe has this
peculiar property, that any change whatever in its figure necessarily
diminishes its volume or capacity. The result was, that the water
oozed through the pores, and covered the surface of the globe, pre-
senting the appearance of dew, or steam cooled by the metal. This
experiment also proved that the pores of the gold are larger than the
elementary particles of water, since the latter are capable of passing
through them.

7. When a CARRIAGE is in motion, drawn by HORSES, why is the same exertion of
power in the horses required to STOP IT as would be necessary to BACK 1T if it were at
rest ?

Because, according to the laws of inertia, the force required to
destroy motion in one direction is egua/ to that required to produce as
much motion in the opposite direction.

8. If a carriage, railroad-car, or boat, ing with speed, be suddenly sToPPED OR
RETARDED from any cause, why are the passengers or the baggage carried precipitated
from their places in the DIRECTION OF THE MOTION ?

Because, by reason of their inertia, they persevere in the motion
which they shared in common with the body that transported them,
and are not deprived of that motion by the same cause.

9. Why will a PERSON, leaping from a carriage in rapid motion, fall in the direc-
tion in which the carriage is moving, at the MOMENT his feet meet the ground ?

Because his entire dody, on quitting the vehicle, and descending to
the ground, retains, by its inertia, the progressive motion which it has
in common with it. When his feet reach the ground, they, and they
alone, will be suddenly deprived of this progressive motion by the
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resistance of the earth; but the remainder of his- body will rétain it,
and he will fall as if he were tripped.

10. Why is 2 man, standing carelessly in the STERN of a boat, liable to fall into the
water behind when the boat begins to move ?

Because his feet/dre/'pulled (forward] whilel the inertia of his body
keeps it in the same position, and therefore behind its support. For a
similar reason, when the boat stops, the man is liable to fall forward.

11. When the sails of a ship are first spread to receive the FORCE or IMPULSE of
the wind, why does not the vessel acquire her full speed at once ?

Because it requires a little time for the impelling force to overcome
the inertia of the mass of the ship, or its disposition to remain at rest.

12. Why, when the sails are taken in, does the vessel continue to move for a con-
siderable time ?

Because the inertia of the mass is opposed to a change of state, and
the vessel will continue to move until the resistance of the water over-
comes the opposition.

13. Why do we Kick against the door-post to SHAKE the snow or dust from our
SHOES ?

The forward motion of the foot is arrested by the impact against
the post; but this is not the case with respect to the particles of dust
or snow which are not attached to the foot, and are free to move.
According to the laws of inertia, they tend to persevere in the direc-
tion of the original motion; and when the foot stops they move on, or
fly off. -



CHAPTER 11
" FORCE.

22. Matter is constantly changing its form and
place. The most solid substance will in Is matter
time wear away. The air about us is constantly
never perfectly still. We see water some- © sosing?
times as ice, sometimes as a liquid, sometimes as a
vapor, in steam or clouds. The earth moves sixty-
eight thousand miles every hour. An animal or
vegetable dies, decays, and its form vanishes from
our sight.

23. As the cause of all the changes ob- o wh
served to take place in the material world, Zmusedo we

H H : ttribute th
we admit the 'ex1stence of certain forces, :h::,“:obf
or agents, which govern and control all servedin
matter matter ?

24. Force is whatever produces Or Op- whatis
poses motion in matter. force?

25. Mobility, or the susceptibility of motion, is that
property whereby a body admits of change wpatis
of place. mobility?

26. All the great forces or agents in nature, those
which produce or are the cause of all the

| . Whatare the
changes which take place in matter, may great forces
be enumerated as follows: /nternal or '°°%’
15
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Molecular Forces, the Attraction of Gravitation, Heat
and Light, Electricity® (including Magnetism), and,
finally, a force or power which only exists in living
animals and\plants, which Gslcalled Vital Force.

Concerning the real nature of these forces we are entirely ignorant.
What do we W€ Suppose, or say, they exist, because we see their
know of the effects upon matter.
nature of We see a stone fall to the ground, and say that the
these forces? ouse of it is the attraction of gravitation; we observe
an object at a distance, and say that we see it "through the action of
light on the eye; we notice a tree shattered by lightning, and say it is
the effect of electricity; we observe an animal or plant to grow and
flourish, and ascribe this to the action of the vital force. But if it is
asked, “ What is the original cause of gravitation, light, electricity, and
vital force? ” the wisest man can give no satisfactory answer. If the
Creator governs matter through the agency of instruments, these forces
may be called his agents or his instruments.

* Heat, light, electricity, magnetism, and chemical attraction, are, by some, all
ranked as molecular forces.



CHAPTER IIL
INTERNAL OR MOLECULAR FORCES.

27. AN Internal or Molecular Force is one that acts
upon the particles of matter only at in- whatisan
sensible distances. This variety of force nteroalor
differs from all others in this respect. force ?

28. The various changes which matter undergoes
render it certain that the atoms or parti-

. at are at-
cles of all bodies are acted upon by two traction and
distinct and opposite forces, one of which "P“*°*’
tends to draw the atoms, or particles, close together,
while the other tends to separate them from one
another. The first of these forces we call Attraction,
the second Rapulsion, both acting at insensible dis-
tances.

29. We distinguish three kinds of attraction acting
upon the particles of bodies at insensible wnatarethe
distances. These are, Cokesion, Adhesion, hes i
and Aﬁﬂtty attraction ?

30. Cohesion, or Cohesive Attraction, is What s
that force which binds together atoms of cohesive
the same kind to form one uniform mass. **°"’

The force which holds together the atoms of a mass of iron, wood,

or stone, is cohesion; and the atoms are said to cohere to each other.
7
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31. Adhasion is that form of attraction which exists
What is between unlike atoms or particles of mat-
adhesion?  ter when in contact with each other.

Dust floating in the air sticks to the wall or ceiling through the
force of adhesion. When we write on a wall with a piece of chalk or
charcoal, the particles, worn off from the material, stick to the wall,
and leave a mark, through the force of adhesion. Two pieces of wood
may be fastened together by means
of glue, in consequence of the adhe-
sive attraction between the particles
of the wood and the particles of
glue.

If a brass disk be laid flat upon the
surface of water, on lifting it the water
will be raised to a small distance, as
shown in Fig. 2. In this case the ad-
hesion of the particles of water to the
disk is so strong as to partly overcome
— the cohesion of the liquid particles
FiG. 2. among themselves.

Wh 32. Capillary attraction is that form of
at is cap- . N . .
illary attrac-  attraction which exists between the parti-
tion? o s .

cles of a liquid and a solid.

Capillary attraction is a form of adhesion. [§ 267.]

33. Affinity is that form of attraction which unites
What is atoms of unlike substances into compounds
affinity ? possessing new and distinct properties.

Oxygen, for example, unites with iron, and forms iron-rust, a sub-
stance different from either oxygen or iron. The consideration of the
attraction of affinity belongs wholly to chemistry.

In what 34 According as the attractive or repul-
threeforms  sive forces prevail, all bodies will assume
or conditions "

does all mat- one of three forms or conditions, — the

terexist?  colid, the liguid, or the gaseous condition,
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35. A solid body is one in which the particles of
matter are attracted so strongly together, whatisa
that the body maintains its form, or figure, ®otid?
under all ordinary circumstances.

36. A liquid body is one in which the particles of
matter are so feebly attracted together, wnatisa
that they move upon each other with the "auid?
greatest facility.

Hence a liquid can never be made to assume any particular form,
except that of the vessel in which it is enclosed.

37. A gaseous body is one in which the particles
of matter are not held together by any . .
force of attraction, but have a tendency to gaseous
separate and move off from one another.* "%’

A gaseous body is generally invisible, and, like the air surrounding
us, affords to the sense of touch no evidence of its Whatarethe
existence when in a state of complete repose. Gaseous properties of
bodies may be confined in vessels, from whence they = gaseous
exclude liquids, or other bodies, thus demonstrating ody ?
their existence, though invisible, and also their impenetrability.

38. Most substances can be made to assume suc-
cessively the form of a solid, a liquid, or a
: . . Under what
gas. In solids, the attractive force is the circum-

strongest : the particles keep their places, poqyas.

and the solid retains its form. But, if we sume the
orm of a

heat the solid to a sufficient degree, — as, c?‘liid.lliq- \
. R uid, ora gas

for example, a piece of iron, —we gradually &

destroy the attractive force, and the repulsive force

" * The molecules of all bodies are supposed to be inually in i Ina
liquid or gaseous body the motion is such, that the molecules are free to move among
hemselves; each molecule suffering at the same time impact against any other mole-
cule which obstructs its path. In a solid the molecules merely vibrate back and forth
over some mean position. This may be ill: d by supposing a body, suspended in
the middle of a room, to be held by elastic bands to the ceiling, floor, and walls. On
moving it, it will vibrate about its original position, but will always return to its place.
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increases; the particles become movable, and we
say the body melts, or becomes a liquid. In liquids,
the attractive and repulsive forces are nearly balanced ;
but, if we supply an additional” quantity of heat, we
destroy the attractive force altogether, and the liquid
changes to a gas, in which the repulsive force vrevails,
and the particles tend to fly off from each other. By
the withdrawal of heat (i.e., by the application of cold),
we can diminish or destroy the repulsive force, and
allow the attractive force to again predominate.
Thus steam, when cooled, becomes a liquid, water; and this in turn,
by the withdrawal of an additional amount of heat, becomes a solid, ice.
The power of the repulsive force is strikingly illustrated by the
conversion of water into steam.
/ T E In a cubic inch of water convert-
$ 4 ed into steam, the particles will
repel each other to such an extent
that the space occupied by the
steam will be 1,600 times greater
than that occupied by the water.
Fig. 3 illustrates the comparative
difference between the bulk of
steam and the bulk of water. |,

39. The term Fluid is

Whatare applied to those

Fie. 3 fluids?  hodies whose par-

ticles move easily among themselves. It is used to
designate either liquids or gases.

B

e

40. It is a curious fact, that, when atoms are allowed to come to-
Explain the gether, they always assume a certain fixed and regular
process of  arrangement and form known as c¢rystalline, which has
crystalliza- 3 gpecific form for each substance. It is supposed to be
tion. . .

due to the attractive force of the atoms acting on each
other between certain sides or parts of one and the corresponding
parts of the other.
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Water in freezing forms crystals, as may be seen on a window-pane
on a frosty morning. All the precious stones are crystals. Granite
and marble are crystalline in grain. If sugar or alum be dissolved in
water until the water will take up no more, on suspending a string in
the solution, and placing the 'solution-in'a cool place, crystals will form
on the string.

41. The force or strength of cohesive attraction
varies greatly in different substances, ac- o soes
cording as the nature, form, and arrange- the force of

. cohesive at-
ment of the atoms of which they are com- traction
posed vary. vary?

42. These modifications of the force of attraction,
acting at insensible distances between the

. . . ‘What prop-
atoms of different substances, give rise erties of bod-
to certain important properties in bodies, if%dcpendon
which are designated under the names of of attrac-
Malleability, Ductility, Elasticity, Tenaci-
¢y, Hardness, and Brittleness.

These are not, as is often taught, distinct, independent properties
of matter, like magnitude, porosity, inertia, &c., but modifications of
the force of attraction.

43. Malleability is that property in virtue of which
a substance can be reduced to the form of whatis
thin leaves, or plates, by hammering, or by malleability?
means of the intense pressure of rollers.

The property of malleability is possessed in the most eminent
degree by the metals; gold, silver, iron, and COPper  up.otareex-
being the most malleable. Gold may be hammered to amples of
such a degree of thinness as to require 20,000 leaves malleability?
to equal an inch in thickness.

44- Ductility is that property in virtue of which a
substance admits of being drawn into ;. isduc.
wire, tility ?
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We might suppose that ductility and malleability would belong to
the same substances, and to the same degree; but they do not. Tin
and lead are highly malleable, and are capable of being reduced to
extremely thin leaves; but they are not ductile, since they cannot be
drawn into fine 'wire./\ Some (substandes are/both ductile and malleable
in the highest degree. Gold has been drawn into wire so fine, that an
ounce of it would extend fifty miles.

45. Elastieity is that property of matter which dis-
Whatisetas. POSES it to resume its original form and
ticity ? shape after having been bent or com-
pressed by some external force.

All bodies possess the property of elasticity, but in very different
Do all bodies d¢grees. There are some in which the atoms, after
possess elas- Dbending, or displacement, almost perfectly resume their
teity ? former position. Such bodies are especially termed
elastic, as tempered steel, India-rubber, ivory, &c. Other bodies,
like iron, lead, &c., are elastic in a limited degree, not being able to
bear any great displacement of their atoms without breaking, or per-
manent disarrangement. Putty, moist clay, and similar bodies, pos-
sess a very slight degree of elasticity.

. How may Elasticity may bedeveloped by three methods : by tension,
elasticity be by torsion, and by flexure; or by stretching, by twisting,
developed? 554 by bending. Compression also may develop elasticity.

India-rubber, the strings of a piano or violin, afford instances of the
first method. [Elasticity by torsion is developed in a thread of silk or
cotton when it untwists. This property is used for a very delicate test
and measure of force. Elasticity by bending is shown by all kinds of
springs. The rebounding of a rubber ball when thrown against the
side of a building, or of an ivory ball when allowed to fall upon a metal
plate, is due to elasticity. The particles of the rebounding body are
first compressed, and then expand with sufficient force to cause the re-
bound. Air may be compressed so as to occupy one-tenth of its original
volume ; but, on removing the pressure, it will regain its former bulk.

46. When an iron wire is bent till it breaks, it is said to be forced,
What s the ©F to have been bent beyond its limit of elasticity. The
limit of elas- Molecules of the body have been forced into a new
ticity of a arrangement, so that elasticity no longer acts on them
body? in the same direction as before, and a permanent change
of form results. Timbers, plates of glass or steel, supported only at
the ends, will, after a time, become permanently curved.




INTERNAL OR MOLECULAR FORCES, 23

47. Tenacity is that property in virtue of which a
body resists separation of its parts, by wpaeis
extension in the direction of its length. teaacity ?

48. Hardness, is a property in virtue of which the
particles of a body resist impression, sepa- wpat s
ration, or the action of any force which hardness?
tends to change their form or arrangement.

49. A body whose particles can be removed, and
changed in position, by a slight degree of ;.04
force, is said to be soft. Softness is, there- body soft?
fore, the opposite of hardness.

The property of hardness is quite distinct from density. Gold and
lead possess great density; yet they are among the softest of metals:
hence, when- employed in the arts, gold is rendered hard by the addi-
tion of copper. The diamond is'the hardest of all bodies. Hard sub-
stances, such as emery and pumice, when in the form of powder, are
used for polishing other bodies.

50. Brittleness is a property in virtue of which
bodies are easily broken into fragments. What is
It is a characteristic of most hard sub- brittleness?
stances.

In a brittle body, the attractive force between the atoms exists
within such narrow limits, that a very slight change of position, or
increase of distance among them, is sufficient to overcome it, and the
body breaks.

s1. The modifications of the force of cohesive attraction between
the particles of matter, which give rise to the properties of mallea-
bility, ductility, elasticity, hardness, and brittleness, seem to be inti-
mately connected with, or depend upon, the particular form of the
atoms of the substance, and the particular manner in which they are
arranged.

Every one knows that it is easier to split wood lengthwise than
across the fibers: hence the force which binds the particles of the
wood together is exerted in a less degree in une direction than in the
other.
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By changing the form or arrangement of the atoms of a substance,
we can in many instances apparently renew or destroy
Explain how the various modifications of the attractive force. The
the force of P e . c e
attraction following is a familiar illustration of this principle : —
depends on Steel, when heated and suddenly cooled, is rendered
the arrange- .1V gnly/ very hard, but-very brittle ; but, if heated and
ment of the . .
atoms. cooled gradually, it becomes soft and flexible. We
may suppose that when the atoms of steel are expanded

— forced apart from each other — by the action of heat, and then sud-
denly caused to contract —forced in upon each other—by cooling,
no opportunity is afforded them for arrangement in a natural man-
ner; but, when the steel is cooled slowly, each atom has an oppor-
tunity to take the place best adapted for it, without interfering with
its neighbor. According to one arrangement of the atoms, the steel
is brittle, or the atoms will not admit of any motion among them-
selves without breaking ; but, according to a different arrangement, the
attractive force is modified, and the steel is soft and flexible. In a
similar manner, bricks stacked up irregularly may be made to fall
easily; but, if piled in a regular manner, they retain their stability.
Thus steel may, under the influence of different circumstances, be so
soft as to take impressions from a metal stamp, or may be nearlv as
hard as the diamond

It is a very singular circumstance, that the same operation of heat-
ing and cooling suddenly, which hardens steel, should soften copper.
A piece of steel which has been hardened in this way is not condensed,
made smaller, as we might have supposed it would be, but is actually
expanded, or made larger. This proves that the arrangement of the
atoms, or particles, has been changed. Any one may satisfy himself
of this by taking a piece of steel, fitting it exactly into a gauge, or
between two fixed points, and then hardening it. It will then be found
that the steel will not go into the gauge, or between the fixed points.

52. The process of rendering metals, glass, &c.,
“whatisan. SOft and flexible by heating and gradually
nealing?  cooling, is called Annealing, and is of great
importance in the arts.

For example, the workman, in fashioning and shaping a steel
instrument, requires it to be soft and flexible; but in using it after it
has been constructed, as for the cutting of stone, wood, &c., it is
necessary that it should be hard. This is accomplished by making
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the steel soft by annealing, and then rendering it hard by heating and
cooling quickly.*

53. When the attraction of cohesion between the

particles of a/substance jisconce destroyed,
Can we re-

it is generally impossible to restore it. store theat.

. tracti f
Having once reduced a mass of wood Or (onesion’

stone to powder, we cannot make the x:‘:;egf;
minute particles cohere again by pushing
them into their former position.

In some instances, however, this can be accomplished by resorting
to various expedients. The particles of the metals may be made to
again cohere by melting. Two pieces of perfectly smooth plate-glass
or marble, laid upon each other, unite together with such force, that it
is impossible to separate them without breakage. In the manufacture
of looking-glass plates, this attraction between two smooth surfaces is
particularly guarded against.

54. Iron may be made to cohere to iron by heating
the metal to a high degree, and hammer- whatis
ing the two pieces together. The par- Welding?
ticles are thus driven into such intimate contact that
they cohere, and form one uniform mass. This
property is called We/ding, and only belongs to two
metals, iron and platinum.

* There are many practical illustrations, in the arts, of the principle, that the modi-
fications of the attractive force which unites the atoms of solid bodies together are
dependent in a great degree upon the forms or arrangement of the atoms themselves.
If we submit a piece of metal to repeated hammering or jarring, the atoms, or parti-
cles of which it is composed, seem to take on a new arrangement, and the metal
gradually loses all its tenacity, flexibility, malleability, and ductility, and becomes
brittle. The coppersmith who forms vessels of brass and copper by the hammer alone
can work on them only for a short time before they require annealing; otherwise they
would crack, and fly into pieces.

For this reason, also, a cannon can only be fired a certain number of times before
it will burst; and a cannon which has been long in use, although apparently sound, is

lway d d and broken up. .

A more important illustration, and one that more closely affects our interests, is the
liability of railroad-car axles and wheels to break from the same cause. A car-axle,
after a long lapse of time and use, is almost certain to break.
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Practical Questions on the Internal or Molecular Forces.

1. In what respect does a gas DIFFER from a liquid ?

A liquid, like water, milk, sirup, &c., can be made to flow regularly
down a slope or an inclined plane ; but a gas cannot.

2. Why is a bar of 1RON stronger than a bar of wooD of the same size ?

Because the cohesion existing between the particles of iron is
greater than that existing between the particles of wood.

3. Why are the particles of a LIQUID more easily separated than those of a soLip ?

Because the cohesive attraction which binds together the particles
of a liquid is much less strong than that which binds together the par-
ticles of a solid.

4. Why will a small needle, carefully laid upon the surface of water, FLOAT ?

Because its weight is not sufficient to overcome the cohesion of the
particles of water constituting the surface; consequently it cannot
pass through them, and sink.

5. If you drop water and laudanum from the same vessel, why will sixTy drops of
the water fill the same measure as ONE HUNDRED drops of laudanum ?

The cohesion between the particles of the two liquids is different,
being greatest in the water; consequently the number of particles
which will adhére together to constitute a drop of water is greater
than in the drop of laudanum.

6. Why is the prescription of medicine by DROPS an unsafe method ?

Because, not only do drops of fluid from the same vessel, and often
of the same fluid from different vessels, differ in size, but also drops
of the same fluid, to the extent of a third, from different parts of the
lip of the same vessel.

7. Why are cements and mortars used to fasten bricks and stone together ?

Because the adhesive attraction between the particles of brick and
stone and the particles of mortar is so strong, that they unite to form
one solid mass.

8. How may the efficacy of a locomotive-engine be said to depend upon the force
of adhesion ?

If there were no adhesion, or even insufficient adhesion, between
the tire of the driving-wheel of the locomotive and the rails upon
which it presses, the wheel would turn without advancing.

This actually happens when the rails are greasy, or covered with
frost and ice. The contact is thus interrupted, and the adhesion be-
tween the rail and wheel is impaired.
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9. When a liquid adheres to a solid, what term do we apply to designate the act
of adhesion ?

Wetting. It is necessary that a liquid should adhere to the surface
of a solid before it can be wet. Water falling upon an oiled surface
does not wet it, because there is/ noadhesion between the particles of
the oil and the particles of the water.

10. Why are drops of rain, of tears, and of dew upon the leaves of plants, gener-
ally spherical, or globular ?

The force of cohesion always tends to cause the particles of a
liquid, when unsupported, or supported on a surface having little
attraction for it, to assume the form of a sphere; a globe, or sphere,
being the figure which will contain the greatest amount of matter
within a given surface.

This property of fluids is taken advantage of in the arts, in the ,
manufacture of shot. The melted lead is made to fall in a shower
from a great elevation. In its descent the drops become globular, and,
before they reach the end of their fall, become hardened by coolmg,
and retain their form.



CHAPTER IV.
ATTRACTION OF GRAVITATION.

55. THE Attraction of Gravitation is that
What is at- . . .
traction of  form of attraction by which @// bodies at sen-
gravitation? sible distances tend to approach each other.

: Electricity and magnetism attract bodies at sensible

:lr::'i:::f:n distances also; but their influence upon different classes

differ from  of bodies varies, and is limited by distance. Molecular

other forms  or internal attraction acts only at insensible distances.

;L;‘;“c' The attraction of gravitation acts at all distances, and
upon all bodies.

56. Every portion of matter in the universe at-
Whatisthe LTACts every other portion with a force

f;e&ttl‘-w of proportioned directly to its mass, or quan-
e attrac- . .
tion of gravi- tity, and inversely as the square of the

tation? distance. This is the great general law
of the attraction of gravitation.

By the attraction of gravitation-being directly proportional to the
mass of a body, we mean, that if, of two bodies, the mass of one be
twice as large as that of the other, its force of attraction will be twice as
great; if it is only half as large, its attraction will be only half as great.

By the attraction of gravitation being inversely proportioned to the
square of the distance, we mean that if one body, or substance,
attracts another body with a certain force at the distance of a mile, it
will attract with four times that force at half a mile, nine times the
force at one-third of a mile, and so on in like proportion. On the
contrary, it will attract with but one-fourth of the force at two miles,

28
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one-ninth of the force at three miles, one-sixteenth of the force at

four miles, and so on, as the distance increases.

This law may be further illustrated by reference to Fig. 4. Let S be

the center of attraction, and
let the four lines diverging
from S represent lines of at-
traction. At a certain dis-
tance from S they will com-
prehend the small square A ;
at twice that distance they
will include the large square
B, four times the size of A;
and, since there is only a cer-
tain definite amount of attrac-
tion included within these
lines, it is clear, that, as B is
four times as great as A, the
attraction exerted upon a

FiG. 4.

portion of B equal to A will be only one-fourth that which it would
experience when in the position marked A, just half as far from S.

As gravitative attraction is the common property of all bodies, it
may be asked why all bodies not fastened to the earth’s

surface do not come in contact.

They would do so YWY donot

all bodies up-

were it not for the overpowering influence of the earth’s oy the
attraction, which in a great measure neutralizes or earth’ssur-
overcomes the mutual attraction of smaller bodies on its f2c€ come in

surface.

contact ?

We throw up a feather into the air, and it falls through the influ-

ence of the earth’s attraction; but, as all bodies attract

Does a feath-

each other, the feather must also attract, or draw up, er attract the
the earth, in some degree, toward itself. This it really earth ?
does, with a force proportioned to its mass; but, as the mass of the
carth is infinitely greater than the mass of the feather, the influence of
the feather is infinitely small, and we arc unable to perceive it.

In some instances, where bodies are free to move, the mutual at-
traction of all matter exhibits itself. Two leaden balls

suspended by a string near each other are found by

What are il-
lustrationsof

delicate tests to attract each other, and therefore not to mutual at-

hang quite perpendicular.

A leaden weight suspended traction?

near the side of a mountain inclines toward it to an extent propor-
tionate to the magnitude of the mountain (Fig. 5).
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The earth attracts the moon, and this in turn attracts the earth.
What is the The solid particles of matter
cause of upon the earth’s surface, not be-
tides ? ing free_to move, do not sensibly
showthe “inflaence’ of ' the mvon’s attraction ;
but the particles of water composing the ocean,
being free to move, furnish us evidence of this
attraction in the phenomena of the tides.
When, by the revolution of the earth, a certain
portion of its surface is brought within the
direct influence of the moon’s attraction, the
surface of the ocean is attracted, or drawn up,
to form a wave. This wave, or elevation of
the surface of the water, occurring uniformly, is
called a tide : when the moon is the nearest to the
earth its attraction is the greatest, and at these
periods we have high tides, or “ high water.”

| Whatis ter 57. Allbodies upon the
: restrial grav- earth are attracted toward
FiG. s. itation ? . .

its center. This we call

terrestrial gravitation.

The attraction of the earth is not the same at all
Whatisthe distances from the center, being greatest
lawof the  at the surface, and decreasing upward as
earth’s at- .
traction?  the square of the distance from the center
increases, and downward simply as the distance from
the center decreases.*

58. When a body falls to the earth, it descends
How is a because it is attracted toward the center
bodyatrest Of the earth. When it reaches the surface
o senur of the earth, and rests upon it, its tendency
tathat  to continue to descend toward the center

is not destroyed, and it presses downwards
with a force proportioned to the degree by which it

* In penetrating into the interior of the earth, the law of the variation of gravity is
more complex, owing to the varying densities of the earth.
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is attracted in this direction. This pressure we call
weight.

50. Weight is, therefore, the measure of force
with which a body i1s attracted by the wnatis
earth. In ordinary language, it is the weisht?
quantity of matter contained in a body, as ascer-
tained by the balancc.

Weight being, then, the measure of the earth’s attraction, it follows,
that, as the attraction of the earth varies, weight must g, does
also vary, or a body will not have the same weight at all weight
places. vary ?

The weight of a body will be greatest at the surface of the earth,
and greatest at those points upon the surface which are Where willa
nearest the center. body weigh

As the earth is not a perfect sphere, but flattened at the most,
the poles, the poles are nearer the center than the and Whe":
equator. A body, therefore, will be attracted most the least
strongly, that is, will weigh the most, at the poles, or at that portion
of the earth’s surface which is nearest the center, and weigh the least
at the equator, or at that portion of the earth’s surface which is most
remote from the center.

A ball of iron weighing one thousand pounds in the latitude of the
city of New York, at the level of the sea, will gain three pounds in
weight if removed to the north pole, and lose about four pounds if
conveved to the equator.

6o. If a body be lifted above the surface of the
earth, its weight will decrease in accord-

. . How does
ance with the law, that the attraction of weightvary
gravitation decreases upward from the sur- fowcge
face as the square of the distance from earth'ssur-

. face ?
the center of the earth increases. e

The weight of a body, therefore, will be four times greater at the
earth’s surface than at double the distance of the surface from the
center; or a body, weighing one pound at the earth’s surface, will have



32 NATURAL PrHILOSOPHY,

only onc-fourth of that weight if removed as far from the surface of
the carth as the surface is from the center.

61. As the attraction of gravitation de-
How does

weight vary creases downward’from!the surface to the

g center of the earth simply as the dis-

thesurface? tance decreases, weight will decrease in
like manner.

A body weighing a pound at the surface of the earth will weigh
only half a pound at one-half the distance from the surface to the
center.

62. At the center of the earth a body will neces-
Wherawit  SaTily lose all .welght, since, being sur-
abody have rounded on all sides by an equal quantity
no weight ? . . .

of matter, it will be attracted equally in
all directions, and therefore cannot exert a pressure
greater in one direction than in another.

As the attractive force which the earth exerts upon a body is pro-
What are portioned to
heavy and its mass, or to
light bodies? the quantity of
matter contained in it, and
as weight is merely the meas-
ure of such attraction, it fol-
lows that a body of a large
mass will be attracted strong-
ly, and possess great weight;

. while, on the contrary, a body

* made up of a small quantity

. of matter will be attracted
{ in a less degrec, and possess
/ less weight. We recognize

. ~—" this difference of attraction

Fic. 6. by calling the one body

heavy, and the other light.
If, as is represented in Fig. 6, we place a mass of lead, a, at one

extremity of a well-balanced beam, and a feather, 4, at the other, we
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shall find that the lead is drawn to the earth with a force exactly equal
to the superiority of its mass over that of the feather. If, however,
we tie on a sufficient number of feathers to make up a quantity of
matter equal to that of the lead, the equilibrium is restored, — the two
quantities are attracted withiequal force;jand|the beam is supported in
a horizontal position.

63. In all the operations of trade and commerce,
we sell or exchange a given quantity of whatisa

: . : system of

one grtlcle or substanc; for a certain “eights and
quantity of some other article or substance, measures?
—so much flour for so much sugar, or so much
sugar and flour for so much gold. Hence the neces-
sity, which has existed from the earliest ages, of
having some fixed rules or standards, according to
which different quantities of different substances
may be compared. A set, or series, of such rules or
standards of comparison, is called a system of weights
and measures.

Various nations adopt different standards; but in the )
oo h Whatare the
civilized and commercial world but two great systems two great
of weights and measures are generally recognized. systems of

. «ve. Weights and
’tl‘hese are known as the English and the French sys: measures?
ems.

64. In constructing a system of weights and meas-
ures, it is desirable to fix upon some What is pe.
dimension which shall forever serve as a cessaryin
standard or unit from which all other sungaraof
weights and measures may be derived, ™"’
and by which they may be compared and verified.
An artificial standard — and originally all measures
were based on artificial standards —can readily be
falsified, and may even be entirely lost or destroyed,
thus creating great confusion.
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Thus, in the English system, the standard unit, or standard of
length, is the yard. This appears to have had its origin in the reign of
Henry I., who ordered that the #/na, or ancient ell (which corresponds
to the modern yard), should be made of the exact length of his own
arm, and that the'other/ measures! of (1éngth/ should be based upon it.
The yard thus ordained was divided into three feet, or thirty-six inches.
In 1824 the English Parliament, with a view of obtaining a fixed and
definite standard of length, enacted that, if the standard yard be
injured or destroyed, it should be restored by a comparison with the
length of a pendulum vibrating seconds in the latitude of London
[§99]; and this measurement was computed at 39.1393 inches. In
1834 the Parliament house was burned, and with it the standard yard.
But a standard yard was subsequently constructed from the best
authenticated copies of the old standard.

65. In the English system — which is the one used in the United
What are States —there are two systems of weights, Troy and
the two sys- Avoirdupois weight. Troy weight is principally used
tems of- for weighing gold and silver; avoirdupois, for weighing
weight? merchandise other than the precious metals. It derives
its name from the French awvoir (20 have), and poids (weight). The
smallest weight made use of in the English system is a grain. Bya
law of England enacted in 1286, it was ordered that 32 grains of wheat,
well dried, should weigh a pennyweight. Hence the name gvain,
applied to this measure of weight. It was afterward ordered that a
pennyweight should be divided into only 24 grains.

To obtain a standard of weight, a cubic inch of distilled water, of
the temperature of 62° Fahrenheit’s thermometer, is

:lb::nd: "€ taken and weighed. This weight is divided into 252,458
standard of  equal parts; and, of these, 1,000 will be a grain. The
weight ? grain multiplied gives ounces, pounds, &c. By dividing

thin plates of metal of uniform thickness and known weight, sub-
divisions of the grain weight are obtained.

To obtain standards of liquid measure, ten pounds,
How do we
obtain stand- OF 70,000 grains, of distilled water, at the same tempera-
ards of liquid ture, are made to constitute a gallon. The gallon, by
measures?  givision, gives quarts, pints, and gills,

66. The French system of weights and measures
is constructed on a different plan, and ongmated in
the following manner : —
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In 1788 the French Government, feeling the necessity of having
some standard by which all weights and measures might
be compared and made uniform, ordered a scientific z:‘:‘::c:;:
inquiry to be made; the result of which was the estab- ofthe French
lishment of the!present! system)\of Frenck! wesghts and systemof
measures, which, from its perfect accuracy and simpli- :::‘.::::“
city, is superior to all other systems. It is sometimes ’
called the decimal system, all its divisions being made by ten.

The French standard is based on an
invariable dimension of the globe ; viz.,
a fourth part of the earth’s meridian,
or the fourth part of the largest circle
passing through the poles of the earth
(from N.to E,, Fig. 7). This distance
is divided into 10,000,000 equal parts,
and a single ten-millionth part adopted
as a measure of length, and called a
meter. The length of the meter is
about 39 English inches. By multiply- FiG. 7.
ing or dividing this quantity by ten, the other varieties of weights and
measures are obtained. (See table at end of hook.)

Practical Problems on the Attraction of QGravitation. .
1. S two ‘bodies, one weighing 30 and the other go pounds, situated ten

miles apart, were free to move toward each other under the influence of mutual attrac-
tion, what space would each pass over before they came in contact ?

The mutual attraction of any two bodies for each other is proportional to the quantity
of matter they contain.

2. A body upon the surface of the earth weighs one pound, or 16 ounces. If by
any means we could carry it 4,000 miles above the earth’s surface, what would be its
weight ?

Solution. — The force of gravity decreases upward as the square of the distance
from the center increases: weight, therefore, will decrease in like proportion. The
distance of the body upon the surface of the earth, from the center, is 4,000 miles. Its
distance from the center, at a point 4,000 miles above the surface, is 8,000. The
square of 4,000 is 16,000,000 ; the square of 8,000 is 64,000,000. The weight, there-
fore, will be diminished in the proportion that 64 bears to 16; that is, it will be
diminished three-fourths, or weigh one-fourth of a pound, or four ounces.

3. What will be the weight of the same body removed 8,000 miles from the earth’s
surface ?

4. A body on the surface of the earth weighs ten tons : what would be its weight
if elevated 2,000 miles above the surface ? -
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5. How far above the surface of the earth must a pound weight be carried to
make it weigh one ounce avoirdupois ?

6. What would a body, weighing 8co pounds upon the earth’s surface, weigh 1,000
miles below the surface ?

The force of gnvuy decreass as_we descend from the surface into the earth,
simply as the di: 5 wqght being the measure of gravity, it
herefore decreases in the same proportion. The d from the surface of the earth
to the center may be assumed o be 4,000 miles. 1,000 miles is one-fourth of 4,000.
The di being d d fourth, the weight is diminished in like proportion;
and the body will lose 200 pounds, or its total weight would be 600 pounds.

7. Suppose a body weighing 800 pounds upon the surface of the earth were sunk
3,000 miles below the surface, what would be its loss in weight ?

8. If a mass of iron ore weighs ten tons upon the earth’s surface, what would it
weigh at the bottom of a mine a mile below the surface ?

9. What will be the weight of the same mass at the bottom of a mine one-half a
mile below the carth’s surface ?

SECTION L

CENTER OF GRAVITY.

Whatisthe  67. The Center of Gravity in a body is

center of

gravity ina  that point about which, if supported, the
body ? whole body will balance itself.

How may In every body, of whatever size or form, a point may
we consider D¢ found, about which, if supported, all the parts of the
the whole  body will balance, or remain at rest. Every body may
attraction  he considered as made up of separate particles, each
exerted on a . :
body con- acted upon separately by gravity; but as by supporting
centrated at  this one point we support the whole, as by lifting it we
its center of )it the whole, and as by stopping it we cause the whole
gravity ? body to rest, the whole attraction exerted on the entire
mass may be considered as concentrated at this one point; and this
point we call the Center of Gravity.

68. The Center of Magnitude of a body is
What is the
center of the central point of the bulk or mass of
magnitade?  the body.
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69. When a body is of uniform density, the center

of gravity will coincide with its center of

magnitude ; but, when one part of a body is sercrcar

composed of hieavier mateérials than another g;‘d"’,“?’ of a
part, the center of gravity no longer corre-

sponds with the center of magnitude, or the central
point of the bulk of the body.

Thus, in a sphere, a cube, or a cylinder, the center of gravity is the
same as the center of the body. In aring of uni-
form size and density the center of gravity is the cen-
ter of the space enclosed in the ring (see Fig. 8).
This example shows that the center of gravity is not
necessarily included in that portion of space occupied
by the matter of the body.

In a wheel of wood of uniform density and thick- Fic. 8.
ness, the center of gravity will be the center of the wheel; but, if a
part of the rim be made of iron, the center of gravity will be removed
to some point aside from the center.

When two bodies are connected together, they may be regarded as
one body, having but one center of gravity. If the two bodies be of
equal weight, the center of gravity will be in the middle of the line
which unites them ; but, if one be heavier than the other, the center of
gravity will be as much nearer the heavier body as the heavier exceeds
the lighter one in weight. Thus, if two
balls, each weighing four pounds, be con- i
nected together by a bar, the center of o___ L@
gravity will be a point on the bar equally
distant from each; but, if one of the balls
be heavier than the other, then the center of gravity will, in proportion,
approach the larger ball. This is illustrated by reference to Fig. g, in
which the center of gravity about which the two balls support them-
selves is seen to be nearest to the heavier and larger ball.

The center of gravity of a body being regarded as the point in
which the sum of all the forces of gravity acting upon When will
the separate particles of the body are concentrated, it the center of
may be considered as influenced by the attraction of the ::::’;::ti“
earth in a greater degree than any other portion of the regtor
body. It follows, therefore, that, if a body has freedom equilibrium ?

FiG. 9.
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of motion, it cannot be brought inte a position of permanent equilib-
rium until its center of gravity occupies the lowest situation which
the support of the body will allow; that is, the center of gravity will
descend as far toward the center of the earth as possible.

70. By Equilibrium we mean a state of
What do we ; .
mean by rest produced by the counterpoise or bal-
equilibrium ? . .
‘ancing of opposite forces.

Thus, when one force tending to produce motion in one direction is
opposed by an equal force tending to produce motion in an exactly
opposite direction, the two balance each other, and no motion results.
To produce any action, there must be an inequality in the condition of
one of the forces.

The truth of this principle may be illustrated by certain experi-
ments, which at

By what ex-
periment can first seem to be
you illus- contradictory to
trate this it Thus a cyl-
pringciple ? .

inder may be

made to roll up an inclined
plane. Fix a piece of lead, /,
Fig. 10, on one side of the cylinder a, so that the center of gravity of
the cylinder will be at the point /, while its center of magnitude is
at ¢. The cylinder will then roll up the inclined plane to the position
@/, because the center of gravity of the mass, /, will endeavor to
descend to its lowest point.

A billiard-ball may be caused to roll from the thin to the thick

ends of two billiard-cues placed at an angle, as shown in Fig. 11.
This apparent exception to the general law of gravity is easily ex-
plained by reference to Fig. r1. The sections A and B show that the
center of gravity of the ball is raised at starting, and the ball moves
in consequence of its falling from a high to low level.
Upon what 71. The stability of a body depends
does the sta- upon the manner in which it is supported ;
body de-  OF, in other words, upon the position of its
pend? center of gravity.

A prop that supports the center of gravity supports the whole
body. This support may be applied in three different ways: 1. The

Fic. 10.
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point of support may be applied directly to the center of gravity of
the body. 2. The point of support may have the center of gravity
immediately below it. 3. The point of support may have the center
of gravity immediately above it. ’ a

FiG. 1.

72. As a body ma‘y be supported in three
.. What are the
positions, we have, as a consequence, three tnree condi-

conditions of equilibrium ; viz., Indifferent, 4omtonim?
Stable, and Unstable Equilibrium.

Indifferent Equilibrium occurs when a body is sup- wWhat is in-
ported upon its center of gravity; for then it remains different
at rest indifferently in every position. equilibrium ?
This is illustrated in the case R
of a common wheel, where the 7 \\ . =
center of gravity is also the cen- 3 .
ter of the figure; and, this being m n
supported on the axle, the wheel S —a
rests indifferently in any position. "7 _ )
In Fig. 12, let , the center of the L)
wheel, which is also its center of i
gravity, be supported by an axle: —
the wheel rests, no matter to what Fic. 12,
extent we turn it.
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Stable Equilibrium occurs when the point of support is above the
What is center of gravity. If a body be moved from this position,
stable - it swings backward and forward for a time, and finally
equilibrium ? retyrps to its original situation.

Thus, in Fig. Y2,et\the wheél, thé ¢enter lof gravity of which is at
a, be suspended from the point 4 by a
thread, or hung upon an axle, having
freedom of motion on that point. How-
ever much we may move it, either right
or left, toward m or 7, as shown by the
dotted lines @ m and a #, it swings back
again, and is only at rest when & and «
are in the same perpendicular line.

This is the principle of the toy repre-
sented in Fig. 13. The horse, with his
rider, is firmly supported on his hind-feet,
because, by means of a leaden ball at-
tached to the bent wire, the center of
gravity is brought below the point of support.

Unstable Equilibrium occurs when the point of support is beneath
What is un- the center of gravity. The Jendency of the center of
stable equi-  gravity in such cases is to change, and take the lowest
librium ? situation the support of the body will allow.

In Fig. 12, suppose the wheel to be supported at the point ¢, situ-
ated in a vertical line @ ¢, immediately below the center of gravity, a
so long as this position is maintained, the wheel will remain at rest;
but the moment the center of gravity, a, is moved a little to the right
or left, so as to throw it out of the vertical line joining @ and ¢, the
wheel will turn over, and assume such a position as to bring the center
of gravity immediately beneath the point of support, as in the second
case.

The principle that when a body is suspended freely it will have its

center of gravity in a vertical line, immediately below
How may we .
determine  the point of support, has been taken advantage of to
the center of determine experimentally the position of the center of
gravity in gravity in irregular-shaped bodies. Suppose .we sus-
irregular . - . .
bodies ? pend, as in Fig. 14, an irregular piece of stone by
means of cord. A plumb-line let fall from the point
of support, or the prolongation of the cord, will pass through the
center of gravity, G. If we now attach the cord to another point,

FiG. 13.
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and suspend the body anew, the prolongation of the cord in this
instance also will pass through the
center of gravity, G. The intersec-
tion of these two lines will be the
center of gravity;/'and. the'stone, if
suspended by a cord attached to this
point, will hang evenly balanced.

73. A line which connects
thecenter of grav- .
ity of a body with tine of direc-
the center of the "
earth —or, in other words, a
line drawn from the center
of gravity perpendicularly
downward — is called the .
Line of Direction. 1t is called the line of direction,
because, when a solid body falls, its center of gravity
moves along this line until it reaches the ground.
When bodies are supported upon a basis, their stabili-
ty depends on the position of their line of direction.

74. If the line of direction falls within
the base upon which the body stands, the x;‘;':;'ﬂf
body remains supported; but, if it falls 25dwhen,
without the base, the body overturns.

Fic. 14.

Fic. 1s. Fic. 16.
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: " Thus, in Fig. 15, the line directed vertically from the center of
gravity, G, falls within the base of the body, and it remains standing;
but in Fig. 16 a similar line falls without the base, and the body, con-
sequently, cannot be maintained in an upright position, and must fall.

A wall or tower stands! securely'so//longas the perpendicular line
drawn through its center of
gravity falls within its base.
The celebrated Leaning Tow-
er of Pisa, 180 feet high, which
inclines 14 feet from a per-
fectly upright position, is an
example of this principle. For
instance, the line in Fig. 17,
falling from the top of the tow-
er to the ground, and passing
through the center of gravity,
falls within the base, and the
tower stands securely. If,
however, an attempt had been
made to build the tower a lit-
tle higher, so that the perpen-
dicular line passing through
the center of gravity would
have fallen beyond the base, the structure could no longer have sup-
ported itself.

Fic. 17.

+ 75. The broader or larger the base of a body, and
the nearer its principal mass is to the base,

When will a . .

body stand — OF, in other words, the lower its center

most frmly ? of gravity is, — the firmer it will stand.

A pyramid, for this reason, is the firmest of all structures.

The base upon which the human body rests, or is supported, is the
What is the two feet, and the.. space included between them: The
advantage of advantage of turning out the toes when we walk is, that
turning out it increases the breadth of the base supporting the
thetoesin  |,ody, and enables us to stand more securely.
walking ? In every movement of the body, a man adjusts his
position unconsciously, in such a way as to support the center of
gravity, and cause the line of direction to fall within the base.
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FiG. 18. FiG. 19.
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A person carrying a load upon his back bends forward in order to

bring the center of gravity and his load over his feet.

FiG. 20.

If he carried the load in the position of A, Fig. 18, he
would be liable to fall backward, as the direction of the
center of gravity would fall beyond his heels: to bring
the center of gravity over his feet, he assumes the posi-
tion indicated by B, Fig. 19. For the same reason,

Why does a
person car-
rying a load
upon his
back bend
over?

when a man ascends a hill he leans forward, and when he descends he

leans backward.
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. A high carriage is much more liable to be overset by

m‘;‘yc':r:iue an irregularity in the road than a low one; because, the

. more liable  center of gravity being high, the line of direction is
to overturn  easily thrown without the base.

:‘:??. low - This/will| appear evident, from the foregoing illustra-

tion, Fig. 20. Here it is evident that the wagon loaded

with bags must upset, because the line of direction falls without the

base. The other wagon will be in no danger of overturning; for the

line of direction falls within the base, and the center of gravity is in a

low position.

If a body be placed on an inclined surface, it will slide down when
When will & its line of direﬁ:tion. falls within
body slide, the base; but it will roll down
and when when it falls without the base.
roll, downa Thys the body ¢, Fig. 21, having
slope? its line of direction, ¢ @, within
d the base, will slide down the inclined surface,

¢ d; but the body 4 e will roll down, since its
FiG. 21. line of direction, ¢ a, falls without the base.

Practical Questions on the Center of Gravity.

1. Why does a person in rising from a chair bend forward ?

When a person is sitting, the center of gravity is supported by the
seat. TIn an erect position, the center of gravity is supported by
the feet. Therefore, before rising, it is necessary to change the center
of gravity; and, by bending forward, we transfer it from the chair to a
point over the feet.

2. Why is a turtle placed on its back unable to move ?

Because the center of gravity of the turtle is, in tkis position, at the
lowest point, and the animal is unable to change it: therefore it is
obliged to remain at rest.

3. Why do very fat people throw back their head and shoulders when they walk ?

In order that they may effectually keep the center of gravity of the
body over the base formed by the soles of the feet.

4. Why cannot a man, standing with his heels close to a perpendicular wall, bend
over sufficiently to pick up any object that lies before him on the ground, without
falling? R
Because the wall prevents him from throwing pait of his body
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backward #o counterbalance the head and arms that must project for-
ward.

5. What is the reason that persons walking arm in arm shake and jostle each
other, unless they make the movements of their feet to correspond as soldiers do in
marching ?

When we walk at a moderate rate, the center of gravity comes
alternately over the right and over the left foot. The body advances,
therefore, in a waving line ; and, unless two persons walking together
keep step, the waving motion of the two fails to coincide.

6. In what does the art of balancing or walking upon a rope consist ?

In keeping the center of gravity in a line over the base upon which
the body rests.

7. Why is it a very difficult thing for children to learn to walk ?

In consequence of the natural upright position of the human body,
it is constantly necessary to employ some exertion to keep our balance,
or to prevent ourselves from falling, when we place one foot before
the other. Children, after they acquire strength’ to stand, are obliged
to acquire this knowledge of preserving the balance by experience.
When the art is once acquired, the necessary actions are performed
involuntarily.

8. Why do young quadrupeds learn to walk much sooner than children ?

Because a body is tottering in proportion to its great alfitude and
narrow base. A child has a body thus constituted, and learns to walk
but slowly because of this difficulty (perhaps in ten or twelve months);
while the young of quadrupeds, having a éroad supporting base, are
able to stand and move about almost immediately.

9. Are all the limbs of a tall tree arranged in such a manner, that the line directed
from the center of gravity is caused to fall within the bas= of the tree ?

Nature causes the various limbs to shoot out and grow from the
sides with as much exactness, in respect of keeping the center of
gravity within the base, as though they had been all arranged artifi-
cially. Each limb grows, in respect to all the others, in such a manner
as to preserve a due balance between the whole.
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SECTION II.

EFFECTS OF GRAVITY AS DISPLAYED BY FALLING BODIES.

76. When a body falls, its motion will be in a
whatisa  Straight line toward the center of the earth.
vertical line? This line is called a Vertical Line.

77. If a body be suspended by a thread, the thread
Whatisa  Will always assume a vertical direction,
plumb-line? o jt will represent that path in which
the body would have fallen. A weight
thus suspended by a thread is called a
Plumb-Line,* Fig. 22, and is used by
carpenters, masons, &c., to ascertain
by comparison whether their work
stands in a vertical or perpendicular
position.

What i 78. A plumb-line 1is al-

hatis a .

levetsur-  ways perpendicular to the
face?

| surface of water at rest.

'Fm " The position of such a surface we call
o Level.

No two plumblines upon the earth’s surface will be parallel, but
will incline toward each other, since no two bodies from different
points can approach the center of a sphere in a parallel direction. If
their distance apart be one mile, this inclination will amount to one
minute ; and if it be sixty miles, to one degree. In Fig. 23, let E E be
a portion of the earth’s surface, and O its centre: 9, a0, po,and co
are the lines that represent the vertical lines at those points of the
earth’s surface.

* Plumb-line, so called from the Latin word p/umbum, lead, the weight usually
attached to the string.
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79. The velocity of a falling body is independent
of its mass.

If ten or a hundred leaden balls be disengaged together, they will
fall in the same time ;' and, if “they be' mounlded into one ball of great
magnitude, it will still fall in the same manner.

FiG. 23.

80. Hence all bodies under the influence of gravity
alone must fall with equal velocities.*

There are some familiar facts which seem to be opposed to this
law. When we let go a feather and a mass of lead, the

a . . h By what ex-
one floats in the air, and the other falls to the ground periment can
very rapidly. But in this case the operation of gravity you prove
is modified by the resistance of the air: the feather thislaw?
floats because the air opposes its descent, and it cannot overcome the

* Previous to the time of Galileo, the philosophers maintained that the velocity of a
falling body was in proportion to its weight: and that, if two bodies of unequal weights
were let fall from an elevation at the same moment, the heavier would reach the ground
as much sooner than the lighter as its weight exceeded it: in other words, a body
weighing two pounds would fall in half the time that would be required by a body
weighing one pound. Galileo, on the contrary, asserted that the velocity of a falling
body is independent of its weight, and not affected by it. The dispute running high;”
and the opinion of the public being generally averse to the views of Galileo, he chal-
lenged his opponents to test the matter by a public experiment. The challenge was

pted, and the celebrated Leaning Tower of Pisa agreed upon as the place of trial.
In the presence of a large concourse two balls were selected, one having exactly twice
the weight of the other. The two were then dropped, from the summit of the tower at
the same moment ; and, in exact accordance with the assertions of Galileo, they. hoth
struck the ground at the same instant.




48 NATURAL PHILOSOPHY.

resistance offered. But if we place a mass of lead and a feather in a
vessel exhausted of air, and liberate them at the same time, they will
fall in equal periods. The experiment is easily
shown by taking a glass tube, Fig. 24, closed at one
end)/and | suppliedCwith) anair-tight cap and screw-
cock at the other. A feather and a piece of metal
are previously enclosed in the tube. The tube being
filled with air, and inverted, the metal will fall with
greater speed than the feather, as might be expected.
If the tube be now exhausted of air by means of
an air-pump and the screw-cock, and in this condi-
tion inverted, the feather and the metal will fall from
end to end of the tube with equal velocity.

81. The force with which a falling body strikes

the ground depends upon the height
;?:’:e‘;:_:: from which it falls. But the force de-
and veloci-  pends on the velocity of the body the
ties of fall-  moment it touches the ground: there-
:’;:::'?“ fore the velocity with which a body

falls depends also upon the height from
which it descends.

82. When a body falls, it is attracted by gravity
How does  Guring the whole time of its falling.
gravity act  Gravity does not merely set the body
on a falling  in motion, and then cease, but it con-
body ? tinues to act. During the first second
of time the force of gravity will cause the body
to descend through a certain space. At the end of
this time the body would continue to move with the
motion it has acquired, without the action of any
further force, merely on account of its inertia; but
gravity continues to act, and will add as much more
motion to the falling body during the second second of time as it did
during the first second, and as much again during the third second,
and so on.

Fic. 24.

l‘:’xf‘i‘:{:‘ 83. Falling bodies, therefore, descend

ingbodies? to the earth with a uniform accelerated
motion. A body falling from a height will fall six-
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teen feet in the first second of time,* three times that
distance in the second, five times in the third, seven
in the fourth; the spaces passed over in each second
increasing as/the/oddnumbers\ L3, 5, 7,9, 11, &c.
84. The entire space passed over by a gowao

body in falling is as the square of the ;‘m:“

time : that is, in twice the time it will fall and the time
: . . of a falling
through four times the space; in thrice body com.

the time, nine times the space.t pare?

The time occupied in falling, therefore, being known, the height
from which a body falls may be calculated by the following rule:—
85. Multiply the square of the number Time being
. . . given, how
of seconds of time consumed in falling by can the

the distance which a body will fall in one whicha

second of time. ?:::df;m be

Thus a stone is five seconds in falling from the top of a precipice.
The square of five seconds is 25: this multiplied by 16, the number of
feet a body will fall in one second, gives 400, —the height of the
precipice.

86. As the effect of gravity is to pro- . 4o ne

duce a uniform accelerated motion, the velocities
. . . . and times of
velocity of a falling body will increase as faliing com-

. . ?
the time increases. pare

Thus, at the end of two seconds the velocity acquired by a falling
body will be twice as great as at the end of one second, thrice as great
at the end of the third second, and so on.

The following table exhibits an analysis of the motions of a falling

* The spaces described by falling bodies are here given in round numbers, the
fractions being omitted. The space described by a falling body during the first sec-
ond is sixteen and one-tenth feet.

t The resi of the air ially modifies the laws of the motions of falling
bodies, as here stated, and, with a certain velocity, will become equal to the weight of
the falling body. After this takes place, the body will descend with a uniform velo-
city. There is, therefore, a limit to the velocity which a body can acquire by falling
through the atmosphere.




50 NATURAL PHILOSOPHY.

body: the spaces passed over in each interval of time of falling in-
creasing as the odd numbers 1, 3, 5, 7, 9, &c.; the velocities acquired
at the end of each interval increasing directly as the times, and the
whole space passed over being as the squares of the times.

lVelocitiesacquired at!'l‘otal height fallen

Number of seconds Spaces fallen through| the end of num- through from rest

in the fall, count-

in each ve| ber of ds ex- in the number of
ed tfrom astate of | eoong, pressed  in ﬁlst! seconds expressed
rest. column. in first column.

1 1 2 1 :
2 3 4 4
3 6 9
4 ; 8 16 (
9 10 i 2
d ¥ 2 -3 |
7 13 14 ' 49
8 15 16 ' 64
9 17 . 18 81
10 19 | 20 i 100

Where extreme accuracy is not required, most of the problems
connected with the descent of falling bodies may be worked, by this
table, with great readiness; sixteen feet, the space passed through by
a falling body in one second, being taken as the common multiple of
distances and velocities.

Thus, to ascertain the height from which a body would fall in five
seconds, take, in the fourth column of the table, the number opposite
§ seconds, which is 25, and multiply it by 16: the product, 400, will
be the height required. Problems of this character may also be
worked by the rule given (§ 8s).

In the same manner, if it be required to determine the space a fall-
ing body would descend through in any particular second of its motion,
—as, for example, the fifth second, — we take, in the second column of
the table, the number opposite § seconds, which is 9, and multiply it by
16: the product, 144, is the space required.

' Inlike manner, if it be required to determine with what velocity a
body would strike the ground after falling during an interval of five
seconds, we take the number in the third column of the table opposite
5 seconds, which we find to be 10, and multiply this by 16. The prod-
uct, 160 feet, will be the velocity required; and a body thus falling
for five seconds would have, when it strikes the ground, a velocity of
160 feet.
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87. Bodies projected directly upward will be in-

fluenced by gravitation in their ascent, as How are

) . X bodies pro-
well as in their descent, but in a.reversed jected up.

. 3 1 _ ward influ-
order ; producing continually'retarded mo- W& by

tion while they are rising, and continually - gravitation?
increasing motion during their fall.

Thus a body projected up perpendicularly into the air, if not influ-
enced by the resistance of the air, would rise to a height exactly equa.

to that from which it must have fallen to acquire a final velocity equal
to that which it had at.the first instant of its ascent.

88. To determine the height to which mow can we

a body projected upward will rise with a {Fgaine

given velocity, ascertain the height from whichabody

. . ojected
which a body would fall to acquire the ﬁgjv.rd with
same velocity. The answer in one case jofiy win
will be the answer in the other. ascend ?

89. The time, also, which the ascending body
would require to attain its greatest height . . ...
would be just equal to the time it would timesof

t and
require to fall to the ground from that descent
helgh t compare ?

go. If a body, instead of falling perpendicularly,
be made to roll down an inclined plane, Whatwilibe
free from friction, the velocity acquired 5i5imay™
at the termination of its descent will be fallingdown
equal to that it would acquire in falling plane?
through the perpendicular height of the inclined plane.

Thus the velocity acquired by a body in rolling down the whole
length of A B, Fig. 25, is equal to that it would

acquire by falling down the perpendicular height A
AC. :
91. The great Italian philosopher Galileo, during ¢ B

the early part of the seventeenth century, had his Fic. 25.



52 NATURAL PHILOSOPHY,

attention directed, while in a church at Florence, to the swinging of the
chandeliers suspended from the lofty ceiling. He no-

Howand by R .

whom was ticed, that, when they were moved from their natural po-

the pendu-  sition by any disturbing cause, they swung backward and

lum dis- forward 'in-a' curve’for'a'long' time, and with great uni-

covered? . .. . . . .

. formity, rising and falling alternately in opposite direc-
tions. His inquiry into the cause of these motions led to the invention
of the pendulum, the theory of which may be explained as follows : —

92. All bodies will have their motion as much accelerated whilst
Explainthe descending a curve as retarded whilst ascending. Let
theory of the D C be a curve, Fig. 26. If a ball, suspended by a
pendulum.  giring or wire, be placed at C, the attraction of gravita-
tion will cause it to descend to B, and in so doing it will acquire
velocity sufficient to carry it to D, all opposing obstacles being
removed, such as friction and resistance of the air. Gravitation will
once more bring it down to B: it will then rise again to C, and so
continue to oscillate backward and forward until friction and resist-
ance of the air gradually bring it to rest.

A body thus suspended is called a
; Pendulum. 1n Fig. 26, D C, the part
i of the circle through which the pen-
S dulum moves, is called its arc, and
the whole movement of the ball from
D to C is called a vibration or osci/-
lation.

93. The times of the vi-
How dothe Drations of a pen-
timesof the  dquluym are very

vibrations of

apendulum nearly equal,

compare .

witheach  Whether it moves
Fic. a6, other? much or little ; or,

in other words, through a greater or less part of its

arc.

A

The reason that a large vibration is performed in the same time as
Explain the @ small one, or, in other words, the reason the pendulum
reasonofthis always moves faster in proportion as its journey is
law. longer, is, that, in proportion as the arc described is
more extended, the steeper are the declivities through which it falls,
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and the more its motion is accelerated. Thus, if a pendulum, Fig. 26,
begins its motion at D, the accelerating force is twice as great as
when it is set free at 4; and if we take two pendulums of egual/
lengths, and liberate one at D and another at 4 at the same time, they
will arrive at the\same moment at ¥

94- This remarkable property of the pendulum enables us to employ
it as a register or keeper of time. A pendulum of How does
invariable length, and in the same location, will always this property
make the same number of oscillations in the same ;’:;h::::‘:“'
time. Thus, if we arrange it so that it will oscillate yg to register
once in a second, sixty of these oscillations will mark time?
the lapse of a minute, and 3,600 an hour.

A common clock is, therefore, merely an arrangement for register-
ing the number of oscillations which a pendulum makes, 100152
and at the same time of communicating to the pendu- common
lum, by means of a weight, an amount of motion suffi- ©o°k?
cient to make up for what it is continually losing by friction on its
points of support, and by the resistance of the air.

The wheels of the clock turn round by the action of the weight;
. but they are so connected with the pendulum, that with every double
oscillation a tooth of the last wheel is allowed to pass. If, now, this
wheel has thirty teeth, as is common in clocks, it will turn round once
for every sixty vibrations; and, if the axis of this wheel project
through the dial-plate or face of a clock with a hand fastened on it,
this hand will be the second-hand of the clock. The other wheels are
so connected with the first, and the number of teeth so proportioned,
that the second one turns sixty times slower than the first, and this
will be the minute-hand: a third wheel, moving twelve times slower
than the last, will constitute the hour-hand.

A watch differs from a clock in having a vibrating wheel instead of
a wvibrating pendulum. This wheel, called the balance- How does a
wheel, is moved by a spring, which is always forcing it watch differ
to a middle position of rest, but does not fix it there, fromaclock?
because the velocity acquired o
during its approach from ei- — T —
ther side to the middle posi-
tion carries it just as far past
on the other side, and the
spring has to begin its work
again. The balance-wheel at
each vibration allows one tooth of the adjoining wheel to pass, as

A B

Fia. 27.
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the pendulum does in a clock; and the record of the beats is preserved
by the wheels which follow, as already explained for the clock.

Fig. 27 represents the arrangement used to keep up the motion in
a watch. The barrel, or wheel A, incloses a spring, which, when com-
pressed by winding,up, tends, ito liberate itself, or unwind, in virtue of
its elasticity. This effort to unwind turns the barrel upon its axis;
and thus, by means of a chain coiled round it, motion is communicated
to the other wheels of the watch.

What influ- 95. The length of a pendulum influences

encehas the the time of its vibration: the longer the
length of a . . .
pendulum on pendulum, the slower are its vibrations.

its time of .
vibration ? The reason why long pendulums vibrate more slowly

than short ones is, that in corresponding arcs, or paths,
the ball of the long pendulum has a greater journey to perform, with-
out having a steeper line of descent.

Howdothe  90. The lengths of different pendulums,

lengthsof  yihrating in unequal times, are to each -
pendulums

vibratingin  other as the squares of the times of their
different R .
timescom-  Vibration.

pare? . .
Thus a pendulum, to vibrate once in two seconds,

must have four times the length of one that vibrates once in one
second; to vibrate once in three seconds, it must have nine times the
length, &c. The duration of the oscillation being as the whole
numbers,

. ',2:3:4’5’6:7’&9'
the length of the pendulum will be as their squares,
1, 4, 9, 16, 25, 36, 49, 64, 81.

A pendulum, therefore, that will vibrate once in nine seconds, must
have a length of 'eighty-one times greater than one vibrating once
in one second.

97. As the time of vibration of a pendulum is determined by the
What does  force of the attraction of gravitation, this instrument
the pendu-  has been employed to determine the strength of attrac-
lum show ? . tion at various portions of the earth’s surface.

The same pendulum will vibrate more slowly at the equator than
at the poles, because the attraction of gravitation is less powerful at
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the equator. This demonstration that the poles are nearer the center
of the earth than the equator proves that the earth is not a perfect
sphere.

98. The length of a pendulum that will describe
sixty oscillations in'a minute, each oscilla- whatis the
tion having the duration of a second, is, in s ots
the latitude of Greenwich, Eng.,, 39.1393 dulum?
inches in length, and in New York 39.10 inches in
length.

At the pole it would require to be somewhat longer ; at the equator,
somewhat shorter. A pendulum that vibrated seconds at Paris was
found to require lengthening .09 of an inch in order to perform its
vibrations in the same time at Spitzbergen,

99. The length of a pendulum vibrating

A . R How may the
seconds being always invariable at the leel:z:t:l:fp:n
: . 8€COo! -
same place, since the attraction under the dulumbe
. : : ;¢ usedasa
same circumstances is always the same, it g dard of
may be used as a standard of measure. measure ?

This application has already been mentioned under the section
Weight (§ 64).

The duration of the oscillation of a pendulum is not affected by
altering the weight of the ball; since all bodies moving over the same
space, under the influence of gravitation, acquire equal velocities.

100. As heat expands, and cold con- g4,

rod i lock
tracts, all metals, a pendulum-rod is longer Clocksgo

in warm than in cold weather: hence terthanin

. . . . . summer ?
clocks gain time in winter, and lose in the
summer,

~ As the smallest change in the length of a pendulum alters the rate

of a clock, it is highly important, for the maintaining of How are the
uniform time, that the expansion and contraction of changesin "
pendulums, caused by chat'lges in tempera'ture, shou.ld ;‘::;z‘;g:‘."
be counteracted. For this purpose various contriv- counter-

ances have been employed. The one most commonly acted?
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employed at the present time is the mercurial pendulum, which is con-
structed as follows: The pendulum-rod, A B, Fig.
28, supports a glass jar, G. H, containing mercury,
inclosed in a steel framework, FC D E.  When the
weathiér is warm, the steel rod and framework expand,
and thus increase the length of the pendulum, and
depress the center of oscillation. But, at the same
time, the mercury contained in the jar
also expands, and rises upward; and
thus, by a proper adjustment, the center
of oscillation is carried as far upward
in one direction as downward in the
opposite direction, or the expansion in
both directions is equal, and the vibra-
tions of the pendulum remain unaltered.
Another form of pendulum, called the
“ gridiron pendulum,” Fig. 29, is com-
posed of rods of different metals,
S ) which expand unequally under the same
Fic. 28. changes of temperature, and, by counter-
action, keep the length of the pendulum constant.

¥iG. 29.

Practical Problems on the Theory of Falling Bodies.

1. A stone let fall from the top of a tower struck the earth in two seconds: how
high was the tower ?

2. How far will a body, acted upon by gravity alone, fall in ten seconds ¢

3. How deep is a well, into which a stone, being dropped, reaches the surface of
the water in two seconds, the depth of the water in the well being ten feet ?

4. If a body be projected downward with a velocity of twenty-two feet in the first
second of time, how far will it fall in eight seconds ?

(The multiple in this case will be the distance fallen through in the first second.)

5. What space will a body pass through in the fourth second of its time of falling ?

6. A body falls to the ground in eight seconds: how large a space did it pass over
during the last second of its descent ?

7. A body falls from a height in eight seconds: with what velocity did it strike the
ground ?

8. A cannon-ball fired upward continued to rise for nine seconds: what was its
wvelocity during the first second, or with what force was it projected ?

9. Suppose a bullet fired upward from a gun returned to the earth in sixteen sec-
onds: how high did it ascend ?

(The time occupied in ascending and descending being equal, the body rose to such
a height, that it required eight ds to d d from it. The square of 8 = 64.
This, multiplied by the space it would fall in the first second, 16 feet, = 1024 feet.)
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10. A bird was shot while flying in the air, and fell to the ground in three seconds.
How high up was the bird when it was shot ?

11. If the length of a pendulum to vibrate seconds at Washington is 39.101 inches,
how long must it be to vibrate once in seven seconds? How long to vibrate half-sec-

onds ? quarter-seconds ?



CHAPTER V.

MOTION.

Whatis mo-  I01. Motion is the act of changing place.
tion ? -If no motion existed, the universe would be dead.
There would be no alternation of the seasons, and of day and night;
no flow of water, or change of air; no sound, light, heat, or animal
existence.

Rest, which is the opposite of motion, so far as we know, exists
What is only relatively. We say a body on the surface of the
rest? earth is at rest when it maintains a constant position as
regards some other body; but, at the same time that it is thus at rest,
it partakes of the motion of the earth, which is always revolving. We
do not, therefore, reaily know any body to be in a state of absolute
rest.

102. A moving body may have a Uniform or a Vari-
Defineuni- able Motion. Uniform Motion is the motion

:?:3:;?)." % of a body moving over equal spaces in

tion. equal times. Variable Motion is the motion
of a body moving over unequal spaces in equal times.

103. When the spaces passed over in equal times
What isac- increase, the body is said to possess Accel-

celeraredand orated Motion; when they diminish, the

tion ? body is said to possess Retarded Motion.

A stone falling through the air is an example of accelerated motion,
since, acted upon by the force of gravity, its rate of motion constantly
increases; while the ascent of a stone projected from the hand is an
example of retarded motion, as its upward motion continually
decreases.

5S
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104. When a body commences to move from a
state of rest, we assign some force as the .
. . . .  Whatis
cause of its motion; and a force acting in power and
. . resistance?
such a manner,as| to; produce motion is
generally termed Power. On the contrary, a force
acting in such a way as to retard a moving body,
destroy its motion, or drive it in a contrary direction,
is termed Resistance. The chief forces which tend
to retard or destroy the motion of a body are Gravita-
tion, Friction, and Resistance of the Air.
105. The speed, or rate, at which a body whnat s ve.
moves, is termed its Velocity. locity ?

The velocity of a moving body is estimated by the time it occupies
in moving over a given space, or by the space passed over in a given
time. The less the time, and the greater the space moved over in
that time, the greater the velocity.

106. To ascertain the Velocity of a mov- . .

ing body, divide the space passed over by ::::::;no:h:

the time consumed in moving over it. moving

: . . .. body?
Thus, if a body moves ten miles in two hours, its y

velocity is found by dividing the space, 10, by the time, 2 ; the answer,
s» gives the velocity per hour.
107. To ascertain the Space passed over y . anwe

by a moving body, multiply the velocity by :':::tﬂ:'::::*
the time. o‘v’rer bl; a

Thus, if the velocity be ten miles per hour, and the m’;in me-

time fifteen hours, the space will be 10 multiplied by 15,
or 150 miles,

108. To ascertain the Time employed by How is the

a body in motion, divide the space passed time occu-
over by the velocity. &,dy in mo-

Thus, if the space passed over be one hundred and ::: frrai

fifty miles, and the velocity ten miles per hour, the
whole time employed will be 150 divided by 10 = 135 hours.
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109. The Momentum of a body is its quantity of mo-
Whatis mo- tion. Momentum expresses the force with
mestum?  which one body in motion would strike
against another

We take advantage of momentum, or the force of a moving body,
Illustrations in almost all mechanical operations. The moving mass
of momen- of a hammer-head drives or forces in the nail, shapes
tum. the iron, breaks the stone; the force of a moving mass
of water gives strength to a torrent, and turns the wheel; the force of
a moving mass of air gives strength to the wind, carries the ship over
the ocean, forces round the arms of a windmill.

110. When a body is caused to move, the motion
lsmotion 1S not imparted simultaneously to every
imparted o - particle of the body, but at first only to
all the parti- <

cles of a the particles which are directly exposed to
body at the

same in- the influence of the force; for instance,
stant ? of a blow. From these particles it spreads
to the rest.

A slight blow is sufficient to smash a whole pane of glass, while a
How canyou bullet from a gun will only make a small round hole in
illustratethis it: because, in the latter case, the particles of glass that
fact? receive the blow are torn away from the remainder with
such rapidity, that the motion imparted to them has no time to spread
farther. A door standing open, which wouid readily yield on its
hinges to a gentle push, may not be moved by a cannon-ball passing
through it. The ball, in passing through, overcomes the whole force
of cohesion among the atoms of wood ; but its force acts for so short a
time, owing to its rapid passage, that it is not sufficient to affect the
inertia of the door to an extent to produce motion. The cohesion of
the part of the wood cut out by the ball would have borne a very great
weight laid quietly upon it; but supposing the ball to fly at the rate of
twelve hundred feet in a second, and the door to be one inch thick,
the cohesion being allowed to act for only the minute fraction of a sec-
ond, its influence is not perceived.

It is an effect of this same principle, that the iron head of a ham-
mer may be driven down on its wooden handle by striking the oppo-
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site end of the handle against any hard substance with force and
speed. In this very simple operation, the motion is propagated so
suddenly through the wood of the handle, that it is over before it can
reach the iron head, which.therefore, by its own inertia, sinks lower on
the handle at every blow, which'drives’the handle up.

111, The Momentum, or force, which a How is the

moving body exerts, is estimated by multi- g’ voay "

plying its mass or quantity of matter by calculated?
its velocity.

Thus a body weighing ten pounds, and moving with a velocity of five
hundred feet in a second, will have a momentum of (16 X 500) 5,000.

112. The velocity being the same, the .

momentum or moving force of a body nectionis

will be directly proportionate to the mass ::f:::fh,

: . : 11y, momentum
or weight; and, the mass or weight remain ol a by and

ing the same, the momentum will be its weight
. . . anda vt
directly proportionate to the velocity. oty

Thus, if two leaden balls, each of five pounds’ weight, move with a
velocity of five miles per minute, the momentum or striking force of
each will be 25. If now the two balls, moulded into one of ten pounds’
weight, move with the same velocity of five miles per minute, the
momentum, or striking force, will be 5o, since with the same velocity
the mass or weight will be doubled. If, on the contrary, we double
the- velocity, allowing the weight to remain the same, the same effect
will be produced: a ball of five pounds, with a velocity of five, will
have a momentum, or striking force, of 25; but a ball of five, with a
velocity of ten, will have a momentum of so.

113. A small or light body may be yowcana

made to strike with a greater force than a small body
X in motion be

heavier body by giving to the small body madetoexert
: . the same
a sufficient velocity. force as a

Illustrations of these principles are most familiar. large one ?

Hailstones of small mass and great velocity strike with sufficient
force to break glass, and destroy standing grain. A ship of huge mass,
moving with a scarcely perceptible velocity, crushes in the side of the
pier with which it comes in contact.
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SECTION 1.
AcTION (ANDRE.ACTION.

114. When a body communicates motion to an-
What is other body, it loses as much of its own

meant by ac- X . .
ton andrer momentum or force as it gives to the

action ? other body. We apply the term Action
to designate the power which a body in motion has
to impart motion or force to another body, and the
term Re-action to express the power which the body
acted upon has of depriving the acting body of its
force or motion.

115. There is no motion or action in the universe
Whatisthe Without a corresponding and opposite ac-

f:f;:n':;'d“ tion of equal amount; or, in other words,

re-action?  Aetion and Re-action are always equal and
opposed to each other.

If a person presses the table with his finger, he feels a resistance
What areil. 2rising from the re-action of the table, and this counter-
lustrations  pressure is equal and contrary to the downward press-
of action and yre, When a cannon or gun is fired, the explosion of
re-action? e powder, which gives a forward motion to the ball,
gives at the same time a backward motion, or “ recoil,” to the gun. A
man in rowing a boat drives the water astern with the same force that
he impels the boat forward.

To what is 116. The quantity of motion in a body

the quantity js measured by the velocity and the quan-
of motion in

abody pro- tity of matter it contains.
portionate ? .
A cannon-ball of a thousand ounces, moving one foot

per second, has the same quantity of motion in it as a musket-ball of
one ounce, leaving the gun with a velocity of a thousand feet per sec-
ond. The momentum, or quantity of motion, in the musket-ball being,
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however, concentrated in a very small mass, the effect it will produce
will be apparently much greater than that of the cannon-ball, whose
motion is diffused through a very large mass. This explanation will
enable us to understand some phenomena which at first appear to con-
tradict the law that adtion and’ré.attién afe always equal and opposed
to each other.

Thus, when we fire a bullet from a gun, the gun recoils back with
as much force as the bullet possesses, proceeding in an opposite direc-
tion. The reason the effects of the gun are not equally apparent with
those of the ball is, that the motion of the gun is diffused through a
great mass of matter with a small velocity, and is, therefore, easily
checked; but in the ball the motion is concentrated in a very small
compass with a great velocity. A gun recéils more with a:charge of
fine shot or sand than with a bullet. The explanation of this is, that
with a ball the velocity is communicated to the whole mass a¢once; but,
with small shot or sand, the velocity communicated by the explosion
10 those particles of the substance immediately in contact with the powder
is greater than that received at the same instant by the outer particles ;
consequently a larger proportion of explosive force acts momentarily
in an opposite direction.

Fi6. 30.

We have an illustration of this same principle when we attempt to
drive a nail into a board having no support behind it, or not sufficiently
thick to offer the necessary resistance to the moving force of the
hammer, as is represented in Fig. 30. The blows of the hammer will
cause the board to unduly yield, and, if strong enough, will break it,
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but will mot drive in the nail. The object is attained by applying
behind the board, as in Fig. 3I, a block of wood or metal, against
which the blows of the hammer will be directed. By adopting this

plan, however, no increased resistance is opposed to the blows/of the
hammer, the momentum or moving force of which is equally imparted
in both cases : but in the first case the momentum is received by the
board alone, which, having little weight, is driven by it through so
great a space as to produce considerable flexure, or even fracture; but
in the second case the same momentum, being shared between the
board and. the block behind it, will produce a flexure of the board as
much less as the weight of the board and block applied to it together
is greater than the weight of the board alone.

The same principle serves to explain a trick sometimes exhibited in
feats of strength, where a man in a horizontal position, his legs and
shoulders being supported, sustains a heavy anvil upon his chest,
which is then struck by sledge-hammers. The reason the exhibitor
sustains no injury from the blows is, that the momentum of the sledge
is distributed equally through the great mass of the anvil, and gives to
the anvil a downward motion just as much less than the motion of
the sledge as the mass of the sledge is less than the mass of the
anvil. Thus, if the weight of the anvil be one hundred times greater
than the weight of the sledge, its downward motion upon the body of
the exhibitor will be one hundred times less than the motion with
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which the sledge strikes it, and the body of the exhibitor, easily yield- .
ing to so slight a movement, and also resisting it by means of the
elasticity of the body, derived from its peculiar position, escapes with-
out injury.

117. When two bodies come in contact, When isthe

c . . . 11i
the collision is said to be direct when a f&omﬁ

right line passing through their centers of %4t be

gravity passes also through the point of
contact.

The center of gravity in such cases corresponds with the center of
collision; and if such a center come against an obstacle, the whole
momentum of the body acts there, and is destroyed; but if any other
part is hit, the body only loses a portion of its momentum, and revolves
round the obstacle as a pivot, or center of motion.

118. When two non-elastic bodies, mov- When two
. . . . . . . inelastic bod-
ing in opposite directions, come into direct ies come into

tet : collision
collision, they will each lose an equal Jyatem .
amount of momentum.

Hence the momentum of both after contact will be equal to the
difference of the momenta of the two before contact,.and the velocity
after contact will be equal to the difference of the momenta divided
by the whole quantity of matter. Let the quantity of matter in A be
2, and its velocity 12; its momentum is therefore 24. Let the quan-
tity of matter in B be 4, its velocity 3; its momentum will be 12. The
momentum of the mass after contact, on the supposition they move in
opposite directions, and come in direct collision, will be the difference
of the two momenta, or 12; and ‘the velocity of the mass will be its
momentum divided by the quantity of matter, or 12 divided by 6,
which is 2.*

+ This wbole bject, lly idered dry and uninteresting, will be found to

a new i , if the student will make himself a few sunple experiments,
by suspending leaden balls by the side of a graduated arc, as in Fig. 32, and
allow them to fall under different conditions. The length of the arc through which
they fall will be found to be an exact measure of the force with which they will

strike.
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If two non-elastic bodies, as A and B, Fig. 32, be suspended from a
Explain the fixed point, and the one be

\——wm—’ results of the raised toward Y and the
| collision of. - ~other toward X an equal

' ! :::‘i‘:.ﬁc amount, they will acquire an
I l ’ equal force, or momentum, in
I I falling down the arc, provided their masses
‘ .

are equal; and will by contact destroy each
other’s motion, and come to rest. If their

momenta are unequal, they will, after con-
Y . . .
B tact, move on together, in the direction of the
3 % * body having the largest quantity of motion,

< 3 £} &
* I-:lco 3'2 * with a momentum equal to the difference of
t the momenta of the two before collision.

119. The force of the shock produced by two equal
To what win Dodies coming in contact with equal velo-

?;ﬁ;.’;::‘:, ;" city will be equal to the force which either,

twobodies  being at rest, would sustain if struck by
ﬁ:mfa the other moving with double the velocity ;

equivalent?  for re.action and action being equal, each
of the two will sustain as much shock from re-action
as from action.

If a person running come in contact with another who is standing,
Illustrate both receive a certain shock. If both be running at the
this princi-  same rate in opposite directions, the shock is doubled.
ple. In combats of pugilists, the most severe blows are those
struck by fist against fist; for the force sustained by each in such cases
is equal to the sum of the forces exerted by the two arms. If two
ships, moving in contrary directions at the rate of twenty miles per
hour, come in collision, the shock will be the same as if one of them,
being at rest, were struck by the other moving at forty miles per hour.

120. If we suspend two balls of some non-elastic substance, as clay
1f one inelas- Or putty, by strings, so that they can move freely, and
tic body allow one of the balls to fall upon the other at rest, it
::::‘;i‘::::: will communicate to it a part of its motion, and both
other at rest, balls, after collision, will move on together. The quan-
whatoccurs? tity of motion will remain unchanged, the one having
gained as much as the other has lost; so that the two, if equal, will
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have half the velocity after collision that the moving one had when
alone. Fig. 33 represents two balls of clay,
E and D, non-elastic, of equal weight, sus-
pended by strings. If the ball D be raised
and let fall against the ‘ball E, a"partof its
motion will be communicated to E, and both
together will move on to ¢ 4.

121. If we suspend two balls, A and B,
Fig. 34, ?f some elastic sub- When two
stance, as ivory, and allow them gjgqtic bodies
to fall with equal masses and come into
velocities from the points X ::tl:l:i::c'nn?
and Y on the arc, they will not
come to rest after collision, but will recede from each other with
the same velocity which each had before contact.

The reason of this movement in highly elastic bodies, contrary to

what takes place in non-elastic What occa-

S==S7——  bodies, is this: the elastic gjons the dif-
substances are compressed by ferencein the
the force of the shock; but, Fesults of the
. . ] collision of
instantly recovering their for- ejastic and
mer shape in virtue of their non-elastic
elasticity, they spring back Podies?
as it were, and re-act, each giving to the
other an impulse equal to the force which

b caused its compression.
N % °  Suppose the ball A, however, to strike

»

he l.-‘u: ;‘. ' upon the ball B at rest; then, after impact,

A will remain at rest, but B will move

on with the same velocity as A

had at the moment of contact. .
In this case the re-action of elas-
ticity causes the ball A to stop,
and the ball B to move forward

with the motion which A had at }3
the instant of contact. :

The same fact may be illus- & > a
trated by suspending a number of 4ABCDEFG

elastic balls of equal weight, as Fic. 35.

represented in Fig. 35. If the ball H be drawn out a certain dis-
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tance, and let fall upon G, the next in order, it will communicate its
motion to G, and receive a re-action from it, which will destroy its
own motion. But the ball G cannot move without communicating the
motion it received from H to F, and receiving from F a re-action which
will stop its motions ;/In like manner,the motion and re-action are
received by each of the balls E, D, C, B, A, until the last ball, K, is
reached; but there being no ball beyond K to act upon it, K will fly
off as far from A as H was drawn apart from G.

- SECTION 1II.

REFLECTED MOTION.

122. When any elastic body, as an ivory ball, is
Whatisre. thrown against a hard, smooth surface, the
flected re-action will cause it to rebound from
motion ? ; . . .

such surface; and the motion it receives
is called Reflected Motion.

123. If the ball be projected perpendicularly, it
In what will rebound in the same direction ; if it
mannermay be projected obliquely, it will rebound
a moving . . . . . .
body bere-  obliquely in an opposite direction, making
Aected? the angle of incidence equal to the angle
of reflection.

What is the 124. The lng.le of I{wi(onco is t.he angle
angleof in- formed by the line of incidence with a per-
cidence ? . .

pendicular to any given surface.
What is the 125. The lng./e of ﬂaﬂectl.on is Fhe angle
angle of re- formed by the line of reflection with a per-
flection ? . .

pendicular to any given surface.

Thus, in Fig. 36, if the ball be projected or thrown upon the sur-
face B, in the direction A B, it will rebound, or be reflected, in the
direction B C. In this case the line A B is the line of incidence, and
the angle A B D, which it makes with a perpendicular D B, is the
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angle of incidence. In like manner the line B C is the line of reflec-
tion, and
the angle
DBC the
angle of
reflection.
If the ball
be pro-
jected
against
the sur-
face B, in
the direction B D, perpendicular to the surface, it will be reflected,
or will rebound back, in the same straight line.

Fic. 36.

126. The Angles of Incidence and Reflec- What pro-

tion are always equal to one another. portion ex-
ists between

Thus, in Fig. 36, the angles A BD and"C B D are the angles of
incidence

equal. and reflec-
127. An Angle is simply the inclination tion?
of the lines which meet each other in a point. The

size of the angle depends upon the open- x:;' s an

ing, or inclination, of the lines, and not upon what
. does its size
upon their length. depend ?

In what con-
sists the skill
of the game
of billiards ?

The skill
of the player
of billiards
and bagatelle
depends upon
his dexterous
application of
the principles
of incident
and reflected motion, which he has learned by long experience; viz.,

FiG. 37.
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that the angle of incidence is always equal to the angle of reflection,
and that action and re-action are equal and contrary. An illustration
of the skillful reflection of billiard-balls is given in Fig. 37, which
represents the top of a billiard-table. The ball P, when struck by
the stick Q, is first directed|in thejline P, O, upon the ball P/, in such
a manner that, being reflected from it, it strikes the four sides of the
table successively, at the points marked O, and is finally reflected so
as to strike the third ball P/, At each of the reflections from the
ball P/, and the four points on the side of the table, the angle of inci-
dence is exactly equal to the angle of reflection.

. 128. Imperfectly elastic bodies oppose
‘Why are im- . . .
perfectly the momentum of bodies in motion more

Siiar ' perfectly than any others, in consequence

fitted to of their yielding to the force of collision
oppose and A R .

destroy without re-acting; opposing a gradual re-
momentum ?

sistance instead of a sudden one.

Hence a feather-bed, ;r a sack of wool, will stop a bullet much
more effectually than a plate of iron, from its deadening — as it is pop-
ularly called — the force of the blow.

SECTION IIL

COMPOUND MOTION.

129. A body acted upon by a single force moves
Whatissim. 1D a straight line, and in the direction of
plemotion? that force. Such motion is designated as
Simple Motion.

A body floating upon the water is driven exactly south by a wind
Illustrate blowing south. A ball fired from a cannon takes the
simple mo-  exact direction of the bore of the cannon, or of the
tion. force which impels it.

Can the 130. A f<?rce has the same effect in pro-
Slfect of ducing motion, whether it acts on a body
alteredby  at rest or in motion, or whether it acts

? .
other forces? ,1one or with other forces.
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Suppose from the point A, Fig. 38, about 240 feet above the earth,

a ball to be projected in a perfectly hori-
zontal line, A B; instead of traversing this
line, it would, at the end of the first second,
be found that the/ball had fallen (15 feet, at
the same time it had moved onward in the
direction of B. Its true position would be,
therefore, at a; at the end of the second
second it would have passed onward, but
have fallen to 5, 60 feet below the horizontal
line; and at the end of the third second it
would have fallen 135 feet below the line,

A B

d
FiG. 38.

and be at ¢; and thus it would move forward, and reach the earth
at d, 240 feet, in precisely the same time it would have occupied in
falling from A to C. The force of gravity is neither increased nor

diminished by the force of projection.

131. When a body is acted upon by two forces at
the same time, and in different directions,
as it cannot move two ways at once, it compound

takes a middle course between the two.

What is

motion ?

Such motion is termed Compound Motion.
132. The course in which a body, acted what is the

course of a

upon by two or more forces acting in dif- pouy acted
ferent directions, will move, is called the uponbytwo

Resultant, or the resulting direction.

In Fig. 39, if a body, A, be acted upon at
forces, one of which would cause it
to move in the direction A Y, over
the space A B, in one second of
time, and the other cause it to move
in the direction A X, over the space
A C, in one second; then the two
forces, acting upon it at the same
instant, will cause it to move in a
resultant direction, A D, in one sec-
ond. This direction is the diagonal

forces
called ?

the same time by two

FiG. 39.

of a parallelogram, which has for its sides the lines A B, A C, over
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which the body would move if acted upon by each of the forces sep-
arately.
The operations of every-day life afford numerous examples of
resultant motion. If we attempt to row a boat across a
What are iy . X . .
familiar ex- Tapid river, the boat will be subjected to the action of
amples of two' forces :' viz.,-the -action-'of 'the oars, which tend to
resultant drive it across the river in a straight line; and the
motion ? . . . .
action of the current, which tends to carry it down the
stream a certain distance. It will, therefore, under the influence of
both these forces, move diagonally across the river. When we throw
a body from the deck of a boat in motion, or from a railroad-car,
the body partakes of the motion of the boat or the car, and does not
strike at the point intended, but is carried some distance beyond it.
For the same reason, in firing a rifle from the deck of a vessel, mov-
ing rapidly, at some object at rest upon the bank, allowance must
be made for the motion of the vessel, and aim directed behind the

object.

133. If the resultant direction be known, the two forces which
May the produced it may be found by constructing a parallelo-
forces gram on a line which represents the given force. It is
1:"°,‘:‘;‘:“‘ obvious that an infinite number of parallelograms may
,J:mmt be constructed on a given line. But, if it is required to

be found ? resolve the given force into two forces having fixed
directions, then only one construction is possible.
What is 134. Circular Motion is the motion pro-
circular duced by the revolution of a body about a
motion ? .

central point.
Whatarethe  135. Circular motion is a species of
:*"sgf::: compound motion, and is caused by the
duce circular  continued operation of two forces, the

? . .

motion Centrifugal® and Centripetal Forces.t
Whatiscen- ! 36. :I'he Centrifugal Fort.:o is that force
trifugal which impels a body moving in a curve
force ?

to move outward, or fly off from a center.

* Centrifugal, compounded of center, and fugio, to fly off.
t Centripetal, compounded of center, and gefo, to seek.
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137. The Centripotal Force is that force which
draws a body moving in a curve toward , -
the center, and assists it to move in a tripetal
bent, or curvilinear| [¢ourseOIncircular force?
motion the centrifugal and centripetal forces are
equal, and constantly balance each other.

If the centrifugal force of a body revolving in a circular path be
destroyed, the body will immediately approach the wwhat fol-
center; but if the centripetal force be destroyed, the lows if the
body will fly off in a straight line, called a tangent. ::';:’;:‘:iﬁ ol

Thus, in whirling a ball attached by a string to the forces are
finger, the propelling force, or the force of projection, is destroyed ?
given by the hand, and the centripetal force is
exhibited in the stretching or tension of the
string. If the string breaks in whirling, the cen-
tripetal force no longer acts; and the ball, by
the action of the centrifugal force generated by
the whirling motion, flies off in a tangent, or
straight line, as represented in Fig. 40. If, on
the contrary, the whirling motion is too slow,
the centripetal force preponderates, and the ball FiG. 40.
falls in toward the finger.

Familiar examples of the effects of centrifugal force are common in
the experience of every-day life.

The motion of mud flying from the rim of a coach-wheel, moving
rapidly, is an illustration of centrifugal force. What are fa-

The mud sticks to the wheel, in the first instance, miliar illus-
through the force of adhesion; but this force, being trations of
very weak, is overcome by the centrifugal force, and the :::’:e"i?‘““’
particles of mud fly off. The particles which compose
the wheel itself would also fly off in the same manner, were not the
force of cohesion which holds them together stronger than the cen-
trifugal force. .

A cup filled with water is suspended by three cords. If the cords
be twisted by turning round the cup, on withdrawing the hand the cup
will begin to rotate rapidly, and the water will fly off from the edge of
the vessel, as shown in Fig. 41.
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The centrifugal force, however, increases with the velocity of revo-
lution, so that if the velocity of the wheel were continu-
g:’cﬁf hat ally increased, a point would at last be reached when the
stances will  centrifugal force would be more powerful than the force
the centrifu- ¢ ohesion, and the wheel would then fly in pieces. In
gal force 5 .
overcome the this way almost’any bedy' can' be broken by a sufficient
force of rotative velocity. Large wheels and grindstones, re-
cohesion?  y,lying rapidly, not infrequently break from this cause,
and the pieces fly off with immense force and velocity.

The fact that
water can be ex-
pelled or made to
fly off from a mop,
by the action of the
centrifugal force
produced by whirl-
ing it, has been
most ingeniously
applied in an ar-
rangement of mech-
anism called the
kydro-extractor, or
centrifugal ma-
chine, for the dry-
ing of cloth, and
the separation of
molasses from su-
gar in the manu-
facture and refin-
ing of sugar. The
machine consists of a hollow wheel or cylinder, Fig. 42, turning upon
an axle, and having its sides pierced with fine holes. The wet cloth
or moist undrained sugar is placed in the interior of this wheel. It is
then caused to revolve with great rapidity, when the water in the one
case and the molasses in the other, contained in the fiber or the sugar,
flies out and escapes through the holes in the sides. Cloth in this
way may be rapidly dried; and the separation of sugar from molasses,
which formerly required days to effect by draining, is accomplished
in a few moments.

When a bucket of water, attached to a string, is whirled rapidly

Fic. 41.
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round, the water does not fall out when the mouth is presented down-
ward, since the centrifugal force
imparted to the water by rota-
tion tends to cause it to fly off
from-the center, and this over-

FiG. 42

comes, or balances, the attraction of gravitation,
which tends to cause the water to fall out, or
toward the center (Fig. 43).

‘When a carriage is moved rapidly round a
corner, it is very liable to be overturned by the
centrifugal force called into action. The inertia
carries the body of the vehicle forward in the
same line of direction, while the wheels are sud-
denly pulled around by the horses into a new
one. Thus a ioaded stage running south, and
suddenly turned to the east, throws out the lug-
gage and passengers on the south side of the
road. When railways form a rapid curve, the
outer rail is laid higher than the inner, in order
to counteract the centrifugal force.

An animal or man, turning a corner rapidly,
leans in toward the corner or center of the
curve in which he is moving, in order to resist
the action of the centrifugal force, which tends
to throw him away from the center.

F1G. 43.

In all equestrian feats exhibited in the circus, it will be observed
that not only the horse, but the rider, inclines his body toward the
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center, and according as the speed of the horse round the ring is in-
creased this inclination becomes more considerable. - When the horse
walks slowly round a large ring, this inclination of his body is imper-
ceptible; if he trot, there is a visible inclination inward, and if he
gallop, he inclines still, more; and whenurged to full speed he leans
very far over on his side, and his feet will be heard to strike against
the partition which defines the ring. The explanation of all this is,
that the centrifugal force caused by the rapid motion around the ring
tends to throw the horse out of, and away from, the circular course,
and this he counteracts by leaning inward.

The most magnificent exhibition of centrifugal and centripetal forces
How dothe Dalancing each other js to be found in the arrangements
motions of  Of the solar system. The earth and other planets are
the solar sys- moving around a center — the sun— with immense ve-
temillustrate ,, ;i;e, and are constantly tending to rush off into space
the action of 4 y g p
centrifugal by the action of the centrifugal force. They are, how-
and centripe- ever, restrained within exactly determined limits by the
tal forces? attraction of the sun, which acts as a centripetal power
drawing them toward the center.

whatisthe 138 The Axis of a body is the straight
;::;y of a line, real or imaginary, passing through
it, on which it revolves, or may be sup-

posed to revolve.
139. When a body is caused to rotate upon an
Whenabody aXiS, all its parts revolve in equal times.

revolves - The velocity of each particle of a re-
axis, what  volving body increases with its perpen-
peculiarities

Hoitsseverm dicular distance from the axis; and,
partsexhibit? 35 its velocity increases, its centrifugal
{orce increases.

A moment’s reflection will show that a point on the outer part, or
rim, of a wheel, moves round the axis in the same time as a point
nearer the center, as upon the hub. But the circle described by the
revolution of the outer part of the wheel is much larger than that
described by the inner part; and, as both move round the center in
the same time, the outer part must move with a greater velocity.
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140. If the particles of a rotating body what effect

. d th -
have freedom of motion among themselves, om of con.

a change in the figure of the body may be trifugal force

A ) have upon
occasioned by'the'difference’ of ‘the cen- the figure of

trifugal force in the different parts. * body?

A ball of soft clay, with a wire for an axis forced through its
center, if made to turn quickly, soon ceases to be a perfect ball. It
bulges out in the middle, where the centrifugal force is greatest, and
becomes flattened toward the ends, or where the wire issues.

141. The earth itself is an example of the operation of this force.
Its diameter at the equator is about twenty-six miles What is the
greater than its polar diameter. The earth is supposed cause of the
to have assumed this form at the commencement of its gmm?
revolution, through the action of the centrifugal force,
while its particles were in a semi-fluid or plastic state.

This change may be illustrated by an apparatus represented in Fig.
44- This consists of an
elastic circle, or hoop,
fastened at the lower
side on a vertical shaft,
while the upper side is
free to move. On turn-
ing the wheels, so ar-
ranged as to impart a
very rapid motion to the
shaft and hoop, the hoop
will be observed to bulge
out in the middle (owing
to the centrifugal force
acting with greater in-
tensity upon those parts farthest removed from the axis), and to
become flattened at the ends.

142. At the equator the centrifugal force of a particle of matter is
1-28gth of its gravity. This diminishes as we approach (o, . .
the poles, where it becomes nothing. amount of

If the earth revolved seventeen times faster than it centripetal
now does, or in eighty-four minutes instead of twenty- :I’::t:: :h"
four hours, the centrifugal force would be equal to the .
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attraction of gravitation, which may be considered as the centripetal
What would force, and all bodies at the earth’s equator would be
be the effect deprived of weight, since they would have as great a
g t;‘::: r:::?‘ tendency to leave the surface of the earth as to descend
tion of the towards its center.” If the earth revolved on its axis in
earth were  less time than eighty-four minutes, terrestrial gravitation
increased?  y,uld be completely overpowered, and all fluids and

loose substances would fly from its surface.

143. There appears to be a constant tendency to
rotary motion in moving bodies free to turn upon
their axes. The earth turns upon its axis, as it
moves in its orbit: a ball projected from a cannon,
a rounded stone thrown from the hand, all revolve
around their axes as they move.

This phenomenon may be very prettily illustrated by placing a
watch-glass upon a smooth
plate of glass, Fig. 45, moist-
ened sufficiently to insure
slight adhesion, and fixed at
any angle. As it begins to
move toward the bottom of
the inclined plane, it will
exhibit a revolving motion, which uniformly increases with the accel-
eration of its down-
ward movement.

144. The gyro-
Describe the scope,
gyroscope. ShO\V‘I‘I
in Fig. 46,is a curious
example of rotation.
It consists of a disk
C, revolving within
the ring A. By means
of the notch F, the
ring may rest on the
point of a stand G.

FiG. 46. If the notch be placed
on the point while the disk is not in motion, the instrument falls, as

FiG. 4s.
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would be expected. But if the disk be made to rotate rapidly, not
only will the instrument not fall, but it will begin to turn on the point
as shown by the dotted line. If the ring A be depressed while the
disk is in motion, it,will rise again, and revolve in the same plane
as before. The gyroscope is also known as the “mechanical para-
dox.”

Practical Questions and Problems on the Principles and Compo-
sition of Motion.

1. The surrace of the BARTH at the EQUATOR moves at the rate of about a
THOUSAND MILES in an HOUR: why are MEN not sensible of this rapid movement of
the earth ?

Because a// objects about the observer are moving in common with
him. It is the natural uniformity of the undisturbed motion which
causes the earth and all the bodies moving together with it upon its
surface to appear at rest.

2. How can you easily see that the EARTH is in motion ?

By looking at some object that is entirely usmconnected with it, as
the sun or the stars. We are here, however, liable to the mistake that
the sun or stars are in motion, and not we ourselves with the earth.

3. Does the suN really RisE and SET each day ?

The sun maintains very nearly a constant position; but the earth
revolves, and is constantly changing its position. Really, ther¢fore,
the sun neither rises nor sets.

4. Why, to a PERSON SAILING in a BOAT on a smooth stream, or GOING SWIFTLY in
a CARRIAGE on a smooth road, do the trees or buildings on the banks or roadside
appear t0 move in an OPPOSITE DIRECTION ?

The relative situation of the trees and buildings to the person, and
to each other, is actually changed by the motion of the observer; but
the mind, in judging of the real change in place by the difference in
the position of the objects observed, unconsciously confounds the real
and apparent motion.

5. Why will a tallow candle fired from a gun pierce a board, or target, in the same
manner as a leaden bullet will, under the same circumstances ?

When a candle starts from the breech of a gun, its motion is gradu-
ally increased, until it leaves the muzzle at a high velocity; and when
it reaches the board, or target, every particle of matter composing it
is in a state of great velocity. At the moment of contact the particles
of matter composing the target are at rest; and, as the density of the
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candle, multiplied by the veloeity of its motion, is greater than the
density of the target at rest, the greater force overcomes the weaker,
and the candle breaks through, and pierces a hole in the board.

6. Why, with an enormous pressure and slow, motion, can you not force a candle
through a board ?

Because the candle, on account of its slow motion, does not possess
sufficient momentum to enable the density of its particles to overcome
the greater density of the board; consequently the candle itself is
crushed, instead of piercing the board.

. 7. Why will a large ship, moving toward a wharf with a ion hardly perceptible,
crush with great force a boat intervening ?

Because the great mass and weight of the vessel compensate for
its want of velocity.

8. Why can a person safely skate with great rapidity over ice which would not
bear his weight standing quietly ?

Because time is required to produce a fracture of the ice: as soon
as the weight of the skater begins to act upon any point, the ice,
supported by the water, bends slowly under him; but, if the skater’s
velocity be great, he passes off from the spot which was loaded before
the bending has reached the point at which the ice would break.

g. A HEAVY COACH and a LIGHT WAGON came in collision on the road. A suit for
damages was brought by the proprietor of the wagon. How was it shown that oNE
of the VEHICLES was moving at an UNSAFE VELOCITY ?

On trial, the persons in the wagon deposed ¢Aat the shock occasioned
by coming in contact was so great, that it threw them over the head of
their horse ; and thus lost their case by proving that the faulty velocity
was their own.

10. Why did the FACT that they were THROWN over the HEAD OF THE HORSE, by
coming in contact with the coach, prove that their velocity was GREATER than it ought
to have been ? )

The coach stopped the wagon by contact with it; but the bodies of
the persons in the wagon, kaving the same velocity as the wagon, and
not fastened to it, continued to move on. Had the wagon moved slowly,
the distance to which they would have been thrown would have been
slight. To cause them to be thrown as far as over the head of the
horse would require a great velocity of motion. ”

12. When TWO PERSONS STRIKE their.ﬂnps together, one being in MOTION and
the other at REST, why are both equally hurt ?

Because, when bodies strike each other, action and re-action are
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equal: the head that is at rest returns the blow with equal force to
the head that strikes.

12. When an elastic BALL 1s thrown against the side of a house with a CERTAIN
FORCE, why does it rebound ?

Because the side/\of the | house résists Ithe |ball with the same force ;
and the ball, being elastic, rebounds.

13. When the SAME BALL is thrown against a PANE of GLASS with the same force
it goes through, breaking the glass: why does it not rebound as before ?

Because the glass has not sufficient power to resist the full force
of the ball: it destroys a part of the force of the ball; but, the remain-
der continuing to act, the ball goes through, shattering the glass.

14. Why did not the MaAN succeed who undertook to make a FairR wiND for his
PLEASURE-BOAT, by erecting an IMMENSE BELLOWS in the STERN, and blowing against
the sails ?

Because the action of the stream of wind and the re-action of the
sails were exactly equal, and consequently the boat remained at rest.

15. If he had blown in a CONTRARY DIRECTION from the sails, instead of against
them, would the boat have moved ¢

It would, with the same force that the air issued from the bellows-
pipe.

16. Why cannot a MAN raise himself over a FENCE by pulling upon the sTrAPS of
his BooTs ?

Because the action of the force exerted by the muscles of his arms
is counteracted by the re-action of the force, or, in other words, the
resistance of his whole body, which tends to keep him down.

17. Why do WATER-DOGS give a SEMI-ROTARY MOVEMENT to free themselves from
water ?

Because in this way a centrifugal force is generated, which causes
the drops of water adherent to them to fly off.

18. Why is the COURSE of rivers rarely STRAIGHT, but SERPENTINE and WINDING ?

When, from any obstruction, the river is obliged to bend, zke cen-
trifugal force tends to throw away the waler from the center of the
curvature; so that, when a bend has once commenced, it increases, and
is soon followed by others. Thus, for instance, the water being
thrown by any cause to the left side, it wears that part into a curve, or
elbow, and by its centrifugal force acts constantly on the outside of
the bend, until the rock or higher land resists its gradual progress;
from this limit, being thrown back again, it wears a similar bend to
the right hand, and after that another to the left, and so on.
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19. A locomotive passes over a railroad 200 miles in length in five hours : what is
its velocity per hour ?

20. If a bird, in flying, passes over a distance of 45 miles in an hour, what is its
velocity per minute ?

21. The flash of a cannon three miles off was seen, and in 14 seconds afterward the
sound was heard. How many feét did the sound travel in one second ?

23. The sun is g5 millions of miles from the earth, and it requires 8} minutes for
its light to reach the earth : with what velocity per second does light move ?

23. If a vessel sail go miles a day for eight days, how far will it sail in that time ?

24. A gentle wind is observed to move 1,250 feet in 15 minutes: how far would it
move in two hours, allowing 5,000 feet to the mile ?

25. What distance would a bird, flying uniformly at the velocity of 60 miles per
hour, pass over in 12} hours ?

26. Suppose light to' move at the rate of 186,000 miles in a second of time, how
long a time will elapse in the passage of light from the sun to the earth, the distance
being 95 millions of miles ?

27. What is the of a body weighing 25 pounds, ing with the velocity
of 30 feet per second ?

28. A cannon-ball weighing 520 pounds struck a wall with a velocity of 45 feet per
second: what was its momentum, or with what force did it strike ?

29. A locomotive and train of cars weighing 180 tons (403,200 pounds), and mov-
ing at the rate of 4o miles per hour, came in collision with another train weighing 160
tons, and moving at the rate of 25 miles per hour : what was the momentum, or force
of collision ?




CHAPTER VI.
APPLICATION OF FORCE.

145. ENERGY is the capacity for doing work, or
overcoming resistances. It is called detual , . ;.
Energy, or Energy of Motion, in relation to enerey?
the work it is doing ; and Potential Energy, or Energy of
Position, in relation to the work it is capable of per-
‘forming. ‘

A bent spring possesses potential energy, because if allowed to
unbend it is capable of exerting actual energy, which may be used
torunaclock. Water in a milldam possesses energy from its position,
and may turn the mill-wheel by falling to a lower level. Capacity for
doing work is, as it were, stored up in the spring and water. An ivory
ball suspended in the air by a cord possesses potential but no actual
energy. If the cord be cut, the ball will fall, and during its descent
will gradually lose its energy of position until it reaches the ground,
when the whole of its potential energy is gone. But it will in the
mean time have gained actual en- F
ergy, which it can employ to over-
come resistance, or to impart mo-
tion to some other body.

The difference between actual
and potential energy may be shown
by the pendulum. If we pull the
pendulum F A (Fig. 47) aside to c\d/n
the point B, we confer upon it
energy of position; it has the power A
of falling through a certain space. Fic. 47.

In passing from B to A it loses this energy of position, and when it
83
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reaches A it will have no energy of position. But during its passage
from B to A its motion, under the influence of gravity, will be
gradually accelerated. At A this motion will be greatest, and the
pendulum will now possess its maximum of actual energy. This
energy may be communicated-to -another-body, or, in this case, it
may be employed to lift the pendulum to the point C. In passing
from A to C actual energy is spent and potential energy is gained.
When at C the pendulum is in the same condition as regards its
energy as it was when at B. Actual and potential energy are mutually
convertible, and their sum in any system is always equal to a fixed
quantity. What is lost in actual energy is gained in potential, and
the reverse.

" Sound, light, heat, electricity, magnetism, muscular energy, mechan-
ical work,— all forces in the universe, are but forms of energy, and
are mutually convertible.

146. The principal agents from which we directly

obtain power or force for the performance.
What arethe . .
principal of work are, men and animals, moving

::‘;::;‘,“ water, wind, steam, and gunpowder. Elec-

tricity and magnetism, when called into
action, and capillary attraction, are also agents of
power; but none of these are capable as yet of
being used to any very great extent for the produc-
tion of force.

The ultimate source of all power or force is, however, the sun.
Through its influence plants grow, and winds and currents of water are
generated. The products of vegetation in turn serve as food for ani-
mals, and as fuel for the production of artificial heat,—food consumed
by animals serving the same purpose in generating (vital) force as the
fuel burnt in a furnace under a boiler. All water, also, that falls as
rain, or as cataracts and streams, has been previously lifted in the
form of vapor to the elevation from which it falls, through the action
of solar heat; and to the influence of the sun upon the earth may
undoubtedly be also referred the movement of magnetic and electric
currents, which seem to pervade all matter.
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147. Force is equally as indestructible as- matter ;
or, in other words, there is no such thing i, torce inge.
as a destruction of force: consequently structible?
the amountyof /forcecin operation in the earth, and
possibly throughout the universe, never varies in
quantity, but remains always the same.

Some of the reasons which have led to a belief in the indestructi-
bility of force may be §tated as follows : —

The only mode in which we can judge of the existence of a force is
from the effects it produces; and of these effects, that which is the
most evident to our senses is the power either of producing motion,
of arresting it, or of altering its direction : whatever is capable of effect-
ing these results is considered as a form of force. Motion, therefore,
may be considered as the indicator of force; and wherever we perceive
motion we may be certain that some force is operating. Now, it will
be found, that in all cases in which work is performed, — or, to state it
in other words, in all cases in which force is exerted and apparently
made to disappear, — that it has expended itself either in setting into
action some other force, or else it has produced a definite and certain
amount of motion. This motion when used will again give rise to an .
equal amount of the force which originally produced it. For example,
we burn coal in the air; the coal changes its form, and a quantity of
heat remains, which heat represents the chemical force expended.
The heat thus developed is now ready to do work: it may be employed
in converting water into steam, and the steam so obtained can, through
the medium of machinery, be applied to the production of motion.
Motion may again be made to produce heat, — as through friction, for
example, —and recent experiments seem to show that the amount of
heat so developed by motion would, if collected and measured, prove
to be equal in amount to that which produced the motion. The heat
produced by motion is generally dissipated, and lost for practical pur-
poses, but it is not absolutely lost. It has been absorbed, or diffused
through space, or converted into some other form of force, which in
turn takes part in some of the great operations of nature, or again
ministers to the wants and necessities of man. Numerous other facts
in support of the view that force, like matter, changes but is never
destroyed, might be adduced.
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148. When work is performed by any agent, there
e the is always a certain weight moved over a
standard for Certain space, or a resistance overcome:

comparing  the/dmgunt!of work' performed, therefore,

f work per- Wi . . .
forme bl;“ will depend upon the weight or resistance

different that is moved, and the space over which it
forces? is moved. For comparing different quan-
tities of work done by any force, it is necessary to
have some standard ; and this standard is the power
or labor expended in raising a pound weight one foot
high, in opposition to gravity. This standard is
known as a foot-pound.

149. The estimate of the uniform strength of an
Whatisthe Ordinary man, for the performance of or-

::::“‘:;‘:“ dinary daily mechanical labor, is, that he

man? can raise a weight of ten pounds to the
height of ten feet once in a second, and continue
to do so for ten hours in the day.

H A man can exert his greatest active strength in pull-
. Howcana .
man exert his ing upward from his feet, because the strong muscles
greatest of the back, and those of the upper and lower extremi-
strength? ties, are then brought most advantageously into action.
The comparative effect produced in the different methods of ap-
plying the force of a man may be indicated as follows : in the action
of turning a crank, or handle, his force may be represented by the
number 17; in working a pump, by 20; in pulling downward, as in
ringing a bell, by 39; and in pulling upward from the feet, as in the
action of rowing, by 41.

What is the 150. The estimated strength of a horse
estimated . . . .
strengthof a 1S, that he can raise a weight of thirty-

homeors  three thousand foot-pounds. Such a meas-

power" ? ure of force is called a ““horse-power.”’
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The strength of a horse is considered to be equal to that of five
men. The average strength which a horse can exert in drawing is
" about sixteen hundred pounds.

It is estimated that the amount of force generated by the combus-
tion of one pound/of/\codl is(capableof| raising ten million pounds to
the height of one foot in a minute.

151. The effect produced by a moving Howisthe

; O effectof a
power is always expressed by a certain moving
weight raised a certain height. ;’::,:..4;

To find, therefore, the effect of a moving power, or to find the
power expended in performing a certain work, we have the following
rule: —

152. Multiply the weight of the body How may

. R the power
moved, in pounds, by the vertical space expended in
through which it is moved. kst

Thus, for example, if a horse draw a loaded wagon with a force
by which the traces are stretched to as great a degree as if two
hundred pounds were suspended vertically from them, and if the
horse thus acting draws the wagon over a space of a hundred feet,
the mechanical effect produced is said to be two hundred pounds
raised a hundred feet; or, what is the same thing, twenty thousand
pounds raised one foot. When a horse draws a carriage, the work he
performs is expended in overcoming the resistance of friction of the
road, which opposes the motion of the carriage ; but friction increases
and diminishes as the weight of the load increases or diminishes. The
work performed will therefore be estimated by multiplying the total
resistance of friction, as expressed in pounds, by the space over which
the carriage is moved.

The following examples will illustrate how we are enabled, by the
above rules, to calculate the amount of power required y. . ¢r0te the
to perform a certain amount of work. Suppose we manner of
wish to know the amount of horse-power required to estimating
lift 224 pounds of coal from the bottom of a mine 600 PO™e"
feet deep. The weight, 224, multiplied into space moved over, 600
feet, equals 134,400, the amount of work to be performed each min-
ute; a horse-power equals 33,000 pounds raised one foot per minute :
therefore 134,400 < 33,000 = 4.07, horse-power required. If we wish
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to perform the same work by a steam-engine, we would order an en-
gine of 4.07 horse-power, and the engine-builder, knowing the dimen-
sions of the parts of an engine essential to give one horse-power, can
build an engine capable of performing the requisite work.

Again: Suppose 'a/ locomotive//to-move'a train of cars, on a level,
at the rate of 30 miles per hour, the whole weighing 25 tons, with
a constant resistance from friction of 200 pounds: what is the horse-
power of the engine? Thirty miles per hour equals 2,640 feet per
minute; this space multiplied by 200 pounds, the resistance to be
overcome, equals 528,000, the work to be done every minute; which,
divided by 33,000 (one horse-power), equals 16, the horse-power of
the locomotive.

153. An instrument for measuring the relative
strength of men and animals, and also of
What is a . .
dynsmome- the force exerted by machinery, is called
ter? a Dynamometoer.

Fig. 48 represents one of the most common forms of the dynamom-
eter, consisting of a band of
steel, bent in the middle, so as
to have a certain degree of
flexibility. To the expanded
extremity of each limb is fixed
an arc of iron, which
passes freely through an
opening in the other limb, and terminates outside in a hook or
ring. One of these arcs is graduated, and represents in pounds
the force required to bring the two limbs nearer together.
Thus, if a horse were pulling a rope attached to a body which
he had to move, we may imagine the rope to be cut at a cer-
tain point, and the two ends attached to the ends of the arcs,
as represented in Fig. 48: the force of traction exerted by the
animal would be seen by the greater or less bringing together
of the ends of the instrument.

In another form of dynamometer, Fig. 49, which is also
used as a spring balance in weighing, the force is measured by
the collapsing of a steel spring, contained within a cylindrical
case. The construction and operation of this instrument will
be easily understood from an examination of the figure.

FiG. 48.

F1G. 49.
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154. A Machine is an instrument, or apparatus,
adapted to receive, distribute, and apply whatisa
motion derived from some external force, machine?
in such a way as 'to produce’a desired result.

A steam-engine and a water-wheel are examples of machines.
They receive the power of steam in the one case, and the power of
falling water in the other, and apply it for locomotion, sawing, ham-
mering, &c.

155. A mackine can not, under any Cir- po we pro-

: duce force by
cumstances, create power, or increase the 7% o

quantity of power, or force, applied to it.  machines?

A machine will enable us to concentrate, or divide, any quantity of
force which we may possess, but it no more increases the quantity
of force applied than a mill-pond increases the quantity of water flow-
ing in the stream.

Machines, in fact, do not increase an applied force, but they dimin-
ish it; or, in other words, no machine ever transmits the

. N . Do not ma-
whole amount of force imparted to it by the moving cpinesin
power, since a part of the power is necessarily ex- reality
pended in overcoming the inertia of matter, the friction diminish
of the machinery, and the resistance of the atmosphere.

156. Perpetual Motion, or the construction of ma-
chines which shall produce power sufficient 1, perpetuat
to keep themselves in motion continually,‘ :“:‘c‘;’; :‘r‘y
is therefore an impossibility, since no possible?
combination of machinery can create or increase
the quantity of power applied, or even preserve it
without diminution.

157. We derive advantages from machines in three
different ways: 1st, from the additions g . 40 we
they make to human power; 2d, from the 33:':‘:?
economy they produce of human time; from ma-

. ?
3d, from the conversion of substances chince
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apparently worthless and common into valuable prod-
ucts.

158. Machines make additions to human power,

How doma. DECAUSE. they(enablel. us to use the power
chinesmake of patural agents, as wind, water, steam.
additions to N
human They also enable us to use animal power
power? with greater effect, as when we move an
object easily with a lever which we could not with
the unaided hand.
Howdoma. 159 Machines produce economy of }.xu-
;:?::c pro-  man time, because they accomplish with
myof human rapidity what would require the hand un-
time? aided much time to perform.

A machine turns a gun-stock in a few minutes: to shape it by hand
would be the work of hours.

160. Machines convert objects apparently worth-
How do ma.- less into valuable products, because by
o went.  their great power, economy, and rapidity of
less object: ; ;
jos Objocts action they make it profitable to use ob-
productsa?  jects for manufacturing purposes which it
would be unprofitable or impossible to use if they
were to be manufactured by hand.

Without m;.chines, iron could not be forged into shafts for gigantic
engines; fibers could not be twisted into cables; granite, in large
masses, could not be transported from the quarries.

161. In machinery, we designate the moving force
Definc pow- as the Power; the resistance to be over-
g come, whatever may be its nature, as the
point, as ap- g ght,; and the part of the machine im-
plied to ma- . R .
chinery. mediately applied to the resistance to be

overcome, as the Working Point.
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162. The great general advantage that wnatis the

: : : : great general
we obtain from machinery is, that it ena- JEL8ee"

bles us to exchange time and space for machivery?
power.

Thus, if a man could raise to a certain height two hundred pounds
in one minute, with the utmost exertion of his strength, no arrarge-
ment of machinery could enable him unaided to raise two thousand
pounds in the same time. If he desired to elevate this weight, he
would be obliged to divide it into ten equal parts, and raise each part
separately, consuming ten times the time required for lifting two hun-
dred pounds. The application of machinery would enable him to
raise the whole mass at once, but would not decrease the time occu-
pied in doing it, which would still be ten minutes.

Again: A boy who can not exert a force of fifty pounds may, by
means of a claw-hammer, draw out a nail which would support the
weight of half a ton. It may seem that the use of the hammer in this
case creates power; but it does not, since the hand of the boy is re-
quired to move through perhaps one foot of space to make the nail
rise one-quarter of an inck. But it has been already shown that the
force of a small body moving with great velocity may equal the force
of a large body with a slight velocity. On the same principle, the
small weight, or power, exerted by the boy on the end of the hammer-
handle, moving through a large space with an increased velocity,
acquires sufficient momentum to overcome the great resistance of the
nail.

In both of these examples space and time are exchanged for power.

163. The mechanical force, or momentum, of a body, is ascertained
by multiplying its weight by the space through which
) . : . . . . How is the
it moves in a given time, that is to say, by its velocity. o hanical
The mechanical force, or momentum, of @ power, may effect of &
als? be foufld by 1m.xltip]ying the power, or its equivalent f:r";‘i;:;'?
weight, by its velocity.

164. The power, multiplied by the space through
which it moves in a vertical direction, iS What is the
equal to the weight multiplied by the jhwofed-
space through which it moves in a verti- machines?

cal direction.
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This is the general law which determines the equilibrium of all
machines.

165. The power will overcome the resistance of
Under what the weight, and-motion will tak'e.place in
conditions 2 machine, when the product arising from
will motion
take placein the power multiplied by the space through
amachine?  which it moves in a vertical direction is
greater than the product arising from the weight
multiplied by the space’through which it moves in a
vertical direction.

Practical men express the principle of equilibrium in machinery by

What is saying that “what is gained in power is lost in time.”
meant by the Thus, if a small power acts against a great resistance,
expression,  the motion of the latter will be just as much slower
‘ Power is h h £ th h : ioht. i
guined at the than that of the power as t e resistance, or we.lg t, 18
expense of  greater than the power; or, if one pound be required to
time"' ? overcome the resistance of two pounds, the one pound
must move over two feet in the same time that the resistance, two

pounds, requires to move over one.

SECTION I

THE ELEMENTS OF MACHINERY.

166. All machines, no matter how complex and
Howmany intricate their construction, may be re-
smple ma-  duced to one or more ?f six snmpl.e ma-
there? chines, or elementary principles, which we
call the *“ Mechanical Powers.”’

Enumerate 167. They are the Lever, the Whee/ and
:;‘:n‘;‘:r;';__ Axle, the Pulley, the Inclined Plane, the
chines. Wedge, and the Scrow.
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These simple machines may be further reduced to three, —the
lever, the pulley, and the inclined plane; since the wheel and axle,
the screw, and the wedge may be regarded as modifications of them.

The name “mechanical powers,” which has been applied to the six
elementary machines, is' unfortunate, since (it serves to convey an idea
that they are really powers, when in fact they possess no power in
themselves, and are only instruments for the application of power.

168. A Lever consists of a solid bar, Whatisa
straight or bent, turning upon a pivot, ="
prop, or axis.

169. The Arms of the lever are those Whatarethe
parts of the bar extending on each side of jopers -
‘the axis.

170. The Fulerum, or prop, is the name Whatis the
applied to the axis, or point of support. fulerum ?

171. Levers are divided into three kinds, or classes,
according to the position which the ful- How many
crum has in relation to the power and jomemo.
the weight. there?

172. In the first class the fulcrum is between the
power and the whataretne "
weight; in the [flativeposi- [ e 'l

2

d 1 h tions of the
second class the power, ful-
. . crum, and P@:
fulcrum is at weight,in —7
the three I
W

one end of the ings of

lever, and the levers?

weight is between the ful- P
crurgr; and the power; in 4 :Q i
the third class the fulcrum ¢
is at one end of the lever,
and the power is between the fulcrum and the weight.

Fig. 50 represents the three classes of levers, numbered in their
order, 1, 2, 3. P is the power, W the weight, and F the fulcrum.

Fic. s0.
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A crowbar applied to elevate a stone is an example of a lever of
What are the first kind. In Fig. §1, which represents a lever
examples of Of this class, a indicates the fulcrum which supports the
levers of the bar, 4 the power applied by the hand at the end of the
frstclass? 1o 0dstVdm, and ¢ the weight, or stone, raised at the end
of theshort arm. A poker applied to stir up the fuel of a grate is a
lever of the first class, the
fulcrum being the bars of
the grate; the brake, or
handle of a pump, is also
a familiar example. Scis-
sors, pincers, &c., are com-
posed of two levers of the
first kind; the fulcrum
being the joint, or pivot, and the weight the resistance of the substance
to be cut or seized. The power of the fingers is applied at the other
end of the levers.

What is the 173. A lever will be in equilibrium,
iwofeatl-  when the power and the weight are to
thelever?  each other inversely as their distances

from the fulcrum.

FiG. s1.

Thus, if in a lever of the first class the power and the weight are
equal, and are required to exactly balance each other, they must be
placed at equal distances from the fulcrum. If the power is only half
the weight, it must be at double the distance from the fulcrum; if one-
third of the weight, three times the distance. If we suppose, in Fig.
§1, ¢ to represent a weight of three hundred pounds, placed two feet
from the fulcrum @, and 4 a power of a hundred pounds placed
six feet from a, then ¢ and 4 will be in equilibrium, for (300 X 2) =
(100 X 6).

174. When the weight, and lengths of the two arms
Welght, and of a lever, are given, the power requisite to
thelength of balance the weight may be ascertained by
thi e qe . .
oo beine " dividing the product of the weight, multi-
given, how 3 H : H
B nd e  Plied 1pto its distance from the fulcrum, by
equivalent  the distance of the power from the ful-

'Wer.
i crum.
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175. Cork or lemon squeezers, Fig. 52, are examples of the levers
of the second class, which have the fulcrum at one What are
end, and the weight, or resistance to be overcome, examples of
between the fulcrum and the power. An oar is a lever levers of the
of the second cl488)'in'which theé relaltion’/of the water 3econdclass?
against the blade is the fulcrum, the boat the weight, and the hand of
the boatman the power. A
door moved on its hinges is
another example. A wheel-
barrow is a lever of the sec-
ond class, the fulcrum being
the point at which the wheel
presses upon the ground, the
barrow and its load the
weight, and the hands the
power. Nut-crackers are two levers of the second class, the hinge
which unites them being the fulcrum, the resistance of the shell
placed between them the weight, and the hand the power.

176. A pair of sugar-tongs represents a lever of the third class, in
which the power is applied . ¢ are ex. "
between the fulcrum and the amples of
resistance, or weight. In leversof the
Fig. 53 the fulcrum is at q, third class ?
the resistance is the piece of sugartobe
lifted at &, and the power is the fingers
applied at ¢.  When a man raises a lad- |
der against a wall, he employs a lever of
the third class; the fulcrum being the foot
of the ladder resting upon the ground,
the power being the hands applied to raise
it, and the resistance being the weight of the ladder.

FiG. s2.

FiG. s3.

177. In levers of the third class, the power, being
between the fulcrum and the weight, Will e the

be at a less distance from the fulcrum relation be-
tween the

than the weight; and, consequently, in powerand

this form of lever the power must be :‘:,:eif'?h?

always greater than the weight. third class?
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Thus (in No. 3, Fig. 50), if the length from the point where the
weight, W, is suspended to F be three times the length of P F, then a
weight of one hundred pounds suspended at W will require a power
of three hundred applied at P to sustain it.

Owing to its mechanical disadvantages, this class of levers is rarely

used, ex-

" g:c‘::;:"h" cept wl.lere

stances do a quick

o

required,

third class ? rather than

great force. The most

striking examples of lev-

ers of the third class are

found in the animal king-

FiG. s4. dom. The limbs of ani-

mals are generally levers

of this description. The socket of the bone, a, Fig. 54, is the ful-

crum; a strong muscle attached to the bone near the socket, ¢, and

extending to 4, is the power; and the weight of the limb, together

with whatever resistance, w, is opposed to its motion, is the weight.

A very slight contraction of the muscle in this case gives considerable
motion to the limb.

The leg and claws of a bird are examples of the third class of
levers, the whole arrangement being admirably adapted to the wants
of the animal. When a bird rests upon a perch, its body constitutes
the weight, the muscles of the leg the power, and the perch the ful-
crum. Now, the greater the weight of the body, the more strain it
exerts upon the muscles of the claws, which, in turn, grasp the perch
more firmly ; consequently a bird sits upon its perch with the greatest
ease, and never falls off in sleeping, since the weight of the body is
instrumental in sustaining it.

178. A Compound Lever is a combination of several
What is a simple levers, so arranged that the shorter
compound  arm of one may act upon the longer arm
lever? .

of another. In this way the power of a
small force in overcoming a large resistance is greatly
multiplied.




APPLICATION OF FORCE. 97

An arrangement of compound levers is shown in Fig. 5. Here, by
means of three simple levers, one pound may be made to balance one
thousand; for, if the long arm of each of the levers is ten times the
length of the short one, one pound at the end of the first one will

rL—'I
I_T_— ]

o

FiG. ss.

exert a force of ten pounds upon the end of the second one, which will
in turn exert ten times that amount, or one hundred pounds, upon the
end of the third one, which will balance ten times that amount, or one
thousand pounds, at the other extremity.

179. The disadvantage of a compound :‘V“::‘v :'n:::'

lever is, that its exercise is limited to a of a com-
pound lever?
very small space.

FiG. s6.

180. The different varieties of weighing-machines are varieties or
combinations of levers. The common steelyard is a pegeribe the
lever of unequal arms, belonging to the first class. It common
consists of a bar (Fig. 56) marked with notches to indi- Steelyard.



o8 NATURAL PHILOSOPHY.

cate pounds and ounces, and a weight which is movable along the
notches. The bar is furnished with three hooks, or rings, on the
largest of which the article to be weighed is always hung. The other
hooks serve to support the instrument when it is in use; and the pivot
by which they aré/attached)to)the(bar|setves as the fulcrum. The
weight Q, sliding upon the bar, balances the article P, which is to be
weighed ; it being evident that a pound weight at D will balance as
many pounds at P as the distance A C is contained in the space D C.

It may happen, that, when the weight Q is moved to the last notch
upon the bar B C, the article P will still preponderate. In this
case the steelyard is held by the hook or ring nearer to A, which
hangs down in the figure, and the steelyard turned over, it being fur-
nished with two sets of notches on opposite sides of the bar. By this
means the distance of P, the article weighed, from the fulcrum, is
diminished ; and the weight Q, at the given distance upon the opposite
side of the fulcrum, will balance a proportionally greater resistance, or
weight.

181. The ordinary balance is a lever of the first class, with equal
Describe the arms, in which the power and the weight are necessarily
ordinary bal- equal. Fig. 57 shows the common form. The fulcrum,
ance. or axis, is made wedge-like, with a sharp, knife-like
edge, and rests upon a surface of hardened steel, or agate, in order
that the beam may turn
easily. The scale-pans
are suspended by chains
from points precisely at
equal distances from the
fulcrum, and, being them-
selves adjusted so as to
have precisely equal
weights, the two sides
will perfectly balance when the pans are empty.

182. If the two arms of a scale-beam be not of perfectly equal
Under what length, a smaller weight at the end of the larger arm
circum- will balance a greater weight at the end of the shorter.
:'::f:;ctgﬂ_ An excess of half an inch in the length of the arm of
dicate false the beam to which merchandise is attached, where the
weights ? arm should be eight inches long, would cheat the buyer
exactly one ounce in every pound. This fraud, if suspected, might be
detected instantly, by transposing the weight and the article balanced: °

FiG. s7.
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the lightest would then be at the end of the short arm, and would

appear lighter than it actually is.

FiG. s8.

183. Platform scales, and scales intended for

weighing hay, &c., are usually compound
levers, and are constructed in very various
forms, but all depend on the principles

What is the
construction
of platform
scales ?

above explained. Fig. 58 represents one of the
varieties, and Fig. 59 a section of the same, showing
the arrangement and combination of the levers.

184. When a lever is applied to raise a weight, or overcome a
resistance, the space through which it acts at any one time is small,

and the work must be accomplished by a succession of
short and intermitting efforts. These circumstances,
therefore, limit the utility of the common lever, and re-
strict its use to those cases only in which weights are
required to be raised through small spaces.

What cir-
cumstances
limit the
utility of the
lever?
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185. When, however, a continuous motion is required, as in raising
How is ore from a mine, or in lifting the anchor of a ship, in
continuous  order to remove the intermitting action of the lever,
motion ob-  and render it continual, we employ the simple machine
tained ? known'a/the wheel -and/ laxle,! which is only another
form of the lever, in which the power is made to act without inter-
mission.

186. The form of the simple machine denominated
Whatisa the Wheel and Axle consists of a cylinder,
wheeland  termed an axle, revolving on an axis, and
axle? having a wheel of larger diameter immova-
bly attached to it, so that the two revolve with a
common motion.

In Fig. 60, a represents the axle with a wheel immovably attached
Describe the £© i}', and th? whe:el
action of the turning on pivots in-
wheel and serted into the ends
axle. of the axle. Around
this axle is wound a rope, to which
is attached the weight », and around
the wheel is another rope, to which
the power p is applied. It is evi-
dent that one turn of the wheel

\ will unwind as much more rope
from the wheel than it winds on
the axle as its circumference is
greater. The power p will there-
fore pass over a much greater space

than the weight ».  The weight on the axle, which may be considered

as acting on the short arm of a lever which is the radius * of the axle,

may be much heavier than the power which acts at the long arm of a

lever, which is the radius of the wheel.

Hence the advantage gained in the wheel and axle is equal to the
number of times that the radius of the axle is contained in the radius

FiG. 6o.

* The radius of a wheel, or cylinder, is its semi-diameter, or a line drawn from its
center to its circumference. The spoke of a carriage-wheel represents its radius.



APPLICATION OF FORCE. 101

of the wheel; and, to estimate the ‘mecHanical advantage gained by the
wheel and axle, we have the followihg rale: —
How do we

187. The power is to the wewht 2S the pimate the

radius of the\axlel lis'®o! thie adius of ghe advantage of
the wheel

wheel. >+ andaxle?

If the radius of the wheel ¢4 be twenty-four incheg,-'and'the radius
of the axle a4 be three inches, then the advantage gained would,be
24 <+ 3 = 8, and a power of a hundred pounds applied to the wheei
would balance a weight of eight hundred applied to the axle. ‘ ...»' -

188. The methods of applying power in the wheel and axle are =
very various, it not being es- . do we ’
sential that the power should app1y power S
be applied by a rope. The inthewheel _==
axle is sometimes placed in a a8d axle?
vertical or upright position, and the power
applied by means of levers, or bars, in-
serted into holes in one end of the axle.
A capstan of a ship, Fig. 61, is an example s
of this. FiG. 61.

In the windlass, a handle, or winch, is substituted in the place of a
wheel. In this case the advantage gained is equal to the number of
times that the length of handle is greater than the radius of the axle.
Thus, if the handle is twenty inches and the radius of the axle is two
inches, then the advantage would be ten; and a power of fifty pounds
applied at the handle would just raise a weight of ten times fifty, or
five hundred pounds.

When great power is required, wheels and axles may be combined
together in a manner similar to that of the compound lever already
explained (§ 178). By such a combination we gain the advantage of
using a very large wheel with a small axle, without their incon-
veniences.

189. The most frequent method of transmitting mo- Wh

. o e at is
tion through a combination of wheels is by the con- the most
struction of teeth upon their circumference, so that, frequent
the teeth of each wheel falling between those of the ‘:‘"md of

. ransmit-
other, the one necessarily pushes forward the other. ting motion
When teeth are thus affixed to the circumference of a througha
wheel, they are termed cogs; upon an axle, they are :‘f’:zi:::;’”
termed Jeaves, while the axle itself is called a pinion.
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Flg. 62 represents a combmat;on oY wheels and axles for the trans-
mission of power. If the tdeth oh the axle of the wheel ¢ act on six
times the number of teeﬂi-pn the circumference of the second wheel,

~ the second will turn‘q)zly-pnce for every six turns of the first. In the

same manner the" Secofid wheel, by turning'six times, turns the third

- wheel once: -giqsequent]y, if the proportion between the wheels and

their axles bgpreserved in all three, the third turns once, the second

six tlrpes, anhd the first thirty-six times. Now, as the wheel and axle

act] in aﬂ.l respects like a simple lever, and a combination of wheels and

axle& 4s a combination of levers, there is no difficulty in understanding

; how a mechanical advantage

L3 is gained by this contrivance.

The power is to the weight

as the product of the radii

of all the axles is to the

product of the radii of all

the wheels. Thus, if the

radii of all the axles be

expressed by the numbers

2, 3, and 4, and the radii

of the wheels ¢, /; and g, be expressed by the numbers 20, 25, and

30, then power will be to the weight as 2 X 3 X 4, =124, is to

20 X 25 X 30, = 15,000; or a power of 24 at the first wheel will bal-
ance 15,000 at the axle of the last wheel.

190. One of the most familiar instances of combined v»heel-work is
What are exhibited in clocks and watches. One turn of the axle
familiarillus- on which the watch-key is fixed is rendered equivalent,
trations of by a train of wheel-work, to about four hundred turns,
compound or beats, of the balance-wheel; and thus the exertion,
wheel-work ? . . .

during a few seconds, of the hand which winds up, gives
motion for twenty-four or thirty hours. By increasing the number of
wheels, timepieces are made which go for a year, or a greater length
of time.

Wheels may be connected, and motion communicated from one to
the other, by bands, or belts, as well as by teeth. This principle is
seen in the spinning-wheel and common turning-lathe. A spinning-
wheel, as a ¢, Fig. 63, of thirty inches in circumference, turns by its
band a smaller wheel, or spindle, 4, of half an inch, sixty times for
every revolution of a c.

When the wheel is intended to revolve in the same direction with

F1G. 62.
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the one from which it receives its motion, the band is attached as in
Fig. 63; but, when it is to re-

b volve in a contrary direction,
o the band is crossed, as in Fig. \.@
7 64
Fic. 63. In many wheels, power is Fic. 64

communicated by means of a
weight applied to the circumference.

In most water-wheels, power is obtained by the action of water
applied to the circumference of the wheel, which is caused to revolve,
either through the weight or pressure of the water, or by both
conjointly. g

191. The Pulley is a small wheel fixed in a block,
and turning on an axis by means of a cord whatisa
which runs in a groove formed on the edge Puey?

of the wheel.
This simple machine is represented in Fig. 65.

192. Pulleys are of two kinds, —fixed How many
kinds of pul-
and movable. leys are

193. By a fixed pulley we mean one ¢’
that merely revolves on its axis, but does wnatisa
not change its place. fixed pulley ?

Fig. 65 is an illustration of a fixed pulley. A small wheel turns

upon its axif, around which a cord Describe the
passes, having at one end the working and
power P, and at the other the re- advantage of
sistance or weight W. It is evi- thefixed
dent, that, by pulling the cord at pulley.
P, the weight W must ascend as much and as
fast as the cord is drawn down. As, there-
fore, the power and the weight move with the
same velocity, it is clear that they balance one
another, and that no mechanical advantage is
gained.

In all the applications of power, there are
always some directions in which it may be ex-
erted to greater advantage and convenience than others; and in
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many cases the power is capable of acting in only one particular
direction. Any arrangement of machinery, therefore, which will
enable us to render power more available, by applying it in the most
advantageous direction, is as convenient and valuable as one which
enables|a (simall power to balance or
overcome a great weight. Thus, if
we wish to apply the strength of a
horse to lift a heavy weight to the
top of a building, we should find it a
difficult matter to accomplish directly,
since the horse exerts his strength
mainly, and to the best advantage, in
drawing horizontally; but by changing
the direction of the power of the horse,
by an arrangement of fixed pulleys,
Fic. 66. as is represented in Fig. 66, the weight
is lifted most readily, and the horse
exerts his power to the best advantage.
194. A fixed pulley is most useful for changing the direction of
Wh power, and for applying power advantageously. Byit a
at are . : :
familiar man standing on the ground can raise a weight to the
applications top of a building.- A curtain, a =
of fixed flag, or a sail can be readily raised
pulleys ? .
to an elevation by a fixed pulley,
without ascending with it, by drawing down a
cord running over the pulley.

195. A Movable Pulley differs from
whatina 2 fixed pulley in b.eing at-
movable pul- tached to the weight: it
tev? therefore rises and falls
with the weight.

Fig. 67 represents a movable pulley. In this
case a weight of twelve pounds can be raised
by a power of six pounds applied at P, be-
cause one-half the weight is supported at the point F. But the
cord at P must move through two feet to raise the weight W one
foot.

When still greater power is required, pulleys are compounded into

v
Fic. 67.
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a system containing two or more single pulleys, called Blocks; and
these again are combined in a compound sys- 3
tem of fixed and movable pulleys.

196. With the system of pulleys represented
in Fig. 68, the power applied-at' P will' sustain
six times its own weight. In this we have six
cords, one employed in sustaining the power
P, and the others sustaining the weight.

197. In all these arrangements of pulleys,
the increase of power has been .
gained at the expense of time; g°;i;'e§‘;?'
and the space passed over by the the expense
power must be double the space of timeina
passed over by the weight, multi- ;ﬁ:{:": ;"
plied by the number of pulleys.

That is, in the case of the single pulley, the
power must pass
over two feet to
raise the weight
one foot; and with
three movable pul-
leys, as in Fig. 68,
the power must fall
six feet to raise the
weight one foot.

Instead of fold-
ing the string on
the pulleys entire,
it is sometimes
doubled into sep-
arate portions, each
pulley hanging by
a separate cord,
one end of which is attached to a fixed

FIG. 69. support. Here a very great mechanical
advantage is gained, attended, however,

with a corresponding loss of time. In an arrangement of such a char-
acter, represented in Fig. 69, the weight ¢ is supported by the two parts
of the cord passing round the movable pulley 4 Z; and, as each of these
parts is equally stretched, the fixed support will sustain one-half the

9
FiG. 68.
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weight, and the next pulley in order above é 2, namely ¢ £, may be con-
sidered as sustaining the other half. But the two parts of the string
which support the pulley ¢ £, again divide the weight; so that the pul-
ley g 4, which is attached to one of them, only sustains one-quarter of
the first weight, ¢.\/\Dhe’ string which(passes/around ¢ £ again divides
this weight, so that each part'of it sustains only one-eighth of g. The
fixed pulley serves merely to change the direction of-the motion. In
this system, therefore, a power of one will balance a weight of eight.

198. In general, the advantage gained by pulleys
Howmsy 1S found by multiplying the number of

:‘::::mne-d movable pulleys by two, or by mu]tiplying
by pulleys be the power by the number of folds in the

ascertained? rope which sustains the weight, where one
rope runs through the whole.

Thus a weight of seventy-two pounds may be balanced by four
movable pulleys by a weight or power of nine pounds; with two
pulleys, by a power of eighteen pounds; with one movable pulley, by
a power of thirty-six pounds.

These rules apply only to movable pulleys in the same block, when
the parts of the rope which sustain the weight are parallel to each.
The mechanical advantage which the pulley appears to possess in
theory is considerably diminished in practice, owing to the stiffness of
the ropes, and the friction of the ropes and wheels. From these causes
it is estimated that two-thirds of the power is lost. When the parts
of the cord are not parallel. the strength of the pulley is very greatly
diminished.

199. Fixed and movable pulleys are arranged in a great variety of

forms, but the principle upon which all are constructed
What are . : »
cranes and 1S the same. What is called a “tackle and fall,” or
derricks, “block and tackle,” is nothing but a pulley. Cranes
;:fl"?‘e and  and derricks are pieces of mechanism usually consisting

of combinations of toothed wheels and pulleys, by means
of which materials are lifted to different elevations,— as goods from
vessels to the wharves, building-materials from the ground to the
stage where the builders are engaged, and for similar purposes. One
of the most simple forms of movable cranes is represented in Fig. 70.
It consists of a strong triangular ladder, at the top of which is a fixed
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pulley, P, over which the rope attached to the object to be elevated
passes, and is carried down to the cylindrical axle, T, upon which it is
wound by means of bars inserted

in holes, or by a crank. This

ladder is inclined 'more' 'or‘less

from the upright position by

means of a rope, C D, which is

attached to some fixed point at a

distance.

200. The /Inclined Plane

consists of a Whatisan
inclined

hard plane piane?
surface, inclined at an
angle.

In Fig. 71, R S T represents
an inclined plane.

2o1. If we attempt, for in-
stance, to raise a Illustrate the
cask or any other use of an in-
heavy body into a clined plane.
wagon, we may find that our
strength is unequal to lifting it
directly, while to haul it up by
pulleys would be very inconven-
ient, if not impossible. We may,
however, accomplish our object
with comparative ease by rolling the cask up an inclined plank, and
exerting our force in a direction parallel to the inclined surface of
the plank.

The plank, in this instance, forms an inclined plane; and we gain
a mechanical advantage, because it supports a part of
the weight. How do we

. derive a me-

If we place a body upon a horizontal plane or sur- chanical ad-
face, it is evident that the surface will support its whole vantage from
weight; if we incline the surface a little, it will support ;;‘.L":;‘“"
less of the weight; and, as we elevate it more, it will
continue to support less and less, until the surface becomes perpen-
dicular, in which case no support will be afforded.

FiG. 70.
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202. The advantage gained by the use of the inclined plane may be
estimated by the following rule : —

The power is to the weight as the perpendicular
How can we D€Ight/of ‘tHeOplaneis'to its length.

timate th PPT .
::lv:::t:ge € From this it will appear, that the less the height of

gained by the the inclined plane, and the greater its length, the greater
:ﬁ::;;‘l‘:::; will be the mechanical advantage. Thus, in Fig. 71, if

the plane R S be twice as long as the height S T, one
pound at P, acting over the pulley, would balance two pounds any-

FiG. 71.

where between R and S. If the plane R S were three times the
length of S T, then one pound at P would balance three pounds any-
where on the plane R S; and so of all other quantities and propor-
tions.

203 Roads which are not level may be considered as inclined
H planes, and the inclination of a road is estimated by the

ow do we . R

estimate the height which corresponds to some proposed length.
inclination  Thus we say a road rises one foot in tienty, or one in
of roads? fifty ; meaning, that, if twenty or fifty feet of the road be
taken as the length of an inclined plane, the corresponding height of
such a plane would be one foot, and the difference of level betwéen
the two extremities of such a length of road would be one foot.
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According to this method of estimating the inclination of roads,
the power required to sustain or draw up a load, fric- How ought
tion not considered, is always proportioned to the rate roads tobe
of elevation. On a level road, the carriage moves when constructed?
the horse exerts'a!strength sufficient' to overcome the friction and
resistance of the atmosphere ; but in going up a hill, where the road
rises one foot in twenty, the horse, beside these impediments, is
obliged to exert an extra force in the proportion of one to twenty,
or, in other words, he is obliged to lift one-twentieth of the load.
It is, therefore, bad policy ever to construct a road directly over the
summit of a hill, when it can be avoided; because, in addition to
the force necessary to overcome the friction in drawing a, heavy
load up the steep incline, we must add additional force to overcome
the gravity, which acts parallel with the inclined plane of the road,
and tends constantly to make the load roll back to the bottom of
the slope. The force increases most rapidly with the steepness,
and consequently requires an immense expenditure of power. An
equal power expended on a road gently winding round the hill,
with an increase of speed, would gain the same elevation in much less
time.

Our common stairs are inclined planes, the steps being merely for
the purpose of obtaining a good foot-hold.

204. In the inclined plane, as in all other simple machines, a gam
in power is attended with a corresponding loss of time. How is pow-
A body, in ascending an inclined plane, has a greater er gained at
space to pass over than if it should rise perpendicularly. :’;’ﬁ‘;‘g‘i:"
The time, therefore, of its ascent will be greater; and it ¢he inclined
will thus oppose less resistance, and consequently re- plane?
quire less power.

205. The Wedge is a movable in- » »
clined plane. It is also wpatisa
defined to be two inclined wedge?
planes united at their bases, as |
A B, Fig. 72.

In the inclined plane, the weight moves up-
on the plane, which remains stationary; but, in
the wedge, the plane itself is moved under the weight.

FiG. 72.
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206. The cases in which wedges are most generally used in the
. arts are those in which an intense force is required to
n what .
cases are be exerted through a very small space. It is therefore
wedges used used for splitting masses of wood or stone, for blocking
inthearts? 5 \iildings, thising vesselsin docks, and pressing out
the oil from seeds. In this last instance the seeds are placed in bags,
between two surfaces of hard wood, which are pressed together by
wedges.

207. The usefulness of the wedge de-

Upon what .. .
does the pends on friction; for, if there were no
the wedge  friction, the wedge would fly back after
depend? each stroke of the driving force.

208. The power of the wedge increases as the
Howdoes . length of its back, compared with that of

the power of : . . e e e .
the wedge . itS sides, is diminished. Hence it follows

increase?  that the power of the wedge is in propor-
tion to its sharpness.

The power commonly used in the case of the wedge is not pressure,
but percussion. Its edge being inserted into a fissure, the wedge is
driven in by blows upon its back. The tremor produced when the
wedge is struck with a violent blow causes it to insinuate itself much
more rapidly than it otherwise would.

209. The edges of all cutting and piercing instruments, such as
What are fa- Knives, razors, chisels, nails, pins, &c., are wedges. The
miliar exam- angle of the wedge in all these cases is more or less
ples of the  ,cute, according to the purpose to which it is applied.
use or appli- R . .
cation of the Chisels intended to cut wood have their edges at an
wedge in the angle of about 30°; for cutting iron, from g0° to 60°;
arts ? and, for brass, about 80° to 9o° Ingeneral, tools which
are urged by pressure admit of being sharper than those which are
driven by percussion. The softer or more yielding the substance to
be divided is, the more acute the wedge may be constructed.

What is the 210. The Screw is an inclined plane
screw ? winding round a cylinder.

This may be illustrated by cutting a strip of paper in such a way as
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to represent an inclined plane, and then winding it round a cylinder,
or common lead-pencil, as is represented in Fig. 73.

211. The edge of the inclined plane winding about
the cylinder, /or'the | /0
coil of the spiral line thread of a
which it describes **%’
upon the cylinder, constitutes
the Thread of the screw; and
the distance between the suc- l I

. . . FiG. 73.
cessive coils is called the dis- 1o 73
tance between the threads.

M
Fic. 74. Fi. 75.

The screw is represented in Fig. 74.

The screw is not applied directly to the resistance to be overcome,
as in the case of the inclined plane and wedge ; but the power is trans.
mitted by means of what is called the ANut.

212. The Mut of a screw is a block, with a cylin-
drical cavity, having a splra.l groove cut e the
round upon the surface of this cavity, cor- nutof a

. . ?
responding with the thread of the screw. *"
A section of the nut is shown in Fig. 75.

In this groove the thread of the screw will move by causing the

screw to rotate. Each turn of the screw in the nut will cause it to

advance or recede a distance just equal to the interval between the
threads.



112 NATURAL PHILOSOPHY.

Is the screw, Generally the nut is stationary, and the screw mova-
or the nut, ble; but the nut may be movable, and the screw sta-
movable ? tionary.

213. Power is commonly applied to the screw by means of a lever,
How is pow. €ithef/attached(tothe(mut|orto the head of the screw,
er applied to as seen in Fig. 76. By varying the length of this, the
thescrew?  ower may be indefinitely increased at the point of
resistance. The screw, therefore, acts with the combined power of
the lever and the inclined plane. .

Thus, in Fig. 76, N is the lever, B the nut, A the screw, and E the
block upon which the substance to be pressed is placed. As in all the

other simple machines, the ad-

vantage in this is estimated by

the relative distances passed

over by the power and the

weight. If the distance of the

spiral threads of the screw is

one inch, and the handle of the

screw, that is, the lever, is two

feet in length, then the extrem-

ity of the lever will describe a

circle of over twelve feet in

turning once round, but the

screw will only advance one

inch. The ratio between the

power and the weight will be,

Ltherefore, as one inch to twelve

feet, or as 1 to 144. Conse-

FiG. 76. quently, if a man is capable of

exerting a force of sixty pounds

at the end of the lever, the screw will advance with a force of 8,640

pounds. If the distance of the threads had been one-half an inch,

the power exerted by the screw would have been doubled. In this

illustration friction has not been taken into account: this will diminish
the total effect nearly one-fourth.

214. The advantage by the screw is in proportion
Howisthe as the circumference of the circle described
;:;'::;;i;em by the power (that is, by the handle of the
screw esti-  lever) exceeds the distance between the

ted ?
mate threads of the screw.
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Hence the enormous mechanical force exerted by the screw is ren-
dered evident. There is no limit to the smallness of the distance
between the threads, except the strength it is necessary to give them;
and there is no limit, to the magnitude of the circumference to be
described by the power, except the necessary facility for moving it.

215. The screw is generally used where great pressure is to be
exerted through small spaces: hence its application in yyp.¢ are
presses of all kinds, for extracting the juices of seeds familiar
and fruits, in compressing cotton, hay, &c., as also for applications

s . of the screw ?
coining and punching.

216. The efficacy of a screw increases with the fineness of the
thread; but a practical limit is soon attained, for, if the thread be
made too fine, it will become weak, and be liable to be torn off.

217. The most serious obstacle to the Whatpro-

perfection of machinery is friction ; and it m:,ni:‘

is usually considered to destroy one-third [t

of the power of a machine. friction?
218. Friction is of two kinds : sliding and rolling.
Sliding friction is produced by the sliding How many

or dragging of one surface over another; Fpasef

rolling friction is caused by the rolling of there?
a circular body upon the surface of another.

Friction increases as the weight or pressure increases, as the sur-
faces in contact are more extensive, and as the rough- pow does
ness of the surfaces increases. With surfaces of the friction
same material, friction is nearly proportional to the increase?
pressure.

Friction diminishes as the weight or pressure is less, as the polish
or smoothness of the moving surfaces is more perfect, How does
and as the surfaces in contact are smaller. It may also friction
be diminished by applying to the surfaces some unguent, diminish?
or greasy material: oils, tallow, black lead, &c., are commonly used
for this purpose ; they diminish friction by filling up the minute cavi-
ties, and smoothing the irregularities that exist upon the surface.*

* All bodies, however much they may be polished, appear rough and uneven when
ined with a mi ype.

1 4
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Oils are the best adapted for diminishing the friction of metals, and
tallow the friction of wood.

219. Friction, although an obstacle in the working of machinery
What arethe generally, is not without some advantages. Without
advantages  friction/'the! Istones)and) bricks! used in building would
of friction?  tend to fall apart from one another. When nails and
screws are driven into bodies, with a view of holding them together, it
is friction alone that maintains them in their places. The strength of
cordage depends on the friction of the short fibers of the cotton, flax,
or hemp, of which it is composed, which prevents them from untwist-
ing. In walking, we are dependent on friction for our foothold upon
the ground: the difficulty of walking upon smooth ice illustrates this
most clearly. Without friction we could not hold any body in the
hand: the difficulty of holding a lump of ice is an example of this.
Without friction the locomotive could not propel its load; for, if the
tire of the driving-wheel and the rail were both perfectly smooth, one
would slip upon the other without affording the requisite adhesion.

How does 220. Experiments seem to show that the friction of
friction two surfaces of the same substance is generally greater
:’::?:: d““’ than the friction of two unlike substances. The friction
different of polished steel against polished steel is greater than

substances  that of polished steel upon copper, or on brass. So of
compare? wood and various other metals.

221. All machines, however complicated, are made up of combina-
tions of the six simple machines. If we examine the construction of
any complex machine, as a steam-engine, a loom, a spinning-machine,
or a timepiece, we shall find that they are composed of simple levers,
wheels and axles, screws, &c., connected together in an endless variety
of forms, to form a complete whole. .

In the practical application of machinery, it rarely or never happens
Is the mov- that the moving force is capable of producing directly
ing forcein  the particular kind of motion required by the machine to
machinery  perform the work to which it is adapted. Expedients
““"P“ed must therefore be resorted to, by means of which the

rectly ? . . . : .
motions which the moving power is capable of exerting
directly can be converted into those which are necessary for the pur-
poses to which the machine is applied.

How many el . . ;
ot ooy 222, The varieties of motion which oc

tionarecon- cur in machinery are divided into two
sidered in . .o 3
machinery?  Classes, viz., Rotary and Rectilinear Motion.



APPLICATION OF FORCE. 11§

223. In rotary motion, the several parts revolve

round an axis, each performing a complete Whatis

circle, or similar parts of a circle, in the otion ?

same time.

S H ] What is
224. In rectilinear motion, the several ol

parts of a moving body proceed in parallel motion?
straight lines with the same speed.

Examples of rotary motion are seen in all kinds of wheel-work;
and examples of rectilinear motion in the rod of a common pump, the
piston of a steam-engine, the motion of a straight saw.

In rotary and rectilinear motion, if the parts move constantly in
the same direction, the motion is called continued ro-
tary or continued rectilinear motion. If the parts move Whatis re-

. . . . ciprocating
alternately backward and forward in opposite directions, metion?
passing over the same spaces from end to end con
tinually, the motion is called reciprocating motion.

225. The method by which a power having one of these motions
may be made to communicate the same or a different
kind of motion involves a lengthy description of a great r‘:::_;:: 4
variety of machinery; but the most simple and common reciprocating
plan of converting rotary motion into rectilinear, and motion con-
rectilinear motion back again into rotary, is by means :::;‘:::::?
of what is called a crank.

226. The Crank is a double winch, or handle, and
is formed by bending wpatisa
an axle so as to form crank?
four right angles, facing in oppo- _a F
site directions. '

H

It is represented complete in Fig. 77. At- c

tached to the middle of C D, by a joint, G,
is a rod, H, which is the means of impart-
ing power to the crank. This rod is driven by an alternate motion,
like the brake of a pump. The bar C D is turned with a circular
motion round the axle A F.*

G
FiG. 77.

* The terms *‘ axis,” ** axle;" “arbor,” and “shatt,” in mechanics, are generally
understood to mean the bar, or rod, which passes through the center of a whesl.
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The disadvantage attending the use of the crank is, that it is
‘What disad. ncapable of transmitting‘a con-
vantages at- Stant force to the resistance.
tend theuse  This is illustrated in Fig. 78.
of the era8k? (14| NG. 1, where the arm of
the crank is horizontal, the power from the
rod acts with the greatest advantage, as at the
extremity of a lever. But when the rod which
communicates motion stands perpendicular
with the arm of the crank, as in No. 2, which
is the case twice during every revolution, the
power, however great, can exert no effect
upon the resistance, the whole force being
expended in producing pressure upon the axle
and pivots of the crank. Such a situation of
the rod and the arm of the crank is called
the dead point; and when the machinery stops,
as is often the case, it is said to be “set,”
or “caught on its center.” The difficulty is
generally overcome by the employment of a
fly-wheel (§ 20), which, by its inertia, keeps up the motion.

Practical Problems in Mechanics.

1. What must be the horse-power of a i gine which moves at the con-
stant speed of 25 miles per hour, on a level track, the weight of the train being go
tons, and the resistance from friction being equal to 480 pounds ?

2. If alever 12 feet long have its fulcrum 4 feet from the weight at one end, and
this weight be 12 pounds, what power at the other end will balance ?

3. In alever of the first class, a power of 20 at one end balances a weight of 100
at the other : what is the comparative length of the two arms ?

4. In alever of the first class, 6 feet in length, the power is 75, and the weight 150
pounds : where must the fulcrum be placed in order that the two may balance ?

5. Two persons carry a weight of 200 pounds suspended from a pole 1o feet long ;
one of them, being weak, can carry only 75 pounds, leaving the rest of the load to be
carried by the other : how far from the end of the pole must the weight be suspended ?

6. A lever of the second class is 21 feet long : at what distance from the fulcrum
must a weight of 80 pounds be placed in order that it may be sustained by a power of
60 pounds ?

7. In alever of the third class, 8 feet long, what power will be required to balance
a weight of 100 pounds, the power being applied at a distance of 2 feet from the
fulcrum ?

8. A power of 5 pounds is required to lift a weight of 20 by means of the wheel
and axle : what must be the proportionate radii of the wheel and axle?
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9. A power of 6o acts on a wheel 8 feet in radius : what weight suspended from
a rope winding round an axle 10 inches in radius will balance this power ?

10. In a set of cog-wheels the radii of wheel and axle are, first, 7 and 2 ; second,
8 and 1 ; third, g and 1 : a power of 25 being applied at the ci fe of the first
wheel, what weight will be sustained,at the axle of the third ?

11, What weight will a'power-of 3"sustain 'with-a 'system of 4 movable pulleys,
one cord passing round all of them ?

13. Suppose a power of 100 pounds applied to a set of 2 movable pulleys, what
weight will it sustain, allowing a deduction of two-thirds for friction ?

13. If a man is able to draw a weight of 200 pounds up a perpendicular wall 10
feet high, how much will he be able to draw up a plank 40 feet long, sloping from the
top of the wall to the ground, no allowance being made for friction ?

Solution. — In this the height (10) is to the length (40) as the weight (200) is to
the required weight.

14. If a man has just strength enough to lift a cask weighing 196 pound
dicularly into a wagon 3 feet high, what weight could he raise by means of a plank 10
feet long, with one end resting upon the wagon, and the other on the ground ?

15. The lengthof a plane is 12 feet, the height is 4 feet : what is the proportion
of the power to the weight to be raised ?

16. The di b the threads of a screw being half an inch, and the cir-
cumference described by the power 10 feet, what proportion will exist between the
power and the weight ?

Solution. — The power will be to the weight as half an inch, the distance between
the threads, is to 10 feet (240 half-inches), the ci fe described by the power,
=110 240.

17. A power of 20 pounds acting at the end of a lever nttached to a screw descn'bu
a circle of 100 inches : what resistance will the power , the di b n
the threads of the screw being 2 inches ?




CHAPTER VIL
HYDROSTATICS.

227. Hydrostatics is that department of physical
science which treats -of the weight, pres-

What is the ogsy o
tde;ce:fhy- sure, and equilibrium of water® and other
drostatics ? . .
liquids at rest.
AroHiquids 228. Liquids have but a slight degree

compressible of compressibility and elasticity, as com-
and elastic? . .
pared with other bodies.

229. The elasticity of water may be shown in various ways. When
What are a flat stone is thrown so as to strike the surface of
illystrations water nearly horizontally, or at a slight angle, it re-
of theelasti- bounds with considerable force and frequency. Water
cityof water? .15, dashed against a hard surface shows its elasticity
by flying off in drops in angular directions. Another familiar example
of the elasticity of water is observed when we attempt to separate a

* Water is a fluid composed of oxygen and hydrogen, in the proportion of eight parts
of oxygen to one of hydrogen. It is one of the most abundant of all sub , consti-
tuting three-fourths of the weight of living animals and plants, and covering about
three-fifths of the earth’s surface, in the form of oceans, seas, lakes, and rivers.

In the northern hemisphere the proportion of land to water is as 419 to 1,000 ;
while in the southern hemisphere it is as 129 to 1,000. The maximum depth of the
ocean has never been ascertained. Soundings were obtained in the South Atlantic in
1853, between Rio Janeiro and the Cape of Good Hope, to the depth of 48,000 feet, or
about nine miles. Other soundings, made during the recent United-States survey of
the Gulf Stream, extended to the depth of 34,200 feet without finding bottom. The
average depth of the ocean has been estimated at about 2,000 fathoms.

Notwitt ding this app ity of the ocean, yet, compared with the
whole bulk of the earth, it is a mere film upon its surface ; and, if its depth were repre-
sented on an ordinary globe, it would hardly exceed the coating of varnish placed
there by the manufacturer.

The source of all our terrestrial waters is the ocean. By the action of evaporation
upon its surface, a portion of its water is constantly rising into the atmosphere in the
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drop of water attached to some surface for which it has a strong
attraction. The drop will elongate, or allow itself to be drawn out to
a considerable degree, before the cohesion of its constituent particles
is wholly overcome; and if the separating force is at any time relaxed
or discontinued,’ the ‘elasticity ‘of - the' water will restore the drop to
very nearly its original form and position. Mercury is much more
elastic than water, and rebounds from a reflecting surface with con-
siderable velocity and violence. The exercise of both the elastic and
compressive principle is, however, so extremely limited in liquids,
that for all practical purposes this form of matter is regarded as
inelastic and uncompressible; or, in other words, the elasticity and
compressibility of water produce no appreciable effects.

The compressibility of water is not so easily demonstrated as is its
elasticity, although the elasticity is a direct consequent . . ¢
of the compressibility. An experiment of Mr. Perkins extent has
showed that water, under a pressure of fifteen thousand water been
pounds to the square inch, was reduced in bulk one part SOmPressed?
in twenty-four.

230. In liquid bodies, as has been already shown (§ 36), the attrac-
tive and repulsive forces existing between the particles
are sq nearly balanced, that the particles move upon :';xl;‘:‘:‘“'
each other with the greatest facility. The particles particles of
which make up a collection of fine sand, or dust, also liquids move
move upon each other with great facility; but the parti- :f:;:“h
cles of a liquid possess this additional quality, viz., that

form of vapor, which again descends in the form of rain, dew, fog, &c. These
waters combine to form springs and rivers, which all at last discharge into the ocean,
the point from which they originally came, thus forming a constant round and circula-
tion. *‘ All the rivers run into the sea, yet the sea is not full,” because the quantity
of water evaporated from the sea exactly equals the quantity poured into it by the
rivers. In nature, water is never found perfectly pure: that which descends as
rain is contaminated by the impurities it washes out of the air; that which rises in
springs, by the substances it meets with in the earth. Any water which contains less
than fifteen grains of solid mineral matter in a gallon is considered as comparatively
pure. Some natural waters are known so pure that they contain only one-twentieth
of a grain of mineral matter to the gallon, but such instances are very rare. Rain-
water must be considered as the purest natural water, especially that which falls in
districts remote from towns or habitations.

All natural waters contain air, and sometimes other gaseous substances. Fishes
and other marine animals are dependent upon the air which water contains for their
respiration and existence. It is owing to the presence of air in water that it sparkles
and bubbles.
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of moving -upon themselves without friction. The particles of no
solid substance, however fine they may be rendered, possess this
property.

231. From thls is derived a great fundamental principle lying at
the basis of all the mechanicalphenomena, connected with liquid
bodies : viz.,, — .

232. Liquids transmit pressure equally in all direc-

ions.
What great tions,
law consti- : .
tutes the ba- This remarkable property constitutes a very charac-

sis of all the teristic distinction between solids and liquids; since
mechanical  solids transmit pressure only in one direction, — viz., in
phenomena 4. Jine of the direction of the force acting upon them,
of liquids ? N .. . N A

— while liquids press equally in all directions, upward,
downward, and sideways.

In order to obtain a clear understanding of the principle of the
Ilustrate the eguality of pressure in lig-
equality of  uids, let us suppose a vessel,
pressurein  Fig, 79, of any form, in the
liquids. sides of which are several
tubular openings, A B C D E, each closed
by a movable piston. If, now, we exert
upon the top of the piston at A a down-
ward pressure of twenty pounds, this pres-
sure will be communicated to the water,
which will transmit it equally to the inter-
nal face of all the other pistons, each of
which will be forced outward with a pres-
sure equal to twenty pounds, prov1ded their surfaces in contact with
the water are each
equal to that of the
first piston. But the
same pressure exert-
ed on the pistons is
equally exerted upon
all parts of the sides
of the vessel; and
therefore a pressure !
of twenty pounds up- Fic. 8o.
on a square inch of the surface of the piston A will produce a pres-

FiG. 79.
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sure- of twenty pounds upon every square inch of the interior of the
surface of the vessel containing the liquid.

The same principle may also-be shown by another experiment.
Suppose a cylinder, Fig. 8o, in which a piston is fitted, to terminate in
a globe, upon the\/sides\of | which)lare(little_tubular openings. If the
globe and the cylinder are filled with water, and the piston pressed
down, the liquid will jet out equally from all the orifices, and not
solely from the one which is in a direct line with, and opposite to, the
piston.

233. This property of transmitting pressure equally and freely in
every direction is one in virtue of which a liquid be- | .
comes a machine, and can be made to receive, dis- per may a
tribute, and apply power. Thus, if water be confined liquid act as
in a vessel, and a mechanical force exerted on any por- ®machine?
tion of it, this force will be at once transmitted throughout the entire
mass of liquid. The shape of the vessel containing the liquid does
not affect the equal transmission of pressures ; and a bent tube trans-
mits the power as well as a straight tube.

The effects of the practical application of this principle are so
remarkable that it has been called the hydrostatic para- wnat is the
dox; since the weight or force of one pound, applied hydrostatic
through the medium of an extended surface of some Paradox?
liquid, may be made to produce a pressure of hundreds or even
thousands of pounds. Thus, in Fig. 81, A
and & are two cylinders containing water con-
nected by a pipe, each fitted with a piston in
such a way as to render the whole a close ves-
sel. Suppose the area of the base of the pis-
ton 2 to be one square inch, and the area of
the base of the piston P to be one thousand
square inches. Now, any pressure applied to
the small piston will be transmitted by the
water to the large piston; so that every portion of surface in the large
piston will be pressed upward with the same force that an equal por-
tion of the surface in the small piston is pressed downward. A pres-
sure, therefore, of one pound, acting on the base of the piston g, will
exert an outward pressure of one thousand pounds acting on the base
of the piston P; so that a weight of one pound resting upon the piston
2 would support a weight of one thousand pounds resting upon the
piston P.

Fic. 81.
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The action of the forces here supposed differs in nothing from
that of like forces acting on a lever having unequal arms
g:::'d:c:?:‘ in the proportion of one to one thousand. A weight of
in the hydro- one pound, acting on the longer arm of such a lever,
static para-  wohld\sipport.or(raise d weight of one thousand pounds
3;’:: :,':p"e acting on the shorter arm. The liquid contained in the
forces acting vessel, in the present case, acts as the lever, and the
onthearms inper surface of the vessel containing it acts as the ful-
ofalever? . um. If the piston p descends one inch, a quantity of
water which occupies one inch of the cylinder a will be expelled from
it; and as the vessel A 4 is filled in every part, the piston P must be
forced upward until space is obtained for the water which has been
expelled from the cylinder . But, as the sectional area of A is one
thousand times greater than that of @, the height through which the
piston P must be raised to give this space will be one thousand times
less than that through which the piston p has descended. Therefore,
while the weight of one pound on # has moved through one inch, the
weight of one thousand pounds on P will be raised through only one
one-thousandth part of an inch.” If this process were repeated a thou-
sand times, the weight of one thousand pounds on P would be raised
through one inch; but in accomplishing this the weight of one pound
acting on P would be moved successively through one thousand inches.
The mechanical action, therefore, of the power in this case, is ex-
pressed by the force of one pound acting successively through one
thousand inches, while the mechanical effect produced upon the resist-
ance is expressed by one thousand pounds raised through one inch.

234. The Hydraulic or Hydrostatic Press is a ma-
chine arranged in such a manner that the
What is a . . .
hydraulic  advantages derived from the principle that
press ? liqui . .
iquids transmit pressure equally in all
directions, may be practically applied.

The principle of the construction and action of the hydraulic press
is explained in the preceding paragraph (§ 233), and Fig. 82 represents
a section of its several parts.

Fig. 82 represents the hydraulic press as constructed for practical
purposes. In a small cylinder A the piston of a forcing-pump p

works by means of the handle M. The cylinder of the forcing-pump
A connects, by means of a tube, K, leading from its base, with a large




HYDROSTATICS. 123

cylinder B. In this moves also a piston P, having its upper extremity
attached to a movable iron plate, which works freely up and down in
a strong upright framework Q. Between this plate and the top of
the framework the substance to be pressed is placed. To operate the
press, water is raised'in'the’forcing-pump- A’ by raising the handle M
from a small reservoir beneath it, a; by depressing the handle, the
water filling the small cylinder A is forced through a valve H, and the

FiG. 82.

pipe K into the larger cylinder B, where it acts to raise the larger
piston, and causes it to exert its whole force upon the object confined
between the iron plate and the top of the framework. If the area of
the base of the piston p is a square inch in diameter, and the area
of the base of the piston P one thousand square inches, then a down-
ward pressure of one pound on p will exert an upward pressure of one
thousand pounds on P.
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As thus constructed, the hydraulic press constitutes the most pow-
erful mechanical engine with which we are acquainted, the limits to its
power being bounded only by the strength of the machinery and mate-
rial. By means of this press, cotton is pressed into bales, ships are
raised from the water'for. repair, chain‘cableslare tested, &c.

235. As liquids transmit pressure equally in all
willliquids  directions, it follows that any given por-
pressipward tion of a liquid contained in a vessel will
downward? press upward upon the particles above it
as powerfully as it presses downward upon the parti-
cles below it. _

This fact may be illustrated by means of the
Howisthe apparatus represented in Fig. 83.

upward If a plate of metal, B, be held against
g;eﬁ;:::' the bottom of @ glass tu_be & by
shown by means of a string z, and immersed

! experiment? in a vessel of water, the water being
up to the level » n, the plate B will be sustained
in its place by the upward pressure of the water.
To show that this is the case, it is only neces-
sary to pour water into the tube g, until it rises
to the Jevel » n, when the plate
will immediately fall, the upward
pressure below the plate B being
neutralized by the downward pres-

sure of the water in the tube g.

FiG. 83.

236. The pressure exerted by a column
To what is of liquid is proportioned to, or
the pressure measured by’ the height Of the

of a column N
of liquidpro- column, and not by its bulk or

rti 12 .
porfion®l™ - quantity.

If we take a tube in the form of the letter U, with
one of its branches much smaller than the other, as in
Fig. 84, and pour water into one of the branches, we
shall find that the liquid will stand at the same height in
both tubes. The great mass of liquid contained in the large tube, A,

FiG. 84.
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exerts no more pressure on the liquid contained in the small tube,

D, than would a smaller mass contained
in a tube of the same dimensions as D.
And, if A contained ten thousand times
the quantity ‘of water that D contained,
the water would rise to no greater eleva-
tion in D than in A.

The principle that the pressure exerted
by a column of water is as What is the
its height, and not as its principle and
quantity, may be also illus- action of the
trated by the hydrostatic hydrostatic

. . bellows ?
bellows, Fig. 85. This con-
sists of two boards, B C and D E, united
together by means of cloth or leather, A,

as in a com-
mon bellows.
A small verti-
cal pipe, T, at-
tached to the
side, communicates with the interior of
the bellows. Heavy weights, W W, are
placed upon the top of the bellows when
empty. If water be poured into the ver-
tical pipe, the top of the bellows, with
the weights upon it, will be lifted up by
the pressure of the water beneath; and,
as the height of the column of water in-
creases, so in like proportion may the
weights upon the top of the bellows be
increased. It is a matter of no conse-
quence what may be the diameter of the
vertical tube, since the power of the appa-
ratus depends upon the height of the col-
umn of water in the small tube, and the

Fic. 8s.

area of the board B C; that is, the weight !
of @& small column of water in the vertical =

pige, T, will be capable of supporting a
weight upon the board B C, greater than

Fic. 86.

the weight of the waler in the pipe, in the same proportion as the area
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of board B C is greater than the sectional area of the bore of the
pige. Thus, if the area of the bore of the pipe be a quarter of an
inch, and the area of the board forming the top of the bellows a
square foot, then the proportion of the pipe to the board will be
that of 576 to 1;'and, 'consequently, the' weight capable of being sup-
ported by the board will be 576 times the weight of the water con-
tained in the pipe.

In this manner a strong cask, Fig. 86, filled with liquid, may be burst
Wh by a few ounces of water poured into a long tube, com-

at are s er . . .
illustrative  Municating with the interior of the cask.
examples of This law of pressure is sometimes exhibited on a
the pressure  great scale in nature, in the bursting of rocks or moun-
of liquids ? . . s s

tains. Suppose a long vertical fissure, as in Fig. 87, to
communicate with an internal cavity formed in a2 mountain, without any
outlet. Now, when the fis-
sure and cavity become filled,
an enormous pressure is ex-
erted, sufficient, it may be, to
crack or disrupture the whole
mass of the mountain.

The most striking effects
of the pressure of the water
at great depths are exhibited
in the ocean. If a strong,
square glass bottle, empty and
firmly corked, be sunk in wa-
ter, its sides are generally
crushed in by the pressure before it has reached a depth of sixty feet.
Divers plunge with impunity to certain depths, but there is a limit
beyond which they can not sustain the immense pressure on the body
exerted by the water. Animal life has been found to exist at all
depths, and it is believed there is no limit of depth beyond which it
can not be found. The principle of the equal transmission of press-
ure by liquids enables fishes to sustain a very great pressure of water
without being crushed by it ; the fluids contained within them pressing
outward with as great a force as the liquid which surrounds them
presses inward.

When a ship founders at sea, the great pressure at the bottom
forces the water into the pores of the wood, and increases its weight
to such an extent that no part can ever rise again,

FiG. 87.
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237. The pressure upon the bottom of a vessel

containing a liquid is not affected by the
Upon what

shape of the vessel, but depends solely does the
upon the area 'of 'the base; and its depth 7 4e
below the surface; and the pressure at 3:::2;’2::‘
any point upon the side of a vessel con- tainingliquia

o o o e . . . depend ?
taining a liquid will be in proportion to the
perpendicular depth of that point below the surface.

This arises from the law of equal distribution of pressure in liquids.
Fig. 88 represents two differ-

D L] I D ¢

ent vessels having equal bases,
and the same perpendicular
depth of water in them. Al-
though the quantity of water
contained in one is much
greater than in the other, the
pressure sustained by these bases will be the same.

Hence, to find the pressure of water upon the bottom of any ves-
sel, we have the following rule : —

238. Multiply the area of the base by How canwe

calculate the

the perpendicular depth of the water, and pressure
this product by the weight of a cubic foot e :::.

of water sel contain-

ing water ?
Thus, suppose the area of the base of a vessel to be

two square feet, and the perpendicular depth of the
water be three feet: required the pressure on the bottom of the vessel,
the weight of a cubic foot of water being assumed to be one thousand
ounces.

2 X 3 = 6 cubic feet.

6 X 1,000 = 6,000 0z. = pressure on the base of the vessel.

A £
Fic. 88.

239. To find the pressure upon the side of a vessel

containing water, multiply the area of the How may

side by one-half its whole depth below hmon e side

the surface, and this product again by ‘;; :v‘;::ﬂe

the weight of a cubic foot of water. calculated ?
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Suppose A C, Fig. 89, to represent the section of the side of a
canal, or a vessel filled with water, and let the whole depth, A C, be
ten feet: then at the middle point, B, the depth, A B, will be five feet.
Now, the pressure at C is produced by a column of water whose depth -
is ten feet; but the pressure at B is produced by a column whose depth
is five feet, which is the average between the pressure at the surface
and at the bottom, or the average of the entire pressure upon the side.
Hence the total pressure upon the side of a
vessel containing water will be equal to the
weight of a column of water whose base is equal
to the area of that side, and whose height is
equal to one-half the depth of the liquid in the
vessel; or, in other words, to the depth of the
middle point of the side below the surface.

As the pressure upon the sides of a reservoir containing water in-
Why should creases with the depth, the walls of embankments, dams,
an embank-  canals, &c., are made broader or thicker at the bottom
::::l::wn‘_ than at the top (as in Fig. 89). For the same reason, in
er at the order torender a cistern equally strong throughout, more

bottom than  hoops should be placed near the bottom than at the top.
at the top ?

Fic. 89.

240. The actual pressure produced upon the bot-
Howdoes tom and sides of a vessel which contains

th R .
ofamven @ liquid is always greater than the weight

quantity of  of the liquid.
liquid com-

pare with its In a cubical vessel, for example, the pressure upon
weight ? the bottom will be equal to the weight of the liquid, and
the pressure on each of the four sides will be equal to one-half the
weight; consequently the whole pressure on the bottom and sides will
be equal to three times the weight of the liquid.

Inwhat con-  241. The surface of a liquid when at
dition is the : .
surfaceofa  T€St is always Horizontal, or Level.

liquidat rest?
quidatres The particles of a liquid having perfect freedom of

motion among themselves, and all being equally attracted by gravi-
Why is the !:ation, the whole body of liquid will tend to arrange
surfaceof a itself in.such a manner that all the parts of its surface
“Gl“:‘; atrest shall be equally distant from the earth’s center, which is
leve the center of attraction.
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A perfectly level surface really means one in which every part of
the surface is equally near the center of the earth: it What is the
must be, therefore, in fact, a spherical surface. But 80 e defini.
large is the sphere of which such a surface forms a part, tion of 2
that in reservoirs/and\/ receptacles .of Jwatér, lof limited spherical
extent, its sphericity can not be noticed, and -it may be surface?
considered as a perfect plane and level; but when the surface of water
is of great extent, as in the case of the ocean, it exhibits this rounded
form, conforming to the figure of the earth, most perfectly.®

242. Water or other liquids will always inwbatman.

. . . .c nerwilla
rise to an exact level in any series of dif- jiquid risein

3 a series of
ferent tubes, pipes, or other vessels com- §ei® 9

icating with each other. sels commu.
municating c e sele commu

This fact is sufficiently illustrated by reference to each other?
Fig. go.

243. It is upon the application of the principle that water in pipes
will always rise . et
to the helght pﬂncip]em .
or level of its we enabled
source, that all :::t::‘i':y
arrangements aqueducts
for conveying ©veruneven
water over un- surfaces? _
even surfaces in aqueducts,
or closed pipes, depend. The
water brought from any reservoir or source of supply, in or near a
town or building, may be delivered by the effect of gravity alone to
every location beneath the level of the reservoir; the result not be-
ing affected by the inequalities of the surface over which the water-
pipes may pass in their connection between the reservoir and the point
of delivery. So long as they do not rise above the level of the source
of supply, so long will the water continue to flow.

FiG. go.

* A hoop surrounding the earth would bend from a perfectly straight line eight
inches in a mile. This curvature increases as the square of the distance. For two
miles it is 8 X 2? = 32 inches : three miles, 8 X 3? = 72 inches, &c. Consequently,
if a segment of the surface of the earth a mile long were cut off, and laid on a perfect
plane, the center of the segment would be only four inches higher than the edges. A
small portion of it, therefore, for all ordinary purposes, may be considered as a perfect
plane.

\
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" - Fig: ot represents the line of a modern aqueduct: @ @ a- represents
the water level of a- pond or reservoir upon elevated ground. . From
this pond a line of pipe is laid, passing over a bridge or viaduct at ;.
and under a river at . The fountains at 4 4 show the stream rising to
the level of its \source in [the)pond@;at two points of very different
elevatfon. - R . s
-»The ancients, in constructing aqueducts, do not seem to have ever
practically applied this principle, that water in pipes rises to the level

of its source. When, in conducting water from a distant source to
supply a city, it became necessary to cross a ravine or valley, immense
bridges or arches of masonry were built across it, with great labor
and at enormous expense, in order that the water-flow might be con-
tinued nearly horizontally. At the present day the same object is
effected more perfectly by means of a simple iron pipe, bending in
conformity with the inequalities of surface over which it passes. )
In the construction of pipes for conveying water, it is necessary
that those parts which are much below the level of the
In what man- . .
per should reservoir should have a great degree of strength, since
pipes for the they sustain’ the bursting pressure of a column of water
conveyance  whose height is equal to the difference of level. A
::’:::::;2: , DPipe with a diameter of four inches, a hundred and fifty
B feet below the level of a reservoir, should have suf-
ficient strength to bear with security a bursting pressure of nearly five
tons for each foot of its length.
..-Jpon the principle that water tends to rise to the level of its
sourcé, ornamental fountains may be constructed. Let water spout
upward through a pipe communicating with the bottom of a deep
vessel, and it will rise nearly to the height of the upper surface of
the water in the vessel. The resistance of the air, and the falling
drops, prevent it from rising to the exact level. Let A, Fig. 92, repre-




- .HYDROSTATICS; - 131

sept a cistern filled with water to a-constant - height, B. If four bent
pipes be inserted in the side of the cistern at - ) S
different distances below the surface, the
water will jet upward from all the orifices to
nearly the same level.

- The phenomena of artesian wells, and the
plan of boring for water, depend on the same
principle.

244. An Artesian Well is a cylin-
drical excavation formed by bor-
ing into the earth with a species
of-auger, until a sheet or vein of water is found
when the water rises through the excava-

What is an
tion. Such excavations are called artesian, nrt‘elu;.n
because this method was employed for “°

obtaining water at Artois in France.

FiG. 92.

The reason that the water rises in artesian, and sometimes in ordi-
nary wells, to the surface,_ is as follows: The surface f’f Why does
the globe is formed of different layers, or strata, of dif- the waterrise
ferent materials, such as sand, gravel, clay, stone, &c., in an arte-
placed one upon the other. In particular situations, these &P Well?:
strata do not rest horizontally upon one another, but are inclined, the
different strata being like cups or basins phced one within the other,
asin Fig.93. Some
of these strata are
composed of mate-
rials, as sand or
gravel, through
which water will
soak most readily;
while other strata,
like clay and rock,
will not allow the
water to pass through them. If, now, we suppose a stratum like sand,
pervious to water, to be included as at a a, Fig. 93, between two other
strata of clay or rock, the water falling upon the uncovered margin of
the sandy stratum a @ will be absorbed, and penetrate through its

Fic. 93.
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whole depth. It will be prevented from rising to the surface by the
impervious stratum above it, and from sinking lower by the equally
impervious stratum below it. It will therefore accumulate as in a
reservoir. If, now, we bore down through the upper stratum, as at 3,
until we reach the ‘stratum containing the water, the water will rise in
the excavation to a certain height, proportional to the height or level
of the water accumulated in the reservoir a ¢ from which it flows.*

245 The rain which falls upon the surface of the earth sinks
What is the downward through the sandy and porous soil, until a
origin of bed of clay or rock, through which the water can not
springs ? penetrate, is reached. Here it accumulates, or, running
along the surface of the impervious stratum, bursts out in some lower
situation, or at some point where the impervious bed or stratum comes
to the surface in consequence of a valley or some depression. Such
a flow of water consti-
tutes a spring. Suppose
a, Fig. 94, to be a gravel
hill, and 4 a stratum of
clay or rock, impervious
to water. The fluid per-
colating through the
gravel would reach the impervious stratum, along which it would run
until it found an outlet at ¢, at the foot of the hill, where a spring
would be formed.

246. If there are no irregularities in the surface, so situated as to
Wh allow a spring to burst forth, or if a spring issues out at

y does . .
water collect Some point of the porous earth considerably above the
inanordi-  surface of the clay or rock upon which at some depth
nary well? 211 such earth rests, the water soaking downward will
not all be-drained off, but will accumulate, and rise among the particles
of soil, as it would among shot or bullets in a water-tight vessel. If
a hole or pit be dug into such earth, reaching below the level of the
water accumulated in it, it will soon be filled up with water to this
level, and will constitute a well. The reason why some wells are

FiG. 94.

* In the great artesian wells of Grenelle, near Paris, and of Kissengen in Bava-
ria, the water rises from depths of eigh hundred and ni hundred feet to a
considerable height above the surface of the earth. The well of Paris is capable of
supplying water at the rate of fourteen millions of gallons per day. The region of
country in which this water fell, from the curvature of the layers, or strata, of material
through which the excavation was made, must have been distant two hundred miles or
more.
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deeper than others is, that the distance of the impervious stratum
of clay below the surface is different in different localities.

247. All wells and springs, therefore, are merely the From what
rain-water which has sunk into the earth, appearing again, source do
and gradually accumulating, or escaping 'at'a' lower level. :ﬂd":;l:i;“

248. The property of liquids to assume a horizontal derive their
surface is practically taken advantage of in ascertaining Wwater?
whether a surface is perfectly horizontal, or level, and is accomplished
by means of an instrument known as the Water or wwpaiisa
Spirit Level. This consists of a small glass tube, Fig. water or
95, filled with spirit or water, except a small space SPiritlevel?
occupied with air, and called the air-bubble. In whatever position
the tube may be placed, the bub-
ble of air will rest at the highest
point. If the two ends of the
tube are level, or perfectly hori-
zontal, the air-bubble will remain
in the center of the tube; but if
the tube inclines ever so little the bubble rises to the higher end. For
practical use the glass tube is inclosed in a good or brass ‘case or box.

249. The method of conducting a canal through a country, the
surface of which’ is not perfectly hori'zon.tal, or level, Upon what
depends upon this same property of liquids. In order principle are
that boats may sail with ease in both directions of the canals con-
canal, it is necessary that the surface of the water should ::::::d;"d
be level. If one end of a canal were higher than the
other, the water would run toward the lower extremity, overflow the
banks, and leave the other end dry. But a canal rarely, if ever,
passes through a section of country of any great extent, which is not
inclined or irregular in its surface. By means, however, of expedi-
ents called Locks, a canal can
be conducted along any de-
clivity. In the formation of a
canal, its course is divided
into a series of levels corre-
sponding with the inequalities
of the surface of the country
through which it passes.
These levels communicate with each other by locks, by means of
which boats passing in any direction can be elevated ‘or lowered with
ease, rapidity, and safety.

FiG. ¢6.
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Fig. 96 represents a section of a lock, and Fig. g7 the construction
of the Lock Gates. The section Fig. g6 represents a place where there
is a sudden fall of the ground, along which the canal has to pass. A B
and C D are two_gates which completely intercept the course of the
water, but at the same'time'admit’ of ‘being-opened and closed. A H
is the level of the water in that part of the canal lying above the gate
A B,and E F and F G the levels below the gate A B. The part of
the canal included between two gates, as E F, is called a lock, because,
when a vessel is let into it, it can be shut by closing both pair of
gates. If now it is required to let a boat down from the higher level,

FiG. 97.

A’H, to the lower level, E G, the gates C D are closed tightly, and an
opening made in the gates A B (shown in Fig. 97), which allows the
water to flow gradually from A H into the lock A E F C, until it
attains a common level, H A C. The gate A B is then opened, and
the -boat floats into the lock A B C D. The gates A B are then
closed, and an opening made in gates C D, which allows the water to
flow from the space A E F C, until it comes to the common level,
E F G. The gate C D is then opened, and the boat floats out of the
locks into the continuation of the canal. To enable a boat to pass
from the lower level, E'F G, to the supenor level, A H, the process
here déscribed is reversed. -
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250. When a solid is immersed in a with what

liquid, it will be pressed upward with a fassey body

force equal to the weight of the liquid it 5=,
displaces.

" 251. Buoyancy is the name applied to the force by
which a solid immersed in a liquid is whatis
heaved or pressed upward. buoyancy ?

The resistance offered when we attempt to sink a body lighter than
water, in that liquid, proves that the water presses with a force upward
as well as downward. Upon this fact the laws of floating bodies
depend; and for this reason the bot-
toms of large ships are constructed
with a great degree of strength.

When we immerse a body in water,
it displaces a quantity of

. When we
water equal to its own ;oo o
bulk. (In Fig. 98, the abodyin
space occupied by the water, what
cube A B is obviously oceurs?

- equal to a cube of water of the same
size) The water that before occu-
pied the space which the body now
fills was supported by the pressure of
the other particles of water around
it. The same pressure is exerted on
the substance which we have immersed
in the water, and consequently it will be supported in a like degree.

If the body weighs less than an equal bulk of water, the pressure
of the water will sustain it entirely, and the body will .

. s y When will a
float : if, on the contrary, it is heavier than an equal body sink,
bulk of water, the pressure of the particles of water and when
will be unable wholly to sustain it, and, yielding to the float, in

. temsl . . water ?
attraction of gravitation, it descends, or sinks.

252. The buoyancy of liquids is in proportion to,
their density or specific gravity ; or, in other o whatis
words; a solid is buoyant in a liquid, in pro- e

portion as it is light, and the liquid heavy. proportional?
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Thus quicksilver, the heaviest or most dense fluid known, supports
iron upon its surface ; and a man might float upon mercury as easily
as a cork floats upon water. Many varieties of wood which will sink
in oil float readily upon water.

253. The Specific Weight, or the' Specific Gravity, of
Whatis spe. @ body, is the weight of a given bulk or
cific weight? yolume of the substance, compared with
the weight of the same bulk or volume of some
other substance.

The term “specific ” weight, or gravity, is used because bodies of
different species of matter have different weights under equal bulks
or volumes. Thus a cubic inch of cork has a different weight from
a cubic inch of oak or of gold, and a cubic inch of water contains
a less weight than a cubic inch of mercury. Hence we say that the
specific gravity or specific weight of cork is less than that of oak
or gold, and the specific gravity of mercury is greater than that of
water.

254. Specific gravity, or weight, being merely the comparative
What is the gravity, or weight, it is convenient that some standard
standard for Should be selected, to which all other substances may be
estimating  referred for comparison. Distilled water has accord-
the specific  jnoly been taken, by common consent, as the standard
m‘{:‘.’,of for comparing the weights of all bodies in the solid or

liquid form.

To find the specific gravity of solids we have the following rule : —

How do we 255. Ascertain the weight of the body

determine i : . oe
the specinic 11 Water, and also in air. Divide the

gravity weight in air by the loss of weight in
Peanor®  water, and the quotient will be the specific

than water?  oravity required.

Suppose a piece of gold weighs in the air nineteen grains, and
in water eighteen grains: the loss of weight in water will be 1.
19 -~ 1 == 19, the specific gravity of gold.

Fig. g9 represents the arrangement of the balance for taking spe-
cific gravities, and the manner of suspending the body in water from
the scale-pan, or beam, by means of a fine thread or hair.
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For obtaining the specific gravity of liquids, a bottle capable of
holding ?xactly How do we
1,000 grains of obtain the
distilled water, at .s‘peci‘ﬁ;:. z‘t;:-
a temperature of /1Y .14
60° Fahrenheit, is o
obtained, filled with water, and
balanced upon the scales. The
water is then removed, and its
place supplied with the fluid
whose specific gravity we wish
to determine, and the bottle and
contents again weighed. The
weight of the fluid, divided by
the weight of the water, gives
the specific gravity required.
Thus a bottle holding 1,000
grains of distilled water will hold 1,845 grains of sulphuric acid.
1,845 - 1,000 = 1.845; or, the sulphuric acid is 1.845 times heavier
than an equal bulk of water. .

256. The specific gravity of liquids may also be found by the
balance in the following manner: Weigh a solid body
. . . . . . How may we
in water, as well as in the liquid whose specific gravity g4 e spe-
is to be determined ; then the loss in each case will be cific gravity
the respective weights of equal bulks of water and fﬂ:'ﬁ?:’;:ze?
liquid. We have, therefore, the following rule: —

257. Divide the loss of weight in the liquid by the

loss of weight in water; the quotient will give the
specific gravity of the liquid.

Fi6. gg.

Thus a solid body (a piece of giass is generally used) loses twenty
grains when weighed in water, and thirty grains when weighed in
acid. 30 -+ 20 = L., the specific gravity of the acid.

Specific gravity may also be. found by means of an instrument
called the hydrometer.

258. The Hydrometer consists of a hollow glass
tube, on the lower part of which a spherical whatisa
bulb is blown, the latter being filled with a hydrometes?
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suitable quantity of small shot or quicksilver, in order
to cause it to float in a vertical position. The upper
part of the tube contains a scale graduated into
suitable divisions!.!|(See Fig!'160))

It is obvious that the hydrometer will sink to a greater or less
depth in different liquids ; deeper
Howmaythe ;. the Jighter ones, or those of
specific grav- . .
ity of aliquia small specific gravity, and not so
be deter- deep in those which are denser,
r‘:;‘:::‘;’;:‘; or which have great specific
gravity. The specific gravity of
a liquid may, therefore, be estimated by the
number of divisions on the scale which remain
above the surface of the liquid. Tables are
constructed so that by their aid, when the num-
ber on the scale at which the hydrometer floats
in a given liquid is determined by experiment,
the specific gravity is expressed by figures in a
column directly opposite that number in the
table.

There are various forms of the hydrometer
especially adapted for determining the density,
or specific gravity, of spirits, oils, syrups, lye, &c. It affords a ready
method of determining the purity of a liquid, as, for instance, alcohol.
The addition of water to alcohol adds to its density, and therefore in-
creases its buoyancy. The addition of water, therefore, will at once
be shown by the less depth to which the hydrometer will sink in the
liquid. The adulteration of sperm oil with whale or other cheaper
oils may be shown in the same manner.*

Fi1G. 100.

* The attempt to ascertain whether a particular body had been adulterated led
Archimedes, it is said, to the discovery of the principle of specific gravity. Hiero,
King of Syracuse, having bought a crown of gold, desired to know if it were formed
of pure metal ; and, as the workmanship was costly, he wished to accomplish this
without defacing it. The problem was referred to Archimed The philosopher for
some time was unable o solve it; but, being in the bath one day, he observed that the
water rose in the bath in exact proportion to the bulk of his body beneath the surface
of the water. He instantly perceived that any other substance of equal size would
raise the water just as much, though one of equal weight and less size or bulk could
not produce the same effect. Convinced that he could, by the application of this
principle, determine whether Hiero’s crown had been adulterated, and moved with
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259. For obtaining the specific gravity of gases,
air instead of water is adopted as the mHow dowe

standard of comparison. The weight of a goieinc e

given volume’or' measure’ of “a' gas'is com- ity of agas?
pared with the weight of an equal volume of pure
atmospheric air; and the weight of the gas, divided
by the weight of the air, will express the specific
gravity of the gas.

260. The following table exhibits the specific gravity of various
solid, liquid, and gaseous bodies; pure water, having a temperature
of sixty degrees Fahrenheit’s thermometer, being assumed as the
standard of comparison for solids and liquids, and pure, dry air,
having the same temperature, being assumed as the standard of com-
parison for gases. The metal platinum has the greatest specific gravity
of any solid body, being more than twenty-one times heavier than an
equal bulk of water; and hydrogen gas the least specific gravity of
any of the gases, being 14.4 lighter than an equal bulk of air, and
12.000 lighter than an equal bulk of water. These two substances are
respectively the heaviest and lightest-forms of matter with which we

are acquainted.
SOLIDS AND LIQUIDS.

Distilled water. . . 1ooo Diamond . . . . 3521
Platinum (hammered) . 20.336 Flint glass . . . 3080
Gold. . . . .19260 Porcelain . . . . 2.240
Mercury. . . . 14000 Coal (anthracite) . . 1.530
Lead. . . . . 11.350  Boxwood . . . . 1.320
Silver . . . . 10470 White pine . . . .550
Copper . . . . 8850 Alcohol . . .. 792
Iron . . . 7.790  Ether . . . . .736
Tin . . . . . 7.291  Cork . . . . . .240

admiration and delight, he is said to have leaped from the water, and rushed naked
into the street, crying, “ Ebpgras Edpnxas” “I have found it! I have found
it!” In order to apply his theory to practice, he procured a mass of pure gold, and
another of pure silver, each having the same weight as the crown ; then plunging the
three metallic bodies successively into a vessel quite filled with water, and having
carefully collected and weighed the quantity of liquid which was displaced in each
instance, he ascertained that the mass of pure gold, of the same weight as the crown,
displaced less water than the crown : the crown was, therefore, not pure gold. The
mags of pure silver: of the same: weight as _the crown displaced ‘more water than the
crown : the crown, therefore, was not pure silver, but a mixture of gold and silver.
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GASES.
Pure dry atmospheric air . 1.0000  Nitrogen . . . . 9713
Carbonic acid gas. . 1.5245 Ammoniacalgas . .  .5967
Oxygen . . . . rnitos Hydrogen. . . . .0692

Howcanwe  261. Multiply the weight of a cubic foot

determi . .
the absolute  Of Water by the specific gravity of a sub-

o™ stance: the product will be the weight of

itsspecific 3 cubic foot of that substance.
gravity ?

Thus anthracite coal has a specific gravity of 1.530.
This, multiplied by the weight of a cubic foot of water, 1,000 ounces,
gives 1,530 ounces, which is the weight of a cubic foot of coal.

262. The volume or bulk of any given weight of
Howcan we a substance can also be readily calculated
ascertain the o e qe .
bulk of a by dividing the number expressing the
:;‘:;";‘;°fpe_ Yveight in ounces by Fhe number express-
cificgravity? ing the specific gravity of the substance,
omitting the decimal points; the quotient will
express the number of cubic feet in the volume or

bulk.

Thus, for example, if it be desired to ascertain the bulk of a ton of
iron, it is only necessary to reduce the ton weight to ounces, and
divide the number of ounces by 7.790, the specific gravity of iron:
the quotient will be the number of cubic feet in the ton weight.

263. If the particles of all matter were perfectly
If theparti. ir€€ to move among themselves, their
cles of mat- arrangement in space would always be
tomove,how in exact accordance with their different
would they . o, . .
arrange specific gravities; in other words, light
themselves? podies, or those having a small specific
gravity, would rest upon or rise above all heavier

bodies, or those possessing a greater specific gravity.
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In the case of different liquids, the particles of which are free to
move among themselves, this arrangement always exists, wpo: are
so long as the different substances do not combine ifustrations
together, by the force of chemical attraction, to form a of this
compound substarice!\//This water floats (tipon sulphu- Priociple?
ric acid, oil upon water,’and alcohol upon oil; and, by carefully pour-
ing each of these liquids successively upon the surface of the other,
they may be arranged in a glass in layers.

Carbonic acid gas is heavier than atmosphericair. We accordingly
find that it accumulates at the bottom of deep pits, wells, caverns, and
mines.

This principle also explains certain phenomena which at first seem
opposed to the law of terrestrial gravity, that all matter
is attracted toward the center of the earth. We observe WhY does

a balloon
a balloon, a soap-bubble, or a cloud of smoke or steam, ggcend, or a
to ascend ; and a cork or other light body, placed at the cork rise to
bottom of a vessel of water, rises through it, and swims :‘;‘;‘:‘;‘;‘:
on the surface. These phenomena are a direct conse-
quence of gravitation; the attraction of which, increasing with the
quantity of matter, draws down the denser air and water to occupy the
place filled by the lighter bodies, which are thus pushed up, and com-
pelled to ascend.

264. For the reason that the buoyancy of a liquid is proportioned to
its density, a ship will draw less water, or sail lighter, by one thirty-fifth in
the heavy salt water of the ocean, than in the fresh water of a river:
for the same reason it is easier to swim in salt than in fresh water.*

265. In order that a body may float with Wlmﬂl:l
stability, it is necessary that its center of :;:‘;_m;:y

g.r};vity should be situated as low as pos- § &festiog
sible.

* * A floating body sinks to the same depth, wheth®r the mass of liquid supporting
it be great or small; as is seen when an carthen cup is placed first in a pond, and then
in a second cup only so much larger than itself, that a very small quantity of water
will suffice to fill up the interval between them. An ounce of water in this way may
be made to float substances of much greater weight. And if a large ship were received
into a dock, or case, so exactly filling it that there were only half an inch of interval
between it and the wall or side of the containing space, it would float as completely
when the few hogsheads of water required to fill this little interval up to its usual
water-mark were poured in, as if it were on the high seas. In some canal locks, the
‘boats just fit the place in which they have to rise and fall, and thus diminish the quan-
tity of water necessary to supply the lock.” — Arnott.
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.. For this reason, all: vessels which are light in proportion -to their
What is the Dulk require to be ballasted by depositing in the lowest
use of ballast portions of -the vessel, immediately above the keel,.a
invessels?  guantity of heavy matter, usually iron or stone. The
center of gravity/may, thusibe)brought so)jlow that no force of the
wind striking: the vessel sideways can capsize it. By raising the
center of gravity, as when men in a boat stand upright, the equilibrium
is rendered unstable. .
NIRRT A body floating is most stable when it floats upon its
When is a : .
floating body Breatest surface: thus a plank floats with the greatest
inits most  stability when placed flat upon the water; and its posi-
;‘i“"‘; Posi-  tion is unstable when it is made to float edgewise.

on - A solid can never float that is heavier, bulk for bulk,
than the liquid in which it is immersed. . ’

x;:::v;ﬂ 266. A body composed of any material,

thananequal however heavy, can be made to float on

:‘,'l:,:f,:::" any liquid, however light, by giving it

float? such a shape as will render its bulk or vol-
ume lighter than an equal bulk of water.

Iron ships and boats are illustrations of this principle. A chip
carrying a thousand tons’ weight will displace just as much water, or
float to the same depth, whether her cargo be feathers, cotton, or
iron. A ship made of iron floats just as high out of water as a ship
of similar form and size made of wood, provided that the iron be
proportionally thinner than the wood, and therefore not heavier on
the whole.

Practical Problems relating to Specific Gravity.

1. The weight of a solid body is 200 grains, but its weight in water is only 150
grains: what is the specific grayity of the body ?

Solution. — so grains = loss of weight in water; 200 grains (weight in air) <+ so
= 4, specific gravity required.

2. A body weighed in the air 28 pounds, and in water 24 pounds: what is its spe-
cific gravity ?

3. An irregular fragment of stone weighed in air 78 grains, but lost 30 upon being
weighed in water: what was the specific gravity of the stone ? ’

4. A piece of cork weighed in the air 48 grains, and a piece of brass 560 grains:
the brass weighed in water 488 grains, and the brass and cork when tied together
weighed in water 336 grains. What was the specific gravity of the cork ?
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.5, How much more matter is there in a cubic fool of ter .(specific gravity =
1.626) ‘than in a cubic foot of fresh water ? -

6. Would a piece of steel sink, or swim, in melted copper ?

7. If a cubic foot of water weigh x,ooo ounces, what will be the weight of a cubc
foot of lead ?

8, What will be the/ weigtit of |a cubic foot(of cork, in ounces and in pounds ?

9. How many cubic feet in a ton of gold ?

" 10. How many cubic feet in two tons of anthracite coal ?

-r1. How many cubic feet in a ton of cork ?

‘12. A fragment of metal lost five ounces when weighed in water: what were its
dun:nﬂons, supposing a cubic foot of water to weigh 1,000 ouhces ?

Solution.— The loss of weight in water, five ounces, is the weight of a bulk of
water equal to that of the body. As we know the weight of a cubic foot of water, we
can determine the number of cubic inches or feet in any given weight, thus: as 1,000
(the weight of a cubic foot of water in ounces) is to five ounces, so is 1,728 (the num-
ber of cubic inches in ‘a cubic foot) to 8.64 cubic inches, the dimensions of the
fragment.

13. Wishing to ascertain the number of cubic inches in an irregular fragment of
stone, it was weighed in water, and its loss of weight observed™o be 4 25 ounces.
What were its dimensions ?

SECTION 1.
CAPILLARY . ATTRACTION.

267. If we plunge the hand into a vessel of water, and withdraw it,

it is said to be wet; that is, it is covered with a thin Explai

R i .. xplain the
film or coating of water, which adheres to it in oppo- phenomena
sition to the cohesion of the liquid particles. There is observed
therefore an attraction between the particles of the hw:;e;i;he _
water and the hand; which, to a certain extent, is plunged into
stronger than the influence of cohesion between the different
particles of the water. liquids.

If now we plunge the hand into a vessel of quicksilver, no adhesion
of the particles of the mercury to the hand will take place, and the
hand, when withdrawn, will be perfectly dry.

- If we plunge a plate of gold, however, into water and quicksilver,
it will be wet equally by both, and will come out of the quicksilver
covered with a white coating of that liquid.

It is therefore obvious that a certain molecular attraction exists
between certain liquids and certain solids, which does not prevail to
the same extent between others.
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268. That variety of molecular force which mani-

Whatis fests itself between the surfaces of solids
i e ea s . .
attraction?  and liquids is called Capillary Attraction.

This name oftiginates| fromthe C¢ircamstance, that this class of
What is the Phenomena was first observed in small glass tubes, the
origin of the bore of which was not thicker than a hair, and which
term? were hence called capillary tubes, from the Latin word
capillus, which signifies a hair.

269. If a body be placed in a liquid which wets it, as a glass rod

What are in water, the water is elevated against the side of the

cases of solid, as shown in Fig. 1o1. If, on the contrary, the
capillary liquid does not wet the solid, as when we plunge a glass
attraction ?

rod into a vessel filled with mercury, the liquid is de-
pressed near the rod (Fig. 102). The same phenomena are exhibited
against the sides of the vessel containing the liquid. (Figs. 103, 104.)

== .-

FiG. 101. FiG. 1-02, FiG. 103. Fi1G. 104.

270. In a capillary tube, a liquid will ascend above
its general level when it wets the tube, and is de-
pressed below its level when it does not wet it

whenwin  (Figs. 105,
a liquid be 106)

elevated,
and when 271. The
= depressed, in .
E acapillary height to
4 " tube? which any
Fic. 105, FiG. 106, liquid will rise in capil-

lary tubes is in proportion to the smallness of their
Towhatis diameters; but the height varies with the

theelevation liquid used. If we represent the height to

::gigﬂpf; ~ which water is elevated in a tube by 100,
portioned?  that of alcohol will be expressed by 40.8.
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Thus in two tubes, one of which is double the diameter of the other,
the fluid will rise to twice the height in the
small tube that it will in the larger. The
truth of this principle can be made evident
by the following beautiful and simple’‘experi-
ment. Two square pieces of plate-glass, C
and B, Fig. 107, are arranged so that their
surfaces form a minute angle at A. This
position may be easily given them by fast-
ening with wax or cement. When the ends
of the plates are placed in the water, as
shown in the figure, the water rises in the
space between them, forming the curve
which is called an hyperbola. The elevation of the water between
the two surfaces will be the greatest at the points where the dis-
tance between the plates is the least. It will also be noticed that
the liquid between two tubes placed near each other, as in Figs. 105,
106, is acted upon in the same manner as the liquid within the tubes,
but to a less degree.

272. If the surface of a body repels a liquid, such a body, though
heavier, bulk for bulk, than the liquid, may under some H

N ) ow may a
circumstances float upon it; and so present an ap- peedie be
parent exception to the general hydrostatic law by which made to float
solids which are heavier than liquids, bulk for bulk, will “PoR water?
sink in them. An example of this may be shown by slightly greasing
a fine sewing-needle, and then placing it carefully in the direction of
its length upon the surface of water. The needle, although heavier,
bulk for bulk, than water, will float.

The power of certain insects to walk upon the surface of water
without sinking has been explained upon the same principle. The
feet of these insects, like the greased needle, have a capillary repulsion
for the water; and, when they apply them to the surface of water,
instead of sinking in it, they produce depressions upon it.

For a like reason, water will not flow through a fine sieve, the
wires of which have been greased.

273. A liquid will not wet a solid when the force
of adhesion developed between the parti-
cles of the liquid and the surface of the 1‘1’::;: (ail to
solid is less than half the cohesive force ™ **"*’
which exists between the particles of the liquid.

FiG. 107.
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274. Heat, by diminishing the cohesion of the
liquid particles among themselves, favors capillary
action.

Illustrations of capillary attraction are most familiar in the expe-
rience of every-day life. The wick of a lamp or candle
What are lifts the oil or melted grease, which supplies the flame
familiar ) s
illustrations  from a surface often two or three inches below the point
of capillary  of combustion. In a cotton wick, which is the material
attraction ? . :
best adapted for this purpose, the minute, separate
fibers of the cotton themselves are capillary tubes, and the interstices
between the filaments composing the wick ‘are also capillary tubes; in
these the oil ascends. The oil, however, can not be lifted freely
beyond a certain height by capillary attraction: heace, when the sur-
face of the oil is low in the lamp, the flame becomes feeble, or expires.
If the end of a towel, or a mass of cotton thread, be immersed in a
basin of water, and the remainder
allowed to hang over the edge of
the basin, the water will rise through
the pores and interstices of the cloth,
and gradually wet the whole towel.
In this way the basin may be entirely
emptied. A filter for separating
solid particles from a liquid may
be formed on this principle. In the
cup A, Fig. 108, is placed a solu-
tion of acetate of lead. The short
end of a skein of lamp-cotton, pre-
viously wetted with distilled water,
is placed in this cup, while the long
end dips into glass B, which con-
tains dilute sulphuric acid. The
solution of lead passes into it, and
forms with the acid a sulphate of
lead. On connecting B with C by
means of another skein of lamp-
cotton, the clear liquid is drawn into C, leaving in B the solid sul-
phate. The skeins act as siphons.
If sand, a lump of sugar, or a sponge, have moisture beneath and
slightly in contact with it, it will ascend through the pores by the

FiG. 108.
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agency of capillary attraction in opposition to gravity, and the entire
mass will become wet.

The lower story of a house is sometimes damp, because the
moisture of the ground, ascends through the pores of the materials
constituting the 'walls'of' the- building.'-"Wood imbibes moisture by
the capillary attraction of its pores, and expands or swells in conse-
‘quence. This fact has been taken advantage of for splitting stones:
wedges of dry wood are driven into grooves cut in the stone, and, on
being moistened, swell with such irresistible force as to split the block
in a direction regulated by the groove.

A piece of dry Honduras mahogany placed in a saucer containing
a little turpentine is soon found to be wet by the oil at the top, which
may then be set on fire.

An immense weight suspended by a dry rope may be raised a
little way by merely wetting the rope: the moisture imbibed by capil-
lary attraction into the substance of the rope causes it to swell
laterally, and become shorter.

Capillary attraction is also instrumental in supplying trees and plants
with moisture through the agency of the roots and underground fibers.

275. The terms Exosmose and Endosmose are ap-
plied to those currents in contrary direc- What arethe

tions which are established between two p}xenomen-
fluids of a different nature, when they are and endon.

separated from each other by a partition ™°*’
composed of a membrane, or any porous substance.

The name endosmose, derived from a Greek word, signifies going
#n, and is applied to the stronger current; while the name exosmose,
signifying going out, is applied to the weaker current.

The phenomena of end. se and exo , which are undoubtedly
dependent on capillary attraction, may be illustrated by the following
simple experiment: If we take a small bladder, or any other mem-
branous substance, and having fastened it on a tube open at both ends,
as is represented in Fig. 109, fill the bladder with alcohol, and immerse
it, connected with the tube, in a basin of water, to such an extent that
the top of the bladder filled with alcohol corresponds with the level
of the water in the vessel, in a short time it will be observed that the
liquid is rising in the tube connected with the bladder, and will ulti-
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mately reach the top, and flow over. This rising of the alcohol in the
tube is evidently due to the circumstance that the water permeates
through the bladder with a certain
degree of force, producing the phe-
nomeénon.which we call endosmose,
“going in ;" the effect being to ele-
vate the alcohol to a considerable’
height in the tube. At the same
time a certain quantity of the alcohol
has passed out through the pores
of the bladder, and mixed with the
water in the external vessel. This
outward passage of the alcohol we
call exosmose, “going out” A less
quantity of the alcohol will pass out
of the bladder in a given time, to
mingle with the water, than of the
water will pass in; and consequent-
ly the bladder containing the alcohol,
having more liquid in it than at first,
becomes strained, and presses the
liquid up in the tube.

If we have a box divided by a
partition of porous clay, or any other
substance of like nature, and place
a quantity of syrup on one side, and
water on the other, or any other two liquids of different densities
which freely mix with one another, currents will be established
between the two in opposite directions through the porous partition,
until both are thoroughly mingled with each other.

F1G. 109,

276. If a liquid is placed in contact with a surface
of the body, divested of its epidermis, or outer skin,
or in contact with a mucous membrane, the liquid
will be absorbed into the vessels of the body through
the force of endosmose.

What is dif- 277. If mercury and water be brought
fusion ? together in the same vessel they will not
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combine, but remain separate. In the case of alco-
hol and water, the two liquids gradually intermix.
This latter operation is called diffusion.

Diffusion occurs in both liquids and gases, but is a more essential
property of gases. A gas is believed to consist of solid wwhat is the
and perfectly elastic particles or atoms, which move in theory of
all directions, and with different degrees of velocities in diffusion?
different gases. When confined in a vessel, the particles are con-
stantly beating against the sides of the containing vessel and against
each other; but they lose no part of their motion, because they are
perfectly elastic. If the sides of the vessel be porous, the gas passes
through the pores, and escapes. At the same time the external air
or gas passes inwards, and takes the place of that which leaves the
vessel.

Practical Questions and Problems in Hydrostatics.

1. Why are stones, gravel, and sand so easily moved by waves and currents ?

Because the moving water has only to overcome about half the
weight of the stone.

2. Why can a stone which on land requires the strength of two men to lift it, be
lifted and carried in water by one man ?

Because the water holds up the stone with a force equal to the
weight of the volume of water it displaces.

3. Why does cream rise upon milk ?

Because it is composed of particles of oily or fatty matter, which
are lighter than the watery particles of the milk.

4. How are fishes able to ascend and descend quickly in water ?

They are capable of changing their bulk by the voluntary disten-
sion or contraction of a membranous bag, or air-bladder, included in
their organization. When this bladder is distended, the fish increases
in size, and being of less specific gravity, i.e., lighter, it rises with
facility : when the bladder is contracted, the size of the fish dimin-
ishes, and its tendency to sink is increased.

5. Why does the body of a drowned person generally rise, and float upon the sur-
face, several days after death ?

Because, from the accumulation of gas within the body (caused
by incipient putrefaction), the body becomes specifically lighter than
water, and rises, and floats upon the surface.
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6. How are life-boats prevented from sinking ?

They contain in their sides air-tight cells, or boxes, filled with air,
which by their buoyancy prevent the boat from sinking, even while it
is filled with water.

7. Why does blotting-paper jabsorb.ink ?

The ink is drawn up between the minute fibers of the paper by
capillary attraction.

8. Why will not writing, or sized, paper, absorb ink ?

Because the sizing, being a species of glue into which writing-
papers are dipped, fills up the little interstices, or spaces, between the
fibers, and in this way prevents all capillary attraction.

9. Why is vegetation on the margin of a stream of water more luxuriant than in
an open field ?

Because the porous earth on the bank draws up water to the roots
of the plants by capillary attraction. '

10. Why do persons who water plants in pots frequently pour the water into the
saucer in which the pot rests, and not over the plants ?

Because the water in the saucer is drawn up by capillary attraction
through the little interstices of the mold with which the pot is filled,
and is thus presented to the roots of the plant.

11. Why does dry wood, immersed in water, swell ?

Because the water enters the pores of wood by capillary attraction,
and forces the particles farther apart from each other.

12. Why will water, ink, or oil, coming in contact with the edge of a book, soak
farther in than if spilled upon the sides ?

Because the space between the leaves acts in the same manner as a
small capillary tube would, — attracts the fluid, and causes it to pene-
trate far inward. The fluid penetrates with more difficulty upon the
side of the leaf, because the pores in the paper are irregular, and not
continuous from leaf to leaf.

13. In a hydrostatic press, the area of the base of the piston in the force-pump is
one square inch, and the area of the base of the piston in the large cylinder is fourteen
square inches: what will be the force exerted, supposing a power of eight hundred
pounds applied to the piston of the force-pump ?

14. A flood-gate is five feet in breadth, and sixteen feet in depth: what will be the
pressure of water upon it in pounds ?

15. What pressure will a vessel, having a superficial area of three feet, sustain
when lowered into the sea to the depth of five hundred feet ?

16. What pressure is exerted upon the body of a diver at the depth of sixty feet,
supposing the superficial area of his body to be two and a half square yards ?

17. What will be the pressure upon a dam, the area of the side of which is one
hundred and fifty superficial feet, and the height of the side fifteen feet, the water rising
even with the top ?




CHAPTER VIIL
HYDRAULICS.

27?. Hyd{'au/lcs is that department of . .-
physical science which treats of the laws seience of
and phenomena of liquids in motion.* ydraulics

Hydraulics considers the flow of liquids in pipes, through orifices
in the sides of reservoirs, in rivers, canals, &c., and the construction
and operation of all machines and engines which are concerned in the
motion of liquids.

279. When an opening is made in a Upon what
. o o . . . o . d th
reservoir containing a liquid, it will jet yeocity of

out with a velocity proportioned to the erne

depth of the aperture below the surface.  depend?

Supposing the surface of water in a vessel, D, Fig. 110, to be kept
at a constant height by the water flowing into
it, and that the water flows out through open-
ings in the side of precisely the same size:
then a quart-measure would be filled from the
jet issuing from B as soon as a pint-measure
from the upper opening, A.

As the flow of liquids is in consequence of
the attraction of gravity, and as the pressure of |
a liquid is equal in all directions, we have the

following principle established : — Fic. 1o,

* From (0wp (hudor), water, and abdos (aulos), a pipe.
151
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280. The velocity which the particles of a liquid

Whatisthe acquire when issuing from an orifice,

locity of .
Yawd Sow.  whether sideways, upward, or downward,

ingfroma js \equal |tolthatcwhich) they would have

reservoir
equalto?  acquired in falling perpendicularly through

a space equal to the depth of the aperture below the
surface of the liquid.

Thus, if an aperture be made in the bottom or side of a vessel
containing water, sixteen feet below the surface, the velocity with
which the water will jet out will be thirty-two feet per second; for this
is the velocity which a body acquires in falling through a space of
sixteen feet.

As the velocity acquired by a falling body is as the square root of
the space through which it falls, the velocity with which water will
issue from an aperture may be calculated by the following rule : —

How may 281. The velocity with which water

the velocity .
ofaliquia  Spouts out from any aperture in a vessel

flowing from s as the square root of the depth of the

calculated? gperture below the surface of the water.

The water must therefore flow with ten times greater velocity from
an opening one hundred inches below the level of the liquid, than
from a depth of only one inch below the same level.

282. The theoretical law for determining the guantity

m::&:“ of water discharged from an orifice is as follows : —
oierther The quantity of water discharged from

quantity of H H
e an orifice in each second may be calculated

sharged from by multiplying the velocity by the area of
aner the aperture.

The above rules for calculating the velocity and quantity of water
flowing from orifices are not found strictly to hold good in practice.
The friction of water against the sides of vessels, pipes, and apertures,
and the formation of what is called the “contracted vein,” tend very
much to diminish the motion and discharge of water. -
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When water flows through a circular aperture in a vessel, the
diameter of the Issuing stream is con- What is the
tracted, and attains its smallest dimen- « coniracted
sions at a distance from the orifice equal yein’ in a
to the diameter of 'the ‘orifice itself. ~ The -current of

. . . . . water ?
section of the jet at this point, Fig. 111,

s s/, will be about two-thirds of the magnitude of the
orifice. This point of greatest contraction is called the
vena contracta, or contracted vein.

This phenomenon arises from the circumstance that a liquid con-
tained in a vessel rushes from all sides toward an orifice, What is
so as to form a system of converging currents. These, the cause
issuing out in oblique directions, cause the shape of the of this phe-
stream to change from the cylindrical form, and contract 2omenon?
it in the manner described.

By the attachment of suitable tubes to the aperture, the effect of
the contracted vein may be avoided, and the quantity of How ma
flowing water be very greatly increased. A short pipe 4. emcty of
will discharge one-half more water in the same time the con-
than a simple orifice of the same dimensions. The tracted vein
tube, however, must be entirely without the vessel, as at be avoided ?
B, Fig. 112; for if con-

tinued inside, as at A, 8
the quantity of liquid A c D
discharged will be dimin-

ished instead of aug-
mented.

The rapidity of the discharge of the water will also depend much
on the figure of the tube, and that of the bottom of the vessel; since
more water will flow through a conical or bell-shaped tube, as at C,
Fig. 112, than through a cylindrical tube. A still further advantage
may be gained by having the bottom of the vessel rounded, as at D,
and the tube bell-shaped.

An inch tube of two hundred feet in length, placed horizontally,
will discharge only one-fourth as much water as a tube of the same
dimensions an inch in length; hence, in all cases where it is proposed
to convey water to a distance in pipes, there will be a great disappoint-
ment in respect to the quantity actually delivered, unless the engineer
takes into account the friction, and the turnings of the pipes, and
makes large allowances for these circumstances. If the quantity to

FiG, 111,

FiG. 112,
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be actually delivered ought to fill a two-inch pipe, one of three inches
will not be too great ‘an allowance, if the water is to be conveyed to
any considerable distance.

In practice it will be found that a pipe of two inches in diameter,
one hundred feet/fohg/\will dischargé)about ffive times as much water
as one of one inch in diameter, of the same length, and under the same
pressure. This difference is accounted for by supposing that both
tubes retard the motion of the fluid, by friction, at equal distances
from their inner surfaces, and consequently the effect of this cause is
much greater in proportion in the small tube than in the large one.

As the velocity with which a stream issues depends upon the

height of the column of fluid, it fol-
lows that when a liquid flows from a
reservoir which is not replenished,
but the level of which constantly de-
scends, its velocity will be uniformly
retarded. The following principle
has been established : —

283. If a vessel be filled
whatwill be With a liquid, and

thedifference 3
in the flow of 3llowed to dis-

aliquidwhen charge itself, the
the vessel is

kept full, and quantity issuing
when it is . .

allowedto  irom an orifice in
empty itself? 3 oiven time will
be just one-half what would
be discharged from the same
orifice in the same time if
the vessel was kept con-

stantly full.

Before the invention of clocks and
watches, the flow of water through
small orifices was applied by the an-
cients for the measurement of time,
and an arrangement for this purpose was called a C/epsydra, or water-
clock. One form of this instrument, shown in Fig. 113, consists of a

FiG. 113,
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cylindrical vessel filled with water, and furnished with an orifice which
would‘dlschargfz the whole water into a reservoir at the What is the

base in a period of twelve hours. The two figures principie and
which appear on the base are supported on a float, rest- construction

ing on the surface/\of/thel watev)ii thé|resérvoir, and z:og"‘?w“"’
rising with it. One of the figures holds a wand, which

points to a divided scale upon the column; and, as the figure is raised
with the float, the wand points to the successive hour-lines.

284. The force of currents, whether in pipes,
canals, or rivers, is more or less resisted, How isthe

and their velocity retarded, by the friction volocity of

which takes place between those surfaces Pipesand
nvers

of the liquid and the solid which are in retarded?
contact.

This explains a fact which may be observed in all Aft what part
. : : of astream is
rivers, — that the velocity of a stream is alway's greater . velocity
at the center than near the bank, and the velocity at the greatest ?

surface is greater than the velocity at the bottom.

285. If a given quantity of liquid must pass
through pipes or channels of unequal 1, channer -

section in the same time, its velocity will of uncqual
section, how

increase as the transverse section dimin- will the

. e . velocity of a
ishes, and diminish as the area of the curentbe

- . ?
section increases. affected

This fact is familiar to every one who observes the course of
brooks or rivers: wherever the bed contracts, the current becomes
rapid, and on the contrary, if it widens, the stream becomes more
sluggish.

286. A very slight declivity is sufficient to give W:;:;iil:l?::;f
motion to running water. Three inches to a mile in a ;:ie ntto give
smooth, straight channel, gives a velocity of about three motion to
miles per hour. The velocity of rivers is extremely running
variable; the slower class moving from two to three water?
miles per hour, or three or four feet per second, and the more rapid
as much as six feet per second.
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287. When one portion of a liquid is disturbed,
H the disturbance (in consequence of the
Oow are

waves upon freedom with which the particles of a
e faces liquid 'move’‘upon 'each other) is commu-

formed?  picated to all the other portions, and a
wave is formed. This wave propagates itself into
the unmoved spaces adjoining, continually enlar-
ging as it goes, and forming a series of undula-
tions.

288. Ordinary sea-waves are.caused by the wind
Whatisthe PrEssing unequally upon the surface of
origin of sea- the water, depressing one part more than
waves? another: every depression causes a cor-
responding elevation. ‘ ‘

When the water is of sufficient depth, waves have only a vertical
motion, i.e., up and down. Any floating body, as a
ﬁ:'c:h;'t‘:: buoy, floating on a wave, is merely elevated and de-
wave actu-  pressed alternately: it does not otherwise change its
ally advance, place. The apparent advance of waves in deep water
e isitsta- i an ocular deception: the same as when a cork-
onary ? . .

screw is turned round, the thread, or spiral, appears

to move forward.

Corresponding parts of the waves are called /ike pkases. The dis-
tance between like phases, or from crest to crest, or depression to
depression, is called an entire phase, or a wave-length.

289. When two systems of waves, coming from different centers,
meet, some curious effects are produced. If like phases
in both systems coincide, or if the crests of one system
coincide with the crests in the other, the resulting wave
will be equal to the sum of the two originals. But, if the crest of one
system coincides with the depression of the other, the new wave will
be equal to the difference of the two originals. Hence, as like or
unlike phases coincide, the waves will be strengthened, lessened, or
even obliterated. This phenomenon is called the interference of waves.
The principle involved will be employed in discussing sound and

light.

What is
interference ?
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290. A wave is a form, not a thing: the form advances, but not the

substance of the wave. When, however, a rock rises

. Why do
to the surface, or the shore by its shallowness prevents . oo
or retards the oscillations of the water, the waves form- always break
ing in deep water/are/not 'balanced: by the 'shorter undu- 2gainst the
lations in shoal-water, and they consequently move shore?
forward, and form breakers. Thus it is that waves always break
against the shore, no matter in what direction the wind blows.

When the shore runs out very shallow for a great distance, the
breakers are distinguished by the name of surf.

On the Atlantic, during a storm, the waves have been observed to
rise to a height of about forty-three feet above the hollow occupied by
a ship, the total distance between the crests of two large waves being
five hundred and fifty-nine feet, which distance was passed by the
wave in about seventeen seconds of time.

291. The resistance which a liquid op- How does

. . ., the resist-
poses to a solid body moving through it ance of &
. . liquid to a
varies with the form of the body. sciid moving
The resistance which a plane surface meets with 9:;“,"' it

while it moves in a liquid, in a direction perpendicular
to its plane, is, in general, proportioned to the square of its velocity.

If the surface of a solid moved against a liquid be presented
obliquely with respect to the direction of its motion,
instead of perpendicularly, the resistance will be modi- :"h‘t‘d"“'

o e . .. . age has an
fied and diminished; the quantity of liquid displaced gplique sur-
will be less; and the surface, acting as a wedge, or in- face in mov-
clined plane, will possess a mechanical advantage, since iD§ against
p . s eq s o ea a liquid ?

i displacing the liquid it pushes it aside, instead of
driving it forward.

The determination of the particular form which should be given to
a mass of matter, in order that it may move through a liquid with the
least resistance, is a problem of great complexity and celebrity in the
history of mathematics, inasmuch as it is connected with nearly all
improvements in navigation and naval architecture. The principles
involved in this problem require that the length of a vessel should
coincide with the direction of the motion imparted to it; and they also
determine the shape of the prow and of the surfaces beneath the
water. Boats which navigate still waters, and are not intended to
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carry a great amount of freight, are so constructed that the part
of the bottom immersed moves against the liquid at a very oblique
angle.

Vessels built for speed should have the greatest possible length,
with merely the'breadth'necessary'to’stow the requisite cargo.

The form and structure of the bodies of fishes in general are such
as to enable them to move through the water with the least resist-
ance. _

292. In the paddles of steamboats, that one is only completely

effectual in propelling the vessel which is vertical in the
When are .
the paddles  WAater, because upon that one alone does the resistance
of asteam-  of the water act at right angles, or to the best advan-
boat most tage. In the propulsion of steamboats it is found that
effective? paddle-wheels of a given diameter act with the greatest
effect when their immersion does not exceed the width, or depth, of
the lowest paddle-board ; their effect also increases with the diameter
of the wheel.

The amount of power lost by the use of the paddle-wheel as a
Isthepaddle- Means of propelling vessels is very great, since, in addi-
wheel an ad- tion to the fact that only the paddle which is vertical in
vantageous  the water is fully effective, the series of paddles in de-
method of o e .
applying scending into the water are obliged to exert a downward
power for pressure, which is not available for propulsion, and, in
propelling ascending, to lift a considerable weight of water that
vessels? opposes the ascent, and adheres to the paddles. The
rolling of the vessel, also, renders it impossible to maintain the paddles
at the requisite degree of immersion necessary to give them their
greatest efficiency; one wheel on one side being occasionally immersed
too deeply, while the other wheel, on the other side, may be lifted
entirely out of water.

293. To remedy in some degree these causes of inefficiency and
Describe the  “ASt® the subx'nerged propelling-wheel, known as the
construction S¢rew-propeller, is employed. The screw-propeller con-
and action of sists of a wheel resembling in its form the threads of a
the screw-  screw, and rotating on an axle. It is placed in the
propeller. stern of the vessel, below the water-line, immediately in
front of the rudder. Fig. 114 represents one form of the screw-
propeller, and its location in reference to the other parts of the
vessel.

The manner in which the screw-propeller acts in impelling the
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vessel forward may be understood by supposing the wheel to be an
ordinary screw, and the water surrounding it a solid substance. By
turning the screw in one direction or the other, it would move through
‘the water, carrying the vessel with it, and the space through which it

would move in each
revolution would be
equal to the distance
between two contigu-
ous threads of the
screw. In fact, the
water would act as a
fixed nut, in which
the screw would turn.
But the water, al-
though not fixed in
its position, as a solid
nut, yet offers a con-

. . FiG. 114.
siderable resistance

to the motion of the screw-wheel; and as the wheel turns, driving
the water backward, the re-action of the water gives a propulsion to

the vessel in a contrary direction, or forward.

The great advantage of the screw-propeller is, that
its action on the water will be the same, no matter to
what degree it may be immersed in it, or how the
position of the vessel on the surface of the water may
be changed.

294. The application of the force of water in motion

What is the
great advan-
tage of the
screw-pro-
peller over
the paddle-
wheel ?

for impelling machinery is most extensive and familiar. The simplest

method of applying this force as a mechanical agent is
by means of wheels, which are caused to revolve by the
weight, or pressure, of the water applied to their cir-
cumferences. These wheels are mounted upon shafts,
or axles, which are in turn connected with the machinery
to which motion is to be imparted.

295. The water-wheels at present most
generally used may be divided into four
classes, — the Undershot, the Overshot, the
Breast-Wheel, and the Turbine Wheel. -

What is the
simplest
method of
using water
as a motive
power ?

Into how
many classes
are water-
wheels
divided ?
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296. The undershot wheel consists of a wheel, on the circumference
De of which are fixed a number of flat boards called “ floas-

scribe the . :
construction 00ards,” at equal distances from each other. It is
of an under- placed in such a position that its lower floats are im-
shot wheel.  yerded\inl 2 Tunhing ét¥éam,land is set in motion by the
impact of the water on the boards as they successively dip into it. A
wheel of this kind will revolve in any
stream which furnishes a current of
sufficient power. Fig. 115 represents
the construction of the undershot
wheel.

This form of wheel is usually placed
in a “race-way,” or narrow passage,
in such a manner as to receive the
full force of a current issuing from
the bottom of a dam, and striking
against the float-boards. And it is im-
portant to remember that the moving
power ic the same, whether water falls downward from the top of a
dam to a lower level, or whether it issues from an opening made
directly at the lower level. This will be obvious, if it is considered
that the force with which water issues from an opening made at any
point in the dam will be equal to that which it would acquire in falling
from the surface or level of the water in the dam down to the same point.
What pro- The undershot wheel is a most disadvantageous
P°"'i°“,°f| method of applying the power of water, not more than
g;‘::: ::ndz:f twenty-five per cent of the moving power of the water
shot wheel?  being rendered available by it.

297. Inthe overshot wheel, the water is received into cavities or cells,
called “buckets,” formed in the circum- =z
Describe the  ference of the whee]z and
construction SO shaped as to retain a~
of the over-  much of the water as pos-
shot wheel-  gible, until they arrive at
the lowest part of the wheel, where they
empty themselves. The buckets then
ascend empty on the other side of the —~=-zmws
wheel, to be filled as before. The )
wheel is moved by the weight of the
water contained in the buckets on the descending side. Fig. 116 rep-
resents an overshot wheel.

Fic. 116,
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The overshot wheel is one of the most effective What pro-
varieties of water-wheels, and receives its name from portion of the
the circumstance that the water shoots over it. It ::x,':‘i'
requires a fall in the stream, rather higher than its own utilized by
diameter. Wheels\of\this! kind, when|well'lconstructed, the overshot
utilize nearly three-fourths of the moving force of the wheel?
water.

298. The breast-wheel may be considered as a variety intermediate
between the overshot p .. .o
and the undershot construction
wheels. In this the of the breast-
water, instead of falling wheel.
on the wheel from above, or passing
entirely beneath it, is delivered just
below the level of the axis. The race-
way, or passage for the water to de-
scend upon the side of the wheel, is
built in a circular form, to fit the cir-
cumference of the wheel; and the Fic. 117.
water thus inclosed acts partially by
its weight, and partially by its impulse or momentum. Fig. 117 repre-
sents a breast-wheel, with its circular race-way.

The breast-wheel, when well constructed, will utilize about sixty-five
per cent of the moving power of the water. It is more efficient than
the undershot wheel, but less than the overshot. It is therefore only
used where the fall happens to be particularly adapted for it.

299. The fourth class of water-wheels, the *turbine,” or “tour-
bine,” is a wheel of modern invention, and is the most powerful and
economical of all water-engines.

The principles of the construction and action of the turbine wheel
may be best l.mderstood by a previous 'examination of Describe the
the construction of another water-engine known as construction
“Barker’s mill.” (See Fig. 118.) This consists of an of Barker's
upright tube or cylinder, furnished with a smaller cross- ™ill-
tube at the bottom, and enlarged into a funnel at the top. The whole
cylinder is so supported upon pivots at the top and bottom, that it
revolves freely about a vertical axis. It is evident, if there are no
openings in the ends of the cross-tubes, and the whole is filled with
water, that the entire arrangement will be simply that of a close vessel
filled with water, without any tendency to motion. If, however, the
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ends of the arms, or cross-tube, have openings on the sides, opposite
_to one another, as is represented in the figure, the sides of the tube on

Fic. 8.

which the openings are will
be relieved from the pressure
ofithe column of water in the
upright tube by the water
flowing out, while the press-
ure on the sides opposite to
them, which have no open-
ings, will remain the same.
The machine, therefore, will
revolve in the direction of
the greater pressure; that
is, in a direction contrary to
that of the jets of water.
A supply of water poured
into the funnel-head keeps
the cylinder full, and the
pressure of the column of
water constant.

The action of this ma-
chine may also be explained
according to another view:
The pressure of the column
of water in the upright tube
will cause the water to be
projected in jets from the
openings at the ends of the
arms in opposite directions.
The water discharged 1c-
acts upon the tube, upon the
same principle as the dis-

charge of a gun produces a recoil (*kick back ”), and causes the tube

to revolve upon its vertical axis.

The turbine wheel derives its motion, like the Barker’s mill, from
the action of the pressure of a column of water. Fig.

Describe the
construction

120 shows the outward appearance of the wheel, and

and action of Fig. 119 a section of the wheel and outer casing. Tt
the turbine  (ongists of a fixed horizontal cylinder, A, Fig. 120, in

wheel.

the center of which the water enters from an upright
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tube or cylinder, corresponding in position to the upright cylinder of
a Barker’s mill. The water descending in the tube diverges from the
center in every direction, through curved water-channels, or compart-
ments, A and B, formed in the horizontal cylinder, and escapes at the
circumference. Around . thel fiked Chorizontal cylinder, a horizontal
wheel D, in the form of a ring or circle, is fitted, with its rim formed
into compartments exactly similar to the compartments of the fixed
cylinder, with the exception that their sides curve in an opposite
direction. The water issuing from the guide-curves B strikes against
the curved compartments of the wheel C D, and causes it to revolve.
The wheel, by attachments beneath the fixed cylinder A, is connected
with a shaft which passes up through the fixed and upright cylinder,
and by which motion is imparted to machinery.

FiG. 119. FiG. 120.

The turbinc wheel may be used to advantage with a fall of water of
any height, and will utilize more of tl'ne f?rce of tl}e moving What is the
power than any other wheel, amounting in some instances, efficiency of
as at the cotton-factories at Lowell, Mass., to upward of the turbine
ninety-five per cent of the whole force of the water. wheel ?

300. It may appear strange to those unacquainted with the action
of hydraulic engines, that so much of the power existing Is it possible
in the agent we use for producing motion, as running :°w°::‘:r""““
water, should be lost, amounting in the undershot wheel iy ee1 which
to seventy-five per cent of the whole power. This is will render
due partially to the friction of the water against the the whole

. . e wer
surfaces upon which it flows, and to the friction of the l::nilable?
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wheel which receives the force of the current. Force is also lost by
changing the direction of the water in order to convey it to the ma-
chinery; in the sudden change of velocity which the water undergoes
when it first strikes the wheels; and, more than all, from the fact
that a considerable/amount)|6f (forcéis l€ft lunemployed in the water
which escapes with a greater or less velocity from every variety of
wheel. It may be considered as practically impossible to construct
any form of water-engine which will utilize the whole force of a current
of water.

301. Water, although one of the most abundant substances in
nature, and a universal necessity of life, is not always found in the
location in which it is desirable to use it. Mechanical arrangements,
therefore, adapted to raise water from a lower to a higher level, have
been among the earliest inventions of every country.

302. The application of the lever, in the form of
What were  the old-fashioned well-sweep (still used in
?::.:;',‘fm many parts of this country, and through-

ts f i
mising | out Eastern Asia), of thfe pulley and rope,
water ? and the wheel and axle in the form of the
windlass, were undoubtedly the earliest mechanical

contrivances for raising water. (Fig. 121.)

FiG. 1zt

The screw of Archimedes, invented by the philosopher whose
Describe the Nhame it bears, is a contrivance of great antiquity, for
Archimedes raising water.
screw. This machine, represented in Fig. 122, consists of a
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tube wound in a spiral form about a solid cylinder, A B, which is
made to revolve by turning the
bhandle H. This cylinder is
placed at a certain inclination,
with its lower extremity resting
in the water. As the cylinder
is made to revolve, the end of
the tube dips into the water,
and a certain portion enters the
orificea. By continuing the rev-
olution of the cylinder, the water
flows down a series of inclined
planes, or to the under side of
the tube; and, if the inclination
of the tube be not too great, the
water will finally flow out at the upper orifice into a proper receptacle.

303. The common suction-pump is a later discovery than the screw
of Archimedes, and is supposed to have been invented When wa.

s
by Ctesibius, an Athenian engineer who lived at Alexan- the common
dria, in Egypt, about the middle of the second century pump
before the Christian era.* invented?

304. The chain-pump consists of a tube, or cylinder, the lower part
of which is immersed in a well or r?servoi.r, and fhe Describe the
upper part enters the bottom of a cistern into which construction
the water is to be raised. An endless chain is carried of the chain-
round a wheel at the top, and is furnished at equal dis- P4™P-
tances with flat disks, or plates, which fit tightly in the tube. As the
wheel revolves, they successively enter the tube, and carry the water
up before them, which is discharged into the cistern at the top of the
tube. The machine may be set in motion by a crank attached to the
upper wheel.

Fig. 123 represents the construction and arrangement of the chain-
pump.

The chain-pump will act with its greatest effect when the cylinder
in which the plates and chain move can be placed in an In what situ.
inclined position, instead of vertically. Tt is used gen- ations is this

. e . chain-pump
erally on board of ships and in situations where the generally
height through which the water is to be elevated is not used?

Fia. 122.

* The suction-pump, and other machines for raising water which depend upon the
pressure of the atmosphere, are described under the head of Pneumatics,
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very great, as in cases where the foundations of docks, &c., are to be
drained.
This machine is not, however, used exclusively for raising water.
Its application, in principle, may
be seen in any grist-
For what mill, where it con-
other pur- . R
poses than  Vveys the flour dis-
raising water charged from the
isthechain-  g,h05 to an upper
pump used ? L
part of the building,
where it is bolted. Machines
(dredging) for elevating mud from
the bottom of rivers, and grain-
elevators for lifting grain from ves-
sels into warehouses, are construct-
ed on the same principle.

305. The Hydraulic Ram
Whatisan 1S 2 machine
hydraulic  constructed to
ram? .
raise water by
taking advantage of the
impulse, or momentum, of
a current of water sud-
denly stopped in its course,
— * and made to act in another
Fi. 123. direction.

The simplest construction of the hydraulic ram is represented in
Fig. 124, and its operation is as follows: At the end of

Describe the . . . .

construction & PiPe, B, connected with a spring or reservoir, A,
of the somewhat elevated, from which a supply of water is .de-
:’:’:“"““c rived, is a valve, E, of such weight as just to fall when

the water is quiet or still within the pipe; this pipe is
connected with an air-chamber, D, from which the main pipe ¥ leads;
this air-chamber is provided with a valve opening upward, as shown
in the cut. Suppose now, the water being still within the tube, the
valve E to open by its own weight: immediately the stream begins to
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run, and the water flowing through B soon acquires a momentum, or
force, sufficient to raise the
valve E up against its seat.
The water, being thus sud-
denly arrested in'its'passage,
would by its momentum
burst the pipe, were it not
for the other valve in the
air-chamber D, which is
pressed upward, and allows
the water to escape into the
air-chamber I).  The air
contained in the chamber D
is condensed by the sudden influx of the water, but, immediately re-
acting by means of its elasticity, forces a portion of the water up into
the tube F.

As soon as the water in the pipe B is brought to a state of rest,

F1G. 124.

FiG. 12s.

the valve of the air-chamber closes, and the valve E falls down, or
opens: again the stream commences running, and soon acquires
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sufficient force to shut the valve E; a new portion is then, by the
momentum of the stream, urged into the air-chamber and up the pipe
F; and, by a continuance of this action, water will be continually
elevated in the pipe F.

Fig. 125 represents,a jmore-improved construction of the ram, in
which by the use of two air-chambers, C and F, the force of the ma-
chine is greatly increased. A represents the main pipe, B the valve
from whence the water escapes, G the pipe in which it is elevated.

As this machine produces a kind of intermitting motion from the
alternate flux and reflux of the stream, accompanied with a noise
arising from the shock, its action has been compared to the butting of
a ram; and hence the name of the machine.

It will be seen from these details, that a very insignificant pressing
column of water, running in the supply-pipe, is capable of forcing a
stream of water to a very great height, so that a sufficient fall of water
may be obtained in any running brook, by damming up its upper end
to produce a reservoir, and then carrying the pipe down the channel of
the stream until a sufficient fall is obtained. A considerable length of
descending pipe is desirable to insure the action of the stream: other-
wise the water, instead of entering the air-vessel, may be thrown back,
when the valve is closed, into the reservoir.




CHAPTER IX
PNEUMATICS.

306. Pneumatics is that department of physical
science which treats of the motion and , .-
pressure of air,* and other aériform or scienceof
gaseous substances. pacumatics ?

307. The atmosphere is a thin, transparent fluid,
or aériform substance, surrounding the wnatis the
earth to a considerable height above its atmosphere?
surface, and which by its peculiar constitution sup-
ports and nourishes all forms of animal or vegetable
life.

*A pheric air is posed of oxygen and nitrogen mixed together in the
proportion of seventy-seven parts of nitrogen and twenty-three of.oxygen, or about
three-fourths nitrogen to one-fourth oxygen. These two gases existing in the atmos-
phere are not chemically combined with each other, but merely mixed.

Beside these two ingredients there are always in the air, at all places, carbonic acid
gas and watery vapor, in variable proportions, and sometimes also the odoriferous matter
of fl , and other volatile sub

The air in all regions of the earth, and at all elevations, never varies in composi-
tion, so far as regards the proportions of oxygen and nitrogen which it contains, no
matter whether it be collected on the top of high ins, over hes, or over
deserts.

It is a wonderful principle, or law of nature, that when two gases of different
weights, or specific gravities, arc mixed together, they can not remain separate, as
fluids of different densities do, but diffuse themselves uniformly throughout the whole
spaoe which both occupy. It is therefore by this law, that a vapor, arising by its own

icity from a volatil is d to extend its influence, and mingle with
the surrounding atmosphere, until its effects become so enfeebled by dilution as to be
imperceptible to the senses. Thus we are enabled to enjoy and perceive at a distance
the odor of a flower-garden, or a perfi wh.whhubeenexposedmmapartment.

169
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The atmosphere is not, as is generally regarded, invisible. When

Is the seen through a great extent, as when we look upward
atmosphere  in the sky on a clear day, the vault appears of an azure,
visible ? or deep-blue color.  Distant mountains also appear

blue. In both these instances the color'is' due to the great mass of
air through which we direct our vision.

The reason that we do not observe this color in a small quantity of

air is, that the portion of colored light reflected to the
Why does .. e . N
notasmall €Ye by a limited quantity is insufficient to produce the
quantity of  requisite sensation upon the eye, and in this way excite
airexhibit iy the mind a perception of the color. Almost all
color? slightly transparent bodies are examples of this fact.

If a glass tube of small bore be filled with sherry wine, or wine
of a similar color, and looked at through the tube, it will be found to
have all the appearance of water, and be colorless. If viewed from
above, downward, in the direction of its length, it will be found to
possess its original color. In the first instance, there can be no doubt
that the wine has the same color as the liquid of which it originally
formed a part; but, in the case of small quantities, the color is trans-
mitted to the eye so faintly as to be inadequate to produce perception.
For the same reason, the great mass of the ocean appears green, while
a small quantity of the same water contained in a glass is perfectly
colorless.

Does airpos. 308 Air, in common with other mate-

sessallthe  ria] substances, possesses all the essential
essential

qualitiesof  qualities of matter, as impenetrability, in-
matter ? : .
ertia, and weight.

309. The impenetrability of air may be shown by taking a hollow
What are vessel, as a glass tumbler, and immersing it in water
proofs of the With its mouth downward: it will be found that the
impenetra-  water will not fill the tumbler. If a cork is placed upon
bility of air? po water under the mouth of the tumbler, it will be
seen, that, as the tumbler is pressed down, the air in it will depress the
surface of the water on which the cork floats. The diving-bell is con-
structed on the same principle.

310. The inertia of the air is shown by the resistance which it
What are opposes to the motion of a body passing through it.
proofs of the Thus, if we open an umbrella, and endeavor to carry it
inertinof air? rapidly with the concave side forward, a consideralfe
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force will be required to overcome the resistance it encounters. A
bird could not fly in a space devoid of air, even if it could exist with-
out respiration, since it is the inertia, or resistance of the particles of
the atmosphere to the beating of| the wings, which enables it to rise.
The wings of birds ‘are larger, in proportion to their bodies, than the
fins of fishes, because the fluid on which they act is less dense, and
has proportionally less inertia, than the water upon which the fins of
fishes act.

311. Air is highly compressible and Towhat

. extent is air
perfectly elastic. compressi-
ble?
By these two qualities air and all other gaseous sub-

stances are particularly distinguished from liquids, which resist com-
pression, and possess but a small degree of elasticity. Illustrations of
the compressibility of air are most familiar. A quantity of air con-
tained in a bladder or India-rubber bag may be easily forced by the
pressure of the hand to occupy less space. There is, indeed, no
theoretical limit to the compression of air; for, with every additional
degree of force, an additional degree of compression may be obtained.

The elasticity or expansibility of air also manifests Doe:

. . . . . . s air
itself in an unlimited degree. Air can not be said to pogsess any
have any original size or volume, for it always strives constant size
to occupy a larger space. or volume?

When a part of the air inclosed in any vessel is withdrawn, that
which remains, expanding by its elastic property, always What are
fills the dimensions of the vessel as completely as before. 3.4¢rations
If nine-tenths were withdrawn, the remaining one-tenth of the expan-
would occupy the same space that the whole did for- sibility of
merly. air?

This tendency of air to occupy a larger space, or, in other words, to
increase its volume, causes it, when confined in a vessel, to continually
press against the inner surface. If no corresponding pressure acts
from the outer surface, the air will burst it, unless the vessel is of con-
siderable strength. This fact may be shown by the experiment of
placing a bladder partially filled with air beneath the receiver of an
air-pump, and by exhausting the air in the receiver the pressure of the
external air upon the outer surface of the bladder is removed. The
elasticity of the air contained in the bladder, being then unresisted by
any external pressure, will dilate the bladder to its fullest extent, and
oftentimes burst it.
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Has air 312. Air, as well as all other gases and
weight ? vapors, possesses weight.

The weight of air may be shown by first weighing a suitable vessel
filled with air; \then'\exhausting| thé)ait from it by means of an air-
pump, and weighing again. The difference between the two weights
will be the weight of the air contained in the vessel.

The weight of one hundred cubic inches of air is about thirty-one
grains.

The question, therefore, naturally occurs in this connection, viz., If
What limits 2If €xpands unlimitedly when unrestricted.. why ‘does
the atmos-  NOt our atmosphere leave the earth, and diffuse itself
phere to the  throughout space indefinitely > This it would do, were
carth? it not for the action of gravitation. The particles of
air, it must be remembered, possess weight, and by gravity are attracted
toward the center of the earth. This tendency of gravity to condense
the air upon the earth’s surface is opposed by the mutual repulsion
existing between the particles of air. These two forces counterbalance
each other: the atmosphere will therefore expand; that is, its particles
will separate from one another, until the repulsive force is diminished
to such an extent as to render it equal to the weight of the particles,
or, what is the same thing, to the force of the attraction of gravitation,
when no further expansion can take place. We may therefore con-
ceive the particles of air at the upper surface of the atmosphere rest-
ing in equilibrium, under the influence of two opposite forces; viz.,
their own weight, tending to carry them downward, and the mutual
repulsion of the particles, which constitutes the elasticity of air, tend-
ing to drive them upward.

313. The density of the air, or the quantity con-
| whattaw tained in a given bulk, or unit

regulates the 5
densityof the Of volume, decreases with the

atmosphere? altitude, or height above the

surface of the earth.

This is owing to the diminished pressure of the
air, and the decreasing force of gravity. Those por-
tions directly incumbent upon the earth are most

—— dense, because they hear the weight of the superin-
Fic. 126, cumbent portions. (See Fig. 126.) This idea may
be conveyed by the gradual shading of the figure, which indicates the
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gradual diminution in the density of the atmosphere in proportion to
its altitude.

314. Airis said to be rarefied when it Whenis air

is caused to expand,jand,joccupy-a greater rarefied?
space.

Generally, when we speak of rarefied air, we mean air that is ex-
panded to a greater degree, or is thinner, than the air at the immediate
surface of the earth.

315. The great law governing the compressibility of air, which is
known from its discoverer as “Mariotte’s law,” may be stated as
follows: —

The volume of space which air occupies What s
Mariotte's

is inversely as the pressure upon it. law ?

If the compressing force be doubled, the air which is compressed
will occupy one-half of the space: if the compressing force be in-
creased in a threefold proportion, it will occupy one-third the space;
if fourfold, one-fourth the space, and so on.

The relation between the compressibility of air, and its elasticity
and density, also obeys a certain law, which may thus be expressed : —

316. The density and elasticity of air wpat rela-
are directly as the force of compression.  tion exists
between the

This relation is clearly exhibited by the following g‘;’;:z‘;:':;’

table : — ] and its elas-
With the same amount of air, occupying the space of ticity and

Lhbb i T%‘m density ?

the elasticity and density will be 1, 2, 3, 4, 5, 6, 100.

7
FiG. 127.

Hence, by compressing air into a very small space, by means of a

proper apparatus, we can increase its elastic force to w
. . hat are

such an extent as to apply it for the production of very jjustrations
powerful effects. The well-known toy, the pop-gun, is of the elastic
an example of the application of this power. The space force of air?
A of a hollow cylinder, Fig. 127, is inclosed by the stopper p, at one
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end, and- by the end of the rod S at the other end. This rod being
pushed farther into the cylinder, the air contained in the space A is
compressed until its elastic force becomes so great as to drive out the
stopper p at the other end of the cylinder with great force, accom-
panied with a report/\/The airgun(is)/donstructed and operated on a

similar principle.

317. The laws of Mariotte may be illustrated and proved by the

. Fic. 128,

'rove and follawmg
lustrate the €XPer-
wws of ment:

Tariotte. Let A B,
ig. 128, be a long,
ent glass tube, open
¢ its longer extremity
nd closed at the
orter. If the shorter
1d be also open so as
) allow free commu-
ication with the air,
ud a quantity of mer-
iry be poured into
1e tube, the surfaces

the mercury will
and at the same level
¢ both legs of the
ibe, and will both sus-
in the weight of a
slumn of air reaching
om the surface of the
ercury to the top of
e atmosphere. If,
ith the mercury in
this condition,
the opening at
the shorter end
of the tube be
closed, the ef-
fect of the

R

weight of the whole atmosphere above that point is cut off, so that the
surface in the shorter tube can sustain no pressure arising from the

N
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weight of the atmosphere.  Still the level of the mercury in both legs
of the tube remains the same, because the elasticity of the air inclosed
in B C is precisely equal, and sufficient to balance the weight of the
“whole column of atmosphere pressing upon the surface A. If this
were not the casé\or/if\/thére[wére n0)air i 1B C, then the weight of
the atmosphere, pressing upon the surface A of the mercury, would
force it up into the space B C. 7he clasticity of air is ther¢fore
directly proportionate to the force, or compression, exerted upon it.

It is evident that the pressure exerted upon the surface A, Fig. 128,
whatever may be its amount, is that of a column of air reaching from
A to the top of the atmosphere, or, as we express it, the weight of one
atmosphere. The amount of this pressure, accurately determined, is
equal to the weight, or pressure, which a column of mercury thirty
inches high would exert on the same surface. If, then, we pour into
the tube as much mercury as will raise the surface in the longer ex-
tremity of the tube thirty inches above the surface of the mercury in
the leg B C, we shall have a pressure on the surface of A equal to
two atmospheres; and, since liquids transmit pressure equally in all
directions, the same pressure will be exerted on the air included in
the leg B C. This will reduce it in volume one-half, or compress it
into half the space, and the mercury will rise in the leg B C. This
weight of two atmospheres reduces a given quantity of air into one-
half its volume. In the same manner, if mercury be again poured into
the tube, until the surface of the column in the longer tube is sixty
inches above the level of the mercury in B C, then the air in B C will
be compressed into one-third of its original volume. In the same
manner it could be shown, by continuing these experiments, that the
diminution of the volume of air will always be in the exact proportion
of the éncrease of the compressing force, and its volume can also be
increased in exact proportion to the diminution of the compressing
force. In fact, this law has been verified by actual experiment, until
the air has been condensed twenty-seven times, and rarefied one hun-
dred and twelve times.

318. The fact that air possesses weight, and consequently exerts
pressure, was not known until about two hundred years o, ..
ago. "The ancient philosophers recognized the fact that weight of air
air was a substance, or a material thing; and they also known to the
noticed, that, when a solid or a liquid was removed, the ancients ?
air rushed in, and filled up the space that had been thus deserted.
But, when called to give a reason for this phenomenon, they said that
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“Nature abhorred an empty space,” or a “vacuum,” and therefore
filled it up with air or some liquid or solid body.

319. A vacuum is a space devoid of matter: in
whatisa  g€neral, | weomeanby-a vacuum a space
vacuum?  devoid of air.

No perfect vacuum can be produced artificially; but confined
spaces can be deprived of air sufficiently for all experimental and
practical purposes. We do not know, moreover, that any vacuum
exists in nature, although there is no conclusive evidence that the
spaces between the planets are filled with any material substance.

If we dip a pail into a pond, and fill it with water, a hole (or vacuum)
is made in the pond as big as the pail ; but the moment the pail is drawn
out the hole is filled up by the water around it. In the same manner air
rushes in, or rather is pressed in by its weight, to fill up an empty space.

When we place one end of a straw or tube in the mouth, and the
How does  Other end in a liquid, we can cause the liquid to rise in
water risein the straw or tube, by sucking it up, as it is called.
astraw by  We, however, do no such thing: we merely draw into
suction? the mouth the portion of air confined in the tube, and
the pressure of the external air which is exerted on the surface of the
liquid into which the tube dips, being no longer balanced by the
elasticity of the air in the tube, forces the liquid up into the mouth.
If, however, the straw were gradually increased in length, we should
find that above a certain length we should not be able to raise water
into the mouth at all, no matter how small the tube might be in diame-
ter; or, in other words, if we made the tube thirty-four feet long, we
should find that no power of suction, even by the most powerful
machinery instead of the mouth, could raise the water to that height.
The water rises in the common pump in the same way that it does in
the straw; but not above a height of thirty-three or thirty-four feet
above the leve! of the reservoir.

320. The reason why water thus rises in a straw or pump remained
a mystery until explained and demonstrated by Torri-

How was

the ascent celli, a pupil of Galileo. It is clear that the water is
of water sustained in the tube by some force; and Torricelli
:::;2:’;,{‘ argued, that, whatever it might be, the weight of the
explained column of water sustained must be the measure of the

‘:‘dtd;“;“' power thus manifested: consequently, if another liquid
strate be used, heavier or lighter, bulk for bulk, than water,
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then the same force must sustain a lesser or greater column o such liguid.
By using a much heavier liquid, the column sustained would necessarily
be much shorter, and the experiment in every way more manageable.

Torricelli verified his, .conclusions in the following manner: He
selected for his experiment-mercury, the heaviest known liquid. As
this is thirteen and one-half times heavier than water, bulk for bulk, it
followed, that, if the force imputed to a vacuum could sustain thirty-
three feet of water, it would necessarily sustain thirteen and one-half
times less, or about thirty inches, of mercury. Torricelli therefore
made the following ex-
periment, which has
since become memora-
ble in the history of
science : —

He procured a glass
tube (Fig. 129) more
than thirty inches long,
open at one end, and
closed at the other.
Filling this tube with
mercury, and applying
his finger to the open
end, so as to prevent
its escape, he inverted
it, plunging the end
into mercury contained
in a cistern. On re-
moving the finger, he
observed that the mer-
cury in the tube fell,
but did not fall alto-
gether into the cistern;
it only subsided until
its surface was at a
height of about thirty
inches above the sur- =
face of the mercury in Fic. 129.
the cistern. The result
was what Torricelli expected, and he soon perceived the true cause
of the phenomenon. The weight of the atmosphere acting upon the
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surface of the mercury in the vessel supports the liquid in the tube,
this last being protected from the pressure of the atmosphere by the
closed end of the tube.
321. The fact that the column of mercury in the tube was sustained
by\/thé/pressureCof | the Jatmosphere was further verified
How was the . .
conclusion of DY an experiment made by Pascal in France. He argued
Torricelli that, if the cause which sustained the column in the
further tube was the weight of the atmosphere acting on the
verified? N . .
external surface of the mercury in the cistern, then if
the tube were transported to the top of a high mountain, where a less
quantity of atmosphere was above it, the pressure would be less, and
the length of the column less. The experiment was tried by carry-
, ing the tube to the top of a mountain in the inte-
rior of France, and correctly noting the height of
the column during the ascent. It was noticed that
the height of the column gradually diminished as
the clevation to which the instrument was carried
increased.

The most simple way of proving that the column
of mercury contained in the tube, as in Fig. 129, is only
balanced against the equal weight of a column of air,
is to take a tube of sufficient length, and, having tied
over one end a bladder, to fill it up with mercury,
and invert it in a cup of the same liquid: the mercury
will now stand at the height of about thirty inches ; but
if with a needle we make a hole in the bladder closing
the top of the tube, the mercury in the tube immedi-
ately falls to the level of that in the cup.

These experiments by Torricelli led to the invention
How did the Of the barometer. It was noticed that a
experiment  column of mercury sustained in a tube
of Torricelli by the pressure of the atmosphere, the
lead to the ] . oee

. invention of tube being kept in a fixed position, as

the barome- in Fig. 130, fluctuated from day to day,

| ter? within certain small limits. This effect

! was naturally attributed to the variation in the weight

— - or pressure of the incumbent atmosphere, arising from
FiG. 130. various meteorological causes.

Thus, when the air is moist, or filled with vapors, it is lighter than

usual, and the column of mercury stands low in the tube; but when



PNEUMATICS.

179

the air is dry and free from vapor, it is heavier, and supports a longer

column of mercury.

So long as the vapor of water exists in the atmosphere, as a con-

stituent part of it, it contributes to the atmospheric

Why should

pressure, and thus a portion”of ‘the” column' of mercury the presence
in the barometer-tube is sustained by the weight of the of condensed

vapor; but when the vapor is condensed, and takes on

vapor of
water in the

a visible form, as clouds, &c., then it no longer forms a atmosphere
constituent part of the atmosphere, any more than dust, affectits

smoke, or a balloon floating in it does, and, the atmos-

pressure ?

pheric pressure being diminished, the mercury in the tube falls. In
this way the barometer, by showing variations in the weight of the

air, indicates also the changes in the weather.

322. The space above the mercury in the barometer-tube, Fig.

129, is called the Zorricellian i
. What is the

zacuum, and is the nearest ap- oo perfect
proach to a perfect vacuum that vacuum with
can be procured by art; for, Whichweare

. acquainted ?
upon pressing the lower end
deeper in the mercury, the whole tube becomes
completely filled, the fluid again falling upon
elevating the tube. Tt is therefore a perfect
vacuum, with the exception of a small portion
of mercurial vapor.

A very common form of barometer, called
the “wheel-barometer,” consists What is the
of a glass tube, bent at the bot- ¢onstruction
tom, and filled with mercury. of the wheel-
(See Fig. 131.) The column of Parometer?
mercury in the long arm of the tube is sus-
tained by the pressure of the atmosphere upon
the surface of the mercury in the shorter arm,
the end of which is open. A small float of
iron or glass rests upon the mercury in the
shorter arm of the tube, and is suspended by
a slender thread, which is passed round a
wheel carrying an index, or pointer. As the

FiG. 131,

level of the mercury is altered by a variation of the pressure of the
atmosphere, the float resting upon the open surface is raised or lowered
in the tube, moving the index over a dial-plate, upon which the vari-

ous changes of the weather are lettered.
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Fig. 131 represents the internal structure of the wheel-barometer, and
Fig. 132 its external appearance, or casing, with a thermometer attached.

FiG. 132.

A very curious barometer, called the

Describe the * @7eroid barometer,” has been .

afieroid invented and brought into use
barometer.  ithin the last few years.
Fig. 133 represents its appearance and con-
struction. Its action is dependent on the
cffect produced by atmospheric pressure on
a metal box from which the air has been
cxhausted. In the interior of the box is a
circular spring of metal, fastened at one ex-
tremity to the sides of the box, and attached
at the other extremity by a suitable arrange-
ment to a pointer, which moves over a dial-
plate, or scale. The interior of the box
being deprived of air, the atmospheric press-
ure upon the external surfaces of the metal
sides is very great; and, as the pressure
varies, these surfaces will be elevated and
depressed to a slight degree. This motion
is communi-
cated to the
spring in the
interior, and
from thence
to the point-
er, which,
moving up-
on the dial,
thus indi-
cates the

changes in the weather, or the variation
in the pressure of the atmosphere.
Water, or some other liquid than

What are the

barometer?

mercury, may be used
peculiarities  for filling the tube of a
of the water- barometer.

FiG. 133.
But, as wa-

ter is thirteen and one-half times lighter than mercury,

the height of the column in the water-barometer supported by atmos-
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pheric pressure will be thirteen and one-half times greater than that
of mercury, or about thirty-four feet high; and a change which would
produce a variation of a tenth of an inch in a column of mercury
would produce a variation of an inch and a third in the column of
water. The waterbarometer-is''rarely used, for various reasons, one
of which 'is, that a baromcter thirty-four feet high is unwieldy and
difficult to transport.
323. The ordinary use of the barometer on land as a weather-indi-
cator is extremely limited and uncertain. It has been
. . Whatis the
already stated that the weight of one hundred cubic g iue of the
inches of air is about thirty-one grains. To obtain this barometer as
result, it is necessary that the experiment should be & weather-
.h s . .. indicator?
performed at the level of the sea, and it is also requisite
that the temperature of the air should be about sixty degrees Fahren-
heit’s thermometer, and that the height of the column of mcrcury in
the barometer-tube should be thirty inches. As these conditions vary,
the weight or pressure of the atmosphere, and consequently the height
of the mercury in the barometer-tube, must also vary. Especially will
the height of the mercurial column vary with every change in the:
position of the instrument as regards its elevation above the level of-
the sea. A barometer at the base of a lofty tower will be higher at
the same moment than one at the top of the tower; and consequently
two such barometers would indicate different coming changes in the
weather, though absolutely situated in the same place. No correct
judgment, therefore, can be formed relative to the density of the
atmosphere as affecting the state of the weather, without reference to
the situation of the instrument at the time of making the observation..
Consequently no attention ought to be paid to the words “ fair, rain,
changeable,” &c., frequently engraved on the plate of a barometer, as
they will be found no cerfain indication of the correspondence between
the heights marked, and the state of the weather.
The barometer, however, may be generally relied on for furnishing
an indication of the state of the weather to this extent: T
. o what
that a fall of the mercury in the tube shows theapproach extent may
of foul weather, or a storm; while a rise indicates the the barome-
approach of fair weather. :::{: relied
At sea, the indications of the barometer respecting foretelling
the weather are generally considered, from various cir- changesin
cumstances, more reliable than on land : the great hur- the weather?
ricanes which frequent the tropics are almost always indicated, some
time before the storm occurs, by a rapid fall of the mercury.
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324. If a narometer be taken to a point elevated above the surface
How may of the earth, the mercury in the tube will fall; because
the barome. as we ascend above the level of the sea the pressure of
::: ::‘::‘d the atmosphere becomes less and less. In this way the
mining the  Dbarometer /may)ibe sed)to determine the heights of
height of mountains, and tables have been prepared showing the
mountains?  degrees of elevation corresponding to the amount of

depression in the column of mercury.

325. The absolute height to which the atmosphere
whatisthe extends above the surface of the earth is

P eithe DOt certainly known. There are good

atmosphere? reasons, however, for believing that its
height does not exceed fifty iiles.

This envelope of air is about as thick, in proportion to the whole
globe, as the liquid layer adhering to an orange after it has been
dipped in water is to the entire mass of the orange. Of the whole
bulk of the atmosphere, the zone or laver which surrounds the earth
to the height of nearly two and three-fourths miles from its surface is
supposed to contain one-half. The remaining half, being relieved of

ULl e Yty 7
HIMALAYAS.
FiG. 134.
all superincumbent pressure, expands into another zone, or belt, of
unknown thickness. Fig. 134 will convey an idea of the proportion
which the highest mountains bear to the curvature of the earth and the
thickness of the atmosphere. The concentric lines divide the atmos-
phere into six layers, containing equal quantities of air, showing the great
compression of the lower layers by the weight of those above them.
Water is about eight hundred and forty times the weight of air,
What is the taken bulk for bulk; and the weight of the whole atmios-
comparative Phere enveloping our globe has been estimated to be

weight of the equal to the weight of a globe of lead sixty miles in
atmosphere ? diameter. .
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If the whole air were condensed so as to occupy no more space
than the same weight of water, it would extend above the earth to an
elevation of thirty-four feet.

326. All aériformbior  (gaseous substances, like
li.quids, transmit pressure in every direc- . .
tion equally; therefore the atmosphere pressureof

aeriform
presses upward, downward, laterally, and substances
obliquely, with the same force. exerted?

327. The amount of pressure which the atmos-

phere exerts at the level of the ocean Whatisthe

3 amount of

is equal to a force of fifteen pounds for pressureex-
. erted by the

every square inch of surface. atmosphere ?

“The surface of a human body, of average size, meas- What press-
ures about ‘two thousand square inches. Such a body ureis sus-
therefore sustains a pressure from the atmosphere ::i:::;{n
amounting to thirty thousand pounds, or about fifteen pody ?
tons.

The reason we are not crushed beneath so enormous a load is
because the atmosphere presses equally in all directions,

. . .. . Why are we
and our bodies are filled with liquids capable of sustain- o4 crighed
ing pressure, or with air of the same density as the by the press-
external air; so that the external pressure is met and ure of the

: . atmosphere ?
counterbalanced by the internal resistance.

If a man or animal were at once relieved of all atmospheric press-
ure, all the blood and fluids of the body would be forced by expansion
to the surface, and the vessels would burst.

Persons who ascend to the summits of very high mountains, or
whorise to a gre'at elevation in a balloon, ?mye EXPeri- 1 ot effect
enced the most intense suffering from a diminution of ey peri-
the atmospheric pressure. The air contained in the enced in ris-
vessels of the body, being relieved in a degree of the ing to great
external pressure, expands, causing intense pain in the clevations?
eyes and ears, and the minute veins of the body to swell and open.
Travelers, in ascending the high mountains of South America, have
noticed the blood to gush from the pores of the body, and the skin in
many places to crack and burst.
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If the lips be applied to the back of the hand, and the breath drawn
in so as to produce a partial vacuum in the mouth, the skin will be
drawn or sucked in,—not from any force resident in the lips or the
mouth drawing the skin in, but from the fact that the usual external
pressure of air is removed, and the pressure from within the skin is
allowed to prevail.

The sense of oppression and lassitude experienced in summer,

Why do we
often feel
oppressed
before a
storm ?

previous to a storm, is caused by a diminished pressure
of the atmosphere. The external air, in such instances,
becomes greatly rarefied by extreme heat and by the
condensation of vapor, and the air inside us (seeking to
become of the same rarity) produces an oppressive and

suffocating feeling.
328. The direct effects of atmospheric pressure may be illustrated

Fic. 135,

an inch square would support a weight of fifteen pounds;
two square inches, thirty pounds, &c. The practical ef-

fect, however, of the sucker, is much less.
329. For the purpose of cxhibiting the effects pro- -

Explain the
principle
andconstruc-
tion of the
exhausting
syringe and
air-pump.

Describe the Dy many practical experiments. If a
common piece of moist leather, called a sucker,
sucker. Fig. 135, be placed in close contact with
any heavy body, such as a stone, or a piece of metal,
it will adhere to it; and, if a cord be attached to the
leather, the stone or metal may be raised by it. The
effect of the sucker arises from the exclusion of the
air between the leather and the surface of

the stone. The weight of the atmosphere 15
presses their surfaces together with a force
amounting to fifteen pounds on every
square inch of the surface of contact. If ==
the sucker could act with full effect, a disk B

duced by the atmosphere in different con-
ditions, and for various practical purposes,
instruments have been contrived by which
air may be removed from the interior of a | 4 ¢
vessel, or condensed into a small space to W

any extent, within certain limits. The first pyg, yq6,

of these requirements may be obtained by the use of the
instruments known as the exhausting syringe and the air-pump.
The exhausting syringe consists of a hollow cylinder, generally of
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metal, B C, Fig. 136, very truly and smoothly bored upon the inside,
and having a piston moving in it air-tight. This cylinder communi-
cates, by a screw and pipe at the bottom, with any vessel, generally
called a receiver, from which it is desirable to withdraw the air. The
piston has a valve''at'E, 'opening-upward;'and at the bottom of the
cylinder another valve precisely similar is placed, which also opens
upward, shown at A. Suppose now the piston to be at the bottom
of the cylinder, and the receiver to be in proper connection: upon
raising the piston by the handle, D, a vacuum is made in the cylinder;

Fic. 137.

immediately the air in the receiver expands, passes through the valve
A at the bottom of the cylinder, and fills its interior; upon depress-
ing the piston, the valve E, opening upward, permits the air to pass
through, and the valve A at the bottom of the cylinder, closing, pre-
vents it from passing back into the receiver. Upon again raising the
piston, a further portion of air expanding from the receiver enters the
interior of the syringe, and, upon depressing the piston, passes out
through its valve. Itis evident that this operation may be continued
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as long as the air within the receiver has elasticity sufficient to force
open the valves.

The process of removing air from a vessel or receiver by means
of the exhausting syringe is slow and tedious; and more powerful
instruments, known/\as/ air-pumips,Cirel generally employed for this
purpose. The modern form of constructing the air-pump is represented
in Fig. 137. The principle of its construction is the same as that of
the exhausting syringe, the pistons being worked by a lever or handle,
the valves opening and’closing with great nicety and perfection.

330. When the density of the air is required to be increased, the
Whatis the con.densi'ng syringe, the converse of the exhausting
construction Syringe, is employed. Tt consists merely of an exhaust-
of the ing syringe, or air-pump, reversed, its valves being so
condensing  arranged as to force air into a chamber, instead of
syringe ? . . . .

drawing it out. For this purpose the valves open in-
ward in respect to the interior of the cylinder, while in the exhausting
syringe and air-pump they open outward.

331. That the air in the inside of vessels is the force which resists

. and counterbalances the
X:;ti:e:':a‘ great pressure of the exter-
proof of the nal atmosphere, may be
crushing proved by the following ex-
f:':;:;;::e_, periment': A strong glass

vessel, Fig. 138, is provided,
open both at top and bottom, and having
a diameter of four or five inches. Upon
one end is tied a bladder, so as to be completely air-tight, while the
ofher end is placed upon the plate of an air-pump. Upon exhausting
the air from beneath the bladder, it will be forced inward by the press-
ure of the air outside; and, when the exhaustion has been carried to
such an extent that the strength of the bladder is less than this press-
ure, it will burst with a loud report.

332. The air-pump was invented in the year 1654, by Otto Guericke,

X a German; and at a great public exhibition of its powers,
K::r::;::: made in the presence of the Emperor of Germany, the
of the Mag-  celebrated experiment known as the “ Magdeburg hemi-
deburg hemi- gpheres ” was firstshown. The Magdeburg hemispheres
spheres? (so called from the city where Guericke resided) consist
of two hollow hemispheres of brass, Fig. 139, which fit together air-
tight. By exhausting the air in their interior, by means of the air-

FiG. 138.
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pump, and a stop-cock arrangement affixed to one of the hemispheres,
it will be found that they can not be pulled apart without the exertion
of a very great force, since they will be pressed to-
gether with a force of fifteen pounds for every square
inch\of liheir)surfacel ). I ithe exhibition above re-
ferred to, given of these hemispheres by Guericke,
the surfaces of a pair constructed by him were so
large that thirty horses, fifteen upon a side, were
unable to pull them apart. By admitting the air
again to their interior, the Mag-
deburg hemispheres fall apart by
their own weight.

Another interesting example
of atmospheric pressure is, to fill
a wineglass or tumbler with water
to the brim, and, having placed a
card over the mouth, to invert it
cautiously. If the card be kept
in a horizontal position, the water will be supported in the glass by
the pressure of the air against the surface of the card. (See Fig. 140.)

333 If we take a jar, and, having filled it with water, invert it in a
reservoir or trough, .

. . Describe the
as is represented in principle and
Fig. 141, it will con- construction
tinue to be complete- of the
ly filled with water, gasometer.
the liquid being sustained in it by
the pressure of the atmosphere up-
on the water in the vessel. Such
an arrangement enables the chemist
" to collect and preserve the various
gases without admixture with air;
for if a pipe or tube through which
a gas is passing be depressed be-
neath the mouth of the jar, so that
the bubbles mnay rise into it, they
will displace the water, and be col-
lected in the upper part of the jar,
free of all admnixture.

The gasometers, or large cylindrical vessels in which gas is col..

F1G. 140.

.

FiG. 141,
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lected in gas-works for general distribution, are constructed on this
principle. They consist, as is shown in Fig. 142, of a large cylindrical
reservoir suspended with its mouth downward, and plunged in a cistern
of water of somewhat greater diameter. A pipe which leads from the
gas-works is carried/through' the! water, and lturned upward, so as to
enter the mouth of the gasometer. The gas, flowing through the pipe,
rises into the gasometer, filling the upper part of it, and pressing down

FiG. 142.

the water. Another pipe, descending from the gasometer through
the water, is continued to the service-pipes which supply the gas.
The gasometer is balanced by counter-weights supported by chains
which pass over pulleys; and just such a preponderance is allowed to
it as is sufficient to give the gas contained in it the compression neces-
sary to drive it through the pipes to the remotest part of the district
to be illuminated.
334 A liquid will not flow continuously from a tight cask  after it
. has been tapped or pierced, unless another opening is
x:’:’ l‘;,c:::i 4 Made as a venthole in the upper part of the cask.
flow froma 1he cask being air-tight with the exception of a single
tight cask opening, the surface of the liquid in the vessel wiil be
with only excluded from the atmospheric pressure, and it can
one opening ? Lo 3 . N
only flow out in virtue of its own weight. But, if the
weight of the liquid be less than the force of the air pressing upon
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the mouth of the opening, the liquid can not flow from the cask: the
moment, however, that the air is enabled to act through the vent-hole
in the upper part of the cask, the pressure below is counterbalanced,
and the liquid descends and runs freely through the opening by its
own weight.

If the lid of a teapot or kettle be air-tight, the liquid will not flow
freely from the spout, on account of the atmospheric pressure. This
is remedied by making a small hole in the lid, which allows the air to
enter from without. °

The pneumatic inkstand (Fig. 143), designed to prevent the ink
from thickening, by the exposure of a small surface only
to the air, is constructed upon the principles of atmos- W hatis the

. . . . .4 principle and
pheric pressure. By filling the inkstand in an inclined construction
position, we exclude the air in great part from the of the
interior ; and, on replacing it in an upright position, the f‘:“:‘:;;‘;
ink will be prevented from rising in the small tube, and
flowing over, on account of the atmospheric pressure upon the exposed
surface of the ink in the sinall tube, which
is much greater than the pressure of the
column of liquid in the interior of the ves-
sel. As the ink in the small tube is con-
sumed by use, its surface will gradually
fall; a small bubble of air will enter, and
rise to the top of the bottle, where it will
exert an clastic pressure, which causes the
surface of the ink in the short tube to
rise a little higher; and this effect will be repeated until all the ink
in the bottle has been used.

335 The peculiar gurgling noise produced when liquid is freely
poured from a bottle is produced by the pressure of the .
atmosphere forcing air into the interior of the bottle. ::3]’;“;:&1:
In the first instance, the neck of the bottle is filled with \when ahquid
liquid, so as to stop the admission of air. When a part is poured
has flowed out, and an empty space is formed within ;’::’3’ out
the bottle, the atmospheric pressure forces in a bubble
of air through the liquid in the neck, which, by rushing suddenly into
the interior of the bottle, produces the sound. The bottle will continue
to gurgle so long as the neck continues to be choked with liquid. But,
as the contents of the bottle are discharged, the liquid, in flowing out,
only partially fills the neck; and, while a streain passes out through

F1G. 143.
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the lower half of the neck, a stream of air passes in through the upper
part. The flow being now continued and uninterrupted, no sound
takes place.

336. Water, and most liquids exposed to the air, absorb a greater
or/less\quantity of it,(whichlis maintained in them by

Does air
exist in the pressure of the atmosphere acting on their surfaces.
water? Boiled water is flat and insipid, because the agency

of heat expels the air which the water previqusly contained. Fishes
and other marine animals could not live in water deprived of air. The
amount of air retained by water varies with the pressure of the atmos-
phere. At an altitude of six thousand or eight thousand feet, owing
to the reduced atmospheric pressure, water holds two-thirds less than
its usual amount of air. Hence, because of an inadequate supply of
air, fish cannot live in high mountain lakes.

The presence of air in water may be shown by placing a tumbler
Hov; may the containing ti.lis liquid‘under the receiver of an aiy-purpp,
presence of  and exhausting the air. The pressure of the air being
air in water removed from the surface of the water, minute bubbles
beshown? (il make their appearance in the whole mass of the
water, and, rising to the surface, escape.

The reason that certain bottled liquors froth and sparkle when
Why do uncorked, and poured into an open vessel, is, that when
some bottled they are bottled the air confined under the cork is con-
liquids froth  densed, and exerts upon the surface a pressure greater
andsparkle? (pan that of the atmosphere. This has the effect of
holding, in combination with the liquor, air or gas, which, under the
atmospheric pressure only, would escape. If any air or gas rise from
the liquor after being bottled, it causes a still greater condensation,
and an increased pressare above its surface. When the cork is drawn
from a bottle containing liquor of this kind, the air fixed in the liquid,
being released from the pressure of the air which was condensed
under the cork, instantly makes its escape, and, rising in bubbles,
produces effervescence and froth.

It sometimes happens that the united force of the air and gases,
thus confined in the bottle, becomes greater than the cohesive strength
of the particles of matter composing the bottle ; the sides of the bottle
in such cases give way, or burst.

Those liquors only froth which are viscid, glutinous, or thick, like
ale, porter, &c., because they retain the little bubbles of air as they
rise; while a thin liquor, like champagne, which suffers the bubbles
to escape readily, sparkles. !
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337- The pressure of the atmosphere is connected with the action
of breathing. The air enters the lungs, not because pow is the
they draw it in, but by the weight of the atmosphere pressure of
forcing it into the empty spaces formed by the expan. the atmos-

. . K] { phere con-
sion of the air-cells of the lungs.-' The air in'turn escapes pected with
from the lungs by means of its elasticity; the lungs, by the act of
muscular action, compress the air contained in them, breathing ?
and give to it by compression a greater elasticity than the air without.
By this excess of elasticity it is propelled, and escapes by the mouth
and nose.

338. Advantage has been taken of the pressure of the atmosphere
for the construction ?f an atmo§pherlc telegraph, or What is the
apparatus for conveying the mails and other matter o, 05eq
over great distances with great rapidity. The plan construction
is as follows: A long metal tube is laid down, the in- :::: heric
terior surface of which is perfectly smooth and even. meﬂfps
A piston is fitted to the tube in such a manner as to
move freely in it, and vet be air-tight. To one side of this piston the
matter to be moved, made up in the form of a cylindrical bundle, is
attached. A partial vacuum is then made in the tube before the
piston, by means of large air-pumps worked by steam-power, located
at the farther end of the tube, when the pressure of the atmosphere
on the other side of the piston impels it forward through the whole
length of the exhausted tube. It has been estimated that a piston,
drawing after it a considerable weight of matter, could in this way be
forced through a tube at the rate of six hundred miles per hour.

339. The pressure of the atmosphere is also taken advantage of in
the construction of a great variety of machines for raising water; the
most important and familiar of which is the common (or suction)
pump. .

The common (or suction) pump consists of a hol-
low cylinder, or barrel, open at both ends, pescribe the
in which is worked a movable piston, SPiraucnon
which fits the bore of the cylinder exactly, mon pump.
and is air-tight. The pump is further provided with
two valves, one of which is placed in the piston, and
moves with it, while the other is fixed in the lower
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part of the pump-barrel. These valves are termed
boxes.

Fig. 144 represents the construction of the common pump. The
body consists of/\a/\cylinder, .or! barrel, . B, /the lower part of which,
called the suction-pipe, descends into the water which it is designed
to raise. In the barrel works a piston containing a valve, ¢, opening
upward. A similar valve, g, is fixed in the body of the pump, at. the
top of the suction-pipe.

F1G. 144.

The operation of the pump in raising water is as follows: When
the piston is raised from the bottom of the cylinder, the air above it is
drawn up, leaving a vacuum below the piston; the water in the well
then rushes up through the valve &, and fills the cylinder; the piston
is then forced down, shutting the valve a, and causing the water to
rise through the piston-valve ¢; the piston is then raised, closing its
valve, and raising the water above it, which flows out of the spout.
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340. Water rises in a pump simply and entirely
by the pressure of the atmosphere (fifteen why does
pounds on every square inch), which Walerrisein
pushes it up \intoVthe'veid Corivacuum left pump?
by the updrawn piston.

341. The common (or suction) pump can not raise
water beyond the point of height at which ...
the column of water in the pump-tube is height will

. water rise in
exactly balanced by the weight of the at- the common
mosphere. The utmost limit of this does PP’
not exceed thirty-four feet; but in practice, owing
to imperfections in the mechanism of the pump, the
length of the tube should not exceed thirty feet.

342. A valve, in general, is a contrivance by which
water or other fluid, flowing through a wnatisa
tube or aperture, is allowed free passage Va've?
in one direction, but is stopped in the other. Its
structure is such, that, while the pressure of fluid on
one side has a tendency to close it, the pressure on

the other side has a tendency to open it.

Fic. 147.

Figs. 145, 146, 147, represent the various forms of valves used in
pumps, water-engines, &c.

343. When it is desired to raise water to a greater height than
thirty-four feet, a modification of the pump, called the forcing-pump,
is employed.
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The forcing-pump is an apparatus which raises
Whatisa  Water from a reservoir on the principle of
forcing- the suction-pump, and then, by the press-
pump? ure/of \thé) pistonoon the water, elevates it
to any required height.

Fig. 148 represents the principle of the construction of the forcing-
pump. There is no valve in the piston B; but the water raised through
the suction-pipe A and the valve &, by the elevation of the piston, is
forced by each
depression of
the piston up
through the
pipe D, which
is furnished
with a valve, d,
to prevent the
return of the
liquid.
The flow of
the water is
continuous
when, as in a
fire -engine, an
air-chamber is
added to the
: force-pump at
i D. The water
: then, instead of
. immediately
: passing off
¢ through the dis-
: charging - pipe,

partially fills

the air- vessel,
and, by the action of the piston in the pump, compresses the air
contained in it. The elasticity of the air thus compressed being
increased, it re-acts upon the water, and forces its ascent in the
discharge or force pipe. When the air in the chamber is con-

FiG. 148.
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densed into half its original bulk, it will act upon the surface of
the water with double the atmospheric pressure, while, the water in the
force-pipe being subject to only one atmospheric pressure, there will
be an unrestricted force, pressing the water up, equal to one atmos-
phere : consequently/a\column’of water will be sustained or projected
to a height of thirty-four feet. When the air is condensed into one-
third of its bulk, its elastic force will be increased threefold, and it will
then not only counterbalance the ordinary atmospheric pressure, but
will force the water upward with a pressure equal to two atmospheres,
or sixty-eight feet, and so on. The ordinary fire-engine is simply a
convenient arrangement of two forcing-pumps, furnished with a strong
air-chamber, and which are worked successively by the elevation and
depression of two long levers called érakes.

344. The siphon is an apparatus by which a
liquid can be transferred from one vessel wpatiea
to another without inverting or otherwise siphon?
disturbing the position of the vessel from which the
liquid is to be removed.

In its simplest form, the siphon con-
sists of a bent tube, A B C, Fig. 149,
having one of its branches longer than
the other. If we immerse the short
arm in a vessel of water, and by apply-
ing the mouth to the long arm, as at C,
exhaust the air in the tube, the water
will be pressed over by atmospheric |
pressure, and continue to flow so long
as the end of the lower arm is below
the level of the water in the vessel.

The explanation of the action of the siphon is as follows: The
column of liquid in the longer arm, and that reaching in o0, what
the shorter arm from the top of the curve or bend to principle
the surface of the liquid in the vessel, have both a tend- does the
ency to obey the attraction of gravity, and fall out of siphon act ?
the tube. This tendency is opposed, however, on both sides, by
atmospheric pressure, acting on one side at the opening C, and upon
the other upon the surface of the liquid in the vessel; thus preventing,
in the interior of the tube, the formation of a vacuum, which would

FiG. 149.
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take place at the curve if the two columns ran down on both sides.
But, the column on one side being longer than upon the other, the
weight of the long column overbalances the short one, and determines

FiG. 150.

the direction of the flow; and, in proportion as the liquid escapes from
the long arm, a fresh portion is forced into the short arm on the other
side by the pressure of the air. The siphon is therefore kept full by
the pressure of the atmos-
phere, and kept running
by the irregularity of the
lengths of the columns in
its branches. (Fig. 150.)
The curious phenome-
Explain the DMon of in-
phenomenon termitting
of intermit- spn'ngs may
ting springs. be explained
upon the principle of the
siphon. These springs run
for a time, and then stop altogether, and after a time run again, and
then stop. If we suppose a reservoir in the interior of a hill or

FiG. 151,
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mountain, with a siphonlike channel running from it, as in Fig. 151,
then, as soon as the water collecting in the reservoir rises to the height
shown by the dotted line, the stream will begin to flow, and con-
tinue flowing till the reservoir is nearly emptied. Again, after an
interval long enough'to fill the reservoir to' the required height, it will
again flow, and so on.

345. If a solid substance have the same density as
atmospheric air, it will, when immersed in wpen witta

4 3 4 4 H : body remain
air, lose xts' en.tn:e weight, fu}d v».nll remain o edin
suspended in it in any position in which it theair?
may be placed.

346. If a solid body, bulk for bulk, be lighter than
atmospheric air, it is pressed' upward_ by When will a
the surrounding particles of air, and rises, body rise in

. . . t! i
upon the same principle as a cork rises o
from the bottom of a vessel of water. (See § 251.)

As the density of the air continually diminishes as we ascend from
the surface of the earth, it is evident that such a body, At what
as it goes up, will finally attain a height where the air point will an
will have the same density as itself, and at such a point ascending
the body will remain stationary. Upon this principle :::{o'::;'?“
clouds, at different times, float at different degrees of
elevation.

It is also upon these principles that aérostation, or the art of navi-
gating the air, depends.

347. Balloons are machines which ascend through
the atmosphere, and float at a certain wpqt are
height, in virtue of being filled with a gas balloons?
or air lighter than the same bulk of atmospheric air.

Balloons are of two kinds : Montgolfier, or rarefied-
air balloons, and Il.ydroyen Gas bz.dloons. What are the
The first are filled with common air rare- two varieties

. all
fied by heat, and thus made lighter than ~ " °°™

the surrounding atmosphere; while the second are
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filled with hydrogen, a gas about fourteen times
lighter than air.

The rarefied-air balloon was invented by Montgolfier, a French
Describe the 8€ntleman, in-1782) who first' filled a paper bag with
Montgolfier, heated air, and allowed it to pass up a chimney. He
orrarefied-air afterward constructed balloons of silk, of a spherical
batloon. shape, with an aperture formed in the lower surface.
Beneath this opening a light wire basket was suspended, containing
burning material. The hot air arising from the burning substances
enters the aperture, and, rendering the balloon specifically lighter than
the air, causes it to ascend with considerable velocity. Small balloons
of a similar character are frequently made at the present day of paper,
the air within them being rarefied by means of a sponge soaked in
alcohol, suspended by a wire beneath the mouth, and ignited.

The hydrogen-gas balloon consists of a light silken bag, filled either
Describe the With hydrogen, or common illuminating-gas. The dif-
hydrogen- ference between the specific weight of either of these

gasballoon.  ga5e5 and common air, is so great, that a large balloon
filled with them possesses ascensional power sufficient to rise to great

heights, carrying with it considerable additional weight. The aéronaut
can descend by allowing the gas to escape by means of a valve, there-
by diminishing the bulk of the balloon. To enable him to rise again,
ballast is provided, generally consisting of bags of sand, by throwing
out which, the balloon is lightened, and accordingly rises.

By means of one of these machines Gay Lussac, an eminent French
chemist, ascended in 1804, for the purpose of making meteorological
observations, to the great height of twenty-three thousand feet; and
Glaisher, an Englishman, in the year 1862 attained the height of thirty-
seven thousand feet.

Do the laws 348. Air obeys the laws of motion which
of motion  are common to all other material and pon-
PPy 10 817 jarable substances.

349. The momentum of air, or the amount of force
Howisthe Which it is capable of exerting upon bodies
momentum  opposed to it, is estimated in the same
calculated?  way as in the case of solids; viz., by mul-
tiplying its weight by its velocity.
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The momentum of air is usefully employed as a mechanical agent

in imparting motion to windmills and to ships. Its
e . . ‘What are
most striking effects are seen in the force of wind, jjustrations
which occasionally, in hurricanes and tornadoes, acts of the
with fearful power, 'prostrating' ‘trees 'and buildings. momentum
. of air?

Such results are caused by the momentum of the air
being greater than the force by which a building or a tree is fastened
to the earth.

350. Any force acting suddenly upon the air from a center imparts
to it a rotary movement. A VETY \what causes
beautiful illustration of this is the rings (
seen in the rings of smoke which of smoke A\){/m/ it \‘\({%
are produced by the mouth of a ::":;i":d n ( 7@\\\\" Wi
skillful tobacco-smoker, and fre- apdin gf-,'e \‘\\f—"/"‘
quently also upon a much larger discharge FiG. 152.
scale by the discharge of cannon ©f cannon?
on a still day. Smoke, issuing from the smoke-stack of a locomotive
just beginning to move, frequently rises in the form of these rings,
which retain their shape and motion for some time. In these cases a
portion of air acted upon suddenly from a center is caused to rotate,
and the particles of smoke render the motion visible. The whole cir-
cumference of each circle is in a state of rapid rotation, as is shown
by the arrows in Fig. 152. The rapid rotation, in short, confines the
smoke within the narrow limits of a circle, and causes the rings to be
well defined.

Practical Problems in Pneumatics

1. If 100 cubic inches of air weigh 31 grains, what will be the weight of one cubic
foot ?

2. If the p of the phere be 15 pounds upon a sq inch, what
pressure will the body of an animal sustain, whose superficial surface is 40 square
feet?

3. When the elevation of the y in the b is 28 inches, what will be
the height of a column of water supported by the p of the atmosphere ?
Solution. — Column of y supported by the atmosphere = 28 inches. Mer-

cury being 13} times heavier than water, the column of water supported by the atmos-
phere = 13} x 28 = 31} feet.

4. When the elevation of the y in the b is 30 inches, what will be
the height of a column of water supported by the atmosphere ?

5. To what height may water be raised by a common pump, at a place where the
barometer stands at 24 inches ?

6. If a cubic inch of air weighs .30 of a grain, what weight of air will a vessel
whose capacity is 6o cubic inches contain ?




CHAPTER X.
ACOUSTICS.

351. Acoustics is that department of physical sci-
Whatis the NC€ which treat‘s of the nature, Phenom-
scienceof  ena, and laws of sound. It also includes
acoustics ? .

the theory of musical concord or harmony.

352. Sound is the sensation produced on the or-
What is gans of hearing, when any sudden shock
sound? or impulse, causing vibrations, is given to
the air, or any other body, which is in contact,
directly or indirectly, with the ear.

Under what 353. When an elastic body is disturbed

i . . . . .
stancesdo At any point, its particles execute a series

vibratory .
bty s Of vibratory movements, and gradually re

arise ? turn to a position of rest.

Thus, when a glass tumbler is struck by a hard body, a tremulous
agitation is transmitted to its entire mass, which movement gradually
. diminishes in force until it finally ceases.
Such movements in matter are termed
vibrations, and when communicated to
the ear produce a sensation of sound.
The nature of these vibratory move-
ments may be illustrated by noticing
the visible motions which occur on
striking or twitching a tightly extended
cord or wire. Suppose such a cord, represented by the central line
in Fig. 153, to be forcibly drawn out to A, and let go: it would imme-
200
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diately recover its original positien by virtue of its elasticity; but
when it reached the central point it would have acquired so much
momentum as would cause it to pass onward to @ ; thence it would
vibrate back in the same manner to B, and back again to 4, the extent
of its vibration being/gradually) diminished|by the resistance of the
air, so that it would at length return to a state of rest.

In vibratory movements of this kind all the separate particles come
intf) motion at tl?e same time, .simultaneously pass the Describe the
point of equilibrium or rest, simultaneously reach the patureofa -
maximum of their vibration, and simultaneously begin stationary
their retrograde motion. Such vibrations are therefore VviPration.
called stationary or fixed vibrations.

If, however, the motions of the vibrating body are of such a char-
acter that the agitation proceeds frorrf one particle ?o Describe the
another, so that each makes the same vibration or oscil- pature of 2
lation as the preceding one, with the sole exception of progressive
the motion beginning later, we have what is called pro- VviPration.
gressive vibrations. Thus, if we fasten a cord at one end, and move the
other end up and down, a wave, or progressive vibration, is produced.

This motion may be best illustrated by comparing it to the motion
produced by the wind in a field of grain. The grassy waves travel
visibly over the field in the direction in which the wind blows; but this
appearance of an object moving is only delusive. The only real motion
is that of the heads of the grain, each of which goes and returns as the
stalk stoops or recovers itself. This motion affects successively a line
of ears in the direction of the wind, and affects simultaneously all the
ears of which the elevation or depression forms one visible wave.
The elevations and depressions are propagated in a constant direction,
while the parts with which the space is filled only vibrate to and fro.
Of exactly such a nature is the propagation of sound through air.

354. Sound-vibrations in solid bodies may be rendered visible by
many simple contrivances. If we attach a ball by means
of a string to a bell, and strike the bell, the ball will g:":o'\’l'::'_
vibrate so long as the bell continues to sound. When a yjprations in
bell is sounding, also, the tremulous motion of its parti- solid bodies
cles may be perceived by gently touching it with the sie.:;l“ed;“d
finger. 1f the finger is pressed firmly against the bell,
the sound is stopped, because the vibrations are interrupted. When
sounds are produced by drawing the wet finger around the edge of a
glass containing water, waves will be seen undulating from the sides
toward the center of the glass.
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If a cane or flexible metallic rod, fixed at one of its ends, be moved
from a position of rest, it will execute a series of oscillations, the
amplitude (largeness of dimension) of which continues to decrease
until at last the motion ceases. During the vibrations of the rod a
sound is heard, 'which\de¢reases, and ends with the movement.

The most interesting method of exhibiting the character of sound
is by means of the so-called “acoustic figures,” which

::?::l::: the may be produced in the following manner: Sprinkle
acoustic some fine sand over a square or round piece of thin
gfo‘:':: od ? glass or metal, and, holding the plate firmly by means of

a pair of pincers, draw a violin-bow down the edge:
the sand is put in motion, and finally arranges itself along those parts

X >«

FiG. 154.

of the surface which have the least vibratory motion. By changing
the point by which the plate is held, or by varying the parts to which
the violin-bow is applied, the sand may be made to assume various
figures, as shown in Fig. 154.

355. It is necessary that there should be, between
When is the source of sound and the ear, some
sound medium which may receive vibrations from

i .
possde the source of sound, and transmit them

to the ear.
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Air is the usual medium through which sound is What is the
conveyed to the ear. The vibrating body imparts to usual medi-
the air in contact with it an undulatory or wavelike “w:itc:'::g:d

movement, which, propagating itself in every direction, js propa-
reaches the ear, and/produces the/sénsation of sound. gated?

Air is not necessary to the production of sound, although most
sounds are transmitted by its vibrations.

When a stick is held Letween the teeth at one ex- Is air neces-
tremity, and the other is placed in contact with a table, 8ary to the
the scratch of a pin on the table may be heard with zm:‘:;?

- great distinctness, though both ears be stopped.

The earth often conducts sound, so as to render it sensible to the
ear, when the air fails to do so. It is well known that the approach
of a troop of horse can be heard at a distance by putting the ear to
the ground; and savages practice this method of ascertaining the
approach of persons from a great distance.

356. If no substance intervenes between Under what
circums-

the vibrating body and the organs of sances

hearing, no sensation of sound can be fhouldwe

produced. to hear a
sound ?

This is readily proved by placing a bell, rung by the

_ action of clockwork, beneath the receiver of an air-pump, and exhaust-
ing the air. No sound will then be heard, although the striking of the
tongue upon the bell, and the vibration of the bell itself, are visible.
Now, if a little air be admitted into the receiver, a faint sound will
begin to be heard; and this sound will become gradually louder in
proportion as the air is gradually re-admitted, until the air within the
receiver is in the same condition as that without. Sound, therefore,
can not be propagated through a vacuuin.

357. Vibrating bodies which are capable of thus

imparting undulations to the air are wnatare
sonorous

termed sounding, or sonorous, bodies. Sodien?

358. If a tuning-fork be struck against any hard body, its prong at
once vibrates, and in so doing it causes the air next to
it to vibrate also. These vibrations are transmitted by
a succession of condensations (s, 4, ¢, 4, Fig. 155) and
rarefactions (@, &, ¢/, '), like waves along the surface of water. To

Howissound
propagated ?
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each complete vibration of the prong a series of condensations there-
fore correspond, a condensed half-wave; then a series of dilatations,

A a o« ] b ¢ ¢ d d

ply an agitation, or tremor, communicating from one par-
ticle to another; so that each particle, like a pendulum which has
been made to oscillate, recovers at length its original position.

How does" 359. The power of a medium to trans-
the trans- : . . . .

missionof  Mit sound varies with its density and elas-
sound in 1C1

medium  ticity. o .

vary ? 360. Sound decreases in intensity from

the center where it originates, according to the same
How i law by which the attraction of gravitation
is the

intensity of varies, viz., inversely as the square of the
soun . .
affecteaby  distance. That is to say, at double the

distance?  distance it is only one-fourth part as
strong; at three times the distance, one-ninth, and
SO on.

This law applies with its full force only when no opposing currents
of air, or other obstacles, interfere with the wave-movements, or undu-
lations. By confining the sound-undulations in tubes which prevent
their spreading, the force of sound diminishes much less rapidly. It
will therefore, under such circumstances, extend to much greater dis-
tances. This principle is taken advantage of in the construction of
speaking-trumpets.

Whatever tends to agitate or disturb the condition of the atmos-
phere affects the transmission of sounds. A strong wind blowing
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towards the sonorous body, falling rain, or snow, interferes with the
undulations of sound-waves, and obstructs the transmission of sound.

The fact that we hear sounds with greater distinctness by night than
by day may be in part accounted, for by the circumstance that the
different layers or strata of the atmosphere are less liable to variations
in density, and to currents, caused by changes of temperature, at night
than by day. The air at night is also more still, from the suspension
of business and hum of men. Many sounds become perceptible dur-
ing the night, which during the day are completely stifled, before they
reach the ear, by the din and discordant noises of labor, business, and
pleasure.

361. The loudness of a sound, or its Onwhat
. . . does the
degree of intensity, depends on the ampli- joudness

tude of the vibrations which the sounding §.%59%
body makes.

If the amplitude, which in the case of a tuning-fork is the distance
traveled by the prong while performing one complete vibration, be
small, the sound is feeble: its loudness increases with the excursions
of the prongs.

As sound is transmitted to the ear through the medium of the air,
the intensity will be greater as the volume of air displaced is greater.

On the top of high mountains, where the air is greatly rarefied, the
sound of the human voice can be heard for a short dis-

R What are
tance only; and on the top of Mont Blanc the explosion jjjustrations
of a pistol appears no louder than that of a small of the varia-
cracker. When persons descend to any considerable tion of sound

. . .. . in air?
depth in a diving-bell, the air around them is compressed
by the weight of a considerable column of water above them. In
such circumstances a whisper is almost as loud as a shout in the
open air; and when one speaks with ordinary force it produces an
effect so loud as to be painful.

1t has been discovered, that, when strata of air of different densi-
ties are between the source of sound and the ear, the intensity of the
sound depends upon the density of the air at the source of sound.
Thus, sounds from the surface of the earth, where the air is compara-
tively dense, may be heard distinctly by a person in a balloon; but
sounds uttered by a person in the balloon are inaudible to a person on
the earth, because the air around the balloon is rarefied.
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What law 362. The velocity of the sound-undula-
S ity o tions is uniform, passing over equal inter-
sound ? vals in equal times.

The softest whisper, therefore, flies' as fast as the loudest thunder.

363. Sound travels, when the temperature is at

62° Fahrenheit's thermometer, at a rate of
With what .
velocity does 1,120 feet per second, or about thirteen
soundtravel ? . . .

miles per minute, or 765 miles per hour.
The velocity of sound increases or diminishes at the
rate of thirteen inches for every variation of a degree
in temperature above or below the temperature of 62°
Fahrenheit.

When a gun is fired at some distance, we see the flash a consider-
able time before we hear the report, for the reason that

mha,g;x; light travels much faster than sound. Light would go
of agun round the earth four hundred and eighty times while
before we sound was traveling thirteen miles.

hear the

A knowledge of these circumstances is taken advan-
tage of for the measurement of distances.

Thus, suppose a flash of lightning to be perceived, and, on counting
How may a the seconds that elapse before the thunder is heard, we
knowledge of find them to amount to twenty; then, as sound moves
the velocity 1,120 feet in a second, it will follow that the thunder-
:;;l‘i’::?o‘;' cloud must be distant 1,120 X 20 = 22,400 feet.
the measure- When a long column of soldiers are marching to a
ment of dis- measure beaten on the drums which precede them, we
tances? may observe an undulatory motion transmitted from the
drummers through the whole column, those in the rear stepping a littie
later than those which precede them. The reason of this is, that each
rank steps, not when the sound is actually made, but when in its
progress down the column, at the rate of 1,120 feet in a second of
time, it reaches their ears. Those who are near the music hear it first,
while those at the end of the column must wait until it has traveled
to their ears at the above rate.

The velocity of sound depends on the relation between the elas-
ticity and density of the medium through which it passes. The

report ?
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greater the elasticity, the swifter is the propagation; the denser the
medium, the slower is the propagation.

Sound travels in water nearly four times as rapidly as in air, by
reason of the greater elasticity of water. It is transmitted by solids
about twice as rapidly'as’ by ‘water.”-The ‘velocity in water is 4,680
feet per second ; in iron, 17,000 feet per second.

364. If two waves, of water, advancing from opposite directions,
meet in such a way that their points of elevation coin- E

. A . . xplain the
cide, a wave of double the height of the single one will phenomenon
be formed at the point of interception; or, if two wave- of interfer-
depressions on the surface of water meet, a depression :z:::‘
of double depth will be produced. If, however, the :
two waves come into contact in such a manner that an elevation of
one wave coincides with the depression of another, both will be
destroyed. Such a result is termed an interference of waves. In the
same manner, when two sound-undulations, propagated from different
sounding bodies, intersect each other, a like phenomenon of interfer-
ence is produced, —the two undulations destroy each other, and
silence is produced.

In Fig. 156 the two series of sound-waves intersect so as to inten-

B A c

il

Wl

Fic. 157.

sify the sound. In Fig. 157 the waves meet so as to weaken or destroy
the sound. This can only take place when the two forks make the
same number of vibrations in a second.
This fact may be very prettily illustrated by holding a common
tuning-fork, after it has been put in vibration, over the mouth of
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a cylindrical glass vessel, as A, Fig. 158. The air contained within
the vessel will assume sonorous vibrations, and a tone will be pro-
duced. If now a second glass cylinder be

-‘ held in the position B, at right angles to A,
=71 | the musical tone previously heard will cease ;

R but if either cylinder be removed, the sound

will be renewed again in the other. In this

A curious experiment, the silence arises from
S~ the interference of the two sounds.
Fic. 158, Another example of this phenomenon may

be produced by the tuningfork alone. If
this instrument, after being put into vibration, be held at a great
distance from the ear, and slowly turned round its axis, a position
of the two branches will be found at which the sound will become
inaudible. This position will correspond to the points of interference
of the two systems of undulations propagated from the two branches
or prongs of the fork.

365. But, where the forks do not make the same number of vibra-

tions in a second, the two series of sound-waves meet so
What gives . .
rise tobeats? 25 alternately to intensify and destroy each other, and
give rise to “ beats.”

The number of beats in a second is equal to the difference in the
numbers of vibrations made by the sounding bodies in that time.
Thus, when two tuning-forks, vibrating 255 and 256 times respectively
in a second, are sounded together, one beat a second will be heard.

SECTION L

REFLECTION AND REFRACTION OF SOUND.

366. When waves of sound strike against any fixed
What is surface tolerably smooth, they are reflected,
meantb th¢ or rebound, from that surface; and the
sound? angle of reflection is equal to the angle of

incidence.
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This law governing the reflection of sound is the same as that
which governs the reflection of all elastic bodies, and also, as will be
shown hereafter, the imponderable agents heat and light.

367. An Echo)is | airepetition-iof sound, caused by
the reflection of the sound-waves, or undu- gt is
lations, from a surface fitted for the pur- aoecho?
pose, as the side of a house, a wall, hill, &c.; the
sound, after its first production, returning to the ear
at distinct intervals of time.

Thus, if a body placed at a certain distance from a hearer produces
a sound, this sound would be heard first by means of the sonorous
undulations which produced it, proceeding directly and uninterruptedly
from the sonorous body to the hearer, and afterward by sonorous
undulations, which, after striking on reflecting surfaces, return to the
ear. These last constitute an echo.

In order to produce an echo, it is requisite that the reflecting
body should be situated at such a distance from the source of sound,
that the interval between the perception of the original and re-
flected sounds may be sufficient to prevent them from being blended
together.

The shortest interval sufficient to render sounds distinctly apprecia-
ble by the ear is about one-ninth of a second: therefore, when sounds
follow at shorter intervals, they will form a resonance instead of an
echo; so that no reflecting surface will produce a distinct echo, unless
its distance from the spot where the sound proceeds is at least 624 feet;
as the sound will, in its progress in passing to and from the reflecting
surface at the rate of 1,120 feet per second, occupy one-ninth part of a
second, passing over 624 X 2, = 125 feet.

368. When the distance between the source of sound and the reflect-
ing surface is less than 624 feet, the original and reflected wWhat is
sounds are blended together, and the effect is called a resonance?
resonance, and not an echo. If the distance is comparatively small,
the sound is strengthened and prolonged ; but, where the apartment is
larger, the direct sound only partially blends with the reflected sound,
and more or less confusion arises.

If two tuning-forks, tuned to precisely the same note, be mounted
on sounding-boxes, and so placed that the mouths of the boxes face
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How may 371. Sound may be refracted.

sound he When the propagation of light or heat takes place

refracted ? . . .
through media of different natures or densities, the

direction of their waves undergo a particular deviation known as

refraction. Sound exhibits'the’same 'phenomenon.

FiG. 161.

If a watch be hung at w (Fig. 161), close to a lens formed of a
collodion balloon filled with carbonic-acid gas, at a distance of four or
five feet beyond the balloon the ticking of the watch can be distinctly
heard. The sound will be enfeebled if the balloon be removed, thus
showing that the rays of sound are converged towards a point by the
lens.

372. A right understanding of the principles which govern the
reflection of sound is often of the utmost importance in the construc-
tion of buildings intended for public speaking, as halls, churches, &c.

Experience shows that the human voice is capable of filling a
larger space than was ever probably inclosed within the walls of a
single room.

The circumstances which seem necessary in order that the human
What cir.  Voice should be heard to the greatest possible distance,
cumstances and with the greatest distinctness, seem to be, a per-
arenecessary fectly tranquil and uniformly dense atmosphere, the
to insure the
utmost dis-  absence of all extraneous sounds, the absence of echoes
tinctness in  and reverberations, and the proper arrangement of the
hearing ? reflecting surfaces.

A pure atmosphere in a room for speaking, being favorable to the
How doesa  SPeaker’s health and strength, will give hin.\ g‘rcater
pure atmos- Power of voice and more endurance, thus indirectly
pherein a improving the hearing by strengthening the source of
;;:ﬁ::;“ sound, and also by enabling the hearer to give his atten-

tion for a longer period undisturbed.
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In constructing a room for public speaking, the ceil- How should
ing ought not to exceed thirty to thirty-five feet in 27°0™ for
> public speak-
height. ing be con-
The reason of this may be explained as follows: structed?
If we advance toward, a wall-on a.calm day, producing at each step
some sound, we will find a point at which the echo ceases wnat is
to be distinguishable from the original sound. The the reason
distance from the wall, or the corresponding interval of ©f this?
time, has been called the limit of perceptibility. This limit is about
thirty to thirty-five feet and, if the ceiling of a building for speaking
be arranged at this limit, the sound of the voice and the echo will
blend together, and thus strengthen the voice of the speaker.

If the ceiling be constructed higher than this limit of perceptibility,
or higher than thirty or thirty-five feet, the direct sound and the echo
will be heard separately, and will produce indistinctness.

Echoes from walls and ceilings may, to a certain How may
extent, be avoided by covering their surfaces with thick ©chocsin

. . apartments
drapery, which absorbs sound, and does not reflect it. to some

If the room is not very large, a curtain behind the extentbe
speaker impedes rather than assists his voice. avoided?

373. In every apartment, owing to the peculiar arrangement of the
reflecting surfaces, some notes or tones can be heard

. o e . What is

with greater distinctness than others; or, in other words, meant by
every apartment is fitted to reproduce a certain note, the key-
called the key-note, better than any other. If a speaker, ‘:"‘et‘:l;": R
therefore, will adapt the tones of his voice to coincide par

with this key-note, which may readily be determined by a little practice,
he will be enabled to speak with greater ease and distinctness than
under any other circumstances.

In a large room nearly square, the best place to speak from is near
one corner, with the voice directed diagonally to the opposite corner.
In most cases, the lowest pitch of voice that will reach across the
room will be the most audible. In all rooms of ordinary form it is

- better to speak along the length of a room than across it. Itis better,
generally, to speak from pretty near a wall or pillar, than far away
from it.
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SECTION II

MUSICAL SOUNDS.

374. All vibrations of sonorous bodies which are

whatare  uniform, regular, and sufficiently rapid,
musical

sounds ? produce agreeable or musical sounds.

The difference between a noise and a musical sound consists in the
regularity or irregularity of the vibrations of the sonorous body. A
noise is, of course, due to vibrations, but these vibrations do not
follow each other at regular intervals; whereas in every musical sound
the vibrations follow each other at perfectly regular rates, and conse-
quently the undulations of the air must be all exactly similar in dura-
tion and intensity, and must recur after exactly equal intervals of
time.

375. If the sound-impulses be repeated at very

What is short intervals, the ear is unable to attend

roen  to them individually, but hears them as a

insound?  continued sound, which is uniform, or has
what is called a tone or pitch, if the impulses be
similar and at equal intervals.

376. When the impulses, or vibrations, are few in number in a
Whenisa  8iven time, the tone is said to be grave; when they are
tone grave  many, the tone is said to be sharp. Musical sounds are
or sharp? spoken of as notes, or as high and low. Of two notes,
the higher is that which arises from more rapid, and the lower from
slower, vibrations.

377- This may be shown by means of Savart’s wheel, Fig. 162, so

What is the called from the inventor.

construction It consists of a toothed wheel, B, which is caused to
anduseof  revolve as regularly as possible by means of the wheel
i‘l;’:e'l'?‘ A, and the endless band D.  The teeth of the wheel B

cause a little strip or tongue of card or metal, E, to
vibrate; and this, communicating its vibrations to the air, produces
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sound. When B is caused to revolve slowly we can distinguish each
individual tap of the tongue against the teeth. On increasing the rate
of revolution a continuous sound is heard, which gradually rises in
pitch as the velocity of the wheel increases, till the sound becomes a
shriek. The number; of| vibrations.in-a second is found by taking the
number of revolutions made by the wheel in that time, as shown by
the dial-plate H, and multiplying this number by the number of teeth
on the circumference of the wheel.

" FiG. 162.

378. Another instrument for counting the number of vibrations
in a given note is shown in Fig. 163. It is called a Whatis
siren. a siren ?

In this machine a series of puffs is produced by the alternate inter-
ception and renewal of a current of air. This action is performed by
the constantly changing position of a perforated brass plate, A, revolv-
ing, by force of a current of air, over a plate, B, perforated in like
manner. Fig. 163 shows the outward appearance of the machine;
Fig. 164, the arrangement of the plates, and the manner of perforating
them; and Fig. 165, the manner of counting the number of vibrations.
When the plate A moves with an uniform velocity, a series of puffs
will escape at equal intervals of time. These puffs, when succeeding
one another at a sufficiently rapid rate, will communicate vibrations to
the surrounding air, and produce sound, which increases in pitch as
the velocity of the plate A is greater. The number of revolutions
made by the plate A is shown by the two dials, Fig. 163.
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379. To produce any sound whatever, it is necessary that a certain
Is there any number of vibrations should be made in a certain time.
limit to the  If the number produced in a second falls below a certain

numberof 1,46 1o sound-sensation will be made upon the ear. It
vibrations . \ e .

requisite is believed-that the''ear-can- distinguish a sound caused
to produce by fifteen vibrations in a second, and can also continue
sound ? to hear though the number reaches forty-eight thousand

per second. Trained and sensitive ears are said to be able to exceed
these limits.

The longest sound-waves capable of producing the sensation of
sound have a length of 66 feet; the shortest, 3.2 inches.

) FiG. 163. FiG. 164. FiG. 165.

380. Beside this, sounds differ in their quality.
Whatisthe 1D€ same musical note, produced with
qualityof -~ the same degree of loudness, and by the
sound, and . . .
towhatis same number of vibrations, in the flute,
it due? the clarionet, the piano, and the human
voice, is in each instance peculiar and wholly dif-
ferent. The French call this property, by which

one sound is distinguished from another, the zimébre.
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Sounding bodies, when caused to vibrate, always break up into
segments so as to start vibrations of different periods at the same
time. This is due to the fact that the molecules of the body are not
equally moved from their position of rest; and in certain parts of the
body, called nodes,'the’ molecules -may remain entirely at rest. The
note given out by a body vibrating as a whole is called the funda-
mental note, and those produced by the vibrating portions (ventral
segments) of the body are the harmonics of that tone. The quality
of a sound is due to the blending of the harmonics with the funda-
mental note. Each note has its own set of harmonics. The human
voice is rich in harmonics (or overtones), as many as sixteen having
been detected in a bass voice.

381. Two musical notes are said to be wnen are
in unison when the vibrations which cause jwomusical
them are performed in equal times. unison ?

382. When one note makes twice the number of
vibrations in a given time that another wy.¢isan
makes, it is said to be its octave. The octave?
relation, or interval, which exists between two sounds
is the proportion between their respective numbers
of vibrations.

383. A combination of harmonious sounds is
termed a musical chord; a succession of \wpatisa
harmonious notes, a melody; and a suc- chord, &e.?
cession of chords, harmony.

A melody can be performed or executed by a single voice; a har-
mony requires two or more voices at the same time.

384. When two tones, or notes, sounded together
produce an agreeable effect on the ear, Define con
their combination is called a musical con- cord and

. as oo s d.
cord : when the effect is disagreeable, it is
called a discord. ’

385. Between the key-note and its octave there is a natural grada-
tion by intervals in the pitch of the tone, which heard in succession
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are harmonious; the octave, as its name implies, being the eighth
itch of tone, or eighth successive note, ascending from
Explain what P}; cko o g ’ dmg
is meant by the ey-not?. . ) .
the gamut, These eight notes, or intervals in the pitch of tone
or scale of between, the | key-note and its, octave, constitute what is
music. called the gamut, or diatonic scale of music, because
they are the steps by which the tone naturally ascends from any note
to the corresponding tone above, produced by vibrations twice as
rapid. These several notes are distinguished both by letters and
names. They are:—
C,D,E, F, G, AB,C.
Or — do, re, mi, fa, sol, la, si, do.

They may also be distinguished by numbers indicating the length
How are of the strings and the number of vibrations required
the notes of  to produce them. Thus, the length of the string produ-
the scale cing the primary or key-note being twenty-four inches,
indicated? (e lengths of the strings to produce the tones in the
entire scale are : —

24, 27, 30, 32, 36, 40, 45, 48.

Or, supposing that, whatever be the number of vibrations per second
necessary to produce the first note in the scale C, we agree to repre-
sent it by unity, or 1; then the numbers nccessary to produce the
other seven notes of the octave will be as follows: —

Nameofnote . . . . . . C,D,E F, G, A, B, C.
Number of vibrations. . . . 1, §, 4, 4, §, §, A% 2

However far this musical scale may be extended, it will still be
found but a repetition of similar octaves. The vibrations of a column
of air in a pipe may be regarded as obeying the same general laws.
Notes are naturally higher in proportion to the shortness of the pipes.

386. For studying the vibrations of cords, an instrument called the
Explain the sonometer (Fig. 166) is employed. It consists of a
construction case of thin wood, above which are stretched wires by
of the means of weights. A movable bridge can be placed at
Somometer-  ,ny desired point of a scale beneath the strings. By
means of the sonometer the following laws may be determined : —

387. (1) The rate of vibration is inversely proportional to the length
What taws  Of the wire.  Thus, if a string makes a certain number
are proved of vibrations in a second, a string one-half as long will
by the make double the number of vibrations; a string one-
sonometer? g a9 long, three times as many, &c.
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(2) It is directly proportional to the square root of the stretching-
weight. If a string produces a given number of vibrations when
stretched by a weight of one pound, it will require a stretching-weight

FiG. 166,

of four pounds to make double the number of vibrations, nine pounds
to make three times as many, &c.

(3) It is directly proportional to the square root of the weight of
the string. The bass-strings of a piano are covered with wire, to in-
crease their weight, and thus secure a lower tone. The operation of
these laws is seen in a violin. The pitch of any string is raised or
lowered by a screw which on turning increases or diminishes the

v

FiG. 167.

stretching-weight ; or, the pitch is altered by applying the finger in
such a manner as to lengthen or shorten the vibrating part; or, finally,
the pitch is altered by using larger or smaller strings.



220 NATURAL PHILOSOPHY.

388. The presence of nodes and ventral segments may also be
shown by means of the sonometer. If a string A D

i‘z'n::z (Fig. 167) be set into vibrations, and a bridge be placed
ventral at the point B, so as to bring B to a state of rest, the
;:8;::::;? remaining. \portion of (thel. string will divide itself into

two portions. This is due. to the fact that all parts of
the string tend to make a vibration in the same time. In like man-
ner, if we place the bridge at B, a point one-fourth the length of the
string, the string will divide itself into four vibrating parts. The
points B C and C’ are called nodes. That they are in a state of rest
may be shown by placing some small paper riders over the string.
On vibrating the string, the riders on the ventral segments will be
thrown off, while those on the nodes will remain undisturbed. On
vibrating plates (§ 354), the sand collects on the lines at rest, or on
the nodal lines.
389. In wind-instruments the sound is pro-

How Is duced by a vibrating

sound column of air within
produced the tube. The vibra-
in wind- tions are produced in
instruments?

a mouth - instrument,
Fig. 168, by a rapid current of air
passing through 7 and striking
against the upper lip 4. In this
way shocks are produced, and, be-
ing transmitted to the air in the
tube, make it vibrate, and sound is
the result. In a reed-instrument
(Fig. 169), the air is caused to
vibrate by an elastic tongue, 7,
which is itself set into vibration by a current
of air coming from Q. The reed-tube, H, is
generally added to improve the quality and in-
crease the volume of the sound produced by
the reed, which itself would sound very poor
and faint.

The existence of nodes and loops (ventral
segments) within an organ-pipe may be shown
by lowering into the pipe a thin membrane stretched over a frame, and
having some sand sprinkled on its surface. While in a loop, the sand
will be agitated ; but on entering a node it will remain at rest.




ACOUSTICS. 221

390. If a glass tube, open at both ends, be held over a jet of bumi‘ng
hydrogen (see Fig. 170), a rapid current of air is produced through the
tube, which occasions a flickering of the flame, attended by a series of
small explosions, that succeed each .

ow may
other so rapidly,'and’at such'‘regular’'gound be
intervals, as to give rise to a musical produced by
note, or continuous sound, the pitch * fame?
and quality of which varies with the length, thick-
ness, and diameter of the tube. By sounding the
same note with the voice, a tuning-fork, or musical
instrument, the singing of the flame may be inter-
rupted, or caused to cease entirely; or, when silent,
to re-commence.

391. The phonograph is an instru-
ment designed to register pescrive the
sound-vibrations, and to re- Pphonograph.
produce them when desired.

FiG. 170.

Fig. 171 shows the construction of the instrument. It consists of a
cylinder, A, in the surface
of which is cut a spiral °

_\ groove, like the thread of
E a screw. A like screw is
' cut in the shaft which car-
ries the cylinder. Over
this cylinder is fixed a
“Fre. 171, sheet of tinfoil. ~ The

mouthpiece B (shown in

detail in Fig. 172) consists of a thin plate of metal, D,
called a diaphragm, which is capable of receiving from,
and transmitting to, the air, sound-vibrations. On its
back is fastened a needle-point, which presses lightly
against the tinfoil. On turning the cylinder, and speak-
ing into the mouth-piece, the diaphragm vibrates, and
communicates its motion to the needle-point, which
pricks the tinfoil, leaving marks which will be of dif-
ferent lengths, varying with the amplitude of the vibra-
tions of the air, or with the tones and modulations of the speaker’s

Fic. 172.
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voice. To reproduce the sounds, the cylinder is placed as at the be-
ginning, and, on turning it,
the diaphragm ‘will per-
form the same vibrations
as before. The marks on
the tinfoil set the needle-
point vibrating, the needle
the diaphragm, and the
diaphragm the air, which
conveys the vibrations to
the ear, where sound is
produced. Fig. 173 represents the tinfoil with the marks made by the
needle-point.

FiG. 173.

SECTION III.
ORGANS OF HEARING AND OF THE VOICE.

392. The ear consists, in the first instance, of a funnel-shaped mouth,
Describe the Placed upon the external surface of the head. .In many
construction animals this is movable, so that they can direct it to the
of thehuman place from whence the sound comes. It is represented
ear. at a, Fig. 174.

Proceeding inward from this external portion of the ear is a tube,
something more than an inch long, ter-
minating in an oval-shaped opening, 4,
across which is stretched an elastic mem-
brane, like the parchment on the head of

-adrum. This oval-shaped opening has re-
ceived the name of the tympanum, or drum
of the ear; and the membrane stretched
across it is called the “membrane of the
tympanum, or drum of the ear.”

The sound concentrated at the bottom of the ear-tube falls upon
the membrane of the drum, and causes it to vibrate. That its motion
may be free, the air contained within and behind the drum has free
communication with the external air by an open passage, f, called the
eustachian tube, leading to the back of the mouth. A degree of deaf-

Fic. 174.
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ness ensues waen this tuoe .s obstructed, as in a cold; and a crack or
sudden noise, with immediate return of natural hearing, is generally
experienced when, in the effort of sneezing or otherwise, the obstruc-
tion is removed.

The vibrationsof) the meénibrane of)the drum are conveyed farther
inward, through the cavity of the drum, by a chain of four bones (not
represented in the figure on account of their minuteness), reaching
from the center of the membrane to the commencement of an inner
compartment which contains the nerves of hearing. This compart-
ment, from its curious and most intricate structure, is called the
labyrinth. (Fig. 174,¢,¢,d.)

The labyrinth is the true ear, all the other portions being merely
accessories by which the sonorous
undulations are propagated to the
nerves of hearing contained in the -
labyrinth, which is excavated in
the hardest mass of bone found in
the whole body. Fig. 175 repre- (
sents the labyrinth on an enlarged
scale, and partially open.

The labyrinth is filled with a
liquid substance, through which the
nerves of hearing are distributed. When the membrane of the drum
of the ear is made to vibrate by the undulations of sound striking
against it, the vibrations are communicated to the little chain of bones,
which in turn, striking against a membrane which covers the external
opening of the labyrinth, compresses the liquid contained in it. This
action, by the law of fluid-pressure, is communicated to the whole
interior of the labyrinth, and consequently to all portions of the audi-
tory nerve distributed throughout it : the nerve thus acted upon con-
veys an impression to the brain.

The several parts of the labyrinth consist of what is called the
vestibule, ¢; three semicircular canals, ¢, imbedded in the hard bone;
and a winding cavity, called the cocklea, d, like that of a snail-shell,
in which fibers, stretched across like harp-strings, constitute the /yra.
This lyra consists of about three thousand fibers. If a piano be
opened, and a vowel-sound be spoken in a clear, loud voice over the
strings, certain strings, which are capable of producing the sounds of
which the vowel-sound is composed, will respond. In like manner it
is supposed these fibers are acted upon by sound-waves; each sound

K1G. 175.
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setting in vibration some particular fiber, which in turn communicates
sensation to the brain.

The separate uses of the various parts of the ear are not yet fully
known. The membrane of the tympanum may be pierced, and the
chain of bones may)be brokem;withoutientire loss of hearing.

What are 393. In the hearing apparatus of the lower orders of
peculiarities animals, all the parts belonging to the human ear do not
of the hear-  eoyjst, In fishes the ear consists only of the labyrinth;

ing appara- . . . . .
tufi: !:he and in lower animals the ear is simply a little membra-

lower nous cavity filled with fluid in which the fibers of the
animals ? nerves of the hearing float.
Can all por- 394. All persons can not hear sound

sonshear  alike. In different individuals the sensi-
sound atike? bility of the auditory nerves varies greatly.

395. The whole range of human hearing, from the
Whatisthe lowest note of the organ to the highest
range of known cry of insects, as of the cricket,
hearing ? includes about nine octaves.

396. In the human system the parts concerned in
Whatare  th€ production of speech and music are
theorgans  three, — the windpipe, the larynx, and the
of voice? .

glottis.

397. The windpipe is a tube extending from one
Wwhatisthe €Xtremity of the throat to the other, which
windpipe?  terminates in the lungs, through which the
air passes to and from these organs of respiration.

398. The larynx, which is essentially the organ
whatisthe Of speech, is an enlargement of the upper
larynx? part of the windpipe. The larynx termi-
nates in two lateral membranes which approach near
to each other, having a little narrow opening between
them called the glottis. The edges of these mem-
branes form what are called the vocal chords.
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399. In order to produce voice, the air expired
from the lungs passes through the wind- How Is
pipe and out at the larynx, through the voice pro-
opening between 'thé membranes; the glot- duced?
tis: the vibration of the edges of these membranes,
caused by the passage of air, produces sound. The
organs of the voice produce sound on the same prin-
ciples as a reed-instrument.

By the action of muscles we can vary the tension of How can the
these membranes, and make the opening between them :‘;‘;:::: :::
large or small, and thus render the tones of the voice gered grave
grave or acute. or acute ?

400. The loudness of the voice depends mainly
upon the force with which the air is ex-

1 f Upon what
’ does the

pelled from the lungs. does the
The force which a healthy chest can exert in blowing the voice
depend ?

is about one pound per inch of its surface; that is to
say, the chest can condense its contained air with that force, and can
blow through a tube, the mouth of which is ten feet under the surface
of water.

Coughing, sneezing, laughing, and crying are due to the sudden
expulsion of air from the lungs.

401. Sound, to some extent, appears to always accompany the liber-
ation of compressed air. An example of this is seen in Does sound
the report which a pop-gun makes when a paper bullet generally
is discharged from it. The air confined between the accompany
paper bullet and the discharging-rod is suddenly liber- theliberation
ated, and strikes against the surrounding air, thus caus- ;:;:::“r?
ing a report in the same manner as when two solids
come into collision. In like manner an inflated bladder, when burst
open with force, produces a sound like the report of a pistol.

402. The sound of falling water appears in a great measure to be
owing to the formation and bursting of bubbles. When . .-
the distance which water falls is so limited that the end the sound of
of the stream does not become broken into bubbles and falling water
drops, neither sound nor air-bubbles will be produced; due?
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but, as soon as the distance becomes increased to a sufficient extent to
break the end of the column into drops, both air-bubbles and sounds

will be produced.
Insects generally excite sonorous vibrations by the fluttering of

their wings, or other'\membranoas patts|of(their structure.

Practical Questions in Acoustics.

1. The flash of a cannon was seen, and ten seconds afterward the report was
heard : how far off was the cannon ?

2. At what distance was 2 flash of lightning when the flash was seen seven seconds
before the thunder was heard ?

3. How long after a sudden shout will an echo be returned from a high wall, 1,120
feet distant ?

4. A stone, being dropped into the mouth of a mine, was heard to strike the bottom
in two seconds : how deep was the mine ? '

5. A certain musical string vibrates one hundred times in a second : how many
times must it vib ina d to produce the octave ?

6. To produce a given note, a string makes sixty-four vibrations in a second : what
is the length of the sound-wave in feet ?

7. The circumference of a wheel has seventy-five teeth which strike against an
elastic strip. Find the ber of vibrati per d of the sound produced when
the wheel rotates four times per second.




CHAPTER XI.
HEAT.

403. Heat is a physical agent, known only by its
effects upon matter. In ordinary language whatis
we use the term ‘“heat” to express the best?
sensation of warmth. .

404. The quantity of heat observed in different
substances is measured, and its effects on gow is heat
matter estimated, only by the change in messured?
bulk, or appearance, which different bodies assume,
according as heat is added or subtracted. '

405. The degree of heat by which a body is
affected, or the sensible heat a body con- whatis
tains, is called its Temperature. temperature ?

406. Cold is a relative term, expressing only the
absence of heat in a degree; not its total wnatis
absence, for heat exists always in all cod?
bodies, and, so far as we know, without limits.

Ice contains heat in large quantities. Sir Humphry Davy, by
friction, extracted heat from two pieces of ice, and quickly melted
them, in a room cooled below the freezing-point, by rubbing them
against each other.

407. The tendency of heat is to diffuse Inwhat

or spread itself among all neighboring ,'.",:'.'Egﬁ::'

substances until all have acquired the f®Pread

. itself ?
same or a uniform temperature.
227
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A piece of iron thrust into burning coals becomes hot among them,
because heat passes from the coals into the iron, until the metal has
acquired an equal temperature.

408. When the |hand) touches,a body having a
Wheado  Digher temperature than itself, we call it
;voz;-:'l‘, . hot, be'cause, on account of the law that

heat diffuses itself among neighboring
bodies until all have acquired the same temperature,
heat passes from the body of higher temperature to
the hand, and causes a peculiar sensation which we
call warmth. '

409. When we touch a body having a temperature
When do lower than the hanfl, heat, in accordance
:o:;.cl;:, s, with the same law, passes out from the

hand to the body touched, and occasions
the sensation which we call cold.

There cannot be a more fallacious method of estimating heat than
by the touch, which does so¢ inform us directly of temperature, but of

the rate at whick our finger gains or loses heat.
3;1’.;,“’ hat A body may feel hjoit fndgcold to the same person at

stances may the same time. Thus, if a person transfer one hand to

: ;":: df:,:ll g Ccommon spring-water immediately after touching ice,
to the same  to that hand the water would feel very warm; while the
person at the other hand, transferred from warm water to spring-water,

same time? o114 feel a sensation of cold.

Has heat 410. Heat is imponderable, or does not
weight? possess any perceptible weight.

If we balance a quantity of ice in a delicate scale, and then leave it
to melt, the equilibrium will not be in the slightest degree disturbed.
If we substitute for the ice boiling water or red-hot iron, and leave
this to cool, there will be no difference in the result. Count Rumford,
having suspended a bottle containing water, and another containing
alcohol, to the arms of a balance, and adjusted them so as to be
exactly in equilibrium, found that the balance remained undisturbed
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when the water was completely frozen, though the heat the water had
lost must have been more than sufficient to have made an equal
weight of gold red-hot.

411. Heat'is' supposed to'be the effect of a species
of motion, like a vibration or undulation, whatis

produced in the constituent particles of Xnownor

bodies. of heat ?

When one end of a bar of iron is thrust into the fire, and heated,
the other end soon becomes hot also. The heat of the fire com-
municates to the particles of the iron themselves certain vibratory
motions, which motions are gradually transmitted in every direction
by means of a subtile fluid called etker, which is supposed to per-
_ vade all matter, and produce the sensation of heat in the same way
that the undulations or vibrations of air produce the sensation of
sound. .

412. The relation between heat and light is a very intimate one.
Heat exists without light, but all the ordinary sources

s . What rela-
of light are also sources of heat; and by whatever arti- 400 is there
ficial means natural light is condensed, so as to increase between heat
its splendor, the heat which it produces is also, at the and!light?
same time, rendered more intense.

413. When a body, naturally incapable of emitting
light, is heated to a sufficient extent t0 whenisa
become luminous, it is said to be incan- bedy incan-

, ) descent or
descent, or ignited. ignited ?

Luminous heat is heat issuing from a luminous or incandescent
source; as from the flame of a lamp, or from the sun. Obscure heat
is heat given out by a non-luminous source; as by a vessel of boil-
ing water, or by the earth.

414. Flame is ignited gas issuing from a burning
body. Fire is the appearance of heat and What is
light in conjunction, produced by the com- flame and

. . fire?
bustion of inflammable substances. "

The ancient philosophers used the term “fire” as a characteristic
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of the nature of eat, and regarded it as one of the four elements of
nature ; air, earth, and water being the other three.

Heat, and the attraction of cohesion, act constantly in opposition
to each other: hence, thejmore a body is heated, the less will be the
attractive force between the particles of which it is composed.

SECTION I

SOURCES OF HEAT.

415. Four great sources of heat are recognized.
whatare  They are: (1) the sun; (2) the interior of
theprincipal the earth; (3) mechanical action; (4)
heat? chemical action.

What is the 416. The greatest natural source of heat
greatestoat- is the sun, as it is also the greatest natu-
of heat? ral source of light.

The sun is supposed to be an enormous solid or liquid body
invested with an atmosphere of flame. The amount of

What is the . A .

supposed heat received from the sun by the earth in one year is
state of capable of melting a mass of ice sufficient to envelop
the sun? the globe to the depth of one hundred feet. The earth

receives but the gygggygopy Part of the total amount of heat emit-
ted by the sun; and this amount is further lessened by the absorption
of the heat by the earth’s atmosphere, which at times amounts to
as much as twenty-five per cent.

Exactly what the temperature of the sun is, philosophers are unable
to say; one fixing it at many millions of degrees, another at only a few
thousand degrees, or no hotter than many of our terrestrial sources of
heat.

Although the quantity of heat sent forth from the sun is immense,
its rays, falling naturally, are never hot ¢nough, even in the Torrid
Zone, to kindle combustible substances. By means, however, of a
burning-glass, the heat of the sun’s rays can be concentrated or bent
toward one point, called-a focus, in sufficient quantity to set fire to
substances submitted to their action.
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417. Owing to the position of the earth’s axis, the
relative amount of heat received from the why i the

1 i 1 relative heat
sun is always greater in some portions of of the sun

the earth than'at others, since the rays of always
. er in
the sun always fall more directly upon the some por.

central portions of the earth than they do tonsof the

at the poles, or extremities ; and the great- atothers?
est amount of heat is experienced from the rays of
the sun when they fall most perpendicularly.

The heat of the sun is greatest at noon, because for Why is the
the day the sun has reached the highest point in the heatof the
heavens, and its rays fall more perpendicularly than at sun greatest

at noon ?
any other time.

For a like reason we experience the extremes of temperature, dis-
tinguished as summer and winter. In summer the posi-
tion of the sun in relation to the earth is such, that, x::‘t:‘;’"'
although more remote from the earth than in winter, its gifference in
rays fall more perpendicularly than at any other season, temperature
and impart the greatest amount of heat; whilc in win- and winter?
ter the position of the sun is such that its rays fall more
obliquely than at any other time, and impart the smallest amount of
heat. The sun, moreover, is longer above the horizon in summer than
in winter, which also prcduces a corresponding effect.

Let us suppose A B C D, Fig. 176, to represent a portion of the
sun’s rays, and C D a portion of
the earth’s surface upon which
the rays fall perpendicularly, and
C E portions of the surface upon
which they fall obliquely. The
same number of rays will strike
upon the surfaces C D and C E,
but, the surface C E being greater than C D, the rays will necessa-
rily fall. more densely upon the latter; and, as the heating power must
be in proportion to the density of the rays, it is obvious that C D will
be heated more than C E, in just the same proportion as the surface
C E is more extended. But, if we would compare two surfaces upon
neither of which the sun’s rays fall perpendicularly, let us take C E

FiG. 176.
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and C F. They fall on C E with more obliquity than on C.F; but
C E is evidently greater than C F, and therefore the rays, being
diffused over a larger surface, are less dense and therefore less effec-
tive in heating.

418. The average temperature of the globe is placed at 50° (Fahren-
What arethe heit’s scale). The extremes of natural temperature are
extremes of  70° below zero, and 120° above zero; of artificial heat,
heat, and 220° below zero, and 36,000° above zero. It is estimated
what is the £ ° bel Fahrenheit’
absolute zero that at the temperature of 459° below zero (Fahrenheit’s
of tempera- scale), no heat would remain; that is, all molecular
ture ? motion would cease. Since it is not possible to reach
this temperature, it is an ideal point, known as the absolute zero of
temperature. )

419. The rays of the sun falling upon land are

To what o s cn ae .
depth in the arrested, and their influence extends to'a distance which
earth does  varies from fifty to one hundred feet; but falling on
theheatof  water they penetrate to a considerably greater depth.
the sun . . . .
extend ? In clear water this depth is estimated to be about six

hundred feet.
How do we 420. Independently of the sun, the earth is a source
xnow that  of heat. The proof of this is to be found in the fact,
the earth is  that as we descend into the earth, and pass beyond the
:f':::'? limits of the in{luence of the solar heat, the tempera-

ture constantly rises.

Atwhat rate  The increase of temperature observed as

doesthetem- we descend into the earth is about one
perature of

theearth  degree of the thermometer for every fifty
increase ?
feet of descent.

Supposing the temperature to increase according to this ratio, at
the depth of two miles water would be converted into steam ; at four
miles tin would be melted; at five miles, lead; and at thirty miles
almost every earthy substance would be reduced to a fluid state,

The internal heat of the earth does not appear to have any sensible
effect upon the temperature at the surface, being estimated at less than
+g of a degree. ‘The reason why such an amount of heat as is sup-
posed to exist in the interior of the earth does not more sensibly affect
the surface is because the materials of which the exterior strata or
crust of the earth is composed do not readily conduct it to the surface
from the interior.
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421, Many bodies, when their original constitution
is altered, either by the abstraction of , _ .

some of their component parts, or by the ::a:;c:'
addition of other 'substances’not-before in source of

combination with .them, evolve heat while "’
the change is taking place.

In such cases the heat is said to be due to chem-
ical action.

We apply the term chemical action to those operations, whatever
they may be, by which the form, solidity, color, taste,

What is
smell, and action of substances become changed, SO cpemical
that new bodies, with quite different propertles, are action ?
formed from the old.

A familiar illustration of the manner in which heat is evolved by
chemical action is to be found in the experiment of pouring cold water
upon quick-lime. The water and the lime combine together, and in so
doing liberate a great amount of heat, sufficient to set fire to combus-
tible substances.

422. Heat is always evolved when a fluid is trans-
formed into a solid, and is always absorbed
when a solid is made to assume a fluid :}’;&T;‘
condition. As water is changed from its the change
liquid form when it is taken up by quick- matter?

lime, therefore heat is given off.

The heat produced by the various forms of combustion is the
result of chemical action.

423. When electricity passes from one substance

to another, the medium which serves to under what
conduct it is very frequently heated; the gances is
heat produced is due to chemical action. glectrcity

Electricity is the force which presides over of heat?
its distribution.



234 NATURAL PHILOSOPHY.

The greatest known heat with which we are acquainted is thus pro-
duced by the agency of the electric or galvanic current. All known
substances can be melted or volatilized by it.

Heat so developed has not been employed for practical or econom-
ical purposes to any\great| extent;. bat/ for /philosophical experiments
and investigations it has been made quite useful.

424. Most living animals possess the property of
Whatis maintaining in their systems an equable
meant by 'temperature, whether surrounded by bod-

ies that are hotter or colder than they are
themselves. The cause of this is due to the action
of vital heat, or the heat generated or excited by the
organs of a living structure.

The following facts illustrate this principle: The explorers of the
Arctic regions, during the polar winter, while breathing air that froze
mercury, still had in them the natural warmth of 98° Fahrenheit
above zero; and the inhabitants of India, where the same thermome-
ter sometimes stands at 115° in the shade, have their blood at no
higher temperature. Again, the temperature of birds is not that of
the atmosphere, nor of fishes that of the sea.

The cause of animal heat is undoubtedly chemical action. The
What is the Oxygen of the atmosphere, when inhaled by the lungs,
cause of unites with certain constituents of the blood, and pro-
vitalheat?  g,ces heat. Itis a process of combustion. The animal
body is like a machine. It consumes food, which serves as fuel, and
produces force. But it differs from a machine in the respect that it
also furnishes the material for repair.

Growing vegetables and plants also possess, in a degree, the prop-
Do plants erty of maintaining a constant temperature within their
possess this  structure. The sap of trees remains unfrozen when the
property ? temperature of the surrounding atmosphere is many
degrees below the freezing-point of water.

This power of preserving a constant temperature in the animal
structure is limited. Intense cold, suddenly coming upon a man who
has not sufficient protection, first causes a sensation of pain, and then
brings on an almost irresistible sleepiness, which, if indulged in, proves
fatal. A great excess of heat also can not long be sustained by the
human system.
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Each species of animal and vegetable appears to have a temperature
natural and peculiar to itself; and from this diversity different races
are fitted for different portions of the earth’s surface. Thus the
orange-tree and the bird of paradise are confined to warm latitudes;
the pine-tree and, the Arctic/bear, [to-those which are colder.

When animals and plants are removed from their peculiar and
natural districts to one entirely different, they cease to exist, or change
their character in such a way as to adapt themselves to the climate.
As illustrations of this, we find that the wool of the northern sheep
changes in the tropics to a species of hair. The dog of the Torrid
Zone is nearly destitute of hair. Bees transported from the north to
the region of perpetual summer cease to lay up stores of honey, and
lose in a great measure their habits of industry.

Man alone is capable of living in all climates, and of migrating
freely to all portions of the earth.

Of all animals birds have the highest temperature ; mammalia, or
those which suckle-their young, come next; then amphibious animals,
fishes, and certain insects. Shell-fish, worms, and the like, stand low-
est in the scale of temperature. The common mud-wasp, in its chrysa.
lis state, remains unfrozen during the most severe cold of a northern
winter ; the fluids of the body instantly congeal, however, in a freezing
temperature, the moment the case or shell which incloses it is
crushed.

425.. Another important source of heat Howis
. . . . mechanical
is mechanical action, heat being produced actiona

by friction, and by the condensation or jourseof

compression of matter.

Savage nations kindle a fire by the friction of two pieces of dry
wood ; the axles of wheels revolving rapidly frequently
be ignited : and, in the bori d turni £ metal What are

come ignited; and, in the boring and turning of metal, ;. cirations
the chisels often become intensely hot. In all these of the
cases, it was believed that the friction of the surfaces of P‘f’°:“°t'i:“
wood or of metal in contact disturbed the latent heat ?ﬁc:i:n ?y
of these substances, and rendered it sensible. *

The following interesting experiment was made by Count Rumford,
to illustrate the effect of friction in producing heat: A borer was made
to revolve in a cylinder of brass, partially bored, thirty-two times in a
minute. The cylinder was inclosed in a box containing eighteen
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pounds of water, the temperature of which was at first 60°, but rose in
an hour to 107°; and in two hours and a half the water boiled.

Air does not appear to be necessary to the production of heat
Is ai by the friction of solid bodies, since heat is produced by
8 air neces- . e e
sary for the  friction \within @vacuumy
production It was formerly supposed that solids alone could
;’:i:':l:;‘;y develop heat by friction; but recent experiments have

proved, beyond a doubt, that heat is also generated by
the friction of fluids.

426. Thus mechanical motion may be transformed into heat. But
heat is likewise capable of being changed into mechanical motion, as
is seen in the steam-engine, in which heat applied to water generates
motion. "The law which expresses the relation between heat and me-
chanical action may be thus enunciated : —

Heat and energy are mutually convertible; and heat

}Nt;-t is requires for its production, and produces
oule's . . . .
Equivalent? DYy its disappearance, mechanical energy in

the ratio of 772 foot-pounds for every thermal unit.

That is, the quantity of heat which is necessary to raise the temper-
ature of one pound of water through one degree Fahrenheit can raise
a weight of 772 pounds through one foot from the surface of the earth.
This law, from the name of the discoverer, has been called Joule’s
Equivalent.

The mechanical equivalence of heat and motion enables us to
explain many common phenomena. No machine, we have said (Sect.
155), can be made to transmit the whole amount of force imparted to
it by the moving power. The portion of the mechanical energy sup-
plied to the machine that is wasted is expended in overcoming fric-
tion. Whenever motion is produced in opposition to friction, the
mechanical energy expended in producing these effects is lost to the
purposes of the machine; but the heat evolved is its representative.
A falling body, on striking the earth, loses its motion, but produces its
equivalent in heat. Iron may be made red-hot by striking it with a
hammer. The hammer, on reaching the piece of iron, is arrested, but
its force is not destroyed. It has transferred motion to the molecules
of the mass of iron, and this molecular motion is rendered perceptible
to the proper nerves as heat. Thus heat is a kind of molecular mo-
tion, and may be generated alike by friction, percussion, or compres-
sion, as well as by combustion.
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SECTION 1II.

COMMUNICATION)OF (HEAT.

427. Heat may be communicated in How may
three ways, — by Conduction, by Convection, municated?
and by Radiation.

428. Heat is communicated by conduction when
it travels from particle to particle of the .y i heat
substance, as from the end of the iron bar g::::‘:;'
placed in the fire, to that part of the bar conduction?
most remote from the fire.

429. When heat is communicated by being carried
by the natural motion of a substance con- g is
taining it to another substance or place, convection?
as when hot water resting upon the bottom of a ket-
tle rises, and carries heat to a mass of water through
which it ascends, the heat is said to be communicated
by convection.

430. Heat is communicated by radiation when it
leaps, as it were, from a hot to a cold What is
body through an appreciable interval of radiation
space; as when a body is warmed by "™’
placing it before a fire removed to a little distance
from it. :

Ineach of these three cases, the temperatures of the hot and cold
bodies tend to become equal.

431. A heated body cools itself, first by giving off
heat from its surface, either by conduction . =
or radiation, or both conjointly ; and, sec- heated body
ondly, by the heat in its interior passing cool itaelt?
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from particle to particle by conduction through its
substance to the surface. A cold body, on the con-
trary, becomes heated by a process directly the re-
verse of this.

432. Diff-ergnt bodies exhibit a very great degree

of difference in the facility with which
Do all bodies
conduct heat they conduct heat: some substances op-
equally well? . . . .

pose very little impediment to its passage,
while through others it is transmitted slowly.

433. All bodies are divided into two classes in
What m' respect to their conduction of heat; viz,
conductors  into conductors and non-conductors. The
and non- .
conductors former are such as allow heat to pass
of heat? freely through them; the latter comprise
those which do not give an easy passage to it.

Dense solid bodies, like the metals, are the best.
conductors of heat;* light, porous substances, more
especially those of a fibrous nature, are the worst
conductors of heat.

The different conducting power of various solid substances may be
strikingly shown by taking a series of rods of equal length and thick-
ness, coating one of their extremities with wax, and placing the other
extremities equally in a source of heat. The wax will be found to
entirely melt off from some of the rods before it has hardly softened
upon others.

* The following table exhibits the relative conducting powers of different sub-
stances ; the ratio expressing the conducting power of silver being taken at 100 : —

Silver . . . . . . 1000 Iron. . . . . . . . . 119
Copper. « . . « . « o 776 Steel. . . . . . . . . 120
Gold. . . . . . .. . 53.2 Lead . X
Zinc. . .. ... . . 199 Patnum . . . ... . 82
Timn. ... .. ... 145 Bismuth . . . . ... 19

The metals in this table conduct electricity in the same order; silver being the best
conductor, and bismuth the poorest.
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434. Liquids are almost absolute non-conductors

of heat.

If a small quantity of alcohol he poured on
?he §urface 'of water, and inflamed, What is the
it will continue to burn for some conducting
time. (See Fig. 177.) A thermom. power of
eter,immersed at a small depth be. 'iauids?
low the common surface of the spirit and the wa-
ter, will fail to show any increase in temperature.

If a tube nearly filled with water is held over
a spirit-lamp, as in Fig. 178, in such a manner
as to direct the flame against the upper layers &
of the water, the water will be observed to boil

at the top, but remain cool below. If quick- FIG._I77

silver, on the contrary, be so treated, its lower

layers will speedily become heated. The particles of mercury will com-
municate the heat to each other, but the particles of water will not do so.
A stone or marble hearth in an apartment feels colder to the feet

than a woolen carpet or
hearth-rug, not because
the one is hotter than
the other, for both are
really of the same tem
perature, but because the

‘Why does
a stone

or marble
hearth feel
colder than
a carpet ?

stone and marble are good conductors,

Fic 178, and the woolen carpet and hearth-rug

very bad conductors.

Most varieties of wood are bad conductors of heat: hence, though
one end of a stick is blazing, the other end may be quite cold.
Cooking-vessels, for this reason, are often furnished with wooden
handles, which conduct the heat of the vessel tov slowly to render
its influx into our hands painful. For the same reason we use paper

or woolen kettle-holders.

435. Bodies in the gaseous or aériform
are more imperfect conductors of heat
than liquids. Common air, especially, is
one of the worst conductors of heat with
which we are acquainted.

condition

To what
extent do
aériform
bodies con-
duct heat?
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436. Air is, however, readily heated by convection.
Howisair  1hus, when a portion of air by coming in
heated? contact with a heated body has heat im-
parted to it) it/ expands,cand, becoming relatively
lighter than the other portions around it, rises up-
ward in a current, carrying the heat with it; other
colder air succeeds, and (being heated in a similar
way) ascends also. A series of currents are thus
formed, which are called “convective currents.”

In this way air, which is a bad conductor, rapidly reduces the tem-
perature of a heated substance. If the air which incases the heated
substance were to remain perfectly motionless, it would soon become,
by contact, of the same temperature as the body itself, and the with-
drawal of heat would be checked; but, as the external air is never
perfectly at rest, fresh and colder portions continually replace and
succeed those which have become in any degree heated, and thus the
abstraction of heat goes on.

For this reason a windy day always feels colder than a calm day of
the same temperature, because in the former case the particles of air
pass over us more rapidly, and every fresh particle takes some portion
of heat.

Woolens and furs are used for clothing in cold weather, not because
Why are furs they impart any heat to the body, but because they are
and woolens very bad conductors of heat, and therefore prevent the
used for warmth of the body from being drawn off by the cold
clothing ? air. The heat generated in the animal system by vital
action has constantly a tendency to escape, and be dissipated at the
surface of the body; and the rate at which it is dissipated depends on
the difference between the temperature of the surface of the body and
the temperature of the surrounding medium. By interposing, how-
ever, a non-conducting substance between the surface of the body and
the external atmosphere, we prevent the loss of heat which would
otherwise take place to a greater or less degree.

The warmest clothing is that which fits the body rather loosely,
because more hot air will be confined by a moderately loose garment
than by one which fits the body tightly.

Blankets and warm woolen goods are always made with a nap or
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projection of fibers upon the outside, in order to take advantage of
this principle. The nap or fibers retain air among them, which, from
its non-conducting properties, serves to increase the warmth of the
material.

Woolen substances 'are 'worse' conductors of heat than cotton, cot-
ton than silk, and silk than linen.

The finer the fibers of hair or wool, the more closely they retain
the air enveloped within them, and the more impermea- what influ.
ble they become to heat. In accordance with this prin- ence has the
ciple, the external coverings of animals vary not only fineness of

. . s . . .” the fibers
with the climate which the species inhabit, but also in ypoq the
the same individual they change with the season. In warmth of
warm climates the furs are generally coarse and thin; & material?
while in cold countries they are fine, close, light, and of uniform tex-
ture, almost perfect non-conductors of heat.

‘We have illustrations of this principle also in the vegetable king-
dom. The bark of trees, instead of being compact and hard like the
wood it envelops, is porous, and formed of fibers, or layers; which, by
including more or less of air between their surfaces, are rendered
non-conductors, and prevent the escape of heat from the body of the
tree.

An apartment is rendered much warmer for being furnished with
double doors and windows, because the air confined between the two
surfaces opposes both the escape of heat from within, and the admis-
sion of cold from without.

As a non-conducting substance prevents the escape of heat from
within a body, so it is equally efficacious in preventing the access of
heat from without. In an atmosphere hotter than our bodies, the
effect of clothing would be to keep the body cool. Flannel is one of
the warmest articles of dress, yet we can not preserve ice more effectu-
ally in summer than by enveloping it in its folds. Firemen exposed
to the intense heat of furnaces and steam-boilers invariably protect
themselves with flannel garments.

Cargoes of ice shipped to the tropics are generally packed for
preservation in sawdust : a casing of sawdust is also one of the most
effectual means of preventing the escape of heat from the surfaces of
steam-boilers and steam-pipes. Straw, from its fibrous character, is
an excellent non-conductor of heat, and is for this reason extensively
used by gardeners for incasing plants and trees which are exposed to
the extreme cold of winter.
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437. The so-called “fire-proof ” safes are generally constructed of

U double or treble walls of iron, with intervening spaces
pon what N .
principle are  between them filled with gypsum, or “ plaster of Paris.”
fire-proof This lining, which is a most perfect non-conductor, pre-
safes con- | upidfHé. heak from passing from the exterior of the safe
structed ? e . .
to the books and papers within. The idea of applying

“ plaster of Paris” in this way for the construction of safes originated,
in the first instance, from a workman attempting to heat water in a tin
basin, the bottom and sides of which were thinly coated with this sub-
stance. The non-conducting properties of the plaster were so great
as to almost entirely intercept the passage of the heat; and the man,
to his surprise, found that the water, although directly over the fire,
did not get hot.

Snow protects the soil in winter from the effects of cold in the
H same way that fur and wool protect animals, and cloth-

ow does . . . . .

snow protect ing man. Snow is made up of an infinite number of
the earth little crystals, which retain among their interstices a
from cold ? large amount of air, and thus contribute to render it a
non-conductor of heat. A covering of snow also prevents the earth
from throwing off its heat by radiation. The temperature of the
earth, therefore, when covered with snow, rarely descends much below
the freezing-point, even when the air is fifteen or twenty degrees
colder. Thus roots and fibers of trees and plants are protected from
a destructive cold.

The aqueous vapor in the atmosphere, by preventing the too rapid
radiation of heat by the earth, is supposed to have the same effect.

438. It has been already stated that liquids and
gases are non-conductors of heat, and can not well
be heated, like a mass of metal, or any solid, by the
communication of heat from particle to particle.

439. When the heat enters at the bottom of a ves-
How is sel containing water, a double set of cur-
water made rents is immediately established, —one of
hot? hot particles rising toward the surface,
and the other of colder particles descending to the
bottom. The portion of liquid which receives heat
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from below is thus continually diffused through the
other parts, and the heat is communicated by the
motion of the particles among |

each other.

These currents take place so rap-
idly, that if a thermometer be placed at
‘the bottom and another at the top of
a long jar, the fire being applied below,
the upper one will begin to rise almost
as soon as the lower one. The move- |
ment of the particles of water in boil-
ing will be understood by reference to
Fig. 179. They may be rendered visible
by adding to a flask of boiling water a
few small particles of bituminous coal,
or flowers of sulphur.

Heat, however, passes by conduction
between the particles of both liquids and
gases, but to such a slight extent that
they were for a long time regarded as entirely incapable of conduct-
ing heat.

FiG. 179.

440. The process of cooling in a liquid is directly
the reverse of that of heating. The parti- 15 what

cles at the surface, by contact with the Teocr i

air, readily lose their heat, become heav- cooled?
ier, and sink, while the warmer, particles below in
turn rise to the surface.

To heat a liquid, therefore, the heat shquld be. applied at the bot-
tom of the mass; to cool it, the cold should*be applied at the top, or
surface.

The facility with which a liquid may be heated or cooled depends
in a great degree on the mobility of its particles. Water may be
made to retain its heat for a long time by adding to it a small quantity
of starch, the particles of which, by their viscidity or tenacity, prevent
the free circulation of the heated particles of water. For the same
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reason soup retains its heat longer than water, and all thick liquids,
like oil, molasses, tar, &c., require a considerable time for cooling.

'441. When the hand is placed near a hot body suspended in the
Explain the air, a sensation of warmth is perceived, even for a con-
phenomena  siderable’.distande. .(If| thé_hafid be held beneath the
of radiation. pody, the sensation will be as great as upon the sides,
although the heat has to shoot down through an opposing current of
air approaching it. This effect does not arise from the heat being con-
veyed by means of a hot current, since all the heated particles have a
uniform tendency to rise ; neither can it depend upon the conducting
power of the air, because a€riform substances possess that power in a
very low degree, while the sensation in the present case is excited
almost on the instant. This method of distributing heat, to distin-
guish it from heat passing by conduction or convection, is called radia-
tion; and heat thus distributed is termed radiant, or radiated heat.

In order to account for this transfer of heat, the existence of a
subtile imponderable ether is assumed. This ether pervades all matter,
and is the medium by which light and heat are propagated. In a
heated body the molecules are in a state of rapid vibration. These
vibrations are communicated to the ether, which in turn sets the nerves
of the body vibrating, and excites the sense of heat.

442. All bodies radiate heat in some measure, but
Do all bodies 1Ot all‘equally well ; radiation bemg_m
radiste heat | proportion to the roughness of the radiat-
ey W™ ing surface. All dull and dark substances
are, for the most part, good radiators of heat; but
bright and polished substances are generally bad
radiators.* Color, {nowever-, alone, has no effect on
the i'adiation of heat.

If a metal surfaee be scratched its radiating power is increased.
A liquid contained in" « bnght, highly-polished metal pot will retain
its heat much longer than in a dull and blackened one. If we cover

the polished metal surface with a thin cotton or linen cloth, the radia-
tion of heat, and consequent cooling, will proceed rapidly.

* The radiant power of lamp-black being taken at 100, it has been found that of
white lead was 100; of paper, ¢8; of glass, go; of Indian ink, 85; gum-lac, 72; steel,
17; polished gold, 3
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Black lead is one of the best known radiators of heat, and on this
account.is generally employed for the blackening of stoves and hot-
air flues. As a high polish is unfavorable to radiation, stoves should
not be too highly polished with this substance.

Heat radiated from'the sun'is’all-radiant ‘heat.

443. Heat is propagated through space by radia-
tion in straight lines, and its intensity .

. c . . How is heat
varies according to the same law which propagated
governs the attraction of gravitation; that by radiation?
is, inversely as the square of the distance.

Thus the heating effect of any hot body is nine times less at three
feet than at. one ; sixteen times less at four feet; and With what
twenty-five times less at five. . velocity does

The velocity with which radiant heat moves through radiant heat
space is, in all probability, the same as the velocity of ™°V¢’
light.

444. The radiation of heat goes on at all timés,
~and from all surfaces, whether their tem- [ ., ;adia.

perature be the same, or different from tion proceed
constantly

that of surrounding objects : therefore the froman
temperature of a body falls when it radi- *°%**’
ates more heat than it absorbs; its temperature is
stationary when the quantities emitted and received
are equal; and it grows warm when the absorption
exceeds the radiation.

If a body, at any temperature, be placed among other bodies, it
will affect their condition of temperature, or, as we express it, tker-
mally, just as a candle brought into a room illuminates all bodies in
its presence; with this difference, however, that, if the candle be ex-
tinguished, no more light is diffused by it, but no body can be ther-
mally extinguished. All bodies, however low be their temperature,
contain heat, and therefore radiate it.

If a piece of ice be held before a thermometer, it will cause the
mercury in its tube to fall; and hence it has been supposed that the
ice emitted rays of cold. This supposition is erroneous. The ice
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and the thermometer both radiate heat, and each absorbs morc or less
of what the other radiates toward it. But the ice, being
Why does a .
thermometer 3t @ lower temperature than the thermometer, radiates
sink when less than the thermometer, and therefore the thermome-
:::":;“‘“ near ter, absorbs| less-than: the ice; and consequently falls.
If the thermometer placed in the presence of the ice had
been at a lower temperature than the ice, it would, for like reasons, have
risen. The ice, in that case, would have warmed the thermometer.

445. The radiometer (Fig. 180) consists of four or more light arms,
bearing small disks of pith or mica,
blackened on one side, and having
their dark surfaces all facing the same
way. These arms are balanced on a needle-point,
and are inclosed in a glass tube from which the air
has been exhausted. On bringing a hot body near
this instrument, the arms will revolve, the black-
ened surfaces moving away from the source of heat.
On exposing the radiometer to sunlight, the vanes
will rotate more or less rapidly. This effect was at
first attributed to the mechanical action of light, but
is now known to be due to heat radiations.

446. Radiations, or effects which are propagated
What do we 1D straight lines only (such as light and
mean by radiant heat), are most conveniently
rays of heat  considered by dividing them into in-
or light ? numerable straight lines, or rays; not
that there are any such divisions in nature, but they
enable us more readily to comprehend the nature of
the phenomena with which these principles are concerned. )

Describe the
radiometer.

447. When rays of heat radiated from one body
When ragi. 1311 upon the surface of another body, they

:::::;'ef-“' may be disposed of in three ways: 1. They

surfaceofa may rebound from its surface, or be re-

oy o’ flected. 2. They may be received into its

disposed of 7 gyrface, or be absorbed.* 3. They may

* The radiation both of light and heat ists in the ication of
from the vibrating atoms of bodies to the ether which surrounds them. The absorp-
tion of heat ists in. the p of motion, on the part of the atoms of a body,
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pass directly through the substance of the body, or
be transmitted.

The temperature of a body is raised only by so many of the rays as
are absorbed.

448. A ray of heat radiated from the surface of a
body proceeds in a straight line until it 1nwhat
meets a reflecting surface, from which it [ pes;
rebounds in another straight line, the reflected?
direction of which is determined by the law that the
angle of incidence is equal to the angle of reflection.

The manner in which heat is reflected is strikingly shown by taking

two concave
mirrors, M

and N (Fig.

181), of bright —_————

metal, about —————— N
one foot in di- _——

ameter, and

placing them

exactly oppo-

site to each i A
other, at a dis-

tance of about

ten feet. In

the focus of

one mirror, as Fic. 181,

at A, is placed

a heated body, as a mass of red-hot iron; and in the focus of the other
mirror, as at B, a small quantity of gunpowder, or a piece of phos-
phorus. The rays of heat, radiated in diverging lines from the
hot metal, strike upon the surface of the mirror M, and are reflected
by it in parallel lines to the surface of the opposite mirror, N, where
they will be caused to converge to its focus, B, and ignite the powder
or phosphorus at that point.

from ether which has been already agitated by a source of light or heat. In radiation,
then, motion is yielded to ether; in absorption, motion is received from the ether. —
TyspALL.
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449. Polished metallic surfaces constitute the best
whatare  Peflectors of heat; but all bright and light-

good colored surfaces are adapted for this pur-
reflectors

of heat ? pose to a greater or less degree.*

Water requires a longer time to become hot in a érigkt tin vessel
than in a dark-colored one, because the heat is reflected from the
bright surface, and does not enter the vessel.

450. The power of a'bsorbing heat varies with
Howdoes almost every form of matter. Surfaces

theooin o are good absorbers of heat in proportion

heatvary? a5 they are poor reflectors. The best
radiators of heat also are the most powerful ab-
sorbers, and the most imperfect reflectors.

Dark colors absorb heat from the sun more abundantly than light
ones. This may be proved by placing a piece of black and a piece of
white cloth upon the snow exposed to the sun; in a few hours the
black cloth will have melted the snow beneath it, while the white cloth
will have produced little or no effect upon it.

The darker any color is, the warmer it is, because it is a better
absorbent of heat. The order may be thus arranged: 1, black (warm-
est of all) ; 2, violet; 3, indigo; 4, blue; 5, green; 6, red; 7, yellow,
and 8, white (coldest of all).

A piece of brown paper submitted to the action of a burning- gla.ss
ignites much more quickly than a piece of white paper. The reason
of this is, that the white paper reflects the rays of the sun, and though
but slightly heated appears highly luminous; while the brown paper,
which absorbs the rays, readily becomes heated to ignition. For the
same reason, a kettle whose bottom and sides are covered with soot
heats water more readily than a kettle whose sides are bright and
clean.

Light-colored fabrics are most suitable for dresses in summer, since
they reflect the direct heat of the sun, and do not absorb it; black out-
side garments, on the contrary, are most suitable for winter, as they
absorb heat readily, but do not reflect it,

* Of 100 rays falling at an angle of 50° from the perpendicular, polished silver will
reflect 97; gold, 95; polished brass, 93; steel, 83; iron, 77; glass, 10; lamp-black, o,
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Hoar-frost in the spring and autumn may be observed to remain
longer in the presence of the morning sun, on light-colored substances,
than upon the dark-colored soil, &c.; the former do not absorb the heat,
as the dark-colored bodies do, but reflect it, and in consequence of this
they remain too cold'to\thaw the frost deposited upon their surfaces.

Air is warmed by solar rays to a very slight degree. Hence the
upper regions of the air are so cold that even in the tropics the tops
of high mountains are covered with perpetual snow.  Air does not
radiate heat.

451. The sun, however, heats the surface of the earth; and the air
resting upon it is heated by contact with it, and ascends, gow is the
its place being supplied by colder portions, which in" atmosphere
turn are heated also. heated ?

This reluctance of air to part with its heat occasions some very curi-
ous differences between its burning temperature and that of other
bodies. Metals, which are generally the best conductors, and there-
fore communicate heat most readily, can not be handled with impunity
when raised to a temperature of more than 120° Fahrenheit; water
becomes scalding hot at 150° Fahrenheit; but air applied to the skin
occasions no very painful sensation when its heat is far beyond that of
boiling water.

Some curious experiments have been made in reference to the
power of the human body to withstand the influence of heated air.
Sir Joseph Banks entered an oven heated 52° above the boiling point,
and remained there, some time without inconvenience. During the

_ time eggs placed on a metal frame were roasted hard, and a beef-
steak was overdone. But, though he could thus bear the contact of
the heated air, he could not bear to touch any metallic substance, as a
watch-chain, money, &c. Workmen also enter ovens, in the manufac-
ture of molds of plaster of Paris, in which the thermometer stands
100¢ above the temperature of boiling water, and sustain no injury.

452. Heat, in passing through most substances, or
media, is retained, or intercepted in its 1, what
passage, in a greater or less degree. The manneris

: . .. heat trans-
capacity of solids and liquids for trans- mitted
mitting heat is not always in proportion to gifferent
their transparency, or capacity for trans- substances?

mitting' light.



250 NATURAL PHILOSOPHY.

453. The heat of the sun passes through trans.
parent bodies without loss ; but heat from terrestrial
sources is in great part arrested by many substances
which allow light | to.-pass-freely, —such as water,
alum, glass, &c.

Thus a plate of glass held between one’s face and the sun will not
protect it; but, held between the face and a fire, it will intercept a
large proportion of the heat.

454. Those substances which allow heat to pass
freely through them are called dzatkhermanous, and
those which retain nearly all the heat they receive
are called atkermanous.

Rock-salt allows heat to pass through it more readily than any other
known substance ; while a thin plate of alum, which is nearly trans-
parent, almost entirely intercepts heat. Heat, indeed, will pass more
readily through a black glass, so dark that the sun at noon is scarcely
discernible through it, than through a thin plate of clear alum. Water
is one of the least diathermanous substances, although its transparency
is nearly perfect. If, therefore, it is desired to transmit light without
heat, or with greatly diminished heat, it is only necessary to let the
rays pass through water, by which they will be strained of a great part
of their heat. To transmit heat without light, a layer of iodine dis-
solved in bisulphide of carbon may be used.

It has been found that the power of heat to penetrate a dense,
transparent substance, is increased in proportion as the

How does B . .
the tempera- temperature of the body from which it is radiated is
ture of a increased. Heat, also, accompanied by light, is trans-
body radiat- itted dily than h ith ligh *
ing heat mitted more readily than heat without light.

affect its 455. Heat and light come to us conjointly from the
";‘n’?mi'- sun. When a ray of light is caused to pass through a
sion

prism, it is analyzed or separated into seven brilliant
colors, or elementary parts. If the heat-ray which accompanies the
Is & ray of light is treated in a similar manner, our organs of
solar heat sight are so constituted that we do not discover any
simple or separation to have taken place in it. It is, however,
;’&“;‘:‘:::‘:P'“ established beyond a doubt, that, in the same manner as

a ray of white light can be modified and divided, so a
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ray of radiant heat can be separated into parts possessing qualities

corresponding to the various colors.

456 By means of a convex lens
the rays of heat may be refracted
or bent from their\/original)|difec-
tion, and converged to a point

called a “burning-glass” (§ 416),

‘What is the
action-of a
burning-

called a jfocus (Fig. 182). The glass?

heat at the focus is intense. Thus, with a lens
three feet in diameter, with a focal distance of
six feet eight inches, metals were melted and
even volatilized. Gunpowder has been ignited
by rays of heat converged to a focus by means of a lens of ice.

FiG. 182,

SECTION III.

THE EFFECTS OF HEAT.

457- If heat be applied to a solid, liquid, or gas, it divides itself into
two portions, according to the work performed. One
portion raises the temperature of the body. This in-
crease in temperature is sensible to the thermometer,
and is called Sensible Heat. Another portion forces the
atoms of the body into new positions; and this portion,
lost as heat, but transformed into mechanical action,
Latent Heat.

458. Heat, by imparting motion to the atoms of a body, produces
the effects of expansion, liquefaction, and vaporization.

What offices
does heat
perform
when applied
to a solid ?

is known as

459. The form of all bodies appears to be entirely
dependent on heat; by its increase solids 1s the form
are converted into liquids, and liquids :‘,:,',:::.’“
into vapor; by its diminution vapors are uponheat?
condensed into liquids, and these in turn become
solids.

If matter ceased to be influenced by heat, all liquids, vapors, and
doubtless even gases, would become permanently solid, and all motion
on the surface of the earth would be arrested.



252 NATURAL PHILOSOPHY.

460. The expansion occasioned by heat is greatest
In what in those bodies which are the least influ-

bodies does  enced by the attraction of cohesion. Thus
heat produce . . . .
the greatest theyexpansion|ofosolids is comparatively

expansion?  trifling, that of liquids much greater, and
that of gases very considerable. Expansion is noth-
ing more than a mechanical effect, which forces the
atoms apart.

461. The expansion of the same body will con-
Dobodies  tiNUE to increase with the quantity of heat

continueto  that enters it, so long as the form and
expand as . . .
long as heat Chemical constitution of the body are pre-

enters them ? served.

Superficial expansion of a solid- is twice as great, and cubical
expansion three times as great, as the linear expansion.

462. Among solids the metals expand the most;
but an iron wire increases only z}; in bulk when
heated from 32° of the thermometer up to 212°.

Solids appear to expand uniformly from the freezing-point of water
up to 212° the boiling-point of
water, —that is to say, the increase
of volume which attends each de-
gree of temperature which the body
receives is equal. When solids are
elevated, however, to temperatures
above 2129, they do not dilate uni-
formly, but expand in an increasing
ratio.

The expansion of SO]ldS by heat
is clearly shown by the following

. experiment, Fig. 183: m represents
a nng of metal, through which, at

the ordlnary temperature, a small iron or copper ball, @, will pass

freely, this ball being a little less than the diameter of the ring. If
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this ball be now heated by the flame of an alcohol-lamp, it will become
so far expanded by heat as no longer to pass through the ring.

The expansion of solids by heat is made applicable for fany useful
purposes in the arts. The tires of wheels, and hoops what appli-
surrounding water-vats, - barrels, &c.,~are ‘made in the cations of
first instance somewhat smaller than the frame-work theexpan-

. sion of solids
they are intended to surround. They are then heated py heat are
red-hot, and put on in an expanded condition; on cool- made in the
ing they contract, and bind together the several parts arts?

" with a greater force than could be conveniently applied by any me-
chanical means. In like manner, in Tonstructing steam-boilers, the
rivets are fastened while hot, in order that they may, by subsequent
contraction, fasten the plates together more firmly.

463. The force with which bodies expand and con-

tract, under the influence of the increase with what

o . . . . egree of
or diminution of heat, is apparently irre- foonge

sistible, and is recognized as one of the Podies
expand and

greatest forces in nature. contract ?

The amount of force with which a solid body will expand or con-
tract is equal to that which would be required to compress it through
a space equal to its expansion, and to that which would be required to
stretch it through a space equal to its contraction. An iron bar one
square inch in section, on being heated from 32° to 212° Fahrenheit,
will expand with a force of 35847 pounds, or about 199 pounds for
each degree of temperature.

This principle is sometimes practically applied when great mechani-
cal force is required to be exerted through small spaces. Thus walls
of buildings, which from a subsidence of the foundation or an unequal
pressure, have been thrown out of their perpendicular position, and
are in danger of falling, may be restored in the following manner: A
series of iron rods is carried across the building, passing through
holes in the walls, and secured by nuts on the outside. The rods are
then heated by lamps until they expand, thereby causing their ends to
project beyond the building. The nuts with which these extremities
are provided are then screwed up until they are in close contact with
the outside wall; the lamps are then withdrawn, and the rods allowed
to cool. In cooling they gradually contract, and by their contraction
draw up the walls.
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On account of the expansion of metal by heat, the successive rails
which compose a line of railway can not be placed end to end, but a
small space is left between their extremities for expansion. The total
change in length from winter to summer, on a road 400 miles long,
would be 1,288 feet.

A glass or earthen vessel is liable to break when hot water is poured
into it, on account of the unequal expansion of the inner and outer
surfaces. Glass and earthenware being poor conductors of heat, the
inner surfaces in contact with the hot water become heated, and expand
before the outer are affected : the tendency of this is to warp or bend
the sides unequally; and, as the brittle material cannot bend, it breaks.

464. Liquids expand through the agency of heat

To what more unequally, and to a much greater
le‘:tuel;: do  degree, than solids.

1 . . . .
expand A column of water contained in a cylin-
by heat?

drical glass vessel will expand g4 in length
on being heated from the freezing to the boiling
point ; while a column of iron, with the same increase
of temperature, will expand only ¢}4.

A familiar illustration of the expansion of water by heat is seen in
the overflow of full vessels before boiling commences. Different
liquids expand very unequally with an cqual increase in temperature.
Spirits of wine, on being heated from 32° to 2129, increase § in bulk;
oil expands about £ ; water, as before stated, about ;. A person
buying oil, molasses, and spirits in winter, will obtain a greater weight
of the same material in the same measure than in summer. Twenty
gallons of alcohol, bought in January, will, with the ordinary increase
of temperature, become, by expansion, twenty-one gallons in July.

465. Water, as it decreases in temperature towards
What pecul- the. freezing - point, e:fhxbnts 'phenomena
faritiesof  which are wholly at variance with the gen-

i 4
does water  eral law that bodies expand by heat, and con-

exhibit ? .
* tract by cold or by a withdrawal of heat.*
* A few other liquids besides water expand with a reduction of temp Fused
iron, antimony, zinc, and bismuth are ples of such expansion, a ci

which renders these metals eminently fit for casting in molds. Mercury is a remarka-
ble instance of the reverse; for, when it freezes, it suffers a very great contraction.
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As the temperature of water is lowered, it continues to contract
until it arrives at a temperature of 30° Fahrenheit, when all further
contraction ceases. The volume or bulk is observed to remain sta-
tionary for a time;, but on:lowering the temperature still more, instead
of contraction, expansion is produced, and this expansion continues
at an increasing rate until the water is congealed. At the moment
also of its conversion into ice,.it undergoes a still further expansion.

466. Water attains its greatest density, Whenis

. . . . t
or the greatest quantity is contained in a jje grentest

given bulk, at a temperature of 39° Fah- density?
renheit. '

As the temperature of water continues to decrease below 39°, the
point of its greatest density, its particles, from their expansion, neces-
sarily occupy a larger space than those which possess a temperature
somewhat more elevated. The coldest water, therefore, being lighter,
rises and floats upon the surface of the warmer water. On the
approach of winter this phenomenon actually takes place in our
lakes, ponds, and rivers. When the surface-water becomes sufficiently
chilled to assume the form of ice, it becomes still lighter, and continues
to float. By this arrangement, water and ice being almost perfect non-
conductors of heat, the great mass of the water is protected from the
influence of cold, and prevented from becoming chilled throughout.

If water constantly grew heavier as its temperature diminished (as
is the case with most liquids), the colder particles at the surface would
constantly sink, until the whole body of water was reduced to the
freezing-point. Again: if ice was not lighter than water, it would sink
to the bottom; and, by the continuance of this operation, a river or
lake would soon become an immense solid mass of ice, which the heat
of summer would be insufficient to dissolve. The temperate regions
of the earth would thus be rendered uninhabitable. Among all the
phenomena of the natural world, there is no more striking illustration
of the evidence of design, on the part of the Creator, than in this
wonderful exception to a great general law.

The expansion of water at the moment of freezing is attributed to
a new and peculiar arrangement of its particles. Ice is, Why does
in reality, crystallized water; and during its formation the water
particles arrange themselves in ranks and lines which expandin
cross each other at angles of 60° and 120°, and conse- Te*iPE?
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quently occupy more space than when liquid. This may be seen by
examining the surface of water in a saucer while freezing.

A beautiful illustration of this crystallization of water in freezing is
seen in the frost-work upon windows in winter, caused by the congela-
tion of the vapor 'of'the room-when it'comes in contact with the cold
surface of the glass. All these frost-work figures are limited by the
laws of crystallization; and the lines which bound them form among
themselves no angles but those of 30°, 60°, and 120°. If we fracture
thin ice, by allowing a pole or weight to fall upon it, the fracture will
have more or less of regularity, being generally in the form of a star,
with six equidistant radii, or angles of 60°.

467. The force exerted by the expansion of water in the act of

freezing is very great. As an illustration, the following
With what . .
force doks experiment may be quoted: Cast-iron bomb-shells,
water thirteen inches in diameter and two inches thick, were
expand in filled with water, and their apertures or fuse-holes firmly
freezing ? . .

plugged with iron bolts. Thus prepared, they were
exposed to the severe cold of a Canadian winter, at a temperature of
-about 19° below zero. At the moment the water froze, the iron plugs
were violently thrust out, and the ice protruded, and in some instances
the shells burst asunder, thus demonstrating the enormous interior
pressure to which they were subjected by water assuming a solid state.

The rounded and weather-worn appearance of rocks is mainly due
to the expansion of freezing water, which penetrates into their fissures,
and is absorbed into their pores by capillary attraction. In freezing,
it expands and detaches successive fragments, so that the original
sharp and abrupt outline is gradually rounded and softened down.

The bursting of earthen water-vessels and of water-pipes, by the
freezing of water ¢ontained in them, are familiar illustrations of the
same principle.

By allowing the water to run in a service-pipe we prevent its freez-
ing; because the motion of the current prevents the crystals from
forming, and attaching themselves to the sides of the pipe.

468. The ordinary temperature at which water freezes is 32°,
Atwhat tem- Fahrenheit’s thermometer. This rule applies only to
perature does fresh water: salt water never freezes until the surface is
waterfreeze? ooled down to 279, or five degrees lower than the freez-
ing-point of water.

Under some circumstances pure water may be cooled down to a
temperature much below 32° without freezing. Thus, if pure, recently-
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boiled water be cooled very slowly, and kept very tranquil, its temper-
ature may be lowered to 21° without the formation of ice; but the
least motion causes it to congeal suddenly, and its temperature rises
to 32°.

469. The ice produced/by/thé freezing of 'sea or salt water is gener-
ally fresh and free from salt, since water in freezing, if
sufficient freedom of motion be allowed to its particles, ‘c“:t;”;;;:::d
expels all impurities and coloring matters. The ice by the freez-
formed in the congelation of a solution of indigo is ing of salt
colorless, since the water in which the indigo was dis- ::::’;::e?
solved expels the blue coloring matter in freezing.

Blocks of' ice are generally filled with minute A hat is the
bubbles : this is owing to the fact that the water in grigin of the
freezing expels the air contained in it, and many of the minute bub-
liberated bubbles become lodged and imbedded in the :’::'?”“ in
thickening fluid.

470. Gases and aériform substances expé.nd ﬂ‘i’
of the bulk which they possess at 32° for 1, what:

every degree of heat which they receive mannerdo
gases expand

above that point, and contract in the same by heat?
proportion for every degree of heat withdrawn from
- them.

Thus 491 cubic inches of air at 32° would so expand as to occupy
an inch more space at 33°; and by the addition of another degree of
heat, raising its temperature to 34°, it would occupy an additional inch,
and so on. In a like manner, by the withdrawal of heat, 491 cubic
inches of air would occupy an inch less space at 31° than at 32°; two
inches less at 30°, and so on. The same law holds good for all other
gases, and for vapors and steam.

Illustrations of the expansion of air by heat are most familiar. If
a bladder partially filled with confined air be laid before the fire, the
air contained in it may be expanded to a degree sufficient to burst the
bladder. Chestnuts laid upon a heated surface burst with a loud
report on account of the expansion of the air within their shells.
The process of warming and ventilating buildings depends entirely
upon the application of this principle of the expansion and contrac-
tion of air by the increase and diminution of heat.
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471. As the magnitude of every body changes
Howmay  With the heat to which it is exposed, and

the expan-  as the same body, when subjected to calo-

traction of  rifi¢/Vinfluences Cundeér) the same circum-
bodies be

appliedto  Stances, has always the same magnitude,

h - . . .
e o™ the expansions and contractions which are

heat ? the constant effects of heat may be taken
as the measure of the cause which produced them.
472. The instruments for measuring heat are
Whatarethe thermometers and pyrometers. The for-
instruments mer are used for measuring moderate tem-

for measur-

ing heat peratures ; the latter for determining the
called? more elevated degrees of heat.

Liquids are better adapted than either solids or gases for measuring
the effects of heat by expansion and contraction: since in solids the
direct expansion by heat is so small as to be seen and recognized with
difficulty; and in air or gases it is too extensive, and too liable to be
affected by variations in the atmospheric pressure. From both of
these disadvantages liquids are free.

The liquid generally used in the construction of thermometers is
mercury, or quicksilver. ’

Mercury possesses greater advantages for this purposc than any
Why is other liquid. It is, in the first place, eminently distin-
mercury guished for its fluidity at all ordinary temperatures: it
especially g in addition, the only body in a liquid state whose
adapted for o e . f .
the construc. Variations in volume, or magnitude, through a consider-
tion of ther- able range of temperature are exactly uniform, and pro-
mometers?  ,ortional with every increase and diminution of heat.
Mercury, moreover, boils at a higher temperature than any other
liquid, except certain oils; and, on the other hand, it freezes at a
. lower temperature than all other liquids, except some of the most
volatile. Thus a mercurial thermometer will have a wider range than
any other liquid thermometer. It is also attended with this conven-
ience, that the extent of temperature included between melting ice and
boiling water stands at a considerable distance from the limits of its
range, or its freezing and boiling points.
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473- The mercurial thermometer consists of a bulb and a stem, with
a capillary bore. The bore should be of equable diame- pegeribe a
ter throughout. Through an opening in the end of the thermome-
tube, the bulb and a portion of the stem are filled with t°™
mercury, which is afterwards boiled, so'as to ‘expel all air and moist-
ure, and fill the tube with mercurial vapor. -The open end is then
closed ; and, on cooling, the mercury collects in the bulb and lower
part of the tube, leaving a vacuum above. In this condition the ther-
mometer is complete, with the exception of graduation.

474. As thermometers are constructed of different dimensions and
capacities, it is necessary to have some fixed rules for ,
graduating them, in order that they may always indicate thermome-
the same temperature under the same circumstances, as ters gradu-
the freezing-point for example. To accomplish this ated?
end, the following plan has been adopted : The thermometers are first
immersed in melting snow or ice. The mercury will be observed to
stop in each thermometer at a certain height : these heights are then
marked upon the tubes. Now, it has been ascertained, that, at what-
ever time and place the instruments may be afterward immersed in
melting snow or ice, the mercury contained in them will always fix
itself at the point thus marked. This point is called the freezing-
point of water.

Another fixed point is determined by immersing the instruments in
boiling water. It has been found, that at whatever time or place the
instruments are immersed in pure water, when boiling, provided the
barometer stands at the height of thirty inches, the mercury will
always rise in each to a certain height. This therefore forms another
fixed point on the scale, and is called the boiling-point.

475 Thus far all thermometers are constructed alike. In the ther
mometer most generally used, and which is known as How is the
Fahrenheit’s, the interval on the scale, between the thermometer
freezing and the boiling points, is divided into one hun- of Fahren-
dred and eighty equal parts. This division is similarly heit gradu-
continued below the freezing-point to the place o, called ated?
zero, and each division upward from that is marked with the successive
numbers, 1, 2, 3, &. The freezing-point will now be the 32d division,
and the boiling-point will be the 2r2th division. These divisions are
called degrees; and the boiling-point will therefore be 212°, and the
freezing-temperature 32° Fig. 184 represents the usual form of the
thermometer, with its graduated scale.
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Thermometers of this character are called Fahrenheit’s, from a
Dutch philosophical-instrument maker, who first introduced this

Fic 184.

simplest and most rational method of

method of graduation in the year 1724.*

476. In addition to Fahrenheit’s thermometer, two
What other others-'are'-extensively used, whic!x are
thermome- known as Réaumur’s, and the Centigrade
ters besides  thermometer, or thermometer of Celsius.
f:‘;::::“" 477. The only difference between these

three kinds of thermometers is the differ-
ence in graduating the interval between the freezing and
boiling points of water. Réaumur’s is divided into
What con.  ©ighty degrees, the Centigrade into one
stitutes the  hundred, and Fahrenheit’s into one hun-

difference i i 4
betvreen the dred and eighty. According to Réaumur,

different water freezes at o°, and boils at 80°; ac-
varieties of  cording to Fahrenheit, it freezes at 329,
the ther- and boils at 212°: the last, very singu-
mometer ?

larly, commences counting, not at the
freezing-point, but 32° below it; this point was selected
because it was the lowest temperature known when this
thermometer was first constructed.
The difference between
these instruments can be
easily seen by reference to
Fig. 18s.
In England, Holland,
and the United States, the
thermometer most gener-
ally used is Fahrenheit’s.
Réaumur’s scale is used in
Germany, and the Centi-
grade in France, Sweden,
and some other parts of
Europe. The scale of the

Centigrade is by far the Fic. 18s.

graduation, and at the present it is almost universally adopted for
scientific purposes.

* An absolute temperature is found by adding 459° to the reading of a Fahrenheit

thermometer.
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478. As the temperature is Jowered, the mercury in Fahrenheit's

How is cold thermometer gradually sinks, until it reaches a point 39°

of great below zero, where it freezes. Mercury, therefore, can
intensity not be made. available for measuring cold of a greater
indicated ?

intensity/\ ‘This difficulty is, however, obviated by using
a thermometer filled with alcohol colored red, as this fluid, when pure,
never freezes, but will continue to sink lower and lower in the tube as
the cold increases. Such a thermometer is called a spirit-thermometer.

479. If a Fahrenheit’s thermometer be heated, the mercury con-
How is heat tained in it will rise in the tube until it reaches 660°, at

of great which temperature it begins to boil. A slight additional
::’:fgd? heat forms vapor sufficient to burst the tube. Mercury,

therefore, can not be used to measure degrees of heat of
greater intensity than 660° Fahrenheit. Temperatures greater than
this are determined by means of the expansion of solids; and instru-
ments founded upon this principle are commonly called pyrometers.

FiG. 186.

The construction of the pyrometer is represented in Fig. 186. A
Explain the represents a metallic .bar, fixed a.t one end, B, but. left
construction free at the other, and in contact with the end of a pointer
of the K, moving freely over a graduated scale. If the bar be
pyrometer.  poated by the flame of alcohol, the metal expands, and,
pressing upon the end of the pointer, moves it in a greater or less
degree. In this manner the effect of heat, applied for a given length
of time to bars of different metals, havmg the same length and diame-
ter, may be determined.

What is an 480. An air-thermometer consists of a column of air
air-ther- confined in a glass tube over colored water. Heat ex-
mometer?  pands the air, and increases the length of the column
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downward, pushing the water before it: cold produces a contrary
effect. The temperature is thus indicated by the height at which the
water is clevated in the tube. Fig. 187 represents the principle of

the construction of the air-thermometer.
A thermometer'does not)linform_usThow much heat any substance
Does a ther. contains, but it merely points

mometer out the difference in the
informus  temperature of two or more
how much ‘

heat a substances. All we learn by
substance the thermometer is, whether
contains ? the temperature of one body

is greater or less than that of another;
and, if there is a difference, it is expressed
numerically, — namely, by the degrees of
the thermometer. It must be remembered
that these degrees are part of an arbitrary scale, selected for conven-
ience, without any reference whatever to the actual quantity of heat
present in bodies.

FiG. 187.

481. The first effect produced by heat upon solids

afterthe 18 €xpansion. If the heat be augmented,

; .

o sotids by they change then.' aggregate statF, and
heat, what melt, or become liquid. Many solids be-
other effect .

is next come soft before melting, so that they may
observed?  he moulded and welded; for instance,
wax, glass, and iron.

482. By liquefaction we understand the conversion
What is of a solid into a liquid by the agency of
liquefaction? heat as solid ice. is converted into water
by the heat of the sun.

Heat is supposed to convert a solid into a liquid, by forcing its
constituent particles asunder to such an extent that the force of cohe-
sion is overcome or destroyed.

483. When a solid is immersed in a liquid, and
What is gradually disappears in it, the process is
solution?  termed solution, and not liquefaction. A
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solution is the result of an attraction or affinity
between a solid and a fluid; and when a solid
disappears in a liquid, if the compound exhibits per-
fect transparency, wechaveoancexample of a perfect
solution.

When a fluid has dissolved as much of a solid as it is capable of
doing, it is said to be saturated: or, iq other words, the When is a
affinity or attraction of the fluid for the solid continues solution
to operate to a certain point, where it is overbalanced by said to be
the cohesion of the solid; it then ceases, and the fluid is saturated ?
said to be saturated.

A solution is a complete union; a mixture is a mere mechanical
union of bodies.

In most cases, the addition of heat to a liquid greatly How does a
increases its solvent properties. Hot water will dissolve Mi’f‘;‘:rl?:om
much more sugar than cold water ; and hot water will also g mixture ?
dissolve many things which cold water is unable to affect.

484. If heat be imparted in sufficient quantity to
a body in a liquid state, it will pass into
a state of vapor. Thus water, being vaporisa-
heated sufficiently, will pass into the form “°*
of steam. This change is called Vaporization.

485. If a body in a state of vapor lose heat in
sufficient quantity, it will pass into a liquid what is con-
state. Thus, if a certain quantity of heat densation?
be abstracted from steam, it will become water.
This change is called Condensation.

The change from a state of vapor to a liquid is termed condensa-
tion, because, in so doing, the body always undergoes a very consider-
able diminution of volume, and therefore becomes condensed. Most
solids become liquefied before they vaporize ; but some pass at once,
on the application of heat, from the state of a solid to that of a vapor,
without assuming the liquid condition.
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Is any 486. The melting of a solid, or its con-
particular . . . e
temperature  VErsion into a liquid, only occurs when the

Tequisitefor  solid is heated up to a certain fixed point;

:‘:;'o:: ) but/the (conversionof ra liquid into a vapor
takes place at all temperatures.

If in a hot day we expose a vessel filled with cold water to the open
air, we find that the quantity of water rapidly diminishes, that is, it
evaporates ; which means that it is converted into vapor, and diffused
through the air.

487. The vapor of water, and all other vapors with
Whatisthe 2 VEIY few exceptions, are invisible and
appearance  transparent. The water which has become
°fvaPor’  diffused through the air by evaporation,
only becomes visible when, on returning to its fluid
condition, it forms mist, cloud, dew, or frost.

Steam, which is the vapor of boiling water, is invisible ; but when it
comes in contact with air, which is cooler, it becomes condensed into
small drops, and is thus rendered visible.

The proof of this may be found in examining the steam as it issues
from an orifice, or the spout of a boiling kettle : for a short space next
to the opening no steam can be seen, since the air is not able to con-
dense it ; but as it spreads, and comes in contact with a larger volume
of air, the invisible vapor becomes condensed into drops, and is thus
rendered visible.

The myriads of minute globules of water into which the steam is
condensed are separately invisible to the naked eye, but each never-
theless reflects a minute ray of white light. The multitude of these
reflecting points, therefore, make the space through which they are
diffused appear like a cloudy body, more or less white, according to
their abundance. N
Is a boiling The surface of any watery liquid whose temperature
temperature  js about twenty degrees warmer than any superincum-
;:?‘:L’:te bent air rapidly gives off true steam. It is not neces-
production  sary, therefore, for the production of steam, that water
of steam?  should be raised to the boiling temperature.
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It mugg be remembered that the distinction between gases and
vapors is one of degree only: the former exist at ordinary tempera-
tures and pressure, while heat is necessary to the production of the
latter.

488. Air without vapor (theoretically called dry air)
is not known to exist in nature, and is Isvapor
probably not producible by art. el

489. Liquids in passing into vapors occupy a much
greater space . - . e
than the sub- relativespace
stances from ﬁ:i‘?;f:n?
which they are vePor®?
produced. Water, in pass-
ing from its point of great-
est density into steam, ex-
pands to nearly sixteen hun-

dred times its volume.

Fig. 188 represents the compara-
tive volume of water and steam.

Fic. 188.

490. Vapors are of all degrees of den- 1s the den-
sity. The vapor of water may be as thin 3 of vapors
as air, or almost as dense as water.

491. Evaporation takes place from the surfaces of
bodies only, and is influenced in a great whatecir

degree by the temperature, dryness, still- [igoene®
ness, and density of the atmosphere. evaporation ?

The effect of temperature in promoting evaporation may be illus-
trated by placing an equal quantity of water in two does
saucers, one of which is placed in a warm and dry, and temperature
the other in a cold and damp, situation. The former influence
will be quite dry before the latter has suffered an appre. Sveporation?
ciable diminution.
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When water is covered by a stratum of dry air, the evaporation is

rapid, even when its temperature is low; whereas it

How does . .

the state of  g0€s on very slowly if the atmosphere contains much

the air vapor, even though the air be very warm.

:“"ﬂ.:::::ion ,  VEvaporation is faf slowet in still air than in a current.
The air immediately in contact with the water soon be-

comes moist, and thus a check is put to evaporation. But if the air

be removed by wind from the surface of the water as soon as it has

become charged with vapor, and its place supplied with fresh air, then

the evaporation continues on without interruption.

Evaporation is by no means confined to the surface of liquids, but
takes place from the surface of the soil, and from all animal and vege-
table productions. Evaporation takes place to a very considerable
extent from the surface of snow and ice, even when the temperature of
the air is far below the freezing-point.

492. A very singular circumstance is connected with the diffusion
What singu- ©Of vapors throughout the atmosphere; viz., that the
lar circum-  vapors of all bodies arise into any space filled with air,

stance {s in the same manner as if air were not present, the two
connected . ) .

with the fluids seeming to be independent of each other.

diffusion of Thus as much vapor of water can be forced into a
vapors? vessel filled with air, as into one from which the air has
been exhausted.

493- When a drop of water falls upon a surface highly heated, as
of metal, it will be observed to roll along the surface

Explain the . . . . . .
phenomena  Without adhering, or immediately passing into vapor.

of the The explanation of this is, that the drop of water does
:‘:it’:?_":“"’ not in reality touch the heated surface, but is buoyed up
liquids. and supported on a layer of vapor, which intervenes be-

tween the bottom of the drop and the hot surface. This
vapor is produced by the heat which is radiated from the hot sub-
stance before the liquid can come in contact with it, and, being con-
stantly renewed, continues to support the drop. The drop generally
rolls, because the current of air which is always passing over a heated
surface drives it forward. The drop evaporates slowly, because the
layer of vapor between the hot surface and the liquid prevents the
rapid transmission of heat. The liquid, resting upon a cushion of
steam continually evolved from its lower surface by heat, assumes a
rounded or globular shape, as the result of the gravity of its particles
toward its own center.
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The designation which has been given to the condition which water
and other liquids assume when dropped upon very hot surfaces is that
of the “spheroidal state.”

If the surface upon which the liquid rests is cooled down to such
an extent that vapor is/not generated’'rapidly, and in sufficient quantity
to support the drop, it will come in contact with the surface, and heat,
being communicated by conduction, will transform it instantly into
steam. If the temperature of the iron is not elevated sufficiently, the
moisture wets the surface, and is evaporated; but at a higher degree
of temperature the moisture is repelled.

The phenomenon of the spheroidal condition of water furnishes an
explanation of the feats often performed by jugglers, of plunging the
hands with impunity into molten lead or iron. The hand is moistened ;
and, when passed into the liquid metal, the moisture is vaporized, and
interposes between the metal and the skin a sheath of vapor. In
its conversion into vapor, the moisture absorbs heat, and thus still
further protects the skin.

494. When a liquid is heated sufficiently to form
steam, the production of vapor takes place wnatis
principally at that part where the heat ebullition?
enters; and when the heating takes place, not from
above, but from the bottom and sides, the steam, as
it is produced, rises in bubbles through the liquid,
and produces the phenomenon of boiling, or ebulli-
tion.

495. The temperature at which vapor rises with
sufficient freedom to cause the phenome- ...
non of ebullition is called the boiling- ;*;:nl:o?ilinz-
point.

496. Different liquids boil at different 1s the boi-

™ . ing-point in
temperatures. The boiling-point of a gisferent
liquid is therefore one of its distinctive lauidsthe
characters.

Thus water, under ordinary circumstances, begins to boil when it is
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heated up to 212° Fahrenheit; alcohol at 173°; ether at 96°; sirup
at 221°; linseed-oil at 597°.

The gentle tremor or undulation on the surface of water, which
What is precedes boiling, and which is termed “simmering,” is
simmering?  owing/to/\thé icollapse_of/ the_bubbles of steam, as they
shoot upward, and are condensed by the colder water. The first bub-
bles which form are not steam, but air which the heat expels from the
water. As the temperature of the whole mass of the water increases,
the bubbles are no longer condensed and collapsed, but rise through
to the surface; and, the moment that this takes place, boiling com-
mences. The singing of a tea-kettle before boiling is occasioned by
the irregular escape of the air and steam expelled from the water
through the spout of the tea-kettle, which acts in the manner of a
wind-instrument in producing a sound.

If the water be impure, its boiling-point is ordinarily raised. Thus
a saturated solution of common salt boils at 227° Fahrenheit. But, if
the body dissolved be more volatile than water, then the boiling-point
is lowered.

497. Liquids in general, being boiled in open vessels, are subjected

to the pressure of the atmosphere. The tendency of
How does . . PN
the pressure this pressure is to prevent and retard the particles of
of the atmos- watcer from expanding to a sufficient extent to form
phere affect  steam.  Hence, if the pressure of the atmosphere varies,
the boiling . . . [P .
of liquids? s it does at different times and places, or if it be in-

creased or diminished by artificial means, the boiling-
point of a liquid will undergo a corresponding change.

498. As we ascend into the atmosphere the pressure is diminished,

because there is less of it above us: it therefore follows

How may . . . .
the tempera- that water, at different heights in the atmosphere, will
ture at boil at different temperatures; and it has been found by
;"‘.‘i"h water  ohcervation, that an elevation of 550 feet above the level

0ils be used N . e .
for determin- ©Of the sea causes a difference of one degree in its boil-
ing eleva- ing-point. Hence the boiling-point of water becomes an
tions ? indication of the height of any station above the sea-
level, or, in other words, an indication of the atmospheric pressure;
and thus, by means of a kettle of boiling water and a thermometer,
the height of the summit of any mountain may be ascertained with a
great degree of accuracy. If the water boils at 211° by the thermome-
ter, the height of the place is 550 feet; if at 210°, the height is 1,100
feet; and so on, it being only necessary to multiply 550 by the number
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of degrees on the thermometer between the actual boiling-point and
2129, to ascertain the elevation. In the city of Quito, in South
America, water boils at 194.2° Fahrenheit; its height above the sea-
level is therefore 9,541 feet,

As we descend into mines, the ‘pressure’ of the atmosphere is in-
creased, there being more of it above us than at the surface of the
earth. Water, therefore, must be heated to a higher temperature be-
fore it will boil; and it has been found that a descent of 550 feet, as
before, makes a difference of one degree.

The influence of pressure on the boiling-point of a liquid, as water,
may be shown by boiling it in a flask until all the air is expelled, and
quickly corking it tight.
On inverting the flask,
the space above the wa-
ter will be filled with —
steam; but there will be
such a pressure that the
water will no longer boil.
On pouring over the flask
.some cold water, a part
of the steam will be con-
densed, the pressure will
be reduced, and the wa-
ter will begin to boil
again (Fig. 18g).

In a vacuum water
will begin to boil at ordi-
nary temperatures.

Several beautiful ap-
plications in the arts have
been made of the princi-
ple that liquids boil at a
lower temperature when
freed from the pressure of the atmosphere than in the open air.

In the refining of sugar, if the sirup is boiled in the open air,
the temperature of the boiling point is so high that .o sugar
portions of the sugar become decomposed by the excess boiled in the
of heat and lost or injured; the sirup is therefore process of
boiled in close vessels from which the air has been pre- refining ?
viously exhausted, and in this way the water of the sirup may be

FiG. 189
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evaporated at a temperature so low as to prevent all injury from
heat.

For cooking, this application could not be carried out. The water
might, indeed, be made to boil at a temperature much less than 2129,
but owing to its diminished heat'would 'not'produce the desired effect.

On the other hand, when water is heated under pressure, as for
example in closed vessels, which do not permit the vapor generated to
escape, it may be raised to a much higher temperature than 212° Fah-
renheit, without boiling. This principle is employed in the arts in
extracting gelatine from bones, where a very high temperature is
required.

499. Distillation is a process by which one body is
whatisdis. Separated from another by means of heat,
tilation?  in cases where one of the bodies assumes
the form of vapor at a lower temperature than the
other: this first rises in the form of vapor, and is
received and condensed in a separate vessel.

By this means very volatile bodies can be easily separated from less
volatile ones ; as brandy and alcohol from the less volatile water which
may be mixed with them.. Water of extreme purity can also be
obtained by distillation, because the non-volatile and earthy substances
contained in all spring waters do not ascend with the vapor, but
remain behind in the vessel.

Distillation upon a small scale is effected by means of a peculiar-
shaped vessel, called a
retort, Fig. 190, which
is half filled with a
volatile liquid, and
heated; the steam, as
it forms, passes through
the neck of the retort
into a glass receiver set
into a vessel filled with
cold water, and is then
condensed.

When the operation of distillation is conducted on an extensive
scale, a large vessel called a “s#//” is used; and, for condensing the
vapor, vats are constructed, holding serpentine pipes, or “worms,”

F1G. 190.
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which present a greater condensing surface than if the pipe had passed
directly through the vat. To keep the coil of pipe cool, the vats are
kept filled with cold water. In Fig. 191, the copper vessel or still, A,
to contain the liquid, is, fixed.in_a furnace, Heat being applied, the

FiG. 191.

steam rises in the head, B, and passes through the worm, S, which is
placed in a vessel of water, the refrigerator. The vapor thus gene-
rated is condensed in its passage, and passes out as a liquid by the
external pipe into a receiver, D.

The difference between drying by heat and distillation is, that in
one case the substance vaporized, being of no use, is What is the
allowed to escape or become dissipated in the atmos- gjfference
phere; while in the other, being the valuable part, it is between
caught and condensed into the liquid form. The vapor 4rving by

iy . . heat and
arising from damp linen, if caught and condensed, would g;gstittation ?
be distilled water; the vapor given out by bread while
baking would, if collected, be a spirit like that obtained in the distil-
lation of grain. )

500. As some substances, by the application of heat, What is sub-
pass directly from the solid condition to the state of limation?
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vapor, so some substances, as camphor, sulphur, arsenic, &c., when
vaporized by heat, deposit their condensed vapors in a solid form.
This process is termed sublimation.

What sorv Onecof then most remarkable cir-
remarkable  cymstances which accompany the phenom-
circumstance . . R .
attends ena, both of liquefaction and vaporization,
liquefaction

andvapori- 1S the disappearance of the heat which has
zation 7 effected the change.

Thus, if a thermometer be applied to a mass of snow, or ice just
How may upon the point of melting, it will be found to stand at
this principte 32° Fahrenheit. If the ice be placed in a vessel over a
be illus- fire, and the temperature tested at the moment it has
trated? entirely melted, the water produced will have only the
temperature of 32°, the same as that of the original ice. Heat, how-
ever, during the whole process of melting, has been passing rapidly
into the vessel from the fire; and if a quantity of mercury, or a solid
of the same size, had been exposed to the same amount of heat, it
would have constantly increased in temperature. It is clear, therefore,
that the conversion of ice, a solid, into water, a liquid, has been at-
tended with a disappearance of heat.

Again: if one pound of water, having a temperature of 174°, be
mixed with one pound of snow at 32°, we shall obtain two pounds of
water, having a temperature of 32°. All the heat, therefore, which
was contained in the hot water, is no longer to be detected by the ther-
mometer, it having been entirely used up or disposed of in converting
snow at 32° into water at 32°. Such disappearances always occur
whenever a solid is converted into a liquid.

If, however, a pound of water at 329, instead of ice at the same
temperature, be mixed with a pound of water at 174°, we shall obtain
two pounds at 103°, a temperature exactly intermediate between the
temperatures of the components. But if the pound at 32° had been
solid, instead of liquid, then the mixture, as before explained, would
have had a temperature of 32°. It is evident, therefore, that it is the
process of liquefaction, and it alone, which renders latent or insen-
sible all that heat which is sensible when the pound of water at 32°
is liquid. ) )

In the same manner heat disappears when a liquid is converted into_
a vapor. The absorption of heat, in this instance, may be easily ren-
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dered perceptible to the feelings by pouring a few drops of some liquid
which readily evaporates, such as ether, alcohol, &c., How may
upon the hand. A sensation of cold is immediately ex- the absorp-
perienced, because the hand is deprived of heat, which :;°:v:;;‘:_'
is drawn away to/'effect. the'\evaporation of the liquid. tjon be ren-
On the same principle, inflammation and feverish heat dered evi-
in the head may be allayed by bathing the temples with 9eot?
cologne-water, alcohol, vinegar, &c.

If we surround the bulb of a thermometer loosely with cotton, and
then moisten the latter with ether, the thermometer will speedily fall
several degrees.

Water, when placed in a vessel over a fire, gradually attains the
boiling tempel.-ature, or 212°;'but afterward, however Why can not
much we may increase the fire, it becomes no hotter, all a¢er impart
the heat which is added serving only to convert the water additional
at 212° from a liquid condition into steam or vapor at heatafter
2120. boiling ?

s02. If we immerse a thermometer in boiling water, it stands at
212°; if we place it in steam immediately above it, it H
o e ow do we
indicates the same temperature. We know, however, xnow that
that steam contains more heat than Dboiling water, be- steam atsz2®
cause, if we mix an ounce of water at 212° with five and :;:':":f:t"
a half ounces of water at 32°, we obtain six and a half gt the same
ounces of water at a temperature of about 60°; but if we tempera-
mix an ounce of steam at 212° with five and a half **¢?
ounces of water at 32°, we obtain six and a half ounces of water at
212°. The steam, from which the increased heat is all derived, con-
tains as much more heat than the ounce of water at the same tempera-
ture as would be necessary to raise six and a half ounces of water
from the temperature of 60° to 2129, or six and a half times as much
heat as would be requisite to raise one ounce of water through about
152° of temperature. This quantity of heat will therefore be found
by muitiplying 152° by six and a half, which will give a product of
983°, — the excess of heat contained in an ounce of steam at 2129, over
that contained in an ounce of boiling water at the same temperature.

The absorption of heat consequent on the conversion of solids into
liquids has been taken advantage of in the arts for the wyhat are
production of artificial cold; and the compounds of dif- freezing-
ferent substances which are made for this purpose are mixtures?
called freezing-mixtures.
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The most simple freezing-mixture is snow and salt. Salt dissolved
Why does in water would occasion a reduction of temperature ; but
the mixture When the chemical relations of two solids are such that,
of snow and on mixing, both are rendered liquid, a still greater de-
:::::::g:‘;;? greeof \¢old is|producéd! | Such a relation exists between

salt and snow, or ice, and therefore the latter substances
are used in preference to water. When the two are mixed, the salt
causes the snow to melt by reason of its attraction for water, and the
water formed dissolves the salt; so that both pass from the solid to
the liquid condition. If the operation is so conducted that no heat is
supplied from any external source, it follows that the heat absorbed in
liquefaction must be obtained from the salt and snow which comprise
the mixture, and they must therefore suffer a depression of tempera-
ture proportional to the heat which is rendered latent.

In this way a degree of cold equal to 40° below the freezing-point
of water may be obtained. The application of this experiment to the
freezing of ice-creams is familiar to all.

The air in the spring of the year, when the ice and snow are thaw-
Why is the ing, is always peculiarly cold and chilly. This is due to
airin spring the constant absorption of heat from the air by the ice

cold and and snow, in their transition from a solid to a liquid
chilly ?
state.
A shower of rain cools the air in summer, because
Why does a

shower in the earth and the air both part with their heat to pro-
summer cool mote evaporation. In a like manner, the sprinkling of

the air? a hot room with water cools it.

The draining of a country increases its warmth, since,
Why is the by withdrawing the water, evaporation is diminished
warmth ofa Y ng s p y
country and less heat is subtracted from the earth.
promoted by The danger arising from wet feet and clothes is
draining ?

owing to the absorption of heat from the body by the
evaporation from the surfaces of the wet materials; the temperature
Why do wet of the body is in this way reduced below its natural

feet or standard, and the proper circulation of the blood inter-
clothes tend rupted

to impair the pted. R i )
health of 503. The absorption of heat in the process by which

the body ? liquids are converted into vapor will explain why a
vessel containing a liquid, that is constantly exposed to the action of
fire, can never receive such a degree of heat as would destroy it. A
tin kettle containing water may be exposed to the action of the most
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fierce furnace, and remain uninjured; but if it be exposed without
containing water to the most moderate fire, it will soon why e not
be destroyed. The heat which the fire imparts to the a tin vessel
kettle containing water is immediately absorbed by the :::::‘““‘
steam into which/\the\/water ()converted.] So long as exposed to
water is contained in the vessel, this absorption of heat the fire

will continue; but if any part of the vessel not con- destroyed?
taining water be exposed to the fire, the metal will be fused, and the
vessel destroyed.

’

504. When vapors are condensed into Under what
liquids, and liquids are changed into solids, stances does

. : : latent heat
the latent heat contained in them is set . 0 °

free, or made sensible. sensible ?

If water be taken into an apartment whose temperature is several
degrees below the freezing-point, and allowed to congeal, it will render
the room sensibly warmer. It is therefore in accordance with this
principle, that tubs of water are allowed to freeze in cellars, in order
to prevent excessive cold.

In the winter, the weather generally moderates on the fall of snow.
Snow is frozen water; and in its formation heat is imparted to the
-atmosphere, and its temperature increased.

Steam, on account of the latent heat it contains, is Why is
well adapted for the warming of buildings, or for cook- steam 1
ing. In passing through a line of pipes, or through ::ll:;ctl:d{or
meat and vegetables, it is condensed, and imparts to the warming
adjoining surfaces nearly 1,000° of the latent heat which and cooking?
it contained before condensation.

Steam burns much more severely than boiling water, for the reason
that the heat it imparts to any surface upon which it is condensed is
much greater than that of boiling water.

505. All bodies contain more or less of -heat; but
equal weights of dissimilar substances, Is the quan-

1 H tity of heat
having the same sensible temperature, i, bodics
contain unequal quantities of heat. the same?

Thus, if we place a pound of water and a pound of mercury over a
fire, it will be found that the mercury will attain to any given tem-
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perature much quicker than the water. Or if we perform the con-
How may verse of this experiment, and take two equal quantities
this be dem- of mercury and water, and, having heated them to the
onstrated?  same degree of temperature, allow them to cool freely
in the air, it will be\found thatthe water-will require much more time
to cool down to a common temperature than the mercury. The water
obviously contains more heat at the elevated temperature than the
mercury, and therefore requires a longer time to cool.

506. Dissimilar substances require, respectively, different quantities
What is the ©Of heat to raise their temperatures one degree; and the
meaning of  quantity of heat necessary to produce this effect upon a
the term body is termed its specific heat. In like manner the
specific heat ? . . . . .

weight which a body includes under a given volume is
termed its specific gravity.

There are several different ways by means of which the specific

heat of bodies may be determined.
g:‘:P:‘c‘izc One method, shown in Fig. 192,
heat of dif-  consists in inclosing equal weights
ferent sub-  of different bodies heated to the
:::::te:i::d? same temperature, i_n closed cavi-

ties in a block of ice, and meas-
uring the respective quantities of water which
they produce by melting the ice.

The same result may also be obtained by
what is called the method of mixtures. Thus,
if we mix one pound of mercury at 66° with
one pound of water at 32° the common tem-
perature will be 33°. Here the mercury loses
33°, and the water gains 1°; that is to say, the
33° of the mercury only elevates the water 1°,
therefore the capacity of water for heat is 33 times that of mercury;
or, if we call the capacity or specific heat of water 1, then the capacity
or specific heat of mercury will be 4, or .0303.*

The capacity for heat also increases with the temperature. Thus it
requires a greater amount of heat to elevate the temperature of plati-
num from 212° to 213°, than from 32° to 33°.

507. Water has a great capacity for heat. In hot weather it absorbs

Ve

F1G. 192,

* The following table gives the specific heat of some of the well-known substances,
the specific heat of water being taken as the unit: Ice, 0.504; air, 0.237; glass, 0.298;
irom, o.114; silver, 0.056; gold, 0.039; lead, 0.031.
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and stores up immense quantities of heat, with which it slowly parts
when the temperature sinks. In this way it acts as a Whet
reservoir of heat, and preserves a more equable tem- dm'ﬂ,':m
perature on the face of the earth.* In their passage ocean take
from warm to cold regions, ocean-currentslose less heat in equalising
than would a current of any other liquid. With an ::",3?"
octan of mercury, the fall in temperature correspond-

ing to the disengagement of a like quantity of heat would be thirty-
three times greater than with our ocean of water.

508. All vapors are elastic, like air.

The tendency of vapors to expand is unlimited ;
that is to say, the .smallcst quantity of o .
vapor will diffuse itself through every elasticity of
- part of a vacant space, be its size what vapors?
it may, exercising a greater or less degree of force
against any obstacle which may have a tendency to
restrain it.

The force with which a vapor expands is called its
elastic force, or tension.

The elasticity or pressure of vapors is best illustrated in the case of
steam, which may be considered as the type of all vapors.
When a quantity of pure steam is confined in a close vessel, its
elastic force will exert on every part of the interior
. . In what
of the vessel a certain pressure directed outward, hav-  onneristhe
ing a tendency to burst the vessel. elastic force
When steam is generated in an open vessel, its elastic ©f steam
. exerted ?
force must be equal to the elastic force or pressure of
the atmosphere; otherwise the pressure of the air would prevent it
from forming and rising. Steam, therefore, produced " h
ore o Fahrenheit, i blefw“hte
from boiling water at 212° Fahrenheit, is capable of gagtic force
exerting a pressure of fifteen pounds upon every square of steam
inch of surface, or one ton on every square foot, a force formed in an
. open vessel ?
equivalent to the pressure of the atmosphere.

* Water on the surface of the ocean chilled by the radiation of its heat, and by cold
currents of air from the land, sinks to lower depths. Recent observations show that
in the depths of the sea the water is at or nearly approaching to the freezing-point of
fresh water,
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If water be boiled under a diminished‘pressure, and therefore at a
lower temperature, the steam which is produced from it

:::‘:::% * will have a pressure which is diminished in an equal
force of degree. If, on the contrary, the pressure under which
steam be watet/boils be) increased) the boiling temperature of the
increased or

diminished? Water and the pressure of the steam formed will be
increased in a like proportion. We have, therefore, the
following rule : —

509. Steam raised from water, boiling under any

Towhatis given pressure, has an elasticity always
the elastic

force of equal to the pressure under which the
steam water boils.

always .

equal? Steam of a high elastic force can only be made in

close vessels or boilers. The water in a steam-boiler, in the first
How is instance, boils at 212°; but the steam thus generated,
steam of being prevented from escaping, presses on the surface
high elastic  of the water equally as on the surface of the boiler, and
::::: ge"e' therefore the boiling-point of the water becomes higher
and higher; or, in other words, the water has to grow
constantly hotter, in order that the steam may form. The steam thus
formed has the same temperature as the water which produces it.

The temperature of the water in working steam-boilers is always
"T'o what much greater than 212°. It should also be borne in
extent can  Mind that water, if subjected to sufficient pressure, can
water be be heated to any extent without boiling. There is no
heated under Jimit to the degree to.which water may be heated, pro-
pressure ? . .

vided the vessel is strong enough to confine the vapor;
but the expansive force of steam is so enormous under these circum-
stances, as to overcome the greatest resistance which has ever been
exerted upon it.

If a boiler, containing water thus overheated many degrees beyond
the boiling-point, be suddenly opened, and the steam allowed to
To what expand, the whole water is immediately blown out of the
extent can vessel as a mist by the steam formed at the same in-
steam be stant throughout every part of the mass. To use a
heated under ¢,mmop expression, “ the water flashes into steam.”
pressure ? .

Steam, like water, may be heated to any extent when
confined and prevented from expanding with the increase of tempera-
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ture : in some of the methods lately introduced for purifying oils, &c.,
the temperature of the steam, before its application, is required to
be sufficiently elevated to enable it to melt lead.

510. Steam which has been heated in a separate
state to a high''degree’ of'''temperature nat is
under pressure is known as ‘““superheated superheated
steam.” In this condition its mechanical ***™’
and chemical powers are wonderfully increased.

511. Steam generated by water boiling at a very
high temperature is known as high-press- What is
ure steam. By this term we mean steam high press-

. t ?
condensed not by withdrawal of heat, but ““* "
by pressure, just as high-pressure air is merely con-
densed air. To obtain a double, triple, or greater
pressure of steam, we must have twice, thrice, or
more steam under the same volume.

§r2. It is an established fact, that the heat absorbed by vaporiza-
tion is always less, the higher the temperature at which this vapon-
zation takes place; and just in proportion also as vapor or steam indi-
cates a lower temperature by the thermometer, it contains more latent
heat. Thus, if water boils at 3129, the heat absorbed in vaporization
will be less by 100° than if it boiled at 212°. And again, if water be
boiled under a diminished pressure at 112°, the heat absorbed in

vaporization will be 100° more than the heat absorbed by water boiled
at 212°,

SECTION 1V.
THE STEAM-ENGINE.

513. The steam-engine is a mechanical contrivance
by which coal, wood, or other fuel is ren- w
. . hat is a
dered capable of executing any kind of steam-

labor, engine?
In a steam-engine heat, derived from the combustion of fuel in a
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furnace, is transformed into mechanical action through the agency of
water and steam. The energy originally derived from the sun, and
stored up in the fuel, is employed to do work. It is atomic motion
changed into motion of the mass.
A greater amount) of\ heat)passes into,an-engine than leaves it; for
a portion only of the heat is transformed into mechanical work. It
has been found that the amount of heat consumed follows accurately
the law expressed by Joule’s Equivalent.
It has been. found by experiment that the greatest
Howdoes  amount of force which a man can exert when apply-
the force of ing his strength to the best advantage through the

;:::,:&m- help of machinery, is equal to elevating one and a half

the force millions of pounds to the height of one foot, by work-

g;"';':::?m_ ing on a treadmill continuously for eight hours. A

bustion of well-constructed steam-engine will perform the same

coal? labor with an expenditure of a pound and a half of
coal. '

H n The average power of an able-bodied man during his

co:‘,"i:'::ﬁv_ active life, supposing him to work for twenty years at

alent to the the rate of eight hours per day, is represented by an

whole active equivalent of about four tons of coal, since the con-

power of a . . . .

man ? sumption of that amount will evolve in a steam-engine
fully as much mechanical force.

514. Steam is rendered useful for mechanical pur-

How is poses, simply by its pressure, or elastic

steam made fgrce.
available for

mechanical Steam can not, like wind and water, be made to act
purposes ? e . .

advantageously by its impulse in the open air, because
the momentum of so light a fluid, unless generated in vast quantities,
would be inconsiderable. The first attempts, however, to employ
steam as a moving power, consisted in directing a current of steam
from the mouth of a tube against the floats or vanes of a revolving
wheel.

A machine of this kind, invented more than two thousand years
ago by Hero of Alexandria, is represented in Fig. 193. It consists of
a small hollow sphere, furnished with arms at right angles to its axis,
and whose ends are bent in opposite directions. The sphere is sus-
pended between two columns, bent and pointed at their extremities, as
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represented in the figure : one of thes¢ is hollow, and conveys steam
from the boiler below, into the sphere; and the escape of the vapor

from the small tubes, by the re-action,
produces a rotary motion. .
In order to render the pressure of
steam practicallyavail- . oo o0 000
able in machinery, it is pressure of
necessary that it should steam avail-
be confined within a :’::;?n ety,
cavity which is air- what condi-
tight, and so construct- tions are
ed that its dimensions D&Y7
or capacity can be enlarged or dimin-
ished without impairing its tightness. A
When the steam enters such a ves-
sel, its elastic force, pressing against
some movable part, causes it to re-
cede before it; and from this movable
part motion is communicated to ma-

chinery.

The practical arrangement by

which such a result is accomplished is

=
A

FiG. 194.

F1G. 193.

by having a hollow cylinder, A B, Fig. 194, with a
moYable piston, D, accurately fitted tc: its How are
cavity. When steam under pressure in a these con-
boiler is admitted into the cylinder below ditions R
the piston, it expands, and, acting upon attained

" the under surface of the piston, causes it to rise, lifting

the piston-rod along with it. If the steam be then con-
densed, a vacuum is formed beneath the piston. The
pressure of the atmosphere then, acting upon the other
side of the piston, will drive it down. The piston may
be raised anew by the admission of more steam, to be
condensed in its turn; and in this manner the alternate
motion may be continued indefinitely. The alternating
or reciprocating motion of the piston is converted, by
means of a lever and crank attached to the top of the

piston-rod, into a rotary motion, suitable for driving-wheels, shafts,
and other machinery.
Such an arrangement as described constituted the first practical
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steam-engine. It received the name of the atmospheric engine, from
the fact that the pressure of the atmosphere was employed to press
down the piston after it had been elevated by the steam.

515. In modern engines, the pressure of the atmosphere is not
What is the ¢mployed, to; drive ithe piston down. The steam is
construction admitted into the cylinder above the piston, at the same
:i:‘; opera-  time that it is condensed or withdrawn from below, and
condensing  thus exerts its expansive force in the returning as well
steam- as in the ascending stroke. This results in a great
engine? increase of power.

516. The practical construction of the piston and cylinder, and the
Describe the 3fyangement of connecting pipes by which steam is
construction admitted alternately above and below the piston, is fully
of the piston shown in Fig. 195. The steam passes from the boiler
and cylinder. ;.5 the cylinder by means of the pipe M and the valves
A and B. These valves are opened and closed by the rod R. In the
drawing the valve
A is open, and
steam is forcing
the piston down,
while the steam
below the piston
is passing into the
condenser through
the valve B and
the pipe N. When
the piston reaches
its lowest point,
the position of the
valves will be re-
versed, and steam
entering beneath
the piston will
force it up.

A steam-engine
of this character is called a condensing steam-engine, because the
steam which has been employed in raising or depressing the piston
is condensed, after it has accomplished its object, leaving a vacuum
above or below the piston. It is also called a low-pressure engine,
because, on account of the vacuum which is produced alternately above

FiG. 19s.
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and below the piston, the steam, in acting, does not expend any force
in overcoming the pressure of the atmosphere. Steam, therefore,
may be used under such conditions of low expansive force, or, as it is
technically called, of “low-pressure.”

517. In some engines the-apparatus’for condensing the steam alter-
nately above or below the piston is dispensed with, and ypgt is a
the steam, after it has moved the piston from one end of high-press-
the cylinder to the other, is allowed to escape, by the ure engine?
opening of a valve, directly into the air. To accomplish this, it is evi-
dent that the steam must have an elastic force greater than the press-
ure of the atmosphere, or it could not expand and drive out the
waste steam on the other side of the piston, in opposition to the press-
ure of the air. An engine of this character is accordingly termed a
“ high-pressure ” engine.

High-pressure engines are generally worked with a pressure of from
fifty to sixty pounds per square inch of the piston; of this pressure,
at least fifteen pounds must be expended in overcoming the pressure
of the atmosphere, and the surplus only can be applied to drive
machinery.

One of the most familiar examples of a high-pressure engine is the
locomotive used on railroads. The steam which has been employed
in forcing the piston in one direction is, by the return movement of
the piston, forced out of the cylinder into the smoke-pipe, and escapes
.into the open air with irregular puffs. .

High-pressure engines are generally used in all situations where
simplicity and lightness are required, as in the case of what are
the locomotive ; also in situations’ where a free supply the advan-
of water for condensation can not be readily obtained. tages and

. disadvan-
As they use steam at a much higher pressure than the tgges of
condensing engines, they are more liable to accidents high-press-
arising from explosions. High-pressure engines are less ure engines?
expensive than low-pressure, since all the apparatus for condensing
the steam is dispensed with, the only parts necessary being the boiler,
cylinder, piston, and valves.

518. It is not necessary in the steam-engine that the steam should
flow continuously from the boiler into the cylinder during When is
the whole movement of the piston, but it may be cut off gteam said
before it has fully completed its ascent or descent in the to be used
cylinder. The steam already in the cylinder immediately S*Pansively?
expands, and completes the movement already begun, thus saving a
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considerable quantity of steam at each movement. Steam employed
in this way is said to be used expansively.
To carry out this plan to the best advantage, the expansive force of
the steam must be greatly increased by working it under a high pressure.
519. In many'engines ‘the supply 'of ‘steam to the cylinder is regu-
lated by an apparatus called the governor. This con-

::xt,:;‘;e sists, as is represented in Fig. 196, of two heavy balls,
steam- E, connected by jointed rods, with a revolving axis,
engines D. When the axis is made to revolve rapidly, the
regulated ?

centrifugal force tends to make the balls diverge or
separate from one another, in the same manner as the two legs of a
tongs will fly apart
when whirled rsund
by the top. This di-
vergence draws down
the jointed rods; but
a slower motion of
the axis causes the
balls, on the contrary,
to approach each
other, and thus push
them up. These
movements of the
jointed rods in turn
raise or lower the end
of a bar, H, which
acts as a lever, and moves a valve which increases or diminishes the
quantity of steam admitted from the boilers into the cylinder, thus
preserving the motion of the engine uniform.

In stationary engines, also, a large and heavy fly-wheel is often
used, which by its momentum causes the machinery to move uninter-
ruptedly, even if the pressure of steam be less at one point than at
another.

Fig. 197 illustrates the principal parts of a condensing steam-engine
and its mode of action.

520. Steam-boilers, which, although necessary to the generation of
the power, are quite independent of the engine, are constructed of
thick sheets of iron or copper, strongly riveted together.

The essential requisites of a steam-boiler are, that it should possess
sufficient strength to resist the greatest pressure which is ever liable

FiG. 1g6.
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to occur from the expansion of the steam, and that it should offer a
sufficient extent of surface to the fire to insure the requi- What are
site amount of vaporization. In common low-pressure phe essentiat
boilers, it requires about eight square feet of surface of requisites of
the boiler to be ‘éxposed | to)thé)action [of tHe fire and @ steam-
flame, to boil off a cubic foot of water in an hour; and boiler?

a cubic foot of water, in its conversion into steam, equals one horse-
power.

F16. 197.

The strongest form for a boiler, and one of the earliest which was
used, is that of a sphere; but this form is the one which offers least
surface to the fire. The figure of a cylinder is on many accounts the
best, and is now extensively used, especially for engines of high press-
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ure. It has the advantage of being easily constructed from sheets of
metal, and the form is of equal strength except at the ends. Insucha
boiler, the ends should be made thicker than the other parts.

521. A very great improvement was effected
Whakt ia(ehe (i the construction of steam-boil-
construction e€rs, by placing a cylindrical fur-
of a flue- nace within a cylindrical boiler,
boiler? thus surrounding the heated sur-
faces with water upon all sides. By this
\| method, all the heat, except what escapes up
\| the chimney, is communicated to the water.
Such boilers are known as “ flue-boilers.” Their
general form and plan of construction are rep-

FiG. 198.

resented in Fig. 198.

522. The requirements of a boiler suitable for a locomotive are, that
What are the greatest possible quantity of water should be evapo-
the peculiar- rated with the greatest rapidity in the least possible space.
ities of a The quantity of fuel consumed is a secondary considera-
locomotive-  ion a5 this can be carried in a separate vehicle. The
boiler? .. . . .

principle by which this has been accomplished, and the
invention of which may be said to have made the present railway-
system, consists in carrying
the hot product of the fire
through the water in numer-
ous small parallel flues or
tubes, thus dividing the heat-
ed matter, and, as it were,
filtering it through the water
to be heated. In this man-
ner the surfaces by which
the water and the heating
gases communicate are im-
mensely increased ; the whole
having a resemblance to the
mechanism of the lungs of
animals, in which the air and
the blood are divided, and
presented to each other at as
many points, and with as little intervening matter between them, as is
consistent with their separation. Fig. 199 represents the interior of the

FiG. 199.
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fire-box of a locomotive, showing the opening of the tubes, which
extend through the whole length of the boiler, and are surrounded
with water. The smoke and other products of combustion pass
through these tubes, and finally escape up the smoke-pipe. It will be
further observed by the examination of the figure, that the fire-box is
double-walled, or rather walled and roofed with a layer of water, leav-
ing only the bottom vacant, which receives the grate-bars.

523. The safety-valve is generally a conical lid fitted into the boiler,
and opening Describe the
outward. It safety-valve.
is kept down by a weight,
acting on the end of a lever,
equal to the pressure which
the boiler is capable of sus- )
taining without danger from the steam generated within. If the
amount of steam at any time exceeds the pressure, it overcomes the
resistance of the weight, lifts the valve, and allows the steam to escape.
‘When sufficient steam has escaped to diminish the pressure, the valve
falls back into its place, and the boiler is as tight as if it had no such
opening.

Fig. 200 represents the ordinary construction of the safety-valve.

524. The explosion of steam-boilers, when the safety-valve is in
good condition and working-order, is sometimes inex-

. . . How does a
plicable ; but explosions often result from the engineer g;n.ineion
allowing the water -to become too low in the boilers. of waterin
When this occurs, the parts of the boiler which are not boilers often

. occasion
covered with water, and are exposed to the fire, become ¢yp1ogions ?
highly overheated. If, in this condition, a fresh supply
of water is thrown into the boiler, it comes suddenly into contact with
an intensely-heated metal surface, and an immense amount of steam,
having great elastic force, is at once generated. In this case the
boiler may burst before the inertia of the safety-valve is overcome, and
the stronger the boiler the greater the explosion.

525. The degree of pressure which the steam exerts upon the
interior of the boiler, and which is consequently availa- whnat is
ble for working the engine, is indicated by means of an a steam-
instrument called the “steam ” or “barometer gauge.” - §3uge?

It consists simply of a bent tube, A C D E, Fig. 201, fitted into the
boiler at one end, and open to the air at the other. The lower part
of the bend of the tube contains mercury, which, when the pressure of

F1G. 200.
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steam in the boiler is equal to that of the external atmosphere, will
stand at the same level, H R, in both legs of the tube. When the
pressure of the steam is greater than
that of the atmosphere, the mercury is
depressed in/the leg C D, and elevated
in the leg D E. A scale, G, is attached
to the long arm of the tube; and, by
observing the difference of the levels
of the mercury in the two tubes, the
pressure of the steam may be calcu-
lated. Thus, when the mercury is at
the same level invboth legs, the press-
ure of the steam balances the pressure
of the atmosphere, and is therefore fif-
teen pounds per square inch. If the
mercury stands thirty inches higher in
the long arm of the tube, then the press-
ure of the steam is equal to that of two atmospheres, or is thirty
pounds to the square-inch, and so on.

As the pressure of steam increases with its temperature, the press-

ure upon the interior of the hoiler may also be known
g:x:;“oih‘ by means of a thermometer inserted into the boiler.
steam be Thus it has been ascertained that steam at 212° balances
indicated by the atmosphere, or exerts a pressure of 15 pounds per
:t‘:r‘e?m°m' square inch; at 250°, 30 pounds;.at 275°, 45 pounds;
at 2949, 60 pounds, and so on.

526. The steam-whistle attached to locomotive and other engines is.
Describe the Produced by causing the steam to issue from a narrow
steam- circular slit, or aperture, cut in the rim of a metal cup;
whistle. directly over this is suspended a bell formed like the
bell of a clock. The steam, escaping from the narrow aperture, strikes
upon the edge or rim of the bell, and thus produces an exceedingly
sharp and piercing sound. The size of the concentric part whence the
steam escapes, and the depth of the bell part, and their distance
asunder, regulate the tones of the whistle from a shrill treble to a deep
bass.

Fic. 2o1.




CHAPTER XIL
METEOROLOGY.

527. Meteorology is that department of physical
science which treats of the atmosphere ...
and its phenomena, particularly in its :;:‘3;
relation to heat and moisture.

528. By climate we mean the condition of a place
in relation to the various phenomena of what dowe
the atmosphere, as temperature, moisture, o e
&c. Thus we speak of a warm or cold climate?
climate, a moist or dry climate, &c.

529. The mean or average temperature of the day
is found by observing the thermometer at How is the
fixed intervals of time during the twenty- heranieof o
four hours, and then dividing the sum of dayfound?

the temperatures by the number of observations.

From such a series of observations it has been found Atwhattime
that the lowest temperature of the day occurs shortly :;:::u:“;;
before sunrise, and the highest about two o’clock in the the day the
afternoon; somewhat later in summer, and somewhat }!ilhelt and

earlier in winter. owest ?

The mean annual temperature of any particular
location is found by takirrg the average of all the
mean daily temperatures throughout the year.

289
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The mean daily temperature of any place seems to varyin a regular
and constant manner, while the mean annual temperature of the same
location is very nearly a constant quantity. Thus, by long observa-
tions made in Philadelphia, it has been found that the mean daily tem-
perature of that locality is jone)degree/less than the temperature at
nine o’clock A.M. at the same place ; while the mean annual tempera-
ture of Paris varied only four degrees in thirteen years.

All the results of observation seem to show that the same quantity
of heat is always annually distributed over the earth’s surface, although
unequally, — that is to say, the average annual temperature of each
place upon the earth’s surface is very nearly the same. In our lati-
tude, July is on the average the hottest month, and January the cold-
est; and, in reference to particular  days, we may on an’ average con-
sider the 26th of July as the hottest, and the 14th of January as the
coldest, day of the year, for the temperate zone of the northern herm-
sphere.

__The average annual temperature-of the atmos-
Howdoes phere diminishes from the equator toward

temperature s .
vanywitn | €ither pole.

thelatitude? 44 the equator in Brazil, the average annual temper-

ature is 84° Fahrenheit’s thermometer ; at Calcutta, lat. 22° 35’ N, the,
annual temperature is 78° F.; at Savannah, lat. 32° g/ N., the annual
temperature is 65° F.; at London, lat. 51° 31’ N,, the annual temper-
ature is 47° F.; at Melvrlle Island, lat. 74° 47/ N., the average anm:zl
temperature is l° below zero.

If the whole surface of the earth were covered by water, or 1f it
Why isnot . Were all formed of solid plane land, possessing every-
the temper-  where the same character, and having an equal capacity
ature of all ;¢ 3)] places for absorbing and again radiating heat,
places hav- .
ing the same the temperature of a place would depend only on its
latitude - geographical latitude, and consequently all places hav-
alike? ing the same latitude would have a like climate. Owing,
however, to various disturbing causes, such as the’ elevation and form’
of the land, the proximity of the sea, the direction of the winds, &c.,
places of the same latitude, and comparatively near each other, have
very different temperatures. °

. In warm climates. the proximity of the sea tends -to diminish the-
heat; in cold climates, to mitigate the cold. Islands and peninsulas
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are warmer than continents; bays and inland seas also tend to raise
the mean temperature. Chains of mountains which ward off cold
winds augment the temperature ; but mountains which ward off south
and west winds lower it. A sandy soil, which is dry, is warmer than
a marshy soil, which/is/wet and)subject|to. great evaporation.

530. Air absorbs moisture at all temperatures,
and retains it in ‘an invisible state. This whatis the

LI : . capacity of -
power of the air is termed its capacity for GPer™°

absorption.  moisture?
The capacity of air for moisture increases with the
température. : .

A volume of air at 32° can absorb an amount of moisture equal to
the hundred and sixtieth part of its own weight; and, for every twen-
ty-seven additional degrees of  heat, the quantity of moisture it can
absorb at 32° is doubled. Thus a body of air at 32° Fahrenheit,
absorbs the 16oth part of its own weight; at 59° F., the 8oth; at
86° F., the 4oth; at 113° F., the 20th part of its own weight in moist-
ure. It follows from this, that, while the temperature of the air
advances in an arithmetical series, its capacity for moisture is accele-
rated in a geometrical series.

Air is said to be saturated with moisture when it
contains as much of the vapor of water as
.. . . . When is air .
it is capable of holding with a given tem- saidtobe
saturated?- °
perature. :

We say that air is dry when water evaporates quickly, or any wetted
surface dries rapidly; and that it is damp when moistened surfaces
dry slowly, or not at all, and the slightest diminution of temperature
occasions a deposit of moisture in the form of mist and rain. These
expressions do not, however, convey altogether a correct idea of the
condition of the atmosphere, since air which we term “dry ”’ may con-
tain much more moisture than that which we distinguish as “ damp.”
For indicating the true condition of the atmosphere in reference :to
moisture, we therefore use the terms ‘“absolute” and “relative”
humidity. :
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When we speak of the absolute humidity of the air, we have refer-
ence to the quantity of moisture contained in a given

What is o
meant by volume. By relative humidity, we refer to its proximity
tbltol‘ute and to saturation. Relative humidity is a state dependent
relative . .1
humidity? PO the mutual)linfluence of absolute humidity and

temperature ; for a given volume of air may be made to
pass from a state of dampness to one of extreme dryness, by merely
elevating its temperature, and this, too, without altering the amount of
moisture it contains in the least degree.

The aqueous vapor obstructs the radiation of heat from the earth’s
surface. If the earth’s radiation of heat were unchecked, in one sum-
mer’s night every plant capable of being destroyed by cold would
perish. The aqueous vapor prevents the escape of heat from the
earth, and, by acting as a blanket, moderates the climate.

531. Instruments designed for measuring the quan-

Whatare  tity of moisture contained in the atmos-
hygrom- .
eters? phere are called Hygrometers.

Many organic bodies have the property of absorbing vapor, and
Upon what thus increasing their dimensions. Among such may be
principle are mentioned hair, wood, whalebone, ivory, &c. Any of
hygrometers these, connected with a mechanical arrangement by
constructed?  pich the change in volume might be registered, would
furnish a hygrometer.

A large sponge, if dipped in a solution of salt, potash, soda, or any
other substance which has a strong attraction for water, and then
squeezed almost dry, will, upon being balanced in a pair of scales sus-
pended from a steady support, be found to preponderate or ascend
according to the relative dampness or dryness of the weather.

The beard of the wild oat may also serve as a hygrometer, as it
twists around during atmospheric changes from dampness to dryness.

If we fix against a wall a long piece of catgut, and hang a weight
to the end of it, it will be observed, as the air becomes moist or dry,
to alter in length; and by marking a scale, the two extremities of
which are determined by observation when the air is very dry, and
when it is saturated with moisture, it will be found easy to measure
the variations.

* Hygrometer, from the Greek words )05, moist, and ueTpov, measuve.
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An instrument called the “hair-hygrometer " is constructed upon

this principle. It consists of a human p . .o
hair, fastened at one extremity to a the ‘‘ hair-
screw (see Fig. 202), and at the other thomt-
passing over a pulley, being strained ren

tight by a silk thread and weight also attached to
the pulley. To the axis of the pulley an index is
attached, which passes over a graduated scale, so
that as the pulley turns, through the shortening or
lengthening of the hair, the index moves. When
the instrument is in a damp atmosphere, the hair
absorbs a considerable amount of vapor, and is
thus made longer, while in dry air it becomes
shorter; so that the index is of course turned
alternately from one side to the other.

The instrument is graduated by first placing it
in air artificially made as dry as possible ; and the
point on the scale at which the index stops under
these circumstances is the point of greatest dry-
ness, and is marked o. The hygrometer is then
placed in a confined space of air which is com-
pletely saturated with vapor, and under these cir-

FiG. 202,

cumstances the index moves to the other end of the scale: this point,
which is that of greatest moisture, is marked 100. The intervening
space is then divided into one hundred equal parts, which indicate

different degrees of moisture.

Such hygrometers are not, however, considered as altogether

reliable.

SECTION 1.

PHENOMENA AND PRODUCTION OF DEW.

532. Dew is the moisture of the air condensed by
coming in contact with bodies colder than wpatis

itself.

dew ?

533. The temperature at which the condensation
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-of moisture in the atmosphere commences, or the
whatisthe degree indicated by the thermometer at
dew-point?  which dew begins to be deposited, is called
the ““dew-point.”

This point is by no means constant or invariable, since dew is only
Isthe dew. deposited when the air is saturated with vapor, and the
point a con- amount of moisture required to saturate air of high
stantone?  temperature is much greater than air of low temperature.

If the saturation be complete, the least diminution of temperature
is attended with the formation of dew; but, if the air is dry, a body
must be several degrees colder before moisture is deposited on its
surface; and, indeed, the dryer the atmosphere, the greater will be the
difference between the temperature and its dew-point.

Dew may be produced at any time by bringing a vessel of cold

water into a warm room. The sides of the vessel cool
gz:u:":::?‘ the surrounding air to such an extent that it can no
dew be occa- longer retain all its vapor, or, in other words, the tem-
sionedatany perature of the air is reduced below the dew-point;
time? dew therefore forms upon the vessel. A pitcher of
water under such circumstances is vulgarly said to “ sweat.” i

In a clear summer’s night, when dew is depositing, a thermometer
laid upon the grass will sink nearly twenty degrees below one sus-
pended in the air at a little distance above.

All bodies have not an equal capacity for radiating
Upon what .
substances is Deat, but some cool much more rapidly and perfectly
dew depos-  than others. Hence it follows, that, with the same
if:‘:l;‘;’“ exposure, some bodies will be densely covered with dew,
while others will remain perfectly dry.

Grass, the leaves of trees, wood, &c., radiate heat very freely; but
polished metals, smooth stones, and woolen cloth part with their heat
slowly : the former of these substances will therefore be completely
drenched with dew, while the latter, in the same situations, will be
almost dry.

The surfaces of rocks and barren Jands are so compact and hard,
that they can neither absorb nor radiate much heat; and, as their tem-
perature varies but slightly, very little dew deposits upon them. Cul-
tivated soils, on the contrary, being loose and porous, very freely radi-
ate by night the heat which they absorb by day; in consequence of
which they are much cooled down, and plentifully condense the vapor
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of the air into dew.” Such a condition of things is a remarkable evi-
dence of design on the part of the Creator; since every plant, and inch
of land, which needs the moisture of dew is adapted to collect it, but
not a single drop is wasted where its refreshing moisture is not
required. o
§34. Dew is deposited most freely upon a calm, clear night; since
under such circumstances heat radiates from the earth .

. . . ‘What cir-
most freely, and is lost in space. On a cloudy night, on cymstances
the contrary, the deposition of dew is almost entirely influence the
interrupted; since the lower surfaces of the clouds turn z;°::;‘;°"
back the rays of heat as they radiate, or pass off from
the earth, and prevent their dispersion into space : the surface of the
earth is not therefore cooled down sufficiently to chill the vapor of
the air into dew. .

When the wind blows briskly, also, little or no dew is formed; since
warm air is constantly brought into contact with solid bodies, and pre-
vents their reduction in temperature.

Dew is always formed upon the surface of the

material upon which it is found, and does Can dew be
T said
not fall from the atmosphere. otz

Other things being equal, dew is most abundant in situations most
exposed, because the radiation of heat is not arrested by houses, trees,
&c. Little dew is ever observed in the streets of cities, because the
objects are necessarily exposed to each other’s radiation, and an inter-
change of heat takes place, which maintains them at a temperature
uniform with the air.

Dew rarely falls upon the surface of water, or upon ships in mid-
ocean. The reason of this is, that, whenever the aqueous Does 4

s . ew
particles at the surface are cooled, they become heavier form upon
than those below them, and sink, while warmer and the surface
lighter particles rise to the top. These, in their turn, °f Water?
become heavier, and descend; and this process, continuing throughout
the night, maintains the surface of the water and the air at nearly the
same temperature.

Dew is produced most copiously in tropical countries, because
there is in such latitudes the greatest difference between the tempera-
ture of the day and that of the night. The development of vegetation
is also greatest in tropical countries; and a great part of the nocturnal
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cooling is due to the leaves, which present to the sky an immense num-
ber of thin bodies, having large surface, well adapted to radiate heat.

535. Frost is frozen dew.

When the temperature’'of “the-'‘body-upon which the dew is de-
What is posited sinks below 32° Fahrenheit, the moisture
frost ? freezes, and assumes a solid form, constituting what
is called “/frost.”

Shrubs and low plants are more liable to be injured by frost than
trees of a greater elevation, since the air contiguous to the surface of
the ground is the most reduced in temperature.

An exceedingly thin covering of muslin, matting,
Why doesa &€, Will prevent the deposition of dew or
::;np::::; frost upon an object, since it prevents the
objects from radiation of heat, and a consequent cooling
deworfrost? sufficient to occasion the production of
either dew or frost.

‘ Surface of 4!'.— 2°, 53° 41°
the 5 59° Dew. l';mt. No dew or frost. | No dew or frost.
In the day- | In clear and serene [Cloudyor windy! Clear night;
time. nights. nights. | soil protected.
F1G. 203.

Fig. 203, in which the arrows indicate the movements of heat, and
the numerals the temperatures of the earth and air under different
circumstances, will render the explanations of the phenomena of dew
and frost more intelligible.
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The figures in the middle of the diagram represent the temperature
of the air at a distance from the surface of the earth; the figures in
the margin, the temperature of the air adjoining the surface of the
earth; the figures below the margin, the temperature of the earth
itself. The directions' .of 'thelarrows |represent the radiation and
reflection of the heat.

SECTION 1II.

CLOUDS, RAIN, SNOW, AND HAIL.

536. Clouds consist of vapor evaporated from
the earth, and partially condensed in the whpatare
higher regions of the atmosphere. clouds?

When air saturated with vapor, in immediate con-
tact with the surface of the earth, is cooled How is mist
down rapidly, its vapor is condensed; if orfog occa-
the condensation, however, is not sufficient sioned?
to allow of its precipitation in drops, it floats above
the surface of the earth as mist or fog.

Clouds, fog, and mist differ only in one respect.
Clouds float at an elevation in the air, Howdo

while fogs and mists come in contact with clouds, fog;
the surface of the earth. differ?

Mist and fog are also formed when the water of lakes and rivers,
or the damp ground, is warmer than the surrounding air which is
saturated with moisture. The vapors which rise in consequence of
the higher temperature of the water are immediately re-condensed
as soon as they diffuse themselves through the colder air.’

Mist and fog are observed most frequently over rivers and marshes;
because in such situations the air is nearly saturated with vapor, and
therefore the least depression of temperature will compel it to relin-
quish some of its moisture.

The moisture contained in the air we expel from the lungs in the
process of respiration is visible in winter, but not in summer. The
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reason of this is, that in' cold weather the vapor is condensed’ by the
Whyisthe external air, but in summer the temperature of the air
moisture of  is not sufficiently reduced to effect condensation.

3?':';‘::;" During the daily process of evaporation from the
“:lnter’ and  surface/\of the)earth,(warm, humid currents are continu-
not in ally ascending. The higher they ascend, the colder is

summer ? the atmosphere into which they enter; and, as they con-
tinue to rise, a point will at length be attained, where, in union with
the colder air, their original humidity can no longer be

In what
manner are  retained : a cloud will then appear, which increases in
clouds bulk with the upward progress of the current into colder
formed ? .

regions.

To a person in the valley, the top of a mountain may seem
enveloped in clouds; while, if he were at the summit, he would be
surrounded by a mist or fog.

Clouds frequently appear and disappear with a change in the direc-
How do tion and character of the wind. Thus, if a cold wind
winds affect blows suddenly over any region, it condenses the invisi-
theclouds?  hie vapor of the air into cloud or rain; but, if a warm
wind blows over any region, it disperses the clouds by absorbing their
moisture. .

What is the The average height at which clouds float above the

average surface of the earth in a calm day is between one and
:leoi‘:::‘ two miles. Light, fleecy clouds, however, sometimes
u

attain an elevation of five or six miles.
When clouds are not continuous over the whole surface of the sky,
various circumstances contribute to give them a rough
What occa- .
sions the and uneven appearance. The rays of the sun, falling
irregular upon different surfaces at different angles, melt away
:”de‘:';‘:l::: one set of elevations, and create another set of depres-
or 210“4'; sions; the heat also, which is liberated below in the
) process of condensation, the currents of warm air escap-
ing from the earth, and of cold air descending from above, all tend to
keep the clouds in a state of agitation, upheaval, and depression.
Under these influences, the masses of condensed vapor composing the
clouds are caused to assume all manner of grotesque and fanciful shapes.
The shape and position of clouds are also undoubtedly influenced in
a considerable degree by their electrical condition.

Clouds are frequently seen to collect around moun-
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tain-peaks, when the atmosphere elsewhere is clear
and free from clouds. This is caused by wpyqo
the wind impelling up the sides of the clouds

. . . frequently
mountains the/'warm, ’humid(dir-of' the val- collect

. . o e d
leys, the moisture of which, in its ascent, Sountaio-
gradually becomes condensed by cold, and Pe**?
appears as a cloud.

537. Clouds are generally divided into four great
classes ; viz., the Cirrus, the Cumulus, the How many
Stratus, and the Nimbus. et e

The cirrus * cloud consists of very deli- recognized?
cate thin streaks, or feathery filaments, and is usu-
ally seen floating at great elevations in wnat s the
the sky during the ¢ontinuance of fine cirrus cloud?
weather. '

It is highly probable that the cirrus cloud, at great elevations, does
not consist of vesicles of mist, but of flakes of snow.

Fig 204, A, represents the appearance of this variety of cloud.

The cumulust cloud consists of large rounded
masses of vapor, apparently resting upon o i ine
a horizontal basis. When lighted up by cumulus

cloud ?
the sun, cumulus clouds present the ap-
pearance of mountains of snow.

The cumulus is especially the cloud of day, and its figure is most
perfect during the fine warm days of summer. .

Fig. 204, B, illustrates the appearance of the cumulus cloud.

These clouds appear in greatest number at noon, on a fine day, but
disappear as evening approaches. The explanation of this is, that at
noon the currents of warm air ascending from the earth are more
buoyant, larger, and rise higher; and, when condensed, form large
masses of clouds, each of which may be considered as the capital of a

* From the Latin word cs7»us, — a lock of hair, or curl.
t From the Latin word ¢ ¥mulxs,— a mass, or pile.
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column of air, whose base rests upon the earth. As the heat of the
sun diminishes in the afternoon, the strength of the currents abates;
the clouds, which are buoyed up by their force, sink down into warmer
regions of the atmosphere, and are either partially or wholly dissolved.

The rounded figureof thel cumulus hasbeen attributed to its method

FiG. 204.

of formation; for, when one fluid flows through another at rest, the
outline of the figure assumed by the first will be composed of curved
lines. This fact may be shown, and the appearance of the cumulus
imitated, by allowing a drop of milk or ink to fall into a glass of water.
The same thing is also seen in the shape of a cloud of steam, as it
issues from the boiler of a locomotive.
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The stratus,* or stratified cloud, consists of hori-
zontal streaks or layers of vapor, which -
float like a veil at no very great elevation stratus
from the surfddéof' the“earth! “They fre- “**’
quently appear with extraordinary brilliancy of color
at sunset. :

The appearance of the stratus is represented at C, Fig. 204.

The nimbus, or the cloud of rain, has no character-
istic form. It generally covers the whole wrpaeisthe
horizon, imparting to it a bluish-black pimbus?
appearance.

The various forms of clouds gradually pass into each other, so thatit
is often difficult to decide whether the appearance of a cloud approaches
more to one type than another. The intermediate forms are sometimes
designated as cirro-stratus, cirro-cumulus, and cumulo-stratus.

538. Rain is the vapor of the clouds or air, con-
densed and precipitated to the earth in whatis
dl'OpS. rain?

Rain is generally occasioned by the union of two
or more volumes of humid air, differing gow is rain
considerably in temperature. Under such occasioned?
circumstances, the several portions in union are in-
capable of absorbing the same amount of moisture
that each could retain if they had not united. The
excess, if very great, falls as rain; if of slight
amount, it appears as cloud.

539. The law upon which the condensation of
vapor and the formation of rain depends ., what
is, that the capacity of the air for moisture law does the
decreases in a greater ratio than the tem- of rain
perature. depend?

* From the Latin s¢7atws, — that which lics low in the form of a bed or layer.
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Rain falls in drops, because the vesicles of vapor, in their de-
Why does  Scent, attract each other and merge together, thus
rain fallin  forming drops of water. The size of the drop is in
drops? creased in .proportion to the rapidity with which the
vapors are condensed:

In rainy weather the clouds fall toward the earth, for the reason
that ‘they are heavy with partially-condensed vapors, and the air, on
account of its dlmmlshed density, is less able to buoy them up.

540. The quantity of rain falling at any one time
or place is measurcd by means of an instrument
called a “rain- orauge.

This usually consists of a tin cylindrical vessel, M, Fig. 205, the
upper part of which is closed by a cover, B, in the shape

Describe A y
the rain- " of a funnel, with an aperture in its center. The water
gauge. falling upon the top of the cylinder flows into the inte-

dor through the opening, and is thus protected from evaporation.
From the base of the
apparatus a gradu-
ated glass tube, A,
ascends, in which the
water rises to the
same height as in the
interior of the cylin-
der. Supposing the
apparatus to be
placed in an exposed
situation, and at the
end of a month, for
example, the height
of the water in the tube is five inches: this would indicate that the
water in the cylinder had attained to an equal elevation, and conse-
quently that the rain which had fallen during this mterval would, if
not diminished by evaporation or infiltration, cover the earth to the
depth of five inches.

541. Rain falls most abundantly in countries near the equator, and
In what decreases in quantity as we approach the poles. There
situations are more rainy days, however, in the temperate zones than
is rain most  in the tropics, although the yearly quantity of rain falling
abundant? i the latter districts is much greater than in the former.

FiG, 20s.
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In the northern portions of the United States, there are on an

average about one hundred and thirty-four rainy days in a year; in the.

Southern States the number is somewhat less, being about one h\m-
dred and three.

The reason why'it 'rains'“more' frequently'in the temperate zones
than in the tropics is because the former are regions of variable
winds, and the temperature of the atmosphere changes often; while
in the tropics the wind changes but rarely, and the temperature is very
constant throughout a great part of the year. In the tropics the
year is divided into only two seasons, the wet or rainy, and the dry
season.

The average yearly fall of rain in the tropics is
mnety-{ive inches; in the temperate zone, What is the
only thirty-five. ) average fall

of rainin * -
" The greatest rainfall, however, is precipitated in the different.-
shortest time. Ninety-five inches fall in eighty days on countries? .
the equator, while at St. Petersburg the yearly rainfall is but seven-
teen inches, spread over one hundred and sixty-nine days. Again, a
tropical wet day is not continuously wet. The morning is cleary
clouds form about ten o’clock; the rain begins at twelve, and pours
till about half-past four; by sunset the clouds are gone, and the nights
are invariably fine.
" ‘The depth of rain which falls yearly in London is about twenty-five
inches; but at Vera Cruz, on the Gulf of Mexico, rain to the amount
of two hundred and seventy-eight inches is precipitated. The expla-
nation of this is to be found in the peculiar location of the city, at the
foot of lofty mountains whose summits are covered with perpetual
snow ; against these the hot, humid air from the sea is driven by the
winds, condensed, and its excess of moisture precipitated as rain.

542. Some countries are entirely destitute of rain; in a part of
Egypt it never rains, and in Peru it rains once, perhaps, in a man’s
lifetime. Upon the table-land of Mexico, in parts of Guatemala and
California, rain is very rare. But the most extensive rainless districts
are those occupied by the Great Desert of Africa, and its continuation
eastward over portions of Arabia and Persia to the interior of Central
Asia, over the great desert of Gobi, the table-land of ‘Thibet, and part
of Mongolia. These regions embrace an area of five or six nulllons
of square miles that never experience a shower.
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The cause of this scarcity is to be sought for in the peculiar confor-
mation of the country.

In Peru, for example, parallel to the coast, and at a short distance
from the sea, is the lofty range of the Andes, the peaks of which are
covered with perpetual snow @nd ice.)/ | The prevailing wind is an east
wind, sweeping from the Atlantic to the Pacific across the continent
of South America. As it approaches the west coast, it encounters this
range of mountains, and becomes so cooled by them that it is forced
to precipitate its moisture, and passes on to the coast almost devoid
of moisture. In Egypt and other desert countries, the dry sandy plains
heat the atmosphere to such an extent that it absorbs moisture, and
precipitates none.

On the other hand, there are some countries, in which it may be
said to always rain. In some portions of Guiana, in South America,
it rains for a great portion of the year. The fierce heat of the tropical
sun fills the atmosphere with vapor, which returns to the earth again
in constant showers as the cool winds of the ocean flow in and con-
dense it.

543- The whole quantity of water annually precipitated as rain over

the earth’s surface is calculated to exceed seven hun-
What is the . an . . N
whole esti-  dred and sixty millions of tons. This entire amount is
mated year- raised into the atmosphere solely by evaporation. It
:”; g:i‘n“?‘“y has been also calculated, that the daily amount of water

raised by evaporation from the sea alone amounts to no
less than one hundred and sixty-four cubic miles, or about sixty thou-
sand cubic miles annually.

During the months of October and November, the daily amount of
evaporation from the surface of the ocean, between the Cape of Good
Hope and Calcutta, is known to average three-quarters of an inch
from the whole surface.

The amount of moisture constantly present in the atmosphere of
What curi- 2Ny country exercises an important influence upon the
ous influ- physical system of the inhabitants, and upon their arts
ences are and professions. The atmosphere of the northern
occasioned . .
by the moist. Uhited States is uncommonly dry, much more so than
ure of the in England or Germany. To this in a great measure is
atmosphere ? owing the difference in the physical appearance of the
inhabitants of these respective countries.

What is 544. Snow is the condensed vapor of the
snow ? air, frozen, and precipitated to the earth.
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Our knowledge in respect to the formation of snow in the atmos-
phere is very limited. It is probable that the clouds gow is snow
in which the flakes of snow are first formed consist, not probably
of vesicles of vapor, but of minute crystals of ice, which formed?
by the continuous'\condensation) of vapor become larger, and form
flakes of snow, which continue to increase in size as they descend
through the air.

When the lower regions of the air are sufficiently warm, the flakes
of snow melt before they reach the ground; so that it may rain below,
while it snows above.

The largest flakes of snow are formed when the air abounds with
vapor, and the temperature is about 32° Fahrenheit; but as the
moisture diminishes, and the cold increases, the snow becomes finer.

In extreme cold weather, when a volume of cold air is suddenly
admitted into a room, the air of which is saturated with moisture, it
sometimes happens that the vapor of the room will be condensed and
frozen at the same instant, thus producing a miniature fall of snow.

545- On examining a snow-flake beneath a microscope it is found
to consns't of 'regular and symmetrical crystals, having What is the
a great diversity of form. physical

These crystals also exist in ice, but are so blended composition
together that their symmetry is lost in the compact :‘“‘e'?““"
mass.

The crystals of snow may, under favorable circumstances, be seen
with the naked eye, by placing the flake upon a dark body cooled
below 32° Fahrenheit. Fig. 206 represents the varied and beautiful
forms of snow-crystals.

The bulk of recently-fallen snow is ten or twelve times greater than
that of the water obtained by melting it.

546. Hail is the moisture of the air Whatis
frozen into drops of ice.

The phenomenon of hail has never been satisfactorily explained.
It is difficult to conceive how the great cold is produced Can the bhe-
which causes the water to freeze under the circum- “m“o:
stances, and also how it is possible that the hailstones, of hail be
after having once become sufficiently large to fall by explained
their own weight, can yet remain long enough in the air Sotsfac-

18 y ng g torily ?

to increase to so considerable a size as is sometimes
seen. A hailstorm generally lasts but a few minutes, very seldom as
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long as a quarter of an hour; but the quantity of ice which escapes
from the clouds in so short a time is very great, and masses have been
observed to fall of a weight of ten or twelve ounces.

547. Hailstones are generally pear-shaped; and, if they are divided
through the centet;\they. willl bé found 'to(be composed of alternate
layers of ice and snow, arranged around a nucleus, like the coats of-
an onion.

FiG. 206.

Hailstorms occur most frequently in temperate climates, and rarely
within the tropics. They occur most frequently in northern latitudes,
in the vicinity of high mountains whose peaks are always covered
with ice and snow. The South of France, which lies between the
Alps and Pyrenees, is annually ravaged by hail; and the damage
which it causes yearly to vineyards and standing crops has been esti-
mated at upward of nine millions of dollars. .
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SECTION III,

WINDS.

548. Wind is air in motion. The air is never
entirely free from motion, but the velocity whatis
with which it moves is perpetually varying. wird?

549. The principal cause of movements in the

atmosphere is the variation of temperature Whatis the

produced by the alternation of day and PhraPd!

night and the succession of the seasons. ~ wind?

When, through the agency of the sun, a particular portion of the
earth’s surface is heated to a greater degree than the How can
remainder, the air resting upon it becomes rarefied, and yariations of
ascends, while a current of cold air rushes in to supply temperature
the vacancy. Two currents, the one of warm air flowing ﬁ?:;:‘
out and the other of cold air flowing in, are thus con-
tinually produced; and to these movements of the atmosphere we
apply the designation of wind.

If the whole surface of the earth were covered with water the
winds would always follow the sun, and blow uniformly

. . o9 How do the
from east to west. The direction of the wind is, how- physical
ever, continually subject to interruption from mountains, features of
deserts, plains, oceans, &c. the earth

. . . affect the

Thus mountains which are covered with snow con- yirqq?
dense and cool the air brought in contact with them;
and, when the temperature of the current of air constituting the wind
is changed, its direction is liable to be changed also. The ocean is
never heated to the same degree as the land; and, in consequence of
this, the general direction of the wind is from tracts of ocean toward
tracts of land.

In those parts of the world which present an extended surface of
water, the wind blows with a great degree of regularity.

550 Every variation exists in the speed of winds, from the mildest
zephyr to the most violent hurricane.
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A wind which is hardly perceptible moves with a velocfty of about

What is two miles per hour, and with a 'perpen'dicu]ar force on
the velocity  one square foot of .02 pound avoirdupois.

and force In a storm the velocity of the wind is from fifty to
of winds ?

sixty’miles per‘hour,-and the'pressure from ten to eigh-
teen pounds per square foot. In some hurricanes the velocity has
been estimated at from eighty to one hundred miles per hour, with a
varying force of from thirty to fifty pounds.

The force of the wind is ascertained by observing

How is the amount of pressure that it exerts upon
h : . .
theforee  a given plane surface, perpendicular to its

calculated?  own direction.

If the pressure-plate acts freely upon spiral springs, the power of
the wind is denoted by the extent of their compression, which thus
becomes a measure of their force, the same as in weighing by the
ordinary spring-balance.

What is An instrument for measuring the force
an ane- . .
mometer?  Of the wind is called an anemometer.

551. Winds may be divided into three

How may . R .
winds be classes : constant, periodical, and variable
divided winds.

552. In many parts of the Atlantic and Pacific Oceans the wind
What are blows with a uniform force and constancy, so that a
the trade- vessel may sail for weeks without altering the position
winds ? of a sail or spar. Such winds have received the designa-
tion of trade-winds, inasmuch as they are most convenient for naviga-
tion, and always blow in one direction.

The trade-winds are caused by the movements of vast currents of

What is air, which are continually ﬂ?wing.between the poles and

the cause of the equator. Thus the air which has been greatly

3‘{:;";‘9' heated by the sun in regions near to the equator rises,
]

and runs over toward either pole in two grand upper
currents, under which there flow from north and south two other
currents of colder air to occupy the space vacated, and to restore the
equilibrium.
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553. In the northern hemisphere, the trade-winds blow from the

north-east, and in the southern hemisphere from the Wh
at occa-
south-east. sions the

The reason they do not blow from the direct north direction of
and south is owing/td/the Irévolution_of thé éarth. The the trade-

. . winds ?

circumference of the earth being larger at the equator

than at the poles, every spot of the equatorial surface must move
much faster than the corresponding one at the poles: when, therefore,
a current of air from the poles flows toward the equator, it comes to a
part of the earth’s surface which is moving faster than itself; in con-
sequence of which it is left behind, and thus produces the effect of a
current moving in the opposite direction.

The region over which the trade-winds prevail extends for about
twenty-five degrees of latitude, on each side of the equator, in the
Atlantic and Pacific Oceans.

The reason the trade-winds do not blow uninterruptedly from the
equator to each pole is owing to the change which takes place in their
temperature as they move north and south. Thus, in the northern
hemisphere the hot air that ascends from the equator, and passes
north, gradually cools, and becomes denser and heavier, running as it
does over the cold current below. The cold air from the pole, too,
gradually becomes warmer and lighter as it passes south; so that, in
the temperate climates, there is a constant struggle as to which shall
have the upper and which the lower position. In these regions, con-
sequently, there are no uniform winds.*

554. Monsoons are periodical currents of air,
which, in the Arabian, Indian, and China ypatare
Seas, blow for nearly six months of the monscons?
year in one direction, and for the other six in a
contrary direction.

They are called monsoons, from an Arabic word signifying season ;
they are also called periodical winds, to distinguish them from the
trade-winds, which are constant.

* The existence of a great current of air in the upper regions of the atmosphere,
flowing in a nearly contrary direction to the trade-winds, has been confirmed by the
observations of travelers who have ascended the Peak of Teneriffe, or some of the
high mountains in the islands of the Southern Pacific Ocean. At a height of about
twelve thousand feet a wind is encountered, blowing constantly in an opposite direc-
tion to that which prevails at the level of the sea below.
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The theory of the monsoons is as follows : During six months of the
What is the Year, from April to October, the air of Arabia, Persia,
theory of the India, and China is so rarefied by the enormous heat
monsoons? ¢ their summer sun, that the cold air from the south
rushes toward these’ countries, across 'the' equator, and produces a
south-west wind. - When the sun, on the other hand,. has left the
northern side of the equator for the southern, the southern hemi-
sphere is rendered hotter than the northern, and the direction of the
wind is reversed, or the monsoon blows north-east, from October to
April.

The monsoons are more powerful than the trade-winds, and very
often amount to violent gales. They are also more useful than the
trade-winds, since the mariner is able to avail himself of their periodic
changes to go in one direction during one half of the year, and return
in the opposite direction during the other half.

555. In some parts of the world, as on coasts and islands; the heat-
What is the N8 action of the sun produces daily periodical winds,
explanation  which are termed land and sea breezes.
of land and During the day, the land becomes much more highly
seabreezes? }eated by the sun than the adjacent water, and conse-
quently the air resting upon the land is much more heated and rarefied
than that upon the water. The cooler and denser air, therefore, flows
from the water toward the land, constituting a sea-breeze, and, displa-
cing the warmer and lighter air over the land, forces it into a higher
region, along which it flows in an upper current seaward.

At night a contrary effect is produced. After sunset the land cools
much more rapidly than the water, and the air over the shore, becom-
ing cooler and consequently heavier than that over the sea, flows toward
the water, and forms the land-breeze.

The phenomena of land and sea breezes may be well illustrated by
a simple experiment. Fill a large dish with cold water, and place in
the middle of it a saucer full of warm water; let the dish represent
the ocean, and the saucer an island heated by the sun and rarefying the
air above it; blow out a candle, and if the air of the room be still, on
applying it successively to every side of the saucer the smoke will be
seen moving toward it and rising over it, thus indicating the course
of the air from sea to land. On reversing the experiment, by filling
the saucer with cold water, and the dish with warm, the land-breeze will
be shown by holding the smoking wick over the edge of the saucer;
the smoke will then be wafted to the warmer air over the dish.
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556. In the temperate zones. the winds - have
little of regularity, and these latitudes 1nwhat

are known as the regions of “variable (o0 4°
i ? winds
winds. ‘ winde

In the tropics the great aérial currents known as the trade-winds
exist in all their power, and control most of the local influences; but
in the temperate zones, where the force of the trade-winds is dimin-
ished, a perpetual contest occurs between the permanent and tempo-
rary currents, giving rise to constant fluctuations in the strength and
direction of the winds.

857. The dryest winds of the United States are west and north-west
winds, since they blow over great tracts of land, and What is the
have little opportunity of absorbing moisture. character of

The south winds are generally warm and productive the winds of
of rain, since, coming from tropical countries, they are ;’:‘U":‘“‘
highly heated, and readily absorb moisture as they pass e
over the ocean. As soon, however, as they reach a cold climate, they
are condensed, and can no longer hold all their vapor in suspension;
in consequence of which some of it is deposited as rain.

558. The simoom is an intensely hot wind that pre-
vails upon the vast deserts of Africa and whatisa
the arid plains of Asia, causing great suf- timeom?
fering, and often destruction of whole caravans of
men and animals when encountered. Its origin is
to be sought in the peculiarities of the soil and the
geographical position of the countries where it
occurs.

“The surface of the deserts of Africa and Asia is composed of
dry sand, which the vertical rays of the sun render burning to the
touch. The heat of these regions is insupportable, and their atmos-
phere like the breath of a furnace. When, under such circumstances,
the wind rises and sweeps over these plains, it is intensely hot and
destitute of moisture, and at the same time bears aloft with it great

clouds of fine sand and dust,— a dreadful visitant to the traveler of
the desert.”
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559. The hurricane is a remarkable storp-wind,
whatisa  peculiar to certain portions of the world.
burricane? Tt rarely takes its rise beyond the tropics,
and it is the 'only\stormto dread within the region of
the trade-winds.

Hurricanes are especially distinguished from all other kinds of
tempests by their extent, irresistible power, and the sudden changes
that occur in the direction of the wind.

In the northern hemisphere the hurricane most frequently occurs
At what in the regions of the West Indies; in the southern hemi-
times and sphere it occurs in the neighborhood of the island of

locations do  Mayritius, in the Indian Ocean. They also seem to be
hurricanes

most fre- confined to particular seasons: thus the West Indian
quentl?y occur from August to October, the Mauritian from
occur :

February to April.

Recent investigations have proved the hurricanes to consist of
What is the extensive storms of wind, which revolve round an axis
nature of the either upright or inclined to the horizon; while at the
hurricane?  g;me time the body of the storm has a progressive
motion over the surface of the ocean.

Thus it is the nature of a hurricane to travel round and round as
well as forward, much as a corkscrew travels through a cork, only the
circles are all flat, and described by a rotary wind upon the surface of
the water. A ship revolving in the circles of a hurricane would find,
in successive positions, the wind blowing from every point of the
compass.

The distance traversed by these terrible tempests is also immense.
The great gale of August, 1830, which occurred at St. Thomas, in the
West Indies, on the 12th, reached the Banks of Newfoundland on the
19th, having traveled more than three thousand nautical miles in
seven days. The track of the Cuba hurricane of 1844 was but little
inferior in length.

The surface simultaneously swept by these tremendous whirlwinds
is a vast circle varying from one hundred to five hundred miles in
diameter.

560. Tornadoes may be regarded as hurricanes,

whatare  differing chiefly in respect to their contin-
tornadoes?  jance and extent.
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Tornadoes usually last from fifteen to seventy seconds; their
breadth varies from a few rods to several hundred yards, and the
length of their course rarely exceeds twenty miles.

The tornado is-generally preceded by a calm and sultry state of the
atmosphere, when/\suddenly the whirlwind_appears, prostrating every
thing before it. Tornadoes are usually accompanied with thunder and
lightning, and sometimes showers of hail.

Tornadoes are supposed to be generally produced by the lateral
action of an opposing wind, or the influence of a brisk yow are
gale upon a portion of the atmosphere in repose. tornadoes

Similar phenomena are seen in the eddies or little Produced?
whirlpools found in water, when two streams flowing in different direc-
tions meet. They occur most frequently at the junction of two brooks
or rivers.

Whirlwinds on a small scale are often produced at the corners of
streets in cities, and are occasioned by a gust of wind sweeping round
a building, and striking the calm air beyond.

The whirl of a tornado or whirlwind appears to originate in the
higher regions of the atmosphere; it increases in velocity as it
descends, its base gradually approaching the earth, until it rests upon
the surface.

561. A water-spout is a whirlwind over the surface
of water, and dif- whatisa
fers from a whirl. Wwater-spout?
wind on land in the fact
that water is subjected to
the action of the wind, in-
stead of objects on the sur-
- face of the earth. In diame-
ter the spout at the base
ranges from a few feet to
several hundreds, and its
altitude is supposed to be
often upward of a mile.

. . Fic. 207.
When an observer is near to the

spout, a loud hisging noise is heard, and the interior of the column
seems to be traversed by a rushing stream.
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The successive appearances. of a water-spout’ are as follows: At
first it appears to be a dark.cone, extending from the clouds to the
water; then it becomes a column uniting with the water. After con-
tinuing for a little time, the column becomes disunited, the cone re-
appears, and is gradually drawn)|upcinto the clouds. These various
changes are represented in Fig. 207. It is a common belief that water
is sucked up by the action of the spout into the clouds; but it is only
the spray from the broken waves that is carried up.




CHAPTER XIIIL
LIGHT.

562. Light is the physical agent which occasions,
by its action upon the eye, the sensation wnatis
of vision. light?

Light not only occasions vision, but also effects important chemical
changes. It is necessary to the existence of plants, and many animals
can not live without it.

563. Optics is the name given to that depart-
ment of physical science which treats Of onatis the
vision, and of the laws and properties of science of
llght optics ?

564. Light is a form of motion; and, according
to a theory now generally accepted, and How is light
called the Undulatory Theory, it is supposed fxP'ained by
that there exists throughout all space an tory theory?
ethereal, elastic fluid, which, like the air, is capable
of receiving and transmitting undulations or vibra-
tions. These, reaching the eye, affect the optic
nerve, and produce the sensation which we call light.

According to this theory, there is a striking analogy between the
eye and the ear; the vibrations, or undulations of the ethereal medium,
being supposed to pass along the space intervening between the visible
object and the eye, in the same manner that the undulations of the air,

' 315
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produced by a sounding body, pass through the air between it and the
ear. But while in the case of sound the vibrations take place in the
direction in which the sound is propagated, in light the particles of
ether vibrate to and fro at right angles to the motion of the wave, as
is the case with waves/in/water, or. with/vibrations of a stretched cord
set in motion by drawing a bow across it.

565. The chief sources of light are the sun, the
Whatare  Stars, fire or chemical action, and phospho-

the chief
sources of rescence.

light?
& Under the head of chemical action are included all

the forms of artificial light which are obtained by the burning of
bodies. Examples of light produced by phosphorescence, as it is
called, are seen in the glow of old and decayed wood, dead salt-water
fish, in many mineral substances after having been exposed to the light
of the sun, and in the light emitted by fire-flies and some marine ani-
mals. In living animals this phenomenon is probably due to chemical
action. Phosphorescence is not accompanied by sensible heat.

566. All bodies are either luminous or non-lumi-
nous.

Luminous bodies are those which shine by their
Whatisa OWD light ; such, for example, as the sun,
luminous  the flame of a candle, metal rendered red-
body ?

hot, &c.

All solid bodies, when exposed to a sufficient degree of heat, become
luminous. All solids begin to emit light at the same degree of heat;
viz., 977° of Fahrenheit’s thermometer. As the temperature rises,
the brilliancy of the light rapidly increases, so that at a temperature of
2,600° it is almost forty times as intense as at 1,000°. Gases must be
heated to a much greater extent before they begin to emit light.

567. Non-luminous bodies are those which pro-
What is & duce no light themselves, but which may
aon-umal- be rendered temporarily luminous by being
noue BT placed in the presence of luminous bodies.
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Thus the sun, or a candle, renders objects in an apartment lumi-
nous, and therefore visible ; but the moment the sun or candle is with-
drawn they become invisible.

568. Transparent ' bodies-@re (those which do not
interrupt the passage of light, or which o .
allow other bodies to be seen through transparent
them. Glass, air, and water are examples "%’
of very transparent bodies.

569. Opaque bodies are those which do not permlt
light to pass through them. The metals,
stone, earth, wood, &c., are examples of opaque
opaque bodies. bodies?

Transparency and opacity exist in different bodies in very different
degrees, and depend upon the molecular constitution of the body.

Strictly speaking, there is no body which is perfectly transparent
or perfectly opaque. Some light is evidently lost in passing even
through space, and still more in traversing our atmosphere. It has
been calculated that the atmosphere, when the rays of the sun pass
perpendicularly through it, intercepts from one-fifth to one-fourth of
their light ; but when the sun is near the horizon, and the mass of air
through which the solar rays pass is consequently vastly increased
in thickness, only g}y of their light can reach the surface of the earth.
If our atmosphere, in its state of greatest density, could be extended
rather more than seven hundred miles from the earth’s surface, instead
of forty or fifty as it is at present, the sun’s rays could not penetrate
through it, and our globe would roll on in darkness. Bodies, on the
contrary, which are considered perfectly opaque, will, if made suffi-
ciently thin, allow light to pass through them. Thus gold-leaf trans-
mits a soft green light.

570. Light, from whatever source it may be de-
rived, moves, or is propagated, in straight 1nwhat
!ines,.so long as the medium it traverses ,'}',‘:,“:::;,,
is uniform in density. gated?

If we admit a sunbeam through a small opening into a darkened
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chamber, the path which the light takes, as defined by means of the
dust floating in the air, is a straight line.
It is for this reason that we are unable to see through a bent tube,

What prac- 35 We can through a straight one.

tical applica- In/taking-aim,/also, /with-algun or arrow, we proceed
tions ar‘e ne UPOD the supposition that light moves in straight lines,
::::;e:t' and try to make the projectile go to the desired object

of light in as nearly as possible by the path along which the light
straight comes from the object to the eye.

Thus, in Fig. 208, the line A B, which represents the
line of sight, is also the direction of a line of light passing in a per-

lines ?

FiG. 208.
fectly straight direction from the object aimed at to the eye of the
marksman. .

A carpenter depends upon this same principle for the purpose of
determining the accuracy of his work. If the edge of the plank be
straight and uniform, the light from all points of its surface will come
to the eye regularly and uniformly ; if irregularities, however, exist,
they will cause the light to be irregular, and the eye at once notices
the confusion, and the point which occasions it.

571. A ray of light is the straight line along which
Whatisa  light passes from any luminous body. It
rayof light? has no material existence, but is merely
direction.

A luminous body is said to radiate its light, because the light issues
from it in every direction in straight lines.

When rays of light radiate from any luminous
Explainthe body, they diverge from one another, or
of ragens’  they spread over more space as they recede
light. from their source.
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Fig. 209 represents the manner ot the divergence.
A collection of radiating rays of light, as shown in Fig. 209, con-
stitutes what is called a “ pencil of light.”
A thousand, or any num-
ber. of persons, are'able 'tg see /Why are a
. great number
the same object at the same of persons
time, because it throws off able tosee
from its surface an infinite thesame
. . object at the
number of rays in all direc- ggme time? .
tions; and one person sees - TG 209
one portion of these rays, and another person another.

Rays of light which continually separate as they
proceed from a luminous source are called ., .
diverging rays. Rays which continually rays saidto

. be diverging,
approach each other, and tend to unite at converging,
a common point, are called converging °°¢Peralle!?
rays. Rays which move in parallel lines are called

parallel rays.

FiG. z10.

572. When rays of light, radiated from a lumi-
nous point through the surrounding space, wnatisa
encounter an opaque body, they will (on shadew?
account of their transmission in straight lines) be
excluded from the space behind such a body. The
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comparative darkness thus produced is called a
shadow.

When the luminous body is larger than a point, a secondary shadow
will be formed, which'is less'black ‘than the real shadow. This second-
ary shadow is called a penumébra (Fig. 210). If the light-giving sur-
face be larger than the opaque body, the shadow of the latter will ter-

minate in a point, as the

shadow of C. But, when the
luminous cénter is smaller
than the opaque body cast-
ing the shadow, the shadow
will gradually increase in
size with the distance, with-
out limit. It will be seen
from the figure, that, the
nearer A is moved towards
the luminous body C, the
wider will be its shadow.
?\ This is owing to the fact
that it will intercept more
rays of the light given out

by B.

This may be illustrated
by the sticks of a fan. Thus
the hand at B (Fig. 211) will

cover but six or seven of the sticks, which may represent rays of light.
On moving the hand toward A it will cover a larger number, and
at A it may be made to include all the sticks.

§73. The intensity of light depends upon the amplitude of the
vibrations of the ether, or upon the distance the ether particles travel
across the line of propagation. It will be seen that the intensity of
light is explained on the same principles as the pitch of sound.

FiG. a11.

The intensity of light which issues from a lumi-
Howdoes NOUS point diminishes in the same propor-
Soimensity tion as the square of the distance from the
vary ? luminary increases.

Thus, if a certain amount of light will illuminate a surface A (Fig.
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212), at a distance of one foot, it will be spread over a surface B, four
times as large, when removed two feet from the illuminated surface.
At a distance of three feet it
will be spread over a surface
C, nine times as\/large./ |In
each case the light will be
weakened in proportion to
the square of the distance.
In other words, the amount of
illumination at the distance
of one foot, from a single
candle, would be the same as
that from four or nine can-
dles at a distance of two or
three feet, the numbers four
and nine being the squares of Fic. 213,
the distances two and three
from the center of illumination. The intensity of the light received
by any body depends also upon the angle at which it recewcs the
rays.
574 This law, therefore, may be made available for measuring the
relative intensities of light proceeding from different U
. . . . pon what
sources. Thus, in order to ascertain the relative quanti- principle
ties of light furnished by two different candles, as, for may the
example, a wax and a tallow candle, place two disks or ;:'t::x’l:i"
sheets of white paper a few feet apart on a wall, and of gifferent
throw the light of one candle on one disk, and the light luminous
of the other candle upon the other disk. If they are of bodies be
: - . ascertained ?
unequal illuminating power, the candle which affords
the most light must be moved back until the two disks are equally
illuminated. Then, by measuring the distance between each candle
and the disk it illuminates, the luminous intensities of the two candles
may be calculated, their relative intensities being as the squares of
their distances from the illuminated disks. If, when the disks are
equally illuminated, the distance from one candle to its disk is double
the distance of the other candle from its disk, then the first candle is
four times more luminous than the second; if the distance be triple,
it is nine times more luminous, and so on.
Instruments called “ photometers,” operating in a similar manner,‘
have also been constructed for measuring the relative intensity of two
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luminous bodies. Their arrangement and plan of operation is sub-
stantially the same as in the method described.

575. The light of the sun to the inhabitants of
Whatis e URE\€TtH greatly exceeds in intensity that

most intense derived from any other luminous body.
light known? .
In comparison with some of the fixed stars our sun

is, however, undoubtedly much inferior as a light-giving body In
order to appear equally bright with the star Capella (a star in the
constellation of Auriga), the sun would have to be removed two hun-
dred and thirty-six thousand times its present distance from the carth.
The greater number of stars are removed four or five times this dis-
tance; so that the sun would appear under like cnrcumstances, as
respects distance, as a star almost invisible to the naked eye.

The light of the full moon has been estimated as six hundred and
nineteen thousand times less intense than that of the sun.

During the day the intensity of the sun’s light is so great as to
entirely eclipse that of the stars, and render them invisible; and .for
the same reason we only notice the light emitted by fire-flies and phos-
phorescent bodies in the dark.

Are the 576. Light does not pass instantane-

movements ously through space, but requires for its
1
instanta- passage from one point to another a cer-

neous? tain interval of time.
With what The velocity of light is at the rate of
velocity does about one hundred and eighty-six thou-
light travel ?

sand miles in a second of time.

Light occupies about eight minutes in traveling from the sun to the -
What m earth. To pass, however, from the planet Uranus to the
illustrations earth, it would require an interval of three hours.
of the velo- The time required for light to traverse the space
city of ““_“_? intervening between the nearest fixed star and the earth
has been estimated at 3} years; and from the farthest nebulz a period
of several hundred years would be requisite, so immense is their dis-
tgnce from our earth. If, therefore, one of the remote fixed stars were
today blotted from the heavens, several generations on the earth
would have passed away before the obliteration could be known to man.
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The following comparison between the velocity of light and the
speed of a locomotive-engine has been instituted: Light passes from
the sun to the earth in about eight minutes; a locomotive-engine,
traveling at the rate of a mile in a minute, would require upward of
one hundred and\eighty/ years €6 dcconiplish/ the same journey.

577. The velocity of light was first determined by
Von Roemer, an eminent Danish astrono- who first

mer, from observations on the satellites of fhe ey

]upiter. of light ?

The method by which Von Roemer arrived at this result may be
explained as follows: The planet Jupiter is surrounded Explain th
by several satellites, or moons, which revolve about it in m:It,hod by’
certain definite times. As they pass behind the planet which the
they disappear from the sight of an observer on the ;’iﬂ;’:&};:'
earth, or, in other words, they undergo an eclipse. dgtermined

The earth also revolves in an orbit about the sun, from the
and, in the course of its revolution, is brought at one eclipse of
time 192,000,000 miles nearer to Jupiter than it is at i:fe'ntﬁ::.
another time, when it is in the most remote part of its
orbit. Suppose, now, a table™o be calculated by an astronomer, at
the time of year when the earth is nearest to Jupiter, showing, for
twelve successive months, the exact moment when a particular satellite
would be observed to be eclipsed at that point. Six months after-
ward, when the earth, in the course of its revolution, has attained a
point 192,000,000 miles more remote from Jupiter than it formerly
occupied, it would be found that the eclipse of the satellite would
occur sixteen minutes, or 960 seconds, later than the calculated time.
This delay is occasioned by the fact that the light has had to pass over
a greater distance before reaching the earth, than it did when the earth
was in the opposite part of its orbit; and, if it requires sixteen min-
utes to pass over 192,000,000 miles, it will require one second to move
over 200,000 miles. When, on the contrary, the earth, at the end of
the succeeding six months, has assumed its former position, and is
192,000,000 miles nearer Jupiter, the eclipse will occur sixteen min-
utes earlier, or at the exact calculated time given in the tables. The
velocity of light, therefore, in round numbers, may be considered as
200,000 miles per second.* A more exact calculation, founded on

* The explanation above given will be made clear by reference to the following
diagram, Fig. 213. S represents the sun, @ & the orbit of the earth,and T T the
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perfectly accurate data, gives, as the true velocity of light, 186,000
miles per second.

Several other plans have been devised for determining the velocnty
of light, the results of which agree very nearly with those obtained by
the observations'on/the satellites of (Jupiter.®

578. When a ray of light strikes against a surface,
Whea is and is caused to turn back or rebound in
gt 2 direction different from whence it pro-

ceeded, it is said to be reflected.

position of the earth at different and opposite points of its orbit. J represents Jupiter,
and E its satellite, about to be eclipsed by pamng within the shadow of the planet.
Now, the time of the or ion of an eclipse of the satellite is the
instant at which the satellite would appear, to an observer on the earth, to enter or
emerge from the shadow of the planet. If the transmission of light were instantaneous,

FiG. 213.

it is obvious that an observer at T’, the most remote part of the earth’s orbit, would see
the eclipse begin and end at the same moment as an observer at T, the part of the
earth’s orbit nearest to Jupiter. This, however, is not the case, but the observer at T’
sees the eclipse 960 seconds later than the observer at T; and, as the distance between
these two stations is 192,000,000 miles, we have, as the velocity of light in one second,
192,000,000 ~~ 960 == 200,000,

* A very ingenious plan was devised a few years since by M. Fizeau of Paris, by
which the velocity of artificial light was determined, and found to agree with that of
solar light. A disk or wheel, carrying a certain number of teeth upon its circumfer-
ence, was made to revolve at a known rate; placing a tube behind these, and looking
at the open spaces between the teeth, they become less evident to sight, the greater the
velocity of the moving wheel, until, at a certain speed, the whole edge appears trans-
parent. The rate at which the wheel moves being known, it is easy to determine the
time occupied while one tooth passes to take the place of the one next to it. A ray of
light is made to traverse many miles through space, and then passes through the teeth
of the revolving disk. It moves the whole distance in just the time occupied in the
movement of & single tooth to the place of another at a certain speed. . -
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579. When rays of light are retained upon the
surface upon which they fall, they are said
to be absorbed ; in consequence of which absorption
their presence is not made ‘sensible by of tight?
reflection.

Light which is absorbed by a body is changed into heat.

580. It was stated in § 12, that all matter is composed of atoms and
molecules, which are continually in a state of vibration.

The molecules of each element have a certain period of vibration,
which is peculiar to the particles of that element, and belongs to no
other. As a string of a piano, when tuned to sound D, as long as it
retains the conditions proper to the production of that note will sound
no other, so the molecules of a body are tuned, as it were, to a certain
rate of vibration,

The ether, by means of which heat and light are supposed to be
propagated, is able to transfer its vibrations to the molecules of a
body, provided the rates of vibration are the same; and thus the
molecule becomes a center of vibration, producing heat, or, if the
vibrations be sufficiently rapid, heat and light.

More definite conceptions of the terms employed in the beginning
of the chapter are now possible. A transparent body is one whose
molecules suffer all vibrations which produce the sensation of light to
pass through, without accepting any vibration from the ether. An
opaque body absorbs all light; that is, its molecules readily accept
vibratory movements from the ether, but these vibrations are not
sufficiently rapid to make the absorbing body a source of light. When
they are rapid enough, the body is raised to incandescence, and itself
gives out vibrations of light and heat.



326 NATURAL -PHILOSOPHY.

SECTION L

REFLECTION'-OF - LIGHT.

581. When rays of light fall upon any surface,
What occurs they may be reflected, absorbed, or trans-
when light 3 3 1 -
falls upon Mitted. . Only a portion of the‘hght, how
any surface? ever, which meets any surface, is reflected,
the remainder being absorbed or transmitted.

582. When the portion of light reflected from any
When doesa Surface, or point of a surface, to the eye,
body appear 3 3 -
white, and 18 consxdc?rable, such surf.ace or point ap
whendark? pears white; when very little is reflected,
it appears dark-colored; but when all, or nearly all,
the rays are absorbed, and none are reflected back to
the eye, the surface appears black.

Thus charcoal is black, because it absorbs all the light which falls
upon it, and reflects none. Such a body can not be seen unless it is
situated near other bodies which reflect light to it.

According to a variation in the manner of reflecting light, the same
surface which appears white to an eye in one position may appear to
be black from another point of view, as frequently happens in the case
of a mirror, or of any other bright or reflecting surface.

583. All bodies not in themselves luminous be-

How are come visible by reflecting the rays of light.
non-lumi-

nous bodies It is by the irrcgular reflection of light that most
re_n_c‘l;re?d objects in nature are rendered visible; since it is by rays
visible

which are dispersed from reflecting surfaces, irregularly
and in every direction, that bodies not exposed to direct light are illu-
minated. If light were only reflected regularly from the surface of
non-luminous bodies, we should see merely the image of the luminous
object, and not the reflecting surface.* In the daytime the image

* In a very good mirror we scarcely perceive the reflecting surface intervening
between us and the images it shows us.




R

LIGHT. 327
of the sun would be reflected from the surface of all objects around
us, as if they were composed of looking-glass, but the objects them-
selves would be invisible. A room in which artificial lights were
placed would reflect these lights from the walls and other objects as if
they were mirrors, and’ all that-would be-visible would be the multi-
plied reflection of the artificial lights.

The atmosphere reflects light irregularly, and every particle of air
is a luminous center, which radiates light in every direc- what effect
tion. Were it not for this, the sun’s light would only has the
illuminate those spaces which are directly accessible to atmosphere

its rays, and darkness would instantly succeed the dis- :5?:.:::
appearance of the sun below the horizon. of light?

584. Any surface which possesses the power of
reflecting light in the highest degree is whatisa
called a Mirror. mirror?

Mirrors are divided into three general -classes,
without regard to the material of which g0 how

. H . 4 many classes
they consist; viz., plane, concave, and T rrors

convex mirrors, divided ?

These three varieties of mirrors are represented in Fig. 214: A
being plane, like an ordinary looking-glass; B con-
cave, like the inside of a watch-glass; and C convex,

A B C
like the outside of a watch-glass. .
585. When light falls upon a plane
and polished surface, the an- wnat s the
gle of reflection is equal to Ereatlaw of

o the reflection
the angle of incidence. of light?

This is the great general law which governs
the reflection of light, and is the same as that which
governs the motion of elastic bodies.

Thus, in Fig. 215, let E C be the direction of an incident ray of
light, falling on a mirror, F G. It will be reflected in the direction
CD. If we draw a line, P C, perpendicular to the surface of the
mirror, at the point of reflection, C, it will be found that the angle of
incidence, E C P, is precisely equal to the angle of reflection, D C P.

FiG. 214.
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It will be seen from the figure that the same law holds good
in regard to every form of surface, curved as well as plane, since
a curve may be supposed to be
formed of an infinite number of
little planes, as at the point C, Fig.
215,

586. An image, in op-
What is tics, is the fig-
meantby  ure of any ob-

FiG. 215. an image ? ject made by
rays proceeding from the several points of it.

587. A common looking-glass consists of a glass
whatisa  Plate, having smooth and parallel surfaces,
T inon and coated on the back with an amalgam*
ooking- . A
glass? of tin and quicksilver.

The images formed in a common looking-glass are
How are the mainly produced by the reflection of the
images rays of light from the metallic surface
.‘.’1'321.,:‘. attached to the back of the glass, and not

glass? from the glass itself.

The effect may be explained as follows: A portion of the light inci-
dent upon the anterior surface is regularly reflected, and another por-
tion irregularly. The first produces a very faint image of an object
placed before the glass, while the other renders the surface of the
glass itself visible. Another and much greater portion, however, of
the light falling upon the anterior surface, passes into the glass, and
strikes upon the brilliant metallic coating upon the back, from which
it is regularly reflected, and, returning to the eye, produces a strong
image of the object. There are, therefore, strictly speaking, two
images formed in every looking-glass,— the first a faint one by the
light reflected regularly from the anterior surface, and the second a
strong one by the light reflected from the metallic surface ; and one of
these images will be before the other at a distance equal to the thick:

* An amalgam is a mi or d of quicksilver and some other metal.

L
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ness of the. glass. In good mirrors the superior brilliancy of the
image produced by the metallic surface will render the faint image
produced by the anterior surface invisible; but in glasses badly sil-
vered the two images may be easily seen.

If the surfaces/ of the! mirror .could 'be so highly polished as to
reflect regularly all the light incident upon it, the mirror itself would
be invisible, and the observer, receiving the reflected light, would per-
ceive nothing but the images of the pbjects before it. This amount
of polish it is impossible to effect artificially, but in many of the large
plate-glass mirrors manufactured at the present time a high degree of
perfection is attained. Such a mirror, placed vertically against the wall
of a room, appears to the eye merely as an opening leading into
another room, precisely similar and similarly furnished and illumi-
nated ; and an inattentive observer is only prevented from attempting
to walk through such an apparent opening by encountering his own
image as he approaches.

588. A plane mirror only changes the direction of
the rays of light which fall upon it, with- | _
out altering their relative position. If manner does
they fall upon it perpendicularly, they will mirror refiect
be reflected perpendicularly; if they fall ™®o'!sh
upon it obliquely, they will be reflected obliquely;
the angle of reflection being always equal to the

angle of incidence.

If the two surfaces of mirrors are not parallel, or when will
uneven, then the rays of light falling upon it will not be the image
reflected regularly, and the image will appear distorted. in & looking-

glass appear

589. We always seem to see an object disterted?

in the direction from which its rays enter the eye.
A mirror, therefore, which by reflection g, s a0
changes the direction of the rays proceed- i
ing from an object, will change the appar- piace caused

ent place of the object. by reflestion?

Thus, if the rays of a candle fall obliquely upon a mirror, and are
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reflected to the eye, we shall scem to see the candle in the mirror in
the direction in which they proceed after reflection.
If we lay a looking-glass upon the floor with its face uppermost,

~

F16. 216.

and place a can-
dle beside it, the
image of the
candle will be
seen in the mir-
ror, by a person
standing oppo-
site, as inverted,
and as much
below the sur-
face of the glass

as the candle itself stands above the glass. - The reason of this is
that the incident rays from the candle, which fall upon the mirror,
are reflected to the eye in the same direction that they would have
taken, had they really come from a candle situated as much below the
surface of the glass as the first candle was above the surface. This

fact is clearly shown by referring to Fig. 216.

When we look into a plane mirror (the common looking-glass), the

rays of light which proceed
from each point of our body
before the mirror will, after
reflection, proceed as if they
came from a point holding a
corresponding position be-
hind the mirror, and there-
fore produce the same effect
upon the eye of the observer
as.if they had actually come
from that point. The image
in the glass, consequently,
appears to be at the same
distance behind the surface of
the glass, as the object is
before it.

Let A, Fig. 217, be any

Fic. 219,

point of a visible object placed before a lookmg-glass, M N. Let
A Band A C be two rays diverging from it, and reflected from B and
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C toan eye at O. After reflection they will proceed as if they had
issued from a point 4, as far behind the surface of the looking-glass as
A is before it; that is to say, the distance A N will be equal to the
distance N a.

For this reason'our reflection-in-a' mirrcr seems to approach us
when we walk toward it, and to retire from us as we retire.

Upon the same principle, when trees, buildings, or other objects
are reflected from the horizontal surface of a pond, or other smooth
sheet of water, they appear inverted; since the light of the ‘object,
reflected to our eyes from the surface of the water, comes to us with
the same direction as it would have done, had it proceeded directly
from an inverted object in the water.

590. The quantity of light reflected from a given
surface is not the same at all angles or |, .. same

inclinations. When the angle or inclina- gr;:g:v

tion with which a ray of light strikes upon reflected at
a reflecting surface is great, the amount of *"**'*’

. light reflected to the eye will be considerable; when
the angle or inclination is small, the amount of light
reflected will be diminished.

Thus, for example, when light falls perpendicularly upon the sur-
face of glass, twenty-five rays out of one thousand are returned; but,
when it falls at an angle of 85°, five hundred and fifty rays out of one
thousand are returned.

Thus a surface of unpolished glass produces no image of an object
by reflection when the rays fall on it nearly perpendicularly; but, if
the flame of a candle be held in such a position that the rays fall upon
the surface at a very small angle, a distinct image of it will be seen.

We have in this an explanation of the fact that a spectator stand-
ing upon the bank of a river sees the images of the opposite bank and
the objects upon it reflected in the water most distinctly, while the
images of nearer objects are seen imperfectly or not at all. Here the
rays coming from the distant objects strike the surface of the water
very obliquely, and a sufficient number are reflected to make a sensible
impression upon the eye ; while the rays proceeding from near objects
strike the water with little obliquity, and the light reflected is not
sufficient to make a sensible impression upon the eye.
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‘This fact may be clearly seen by reference to Fig. 218.

Let S be the position of the spectator, O and B the position of dis<
sant objects. The rays O R and B R, which proceed from them,
strike the surface of the water very obliquely; and the light which is
reflected in the \diréction' R (SUis. sufficient to make a sensible impres-
sion upon the eye. But in regard to objects, such as A, placed near

Fic. 218.

the spectator, they are not seen reflected, because the rays A R/, which
proceed from them, strike the water with but little obliquity; and con-
sequently the part of their light which is reflected in the direction
R’ S, toward the spectator, is not sufficient to produce a sensible im-
pression upon the eye.

59I. If an object be placed between two parallel
What is the Plane mirrors,.each will produce a reflected
;f.f::l'] oftwe image, and will also repeat the one re-
plane flected by the other, the image of the one
mimo™?  becoming the object for the other. A
great number of images are thus produced; and, if
the light were not gradually weakened by loss at
each successive reflection, the number would be
infinite.

If the mirrors are placed so as to form an angle with each other,
the number of mutual reflections will be diminished proportionably to
the extent of the angle formed by the mirrors. To find the number of
images given by the mirrors, divide 360° by the number of degrees in
the angle formed by the two mirrors. The quotient, if a whole num-
ber, will include the images and the object. Thus mirrors so placed
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as to form an angle of go® with each other will produce three images;
45°%, seven images, &c.

The construction of the optical instrument called the kaleidoscope
is based simply upon the multiplication of an image by Describe the
two or wnore mirrors inclined toward| each lother. It kaleidoscope.
consists of a tube containing two or more narrow strips of looking-
glass, which run through it lengthwise, and are generally inclined at
an angle of about sixty degrees. If at one end of the tube a number
of small pieces of colored glass and other similar objects are placed,
they will be reflected from the mirrors in such a way as to form regular
and most elegant combinations of figures. An endless variety of sym-
metrical combinations may be thus formed, since every time the instru-
ment is moved or shaken the objects arrange themselves differently,
and a new figure is produced.

Upon the surface of smooth water the sun, when it is nearly ver-
tical, as at noon, appears to shine upon only one spot, Why does
all the rest of the water appearing dark. The reason of the sun
this is, that the rays fall at various degrees of obliquity appear at

ss . noon to shine
on the water, and are reflected at similar angles; but, as at only one

only those which meet the eye of the spectator are visi- point upon

ble, the whole surface will appear dark, except at the the surface
of water?

point where the reflection occurs.
Thus, in Fig. 219, of the
rays S A, S B, and S C, only
the ray S C meets the eye of
the spectator, D. The point
C, therefore, will appear lumi-
nous to the spectator D, but
no other part of the surface.
Another curious optical
phenomenon is seen when the
rays of the sun or moon fall
at an angle upon the surface
of water gently agitated by
the wind. A long, tremulous
path of light seems to be
formed toward the eye of the FiG. 219,
spectator, while all the rest
of the surface appears dark. The reason of this appearance is,
that every little wave, inan extent perhaps of miles, has some patt
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of its rounded surface with the direction or obliquity, which, according
to the required relation of the angles of incidence and reflection, fits
it to reflect the light to the eye; and hence every wave in that extent
sends its momentary gleam, which is succeeded by others.

Whatis a 592. A concave mirror may be consrld-
concave ered as the interior surface of a portion
mirror?

or segment of a hollow sphere.

This is clearly shown in Fig. 220.
—. A concave mirror may be repre-
-~ sented by a bright spoon, or the

. reflector of a lantern.

a

. 7 When parallel rays of
‘— - Howare  light fall upon
MY \ paraliel rays the surface .of a
g— i from a con- CONCave€ mirror,

cave mirror? they are reflect-

e ed, and caused to converge
to a point half-way between
the center of the surface and the center of the curve
of the mirror. This point in front of the mirror is
called the principal focus of the mirror.

Thus, in Fig. 220, let 1, 2, 3, 4, &c., be parallel rays falling upon a
concave mirror: they will, after reflection, be found converging to
the point o, the principal focus, which is situated half-way between the
center of the surface of the mirror and the geometrical center of
the curve of the mirror, a.

503. In optics the positions of an object and
Whatare  its image are always interchangeable, and

conjugate  these positions are called conjugate foci.

Thus in Fig. 220, if the luminous body, instead of being at an
infinite distance as would be the case with an object giving parallel

rays, be placed at the point o, the rays will be reflected parallel. In
Fig. 223 the points s and S are conjugate foci.
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This principle is taken advantage of in the arrangement of the
illuminating and reflecting apparatus of light-houses.” The lamps are
placed before
a concave mir-
ror, in its prin-
cipal focus;
and the rays of
light proceed-
ing from them
are reflected
parallel from
the surface of
the mirror. - . Fic. a21.

594. Concave mirrors are sometimes designated as
] . . » o
“burning mirrors,” since the rays of the . ...

sun which fall upon them parallel are re- concave
mirrors

flected and converged to a focus (fire- caited bum-
place), where their light and heat are in- ‘™™™’
creased in as great a degree as the area of the
mirror exceeds the area of the focus.*

595. Diverging rays of light, issuing from a lumi-

nous body placed at the center of the Inwhat
curve of a concave spherical mirror, will gyerging |
be reflected back to the same point from rays reflected
which they diverged. cave mitror ?

Thus, if A B, Fig. 222, were a concave spherical mirror, of which

* A burning mirror, twenty inches in diameter, constructed of plaster of Paris,
gilt and burnished, has been found capable of igniting tinder at a dlstance of fifty feet.
It is related that Archimedes, the p ph of Sy , employ g mirrors
two hundred years before the Chnstlan era, tod y the besieging navy of M llus,

. the Roman consul’; his mirror was probably conslructed of a great number of flat
pieces. The most remarkable experiments, however, of this nature, were made by
Buffon, the eminent French list, who had a machine composed of 168 small

~plane mirrors, so arranged that they all reflected radiant heat to the same focus. By

* Trizams of this ‘combination of reflecting surfaces he was able to set wood on fire at the
distance of sog feet, to melt lead at one hundred fest, and silver at fifty feet,
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C were the center, rays issuing from C would, in obedience to the law

A that the angles of incidence and reflection are
equal, meet again at C.

When the rays issue from a point, S, Fig.

€| 241, (beyond) the| center, C, of the curve of

the mirror, they will, after reflection, con-

B Fic. 222 verge to a focus, s, between the principal

U focus, F, and the center of the curve, C.
- On the contrary, if the rays issue from a point between the princi-
pal focus, F, and the surface of the mirror, they will diverge after
reflection. (Fig. 223.)

596. When an object is placed between a concave

When will

the image
formed by a
concave

mirror be
magnified ?
mirror and
its princi-
pal focus,
the image
will appear
larger than the object, in an erect position and behind

the mirror.

This will be ap-

parent from Fig.

224. Let A B be

an object situated

within the  focus

of the mirror,

The rays from its
extremities will

fall divergent on

the mirror, and be

. reflected less, di-

- J wvergent as though
Fig 9z - ° - - - rie o thew-ploteeded

Fic. 223.
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from an object ‘behind the mirror, as at # 4. The image will appear
larger than the object, since the angle of vision is larger.

If the rays proceed from a distant body, as at A B, Fig. 225,
beyond the cen-
ter, C, of a
spherical con-
cave mirror,
they will, after
reflection, be
converged to a
focus in front of
the mirror, and
somewhat near-
er to the center,
C, than the prin-
cipal focus, and
there paint upon
any substance
placed to re-
ceive it an image a 4 inverted, and smaller than the object: this image
will be very bright, as all the light incident upon the mirror will be
gathered into a small space. As the object approaches the mirror,
the image recedes from it, and approaches C; and when situated at
C, the center of the curve of the mirror, the image will be reflected
as large as the object; when it is at any point between C and F, sup-
posing F to be the focus for parallel rays, it will be reflected, enlarged,
and more distant from the mirror than the object, this distance increas-
ing until the object arrives at F, and then the image becomes infinite,
the rays being reflected parallel.*

597. When an object is farther from the surface
of a concave mirror than its principal when win
focus, the image will appear inverted; but, theimages

FiG. 22s.

$ X . reflected
when the object is between the mirror from a con-
. . . . . . eave mirror
and its principal focus, the image will be appear

upright, and increase in size in proportion g e

as the object is placed nearer to the focus. eret?

* In all the cases referred to, of the reflection of light from concave mirrors, the
aperture or curvature of the mirror is p d to bei iderable. Ifitbei d
beyond a certain limit, the rays of light incident upon it are modified in their reflection
from its surface. )
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The fact that images are formed at the foci of a concave mirror,
and that, by varying the distance of objects before the surface of the
mirror, we may vary the position and size of the images formed at
such foci, was often taken advantage of in the middle ages to astonish
and delude the ignorant:' ' Thus; the'mirror' and the object being con-
cealed behind a curtain or a partition, and the object strongly illumi-
nated, the rays from the object might be reflected from the mirror in
such a manner as to pass through an opening in the screen, and come
to a focus at some distance beyond, in the air. If a cloud of smoke
from burning incense were caused to ascend at this point, an image
would be formed upon it, and appear suspended in the air in an
apparently supernatural manner. In this way terrifying apparitions
of skulls, daggers, &c., were produced

F1G. 226.

598. A convex mirror may be considered
What is a . . .
convex as any given portion of the exterior sur-
mirror ?
face of a sphere.

The principal focus of a convex mirror lies as far
Where is tne D€hind the reflecting surface as in con-
principal  cave mirrors it lies before it. (See § 592.)
convex The focus in this case is called the virtual
mirror ? e e . .

focus, because it is only an imaginary
point, toward which the rays of reflection appearto
be directed.
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Thus let A C and B D, Fig. 226, be parallel rays incident upon a
convex mirror, whose center of curvature is C. These rays are re-
flected divergent, in the directions F H and F G, as though they pro-
ceeded from a point F, behind the mirror, corresponding to the focus
of a concave mirror.

If the point C be the geometrical center of the curve of the mirror,
the point F will be half-way between C and the surface of the mirror:
as this focus is only apparent, it is called the virtual focus.

Rays of light falling upon a convex mir- How are

ror, diverging, are rendered still more Ve

. . . . ging rays
divergent by reflection from its surface; &ine ¥

and convergent rays are reflected either from a con-

parallel or less convergent. vex mirror?
599. The effect of convex mirrors is to produce an

erect image,

smaller than

the object it-

self.

Thus, in Fig.
226, let What is th
AB be iutu‘tte ;f °
an ob- the images
ject formed by
convex
ﬂ?ﬁiﬂ l:;:'ron?
a convex mirror;
the rays proceeding
from it will be re-
flected from the
convex surface as
though they pro- -
ceeded from an ob-
ject a 4 behind the
mirror, thus presenting an image smaller, erect, and much nearer the
mirror, than the object. ' ‘ ’
Thus the globular bottles filled with colored liquid, in the window of

AN N

FiG. 227.
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a drug-store, exhibit all the variety of moving scenery without, such as
carriages, carts, and people moving in different directions; the upper
half of each bottle exhibiting all the images inverted, while the lower
half exhibits another set of them in the erect position. A highly-
polished metal teapot 'will. exhibit the same phenomenon (Fig. 227).
Convex mirrors are sometimes called dispersing mirrors, as all the
rays of light which fall upon them are reflected in a diverging direction.

600. That department of the science of optics

What is which treats of reflected light is often
catoptrics?  designated as Catoptrics.

SECTION IL
SINGLE REFRACTION OF LIGHT.

601. Light traverses a given transparent substance,
What is such as air, water, or glass, in a straight
meantyth line, provided no reflection occurs, and
oflight?  there is no change of density in the com-
position of the medium; but when light passes ob-
liquely from one medium to another, or from one
part of the same medium into another part of a
different density, it is bent from a straight line, or
refracted.

602. A medium, in optics, is any substance, solid,
Whatis liquid, or gaseous, through which light

& medium can pass..
in optics ? )
A medium in optics is said to be dense or rare,

according to its power of refracting light, and not according to its
specific gravity. Thus alcohol, olive-oil, oil of turpentine, and the like
substances, although of less specific gravity than water, have-a greater
refractive power : they are therefore called denser media than water.

603. The fundamental laws which govern the refraction of light
may be stated as follows : —
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When light passes from one medium into another,

in a direction perpendicular to the surface, whatiaws

it continues on in a straight line, without 55erthe

altering its''course.’'“When 'light passes °f light?
obliquely from a rarer into a denser medium, it is
refracted toward a perpendicular to the surface; and
this refraction is increased or diminished in propor-
tion as the rays fall more or less obliquely upon the
refracting surface.

When light passes obliquely out of a denser into
a rarer medium, it passes through the rarer medium
in a more oblique direction, and farther from a per-
pendicular to the surface of the denser medium.

Thus, in Fig. 228, suppose 7 m to represent the surface of water,
and S O a ray of light striking upon its sur-
face. When the ray S O enters the water,
it will no longer pursue a straight course,
but will be refracted or bent toward the per-
pendicular line A B, in the direction O H.
The denser the water or other fluid may be,
the more the ray S O H will be refracted,
or turned toward A B. If, on the contrary,
a ray of light, H O, passes from the water
into the air, its direction after leaving the water will be farther from
the perpendicular A O, in the
direction O S.

The effects of the refraction
of light may be illustrated by
the following simple experi-
ment: Let a coin or any other
object be placed at the bottom
of a bowl, as at m, Fig. 229, in
such a manner that the eye at a
can not perceive it, on account
of the edge of the bowl which
intervenes and obstructs the rays of light. If now an attendant care-

FiG. 228,

FiG. 229.
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fally pours water into the- vessel, the coin rises into view, just ‘as if
the bottom of the basin had been elevated above its real level. This
is owing to a refraction by the water of the rays of light proceed.ing
from the coin, which are thereby caused to pass to the eye in the
direction 7 i The/imdge . of the(coin(theréfore appears at 7, in the
direction of these rays, instead of at , its true position.

The coin will seem to be slightly magnified, because it appears to
be brought nearer the eye, and hence seen under a larger visual angle.

A straight stick, partly immersed in water, appears to be broken or

Fi6. 230.

bent at the point of immersion. This is owing to the fact that the rays
of light proceeding from the part of the stick contained in the water
are refracted, or caused to deviate from a straight line, as they pass
from the water into the air; consequently that portion of the stick
immersed in the water will appear to be lifted up. or to be bent in such
a manner as to form an angle with the part out of the water. For the
same reason, a spoon in a glass of water, or an oar partially immersed
in water, always appears bent. (Fig. 230.)

A river, or any clear water viewed obliquely from the bank, appears
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more shallow than it really is, since the light proceeding frem the
objects at the bottom is refracted as it emerges from the surface of
the water. The depth of water, under such circumstances, is about
one-third more than it appears; and, owing to this optical deception,
persons in bathing 'are'liable' to'get beyond their depth.

604. The angle of refraction of light is not, like
the angle of reflection, equal to the angle | . 00

of incidence; but it is nevertheless sub- of refraction
equal to the

ject to a definite law, which is called the angleof
law of sines. incidence ?

A sine is a right line drawn from any point in one of the lines
inclosing an angle, perpendicular to the other line. What is

Thus, in Fig. 231, let A B C be an angle; then g will asine?
be the sine of that angle, being drawn from a point in the line A B,
perpendicular to the line B C. Two angles
may be compared by means of their sines;
but, whenever this is done, the lengths of
the sides of the angles must be made equal,
because the sine varies in length according
to the length of the lines forming the angle.

The general law of refraction is as follows : —

When a ray of light
passes from What is the
one medium general law

of refraction?
to another,
the sine of the angle of
incidence is in a con-
stant ratio to the sine of
the angle of refraction.

The proportion or relation
between these sines differs
when different media are used;
but for the same medium it is
always the same.

Thus in Fig. 232 the ray R I in passing from air into water will not

Fic. 232.
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pursue the straight path I R/, but will be bent in the direction I S.
R’ P/ is the sine of the angle of incidence, and S P the sine of the
angle of refraction.

The quotient, found by dividing the sine of the

angle of incidence by the sine of. the an-

ndemof gle of refraction is called the index of re-
refraction?  fraction.

As different bodies have different refractive powers, they will pre-
sent different indices, but in the same substance it is always constant.
Thus the refractive index of water is 1.335; of flint-glass, 1.57; of the
diamond, 2.477- .

Is light ever No surface ever transmits all the light which falls
wholly upon it, but a portion is always reflected.
transmitted ? 605. When the obliquity of an incident ray passing
through a denser medium toward a rarer (as through water into air)
’ Under what is such that the sine of its
circum- refracting angle is equal to
:""“‘ Will - ninety degrees, it ceases to
otal reflec- .
tion of light Ppass out, and is reflected
occur? from the surface of the
" denser medium back into it again. This
constitutes the only known instance of the
total reflection of light.
Thus in Fig. 233 the ray of light S O
- does not emerge from the water, but is
FiG. 233. refracted parallel to its surface in the direc-
tion O R. If a ray be caused to enter in the direction P O, it is to-
tally reflected from the surface of
the water, and does not emerge.
The angle at which refraction ceas-
es and total reflection begins is
called the critical angle. The criti-
cal angle of water is 48° 35/; of
glass, 40° 49/; of the diamond,
23° 43/. The phenomenon may be
seen by looking through the sides
of a tumbler containing water, up
to the surface in an oblique direc- Fic. 334.
tion, when the surface will be seen to be opaque, and more reflective
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than any mirror, appearing like a sheet of burnished silver. (Fig.
334)

If we take a prism of glass, shaped as in Fig. 235,
and allow a beam of light to fall perpendicularly on
to the face A C, it will form an angle with A B of . "¢ B
45°; and, since this angle is greater than the critical
 angle of glass, the light will undergo total reflection,
and pass through the face C B without suffering any ¢,
refraction.

606. Light, on entering the atmosphere, is re-
fracted in a greater or less degree, in pro-
portion to the density of the air; conse- atmospheric
quently, as that portion of the atmosphere refraction?
nearest the surface of the earth possesses the great-
est density, it must also possess the greatest refrac-
tive power.

From this cause the sun and other celestial bodies are never seen
in their true situations, unless they happen to be verti- What effect
cal; and, the nearer they are to the horizon, the greater pgq refrac-
will be the influence of refraction in altering the apparent tion upon
place of any of these luminaries. tl;e up;o-itio:

This forms one of the sources of error to be allowed * © '
for in all astronomical observations; and tables are calculated for find-
ing the amount of refraction, depending on the apparent altitude of
the object, and the state of the barometer and thermometer. When
the object is vertical, or nearly so, this error is hardly sensible, but
increases rapidly as it approaches the horizon; so that in the morn-
ing the sun is rendered visible before he has actually risen, and in the
evening after he has set.

For the same reason, morning does not occur at the instant of the
sun’s appearance above the horizon, or night set in as what is the
soon as he has disappeared below it. But both at morn- cause of
ing and evening the rays proceeding from the sun below twilight ?
the horizon are, in consequence of atmospheric refraction, bent down
to the surface of the earth, and thus, in connection with a reflecting
action of the particles of the air, produce a lengthening of the day,
termed twilight.



346 NATURAL PHILOSOPHY.

As the density of the air diminishes gradually upward from the
. earth, atmospheric refraction is not a sudden change of
In what direction, as in the case of the passage of light from
manner is d
light refract- air into water; but the ray of light actually describes a
edbythe ciurye) being réfracted mioreand more at each step of its
stmosphere? progress. This applies to the light received from a dis-
tant object on the surface of the earth, which is lower or higher than
the eye, as well as to that received from a celestial object; since it
must pass through air constantly increasing or diminishing in density.
Hence, in the engineering operation of leveling, this refraction must
be taken into consideration. '

607. The application of the laws of refraction of light accounts for
Explain the Mmany curious deceptive appearances in the atmosphere,
phenomena  which are included under the general name of mirage.
of mirage. I these phenomena the images of objects far remote
are seen at an elevation in the atmosphere, either erect or inverted.
Thus travelers upon a desert, where the surface of the earth is highly
heated by the sun, are often deceived by the appearance of water in
the distance, surrounded by trees and villages. In the same manner
at sea, the images of vessels at a great distance and below the hori-
zon will at times appear floating in the atmosphere. Such appear-
ances are frequently seen with great distinctness upon the great Amer-
ican lakes. These phenomena appear to be due to a change in the
density of the strata of air which are immediately in contact with the
surface of the earth. It frequently happens that strata resting upon
the land are rendered much hotter, and those resting upon the water
much cooler, by contact with the surface, than other strata occupying
more elevated positions. Rays, therefore, on proceeding from a dis-
tant object, and traversing these strata, will be unequally reflected, and
caused to proceed in a curvilinear direction; and in this way an
object situated behind a hill, or below the horizon, may be brought
into view, and appear suspended in the air.

The phenomena of mirage may be readily understood by reference
to Fig. 236, in which ¢, ¢/, ¢/, &c., represent layers of air of unequal
density. A ray of light proceeding from A undergoes refraction in
passing through the air, and proceeds in a curved direction until it
arrives at O, where it is totally reflected, and proceeds to the eye of
the horseman. But, as an object always appears in the direction in
which the last rays proceeding from it enter the eye, two images will
be seen, one of them being inverted.
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These phenomena may be sometimes imitated. Thus, if we look
along a red-hot bar of iron, or a mass of heated charcoal, at some
image a short distance from it, an inverted reflection of it will be seen.
In the same manner, if we place in a glass vessel liquids of different
densities, so that they, floatone above another, and look through them
at some object, it will be seen distorted and removed from its true
place, by reason of the unequal refractive and reflective powers of the
liquids employed.

608. All highly inflammable bodxes, such as oils, hydrogen, the
diamond, phosphorus, sulphur, amber, camphor, &c., have a refractive
power from ten to seven times greater than that of incombustible sub-
stances of equal density.

Fic. 236.

G

Of all transparent bodies, the diamond possesses
the greatest refractive or light-bending power, al-
though it is exceeded by a few deeply-colored, almost
opaque, minerals. It is in great part to this prop-
erty that the diamond owes its brilliancy as a jewel.

Many years before the combustibility of the diamond was proved
by experiment, Sir Isaac Newton predicted, from the circumstance of

its high refractive power, that it would ultimately be found to be
inflammable.

If the surface of any raturally transparent body is
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made rough and irregular, the rays of light which fall
upon it are refracted and reflected so irregularly, that_
they fail to penetrate and pass through the substance
of the body,/and/its transparency is thus destroyed.

Glass made rough on its surface loses its transparency; but if we
rub a ground-glass surface with wax, or any other substance of nearly
the same optical density, we fill up the irregularities, and restore its
transparency. Horn is translucent, but a horn shaving is nearly
opaque. The reason of this is that the surface of the shaving has been
torn and rendered rough, and the rays of light falling upon it are too
much reflected and refracted to be transmitted, and thereby render it
translucent. On the same principle, by filling up with oil, the pores
and irregularities of the surface of white paper, which is opaque, we
render it nearly transparent.

According to the dndulatory theory of light,

How is refraction is supposed to be due to an
et alteration in the velocity with which the
for? ray of light travels.

Thus light travels less rapidly in glass than in water, and less
rapidly in water than in air. The greater the refractive power of a
substance, the more are light-waves retarded in passing through it.

609. That department of the science of optics
What is which treats of the refraction of light is
dioptrics? termed Dioptrics.

610. When a ray of light passes through a trans-
What ensues Parent medium whose sides where the ray

whenlight  enters and emerges are parallel, it will
passes

through suffer no permanent change of direction
media with . .

parallel by refraction, since the second surface
surfaces ?

exactly compensates for the refractive
effect of the first.

Thus let A A, Fig. 237, be a plate of glass whose sides are paral-
lel, and B C a ray of light incident upon it: it will be refracted in the
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direction C D, and, on leaving the glass, will be refracted again,
emerging in the line D E, parallel to the course it would have pursued
if it had not been refracted at all, and
which is shown by the dotted line. A \'?
small lateral displacement is, however, \
occasioned in the path of the ray, depend-
ing on the thickness of the glass plate.
This explains the reason why a plate
of glass in a window, whose surfaces are
perfectly parallel, occasions no distor-
tion or alteration of the position of ob-
jects seen through it, by reason of its
refractive power. The rays suffer two
refractions in contrary directions, which
produce the same effect as if no refrac-
tion had taken place.

If the surfaces of the medium through which light
passes are not parallel, the direction of wnat hap.

every ray passing through it is perma- PSS™hen

nently altered, the change being greater through
. . . . whose
as the inclination of the two surfaces iS surfaces are

greater. not parallel ?

Thus window-glass of unequal thickness displaces and distorts all
objects seen through it. Hence the singular distortion of objects viewed
through that swelling, or lump of glass known as the “bull’s eye,”
which is sometimes seen in the center of very coarse panes of glass,
and which remains where the glass-blower’s instrument was attached.

FiG. 237.

611. Any glass having two plane sur- Whatis
faces not parallel is called a Prism. @ prism?

As ordinarily constructed, a prism is an oblong, triangular, or
wedge-shaped piece of glass, with sides inclined at any angle (Fig.
238).

On looking through a prism, all objects are seen removed from
their true place. Thus let C A B, Fig. 239, be a gxplain the
prism, and D E a ray of light incident upon it: it will action of
be refracted in the direction E F, and, on emerging, will the prism.
again be refracted in the direction F H ; and, as objects always appear
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in the direction in which the last ray enters the eye, the object D will
appear at G, in the direc-
tion of the dotted line,
elevated above its real po-
sition. If the refracting
angle, A C B, had been
placed downward, the ob-
ject would have appeared
as much depressed.

The prism, although of
simple construction, is one
of the most important of
optical instruments, and to
its agency we are indebted
for most of the informa-
tion we possess respecting
the nature and constitution

Fic. 238. of light. The beautiful
and complicated results of its practical application belong to that de-
partment of optics which treats of the phenomena of color.

612. A Lens is a piece of glass or other transpar-
What is ent substance,

alens? bounded on€%-
both sides by polished ' \

spherical surfaces, or on
the one side by a spheri-
cal and on the other by a
plane surface. Rays of light passing through it are
made to change their direction, and to magnify or di-
minish the appearance of objects at a certain distance.
There are six different kinds of simple lenses, all
Howmany ©f Which may be considered as portions of
kinds of the external or internal surface of a sphere.
simple
tensesare ~ Four of these lenses are bounded by two
there ? .
spherical surfaces, and two by a plane and
spherical surface.

FiG. 239.
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Fig. 240 represents sectional views of the six varieties of simple
lenses.

A is a dou- B c D . ¥
ble convex
lens; B, a pla-
no-convex; C,
a concavo-con-

vex or menis-
cus; D,adou-
ble concave; E, a plano-concave; F, a convexo-concave.

The six varieties of simple lenses are divided into

two classes, which are denominated con- Intohow

verging and diverging lenses, since the mayicases

one class renders parallel rays of light fall- bedivided?
ing upon them convergent, and the other class ren-
ders them divergent.

In Fig. 240, A B C are converging or collecting lenses, and D E F
diverging or dispersing lenses. The former are thickest at the center;
the latter are thinner at the center than at the edges.

In the first class it is sufficient to consider only the double-convex
lens, and in the second class only the double-concave lens, since the prop-
erties of each of these lenses apply to all the others of the same class.

For optical purposes, lenses are generally made of glass; but in
some instances other substances are employed, such as rock-crystal,
the diamond, &c.

F1G. 240.

N
k p

FiG. 241.

The doubleconvex lens may be regarded as a number of prisms
with their summits pointing outwards, as is represented in Fig. 241;
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and as in a prism the ray of light refracted by it is always turned
toward its back, or thicker part (whether that be turned upward, down-
ward, or to either side), it follows, that when parallel rays fall upon a
double-convex lens, or two prisms united at their bases, they will con-
verge to a point/ '

The doubleconcave lens may, in like manner, be regarded as a
succession of prisms with their summits pointing inwards. They
therefore cause the rays of light to diverge.

In all the various kinds of lenses there must be a
What is the point‘through which. rays of. light passing
optical cen-  experience no deviation ; or, in other words,
terofale®? the incident and emergent rays are parallel.
Such a point is called the optical center of a lens,
and is situated on the axis of the lens.

The axis of a lens is a straight line passing through
whatisthe the center perpendicular to the surface
axisofalens? of the lens. M N, Fig. 241, is the axis of
the lens A B.

On this line will be situated the geometrical centers of the two
Whenisa  Surfaces of the. lens, or rather of the spheres of which
lens consid.  they form portions.
ered exactly A lens is said to be truly or exactly centered when its
centered? optical center is situated at a point on the axis equally
distant from corresponding parts of the surface in every direction ; as
then objects seen through the lens will not appear altered in position
when it is turned round perpendicularly to its axis.

613. Parallel rays of light falling upon a double-
In what convex lens are converged to a focus at a
e e, distance varying with the curvature of its
affected bya Sides. This focus is called the principal
convexlens? focus of a lens; and the distance from the
middle of a lens to its principal focus is called the

focal distance of a lens.
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This in a single-convex lens is equal to the diameter of the sphere
of -which the lens is a portion; in a double-convex lens it is equal to

the radius, or semi-diameter, of the sphere of which the lens is a
portion.

Fic. 242.

If, as in Fig. 242, a candle is placed at the principal focus of -a

double-convex lens, the rays on passing through the lens will emerge
parallel to the axis.

Fic. 543.

If the candle is placed beyond the principal focus as at L (Fig. 243),
the image will be formed at /, and the points L and / are conjugate to

one another. The conjugate foci of lenses are found in the same
manner as in the case of mirrors (§ 593).

—
FiG. 244.

When the source of light is between the lens and its principal
focus (Fig. 244), the rays in passing through the lens are made less
divergent. The rays in this case cannot cross, and the conjugate focus
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to the point L is found by prolonging the rays backward. They inter-
sect at /, and the-rays proceed as if they had emanated from the
point /.

On what 614.-From their property of converging

principle .
Ry i mvex parallel rays to a‘focus, convex lenses, like

lensesbe  concave mirrors, may be used for the pro-
u as . .
burning- duction of high temperatures, by concen-

glasses? trating the rays of the sun (§ 456).
615. Images are formed in the foci of convex
Doconvex  l€nses in the same way as in the foci of

lenses give e 1
rise to the concave mirrors.

formation

of images ? Thus, if we take a convex lens, and place behind it,

at a proper distance, a ‘sheet of paper, there will be
depicted upon the paper beautifully clear and distinct images of all
the objects in front of the lens, in an inverted position. The manner
in which they are formed is illustrated in Fig. 245.

F1G. 245.

Thus let A B represent an object placed before a double-convex
lens. The rays proceeding from A, the top of the object, will be con-
verged by the lens, and brought to a focus at @, where they will form
an image; the rays proceéding from B, the base of the object, will
also be converged and brought to a focus at 4, and so each point of
the object, A B, will have its corresponding image between a and 4.
In this way a complete image will be formed.

616. The properties of a concave lens are greatly
different from those of a convex lens. :
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Rays falling upon a concave lens are so refracted
in passing through it, that they diverge on Whatis the
emerging from the lens, as though they ::;:'f:ﬁf
issued from afocus behind it The focus, SErpene
therefore, of a concave lens, is not real, cavelens?

but virtual, as is the case with a convex mirror.

Thus in Fig. 246 the parallel rays from the object A B, falling
upon the double-concave lens, are so refracted in passing through

F1G. 246.

i, that they are made to diverge, as though proceeding from the point
F, behind the lens. The image of A B is formed at a 4.

In a similar manner convergent rays are rendered less convergent,
or even parallel.

617. Convex lenses, as ordinarily used, Whyarecon-
are called magnifying-glasses, because they ealled mag-
increase the apparent size of the objects gemess
seen through them.

On the contrary, the concave lens, which produces
an exactly opposite effect upon the rays g, goea
of light, causes the image of an object concavelens

. . diminish th,
seen through it to appear smaller. (Fig. apparent sire

2 46) of an object?

On the same principles also, concave mirrors magnify, and convex
mirrors diminish, the images of objects reflected from their surfaces.
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Hence the magnifying or diminishing power of lenses is not, as is
often popularly supposed, due merely to the peculiar
Z‘Vl:;: :‘::f 4 nature of the glass of which they are made, but to the
nifying or figure of their surfaces.
d"’““"‘;‘“l The , double-convex. lens, .inclosed in a convenient
f;v::; setting of metal or horn, is” extensively employed by
watch-makers, engravers, &c., with whom it passes under
the general name of lens.

618. In addition to the effect which convex lenses
Howmay produce by magnifying the images of ob-
lemsesren-  jECts, they are also capable of rendering
et distant objects visible which would be
visible ? invisible to the naked eye, by causing a
greater number of rays of light proceeding from

them to enter the eye.

FiGs. 247 AND 248.

The light which produces vision, as will be more fully explained
hereafter, enters the eye through a circular opening

z’l‘g‘::em"" called the pupil, which is the black circular spot sur-
action of the rounded by a colored ring, appearing in the center of
convex lens  the front of the eye. Now, as the rays of light pro-
::::ei:t. ceeding from an object diverge or spread out in every
direction, the number which will enter the eye will be

limited by the size of the pupil. At a great distance from an, object,
as will be seen in Fig. 247, few rays will enter the eye; but.if, as in
Fig. 248, we place before the eye a convex lens of moderaté size, a
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. large number of the diverging rays will be collected and concentrated

" into a single point or focus behind it, and thus afford to the eye occu-
pying a proper position sufficient light to enable it to see the distant
object distinctly,

FiG. 249.

In like manner a concave mirror, by causing divergent rays which
fall upon the surface to become convergent, may be used to produce
the same effect, as is shown in Fig. 249.

SECTION III.
COLOR, AND THE PROPERTIES OF THE SPECTRUM.

619. It has, up to this point, been assumed that light is a simple
substance, and that all its rays, or parts, are refracted in precisely the
same manner, and therefore suffer the same changes when acted upon
by transparent media. This, however, is not its constitution.

White light, as emitted from the sun or from any
luminous body, is composed of seven dif- what s the

ferent kinds of light; viz., red, orange, Spuboeo®
yellow, green, blue, indigo, and violet. light?

The seven different kinds of light produce seven
different colors; viz., red, orange, yellow, What s
green, blue, indigo, and violet. These origin of
seven colors are called primary colors, color?
since, by the union or mixture of some two or more
of them, all other colors, or varieties of color, are
produced.

The separation of white light into its several parts

the



358 NATURAL PHILOSOPHY.

is effected by means of a prism. This separa-

Howislight tion is designated by the term “disper-
analysed ? sion. ”

620. The image 'formed-'by'a' ray of white light
What is the passing through a prism is called the solar
spectrum?  gpectrum.

Light from any luminous source may be examined by means of a
prism, and will furnish a spectrum, the nature of which will vary with
the source of the light,

When a ray of white light is made to pass through
a prism, each of the seven rays of which it is com-
posed is refracted, or bent out of its course, differ-
ently, and together they form on an opposite screen
or wall an image composed of bands of the seven
different colors.

- The order of refrangibility of the seven different rays of light, or
Explain the arrangement of the seven colors in the spectrum, is
what is always the same and invariable, whatever way the prism
meant by may be turned; the lower end of the spectrum being
the disper- . . .

sivepower  red, which passes upward into orange, then into yellow,
of different  then green, blue, indigo, and violet, which is at the
substances. upper end.

Dissimilar substances, however, produce spectra of different lengths
on account of a difference in their refractive properties. Thus a ray
of light traversing a prism of flint-glass will have its red and violet
colors separated on a screen twice as widely as those of a ray passing
through a similar prism of crown-glass. This difference is expressed
by saying that the dispersive power of the two substances is different,
or that flint-glass has twice the dispersive power of crown-glass.

The separation of a ray of solar light into different colored rays, by
refraction, is represented in Fig. 250. A ray of light, S A, is admitted
through an aperture in a shutter into a darkened chamber, and caused
to fall on a prism, P. The ray thus entering would, if allowed to pass
unobstructedly, have moved in a straight line to the point K, on the
floor of the room, and there formed a circular disk of white light; but
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by the interposition of the prism the ray spreads. out in a fan-shape,
and forms an oblong colored image on the opposite wall. This image,
called the solar spectrum, is divided horizontally into seven colored
spaces, or bands, of unequal extent, which succeed each other in an
invariable order 'viz., red, orange, yellow, green, blue, indigo, violet
(Plate 1., Frontispiece).

Fm-. 250.
621. The separation of the seven different rays
composing white light from one another, y .. na

depends entirely upon a difference in doesthe
separation of

their refrangibility in passing through the whitelight
" depend ?
prism.

The length of the wave propagated in the ether.determines the
colors of light. The shortest waves are the least refracted. The
length of a wave of red light is about yy}5y of an inch; that of a
wave of violet light is about ¢35y of an inch. The lengths of the
waves which produce the other kinds of light lie between these limits.

622. The analogy between sound and light is perfect, even in its
minutest circumstances. When a certain number of

. . . . . . . What anal-
vibrations of a musical chord is caused in a given time, ogy s there
we produce a required sound; as the vibrations of the between
chord vary from a quick to a slow rate, we produce color and

. . . the notes
sounds sharp or grave. So with light; if the rate at o¢ pugic?
which the ray undulates is altered, a different sensation
is made upon the organs of vision.

|
l
i
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The number of aérial vibrations per second required to produce
any particular note in music has been accurately calculated ; and it is
also known that the ear is able to detect vibrations producing sound,
through a range commencing with fifteen, and reaching as far as forty-
eight thousand, in/a\/second.)So)also)in) the) case of light, the fre-
quency of vibrations of the ether required for the production of any
particular color has been determined, and the length of the waves
corresponding to these vibrations.

623. The waves requisite to produce red are the
largest ; orange comes next; then yellow,

What rela- . . .
tionexists  green, blue, indigo, and violet, succeed

rween.. each other, the waves of each being less

lengthsand  thap the preceding. The rapidity of vibra-

vibrations . .
of the differ- tion is in the same order, the waves pro-

t colors ? . . . . .

s colors ducing red light vibrating with the least
rapidity, and the waves producing violet with the
greatest rapidity.

To produce red light, it is necessary that 39,000 waves or undula-
tions should be comprised within the space of a single inch, and that
474,000,000,000 vibrations should be executed in one second of time;
while, for the production of violet, 57,500 waves within an inch, and
699,000,000,000 vibrations per second, are required.*

Rays of light of all colors, as waves of sound of every pitch, travel
with the same velocity.

624. The seven different rays of light, when once
What aadi- separated and refracted by a prism, are
ponal proe not capable of being further analyzed by

have we of

the composi- 1 . 3
e refraction ; but if by means of a convex

light? lens they are collected together, and con-
verged to a focus, they will form white light.

* It has been stated that the length of a wave of red light is about n‘h‘u of an
inch, It has also been shown that light travels at the rate of 186,000 miles per second.
Each second a length of ray amounting to 186,000 miles must enter the pupil. But, in
the case of red light, there are 39,000 undulations in an inch. In the space of 186,000
miles there must therefore be 474,000,000,000 vibrations.
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If the spectrum formed by a prism of glass be divided into three
hundred and sixty parts, it is found that the red ray, or color, occupies
forty-five of those parts, the orange twenty-seven, the yellow forty-
cight, the green sixty, the blue-sixty, the indigo forty, and the violet
eighty.

If we take a circle of paper, and paint upon it in divisions of pro-
portionate size the seven colors of the spectrum, and then cause it to
rotate rapidly about a center, the colors by combination will impart
to it a white appearance.* From this and other experiments, there-
fore, it is inferred that light which we call colorless, or white (as that
coming immediately from the sun), really contains light of all possi-
ble colors so mixed as to neutralize each other.

625. As a lens may be considered as a modification of the prism, it
follows that when light is refracted through a lens it is .
separated into. the different colors, precisely as by a x:“.’n":':ﬁ_
prism; and, as every ray contained in white light is pary lens
refracted differently, every lens, of whatever substance producea
made, will have a different focus for every different f;’:;‘:?
color. The images, therefore, of such lenses will be
more or less indistinct, and bordered with colored edges. This im-
perfection is termed chromatic aberration.

Thus the blue and violet rays, », being more refracted in passing
through a prism, will be con-
verged to a focus nearer the
lens than the focus of the red
rays, . (Fig. 251.) This de-
fect may be remedied by com-
bining two lenses formed of
materials which refract light
in different degrees, the one counteracting the effect of the
other. Such a combination, known as an achromatict lens,
is shown in Fig. 252, where a convex lens of crown-glass is
united with a concave lens of flint-glass. While the disper-
sive power of each is destroyed, the refracting or converging power
of the convex lens is preserved.

FiG. 2s51.

* It is very common to find it stated in books of science, that by mixing powders of
the seven different colors together a white or grayish-white compound may be pro-
duced. The experiment is not, however, satisfactory, unless the mixture be exposed
to a very strong light.

t Achromatic, from a, not, and yYpaua, color.



362 NATURAL PHILOSOPHY.

Lenses are also subject to another imperfection,
What s which is called spherical aberration. This
spherical  arises from the fact that the curved sur-
sbematlon?  F{ULV6f '3 Tenls 8t unequal distances from
the object and from the screen which receives the
image formed at its focus; and hence, if one point
of the image is perfect, another point is less so, ow-
ing to a difference in the convergence of the rays
coming from the center and the edges of the lens.

Thus, if the image is received on a screen of ground glass, it will
be found that when the picture is well defined at the center, it will be
indistinct at the edges; but, by bringing the lens nearer the screen, the
edges of the image will be more sharply defined, but the middle is
indistinct. To make the image perfect, therefore, the marginal por-
tions of the lens should be covered with a circlet of paper, so as to
permit those rays only to pass which lie near the axis of the lens.
This plan, however, impairs the brightness of the image.

When the image formed by the lens is small, the effect of spherical
aberration is scarcely noticed; and by combination of lenses of differ-
ent refractive powers it may be almost entirely overcome.

626. The various rays composing solar light are

Areannthe Dot all equally luminous, that is to say,

ey E' they do not appear to the eye equally

briliant?  brilliant. The color most visible to the
human eye is yellow.

The luminous intensity of the different colored rays of light may
be expressed numerically as follows: Red, 94; orange, 640; yellow,
1,000; green, 480; blue, 170; indigo, 31; violet, 6.*

627. Natural objects possess the power of absorb-

* It would appear from numerous observations, that soldiers are shot during battle,
according to the color of their dress, in the following proportion: red, twelve; dark
green, seven; brown, six; bluish-gray, five, Red is therefore the most fatal color, and
a light gray the least so,
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ing or extinguishing certain of the rays of light
which fall upon them. This absorption o, what

is selective, and on this fact depend the dopsthe

phenomena of ' color. body depend?

When the light which enters a body is wholly absorbed, the body
appears black; when all the rays are equally but not wholly absorbed,
the body appears gray; while a body which absorbs the various kinds
of light unequally is colored.

628. The natural color which an object exhibits
when exposed to the light depends upon why do nat-

the nature and arrangement of the parti- Uraiobiects

cles of matter of which it is composed, colors?
and is not the result of any quality inherent in the
object itself.

A body which reflects from its surface all kinds of light appears
white. For a body to possess color.it is necessary that certain of the
constituents of white light be extinguished by the body, and the
remaining constituents transmitted to the eye. These last rays impart
to a body its color.

Thus a red body appears red because it reflects or transmits the
red ray of solar light to the eye; and a yellow body appears yellow
because yellow light is reflected or transmitted by its structure more
powerfully than light of any other color; and so on through all the
colors.

629. No body, unless self-luminous, can appear of a color not exist-
ing in the light which it receives. A white body when placed in the
path of the solar spectrum appears the color of the ray in which it is
situated. In the yellow ray it will appear yellow; in the red ray, red.
A black body remains black in all rays. In the red ray of the spec-
trum a red body will appear a deep red, but it will be black in the
rays of any other color. A body when exposed to a light which it is
incapable of reflecting will appear black.

In the dark there is no color, because there is no light to be
absorbed or reflected, and therefore none to be decomposed.
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630. By changing the structure or molecular ar-
May the rangement of a body, the color which it

color of ihi
rove .cxhibits may be often changed also.
z:::::nd‘by Illustrations of this principle are frequently seen in

their molec- chemical compounds. The iodide of mercury is a beau-
ular struc- tiful scarlet compound, which, when gently heated, be-
ture ? comes a bright yellow, and so remains when undisturbed.
If, however, it is touched or scratched with a hard substance, as with
the point of a pin, its particles turn over, or re-adjust themselves, and
resume their original red color. Chameleon-mineral is a solid sub-
stance produced by fusing manganese with potash; when dissolved in
water it changes, according to the amount of dilution, from green to
blue and purple. Indigo also, spread on paper and exposed to heat,
becomes red.

631. Some bodies have the power of reflecting
from their surfaces one color while they transmit
another.

This is the case with the precious opal. A solution of quinine in
water containing a little sulphuric acid is colorless and transparent to
the eye looking through it; but, by looking at it, it appears intensely
blue. An oil obtained in the distillation of resin transmits yellow
light, but reflects violet light. Smoke reflects blue light, but transmits
red light. These phenomena result from a peculiar action of the sur-
face or outer layer of the substance of the body on some of the rays
of light entering it, and have received the name of epspolic, or surface
dispersion.

Deepness of color proceeds from a deficiency, rather than from an
abundance, of reflected rays: thus, if a body reflects only a few of the
red rays, it will appear of a dark red color. When a great number of
rays are reflected, the color will appear bright and intense.

632. If the objects of the material world had been illuminated only
with light of one color, all the particles of which possessed the same
degree of refrangibility, and were equally acted upon by all substances,
the general appearance of nature would have been dull, and all the
combinations of external objects, and all the features of the human
countenance, would havé exhibited no other variety than that which
they possess in a pencil-sketch or India-ink drawing.
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This may to some extent be shown by means of a spirit-lamp in
which some common salt is dissolved. It will give only yellow light.
In such a light, yellow, orange, and red objects appear yellow of vari-
ous shades, and green and blue objects appear gray or black. The
face and lips appear) of /a [livid) hue; because the light which illumi-
nates them lacks the red rays.

633. Any two colors which are able, by combining,
to produce white light, are termed com- What are
plementary colors. complemen-

Each color of the solar ray has its com- **7 “*°™’
plementary color, for, if it be not white, it is deficient
in certain rays that would aid in producing white.
And these absent rays compose its complementary
color.

The relative position of complementary colors in the prismatic
spectrum may be determined as follows: Thus, if we take half the
length of a spectrum by a pair of compasses, and fix one leg on any
color, the other leg will fall upon its complementary color, or upon
the one which added to the first will produce white light. The com-:
plementary color of red is bluish green; of orange is blue; of yellow
is indigo; of green is reddish violet; of blue is orange red; of indigo
is orange yellow; of violet is yellow green; of black is white; of
white is black.

Complementary colors may be seen by fixing the eye steadily upon
any colored object, such as a wafer upon a sheet of white paper. A
ring of colored light will play round the wafer, and this ring will be
complementary to the color of the wafer. A red wafer will give a
green ring, a blue wafer an orange-colored ring, and so on. Or if,
after having regarded the colored wafer steadily for a few moments,
the eye be closed or turned away, it will retain the impression of the
wafer, not in its own, but in its complementary color; thus a red wafer
will give a green ray, and so on.

In like manner, if we look at a red-hot fire for a few minutes, every
object as we turn away appears tinged with bluish green.

The art of harmonizing and contrasting colors is intimately con-
nected with the principles of complementary colors.

. 634. Every color placed beside another color is



366 NATURAL PHILOSOPHY.

changed, and appears differently from what it does
How do when seen alone; it equally modifies,

coldrs affect moreover, the color with which it is in
each other .
in appear- pl‘Olelty.

ance? As a general rule, two colors will ap-
pear to the best advantage when one is comple-
mentary to the other.

This principle is of use in the arrangement of colors in articles of
dress, in the grouping of flowers in gardens, and in the preparation
of bouquets. Black being the complementary color of white, the effect
of black drapery upon the color of the skin or face is to make it appear
pale, or whiter than it usually is.

The optical effect of dark and black dresses is to make the figure
appear smaller: hence it is a suitable color for stout persons. On the
contrary, white and light-colored dresses make persons appear larger.
Large patterns or designs upon dress make the figure appear shorter ;
longitudinal stripes, if not too wide, add to the height of the figure ;
horizontal stripes have a contrary tendency, and are very ungraceful.*

635. The rainbow is a semicircular band or arch,
whatisa composed of the seven different colors,
ralnbow?  geperally exhibited upon the clouds during
the occurrence of rain in sunshine.

* The following curious facts are known to persons employed in trade: * When a
purchaser has for a considerable time looked at a yellow fabric, and is then shown
orange or scarlet stuffs, he considers them to be amaranth-red, or crimson; for there is
a tendency in the eye, excited by yellow, to see violet, whence all the yellow of the
scarlet or orange cloth disappears, and the eye sees red, or red tinged with scarlet.
Again, if there are presented to a buyer, one after another, fourteen pieces of red cloth,
he will consider the last six or seven less beautiful than those first seen, although the
pieces be identically the same. Now what is the cause of this error in judgment? It
is that the eyes, having seen seven or eight red pieces in succession, are in the same
condition as if they had regarded fixedly during the same period of time a single piece
of red cloth; they have then a tendency to see the pk y color of red, that is
to say, green. This tendency goes, of ity, to enfeeble the brilliancy of the red
of the pieces seen later. In order that the merchant may not be the sufferer by this
failing of the eyes of his customer, he must take care, after having shown the latter
seven pieces of red, to present to him sope pieces of green cloth, to restore the eyes to
their natural state. If the sight of the green be sufficiently prolonged to exceed the
normal state, the eyes will acquire a tendency to see red; then the last seven pieces
will appear more beautiful than the others.” — CHEVREUIL on Color.
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The rainbow is produced by the refrac- How ia s
wW
tion and reflection of the solar rays in the producea?

drops of falling rain.

636. Rainbows are' also formed-when'the 'sun shines upon drops of
water falling in quantity from fountains, waterfalls, paddle-wheels, &c.

That the rainbow results from the decomposition of the solar rays
by drops of water, may be proved by the following wwhat experi-
simple experiment : If we take a glass globe filled with ments prove
water, and suspend it at a certain height in the solar the decom-

: . . . position of
rays above the eye, a spectator standing with his back jight by
to the sun will see the refraction and reflection of red drops of
light; if then the globe be lowered slowly, the observer Water?
retaining his position, the red light will be replaced by orange, and
this in its turn by yellow, and so on, the globe at different heights
presenting to the eye the seven primitive colors in succession. If,
now, in the place of the globe occupying different positions, we sub-
stitute drops of water, we have a ready explanation of the phenomena
of the rainbow.

Drops of rain, suspended to grass or bushes, may be frequently
found to appear to the eye of a bright red; and, by slightly changing
the position of the eye, the colors of the drop may be made to appear
successively yellow, green, blue, violet, and also colorless. This also
proves that rays
of light, falling in
certain directions
upon drops of
water, are refract-
ed thereby, and
decomposed into
colored rays that
become visible to
the eye when it is
situated in the
proper direction.

The principles
of the formation
of the rainbow may be further illustrated by Fig. 253. Let A, B,
and C be three drops of rain; S A, S B,and S C, three rays of the
sun. The ray S A, by refraction, is divided into three colors: the
blue and yellow are bent above the eye, D, and the red enters it.

FiG. 253.
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The ray S B is divided into three colors : the blue is bent above the
eye, and the red falls below the eye, D, but the yellow enters it.

The ray S C is also divided into three colors. The blue (which is
bent most) enters the eye, and the other two fall below it. Thus the
eye sees the bing of /C, and ©of all'drops in'the position of C; the yellow
of B, and of all drops in the position of B; and the red of A, and of
all drops in the position of A. The same may be also inferred
respecting the other four colors of the spectrum; and thus the eye
sees a rainbow.

The rainbow can be seen only when it rains, and
whatare  in that point of the heavens which is oppo-

the condi- .

tions neces- site to the sun.

sary in . . - ‘
order to see Hence a rainbow is always observed to be situated in

arainbow?  the west in the morning, and in the east in the afternoon.

It is also necessary for the production of a rainbow
that the height of the sun above the horizon should
not exceed forty-two degrees. -

Hence we generally observe this phenomenon in the morning or
toward evening; and it is only in the winter, when the sun stands very
low, that the rainbow is sometimes seen at hours approaching noon.

As the rays of light differ greatly in refrangibility, only a single and
Is the same  different - colored
rainbow ray from each
seen alike by drop will reach
_ allpersons? e eye of a spec-
* tator; but, as in a shower there
" is a succession of drops in all
positions relative to the eye, the
" eye is enabled to receive the
different-colored rays refracted
at different inclinations. This
is clearly illustrated in Fig. 254,
in which S represents rays of
the sun falling upon successive drops, R, O, Y, G, B, I, V; but a sin-
gle colored ray,and a different one for each drop, will reach the eye.
As no two spectators can occupy exactly the samc position, no two

.

Fi6. 254.




LIGHT. 369

can see the same color reflected from the same drop; and consequently
no two persons see the same rainbow.

In the formation of a rainbow, each colored ray reflected from the
falling drops of rain enters the eye at a different inclina- whny isa
tion or angle. But the'several positions' of ‘those drops, rainbow
which alone are capable of reflecting the same color at circular?
the same angle to the eye, constitute a circle; and hence the bands of
color which make up a rainbow appear circular.

Two rainbows are not unfrequently observed at
the same time, the one being exterior to whatare

primary and
and k_ess strongly deyelo;?ed than .the other. gecondary
The inner arch, which is the brightest, is rainbows?
called the primary bow, and the outer, or fainter
arch, the secondary bow. The order of colors in the
inner bow is also the reverse of that in the outer
bow.

The inner, or primary rainbow, which is the one
ordinarily seen, is How is the
formed by two re- Pimey
fractions of the so- formed?
lar ray, and one reflection,
the ray of light entering the
drops at the top, and being
reflected to the eye from the

bottom.

F1G. 255.

Thus, in Fig. 255, the ray S A of the primary rainbow strikes the
drop at A, is refracted or bent to B, the back part of the inner surface
of the drop; it is then reflected to C, the lower part of the drop, when
it is refracted again, and so bent as to come directly to the eye of the
spectator. :

The secondary, or outer rainbow, is pro- How is the
duced by two refractions of the solar ray, racaenid

and two reflections, the ray of light en. formed?
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tering the drops at the bottom, and being reflected
to the eye from the top.

Thus, in Fig. 256, the ray S B of the secondary bow strikes the
bottom of the drop at B, is refracted
to A, is then reflected to C, is again
reflected to D, when it is again re-
fracted or bent, till it reaches the eye
of the spectator.

The position and formation of the
primary and secondary rainbows are
represented in Fig. 257. Thus, in the
formation of the primary bow, the ray
of light, S, strikes the drop » at g, is
refracted to 4, reflected to g, and, leav-
ing the drop at this point, is refracted to the eye of the spectator at O.
In the formation of the secondary bow, the ray S/ strikes the drop 2
at the bottom at the point 7, is refracted to 4, reflected to /, and
thence to ¢, and, refracted from the top of the drop, proceeds to the
eye of the spectator at O.

. F1G. 256,

FiG. 257.

The reason the outer bow is paler than the inner is because it is
formed by rays which have undergone a second internal reflection, and
after every reflection light becomes weaker.

637. Halos are colored rays which are sometimes
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- seen surrounding luminous bodies, especiaily the
sun and moon. They are occasioned by whet are
the refraction and decomposition of light halos?
by particles of moisture or crystals of ice floating in
the higher regions of the atmosphere, and are never
seen when the sky is perfectly clear.

The production of halos may be illustrated experimentally, by crys-
tallizing various salts upon plates of glass, and looking through the .
‘plates at the sun or a candle. A few drops of a saturated solution of
alum, spread over a glass so as to crystallize quickly, will cover it with
an imperfect crust of crystals, scarcely visible to the eye. Upon look-
ing at a luminous body through the glass plate, with the smooth side
next the eye, three fine halos will be perceived encircling the source of
light.

The fact that halos or rings round the moon are more frequently
observed than solar halos is dependent upon the circumstance that
the sun’s light is too intense and dazzling to allow the halo to be recog-
nized. Halos may be observed most frequently in the winter season,
and in high northern latitudes.

638. The beautiful crimson appearance of the
clouds after sunset in the western horizon ypa s the
is due in a great measure to the fact that occasion

of the red
the red rays of the solar light are less appearance

refrangible than any of the other colored e fndiron
rays, and, in consequence of this, they are *°dsunset?
not bent out of their course so much as the blue and
yellow rays, and are the last to disappear. For the
same reason, they are the first to appear in the morn-
ing when the sun rises, and impart to the morning
clouds red or crimson colors.

Let us suppose, as in Fig. 258, a ray of light proceeding from the
sun, S, to enter the earth’s atmosphere at the point P. The red rays,

which compose in part the solar beam, being the least refrangible, or
the least deviated from their course, will reach the eye of a spectator
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at the point A; while the yellow and blue rays, being refracted to a
greater degree, will reach the surface of the earth at the intermediate
points B and C. They will consequently be quite invisible from the
point A,

The red and
golden appearance
of the clouds at
morning and even-
ing is also due ir
part to the fact that
aqueous vapor on
the point of being
condensed: only al-
lows the red and
yellow rays of light
to pass through it.
For this reason, if
the sun be viewed
through a column of steam escaping from a boiler, it appears of a
deep red, or crimson color. The same thing may be noticed during
a drought in summer, when the air is filled with dry exhalations.

639. If we examine the solar spectrum when thrown upon a white
Is thesolar  Screen through a telescope, it will be noticed that the
spectrum band of colored light is not really continuous, but is
continuous?  traversed in the direction of its breadth by numerous
dark lines, varying in different parts in width and distinctness; or, in
other words, there are interruptions in the spectrum, where there is no
light of any color. In the frontispiece are represented the most con-
spicuous of these dark lines.

Attention was first called to the existence of these lines by Dr.
What are Wollaston, an English physicist, as far back as the year
Fraunhofer's 1802; but no special investigation was made of them
lines? until 1814, when Fraunhofer, a celebrated German opti-
cian, mapped them out to the number of five hundred and seventy-six,
and designated the more conspicuous ones by the letters of the alpha-
bet. Many of these lines are as fine as the finest spider’s web, so that,
although existing in great numbers, they occupy but a small portion of
the whole area of the spectrum. Fraunhofer also first ascertained
that these lines are always present in every kind of sunlight; that
moonlight, as well as the light of the planet Venus, exhibited them, as

Fi:, 258.
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did also the light emanating from the fixed stars; but that in the latter
case the lines were sometimes different from those which characterized
the light of the sun, the moon, and the planets. . He therefore came to
the remarkable conclusion that whatever produced these dark lines —
and he had no idea 'of 'the cause'--was'something which was acting be-
yond and entirely outside of our atmosphere. Interesting, however, as
were these discoveries, they were not at the time further investigated ;
and the phenomena.involved continued for many years to be recorded un-
der the name of “ Fraunhofer’s lines,” as simply curious scientific facts.

In 1861, however, mainly through the investigations of two German
chemists, Bunsen and Kirchhoff, it was discovered that Wh

A at prop-

the constitution and appearance of each spectrum depend erty belongs
upon the nature of the substance emitting the light from to the spec-
which the spectrum is formed; and that to each sub- ::::e:ft?‘h
stance, when luminous in a gaseous form, there corre-
sponds a peculiar spectrum, which belongs to that particular substance.
Thus, for example, the light emanating from the incandescent vapor of
the element potassium (the metal basis of the alkali potash) gives a
spectrum crossed by two very characteristic lines, one red and the
‘other violet: sodium (the metal basis of the alkali soda), under similar
circumstances, gives a spectrum characterized by a yellow line, remark-
able for its well-defined form and extraordinary brightness (Plate 1., 3);
the spectrum of the metal lithium is characterized by a well-marked
red line, and by a feebler orange line (Plate 1., 4); the spectrum fur-
nished by incandescent oxygen is shown in Plate L., 5; calcium (the
metal basis of lime) exhibits green and orange lines; iron, a large
number of fine red lines; and so on: each elementary substance giv-
ing a characteristic spectrum of this nature, which is as legible to one
familiar with the subject, as its name written in ordinary words would
be. The lines characteristic to each elementary substance, moreover,
continue distinct, and maintain their relative positions, even when a
spectrum is formed from the light proceeding from many incandescent
vapors mingled together, i.e., as one common flame.

640. In order to facilitate the examination of the
spectra of different substances, an instru-
ment has been devised, which is called the spectro-
spectroscope, the construction of which, seope?
represented in Fig. 259, is as follows:—
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A prism, P, is fixed upon an upright stand; and three tubes, A, B,
and C, are fixed to the same stand, and directed towards the prism.
The substance whose spectrum is to be examined is vaporized in the
flame at G ; the light passes through a series of lenses in the tube B,
is refracted by the prism, |and forms-animage of the spectrum on the
object-glass of the telescope A, where it may be examined through
the telescope. In the tube C is a graduated scale, whose image may
be thrown on to the prism, thus aiding to fix the relative position of
the lines in the spectrum.

Fi1G. 259.

641. Since each elementary substance gives an
What is invariable combination of lines in its spec-
spectrum  trum peculiar to itself, it follows that when
*0alys8?  the spectra of the different elements have
been determined, once for all, by previous researches,
and have been recorded in maps, or impressed upon
the memory, it becomes easy in any future investi-
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gation to recognize at once, and with.great accuracy,
from the form of the spectrum which a body of
unknown constitution presents, the different elemen-
tary substances'of ‘which (it/is composed. In short,
this discovery, now known as “spectrum analysis,”
at once established a new method of analyzing sub-
stances into their constituent elements by means of
the spectra which these substances give when in a
state of incandescent vapor, and placed in the hands
of the chemist a new instrument for analyzing, in
addition to re-agents and precipitates, scales and
crucibles.

The following illustration will convey some idea of the extreme
delicacy of this method of analysis. If a pound of com- Giveanill
mon salt be divided into 450,000 equal parts, the weight -t "5 58
of one of these parts is called a milligramme. The delicacy of
chemist, with special skill and the most delicate scales, the method
can determine accurately the weight of such a particle; :::l';:f:m
but i so doing he approaches the limit of his power in
detecting, by chemical means, the presence of sodium, the chief ele-
ment in common salt. But, if this small milligramme be now divided
into three million parts, we arrive at a particle so minute that all power
of discerning it fails, even with the aid of the microscope or the most
delicate tests of the chemists; and yet, if such a particle be vaporized
and made incandescent in a flame, the spectrum produced from the
rays of light proceeding from it will be crossed by the bright yellow
line which is the unfailing sign of the presence of the element sodium.

642. It was natural to expect that the application of so sensitive
means of investigation, from which no known substance what new
can escape, would soon lead to other startling discove- metals have
ries; and this expectation was almost immediately real- ::::r::l"
ized. For Bunsen and Kirchhoff, in testing through the througn
spectroscope the residuum obtained by evaporating the spectrum
waters of a mineral-spring at Durkheim in Germany, at analysis?
once noticed certain lines in the spectrum which could not be referred
to the presence of any then known elements. They accordingly sus-
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pected the presence of some one or more new elements; but renewed
and most careful chemical analysis utterly failed to isolate them. In-
ferring, however, that the trouble was not in the new method of analy-
sis, but rather in the circumstance that the elements whose existence
was suspected were 30\ sparingly distributéd )in nature, or so mingled
with other substances, that the imperfect chemical tests hitherto in
use could not distinguish them, they evaporated forty-four tons of the
water to dryness; and, from the large quantity of residuum thus ob-
tained, two new elements were separated, in quantities sufficient to
allow of their being weighed and examined ; namely, ceesium (cesius,
blue), and rubidium (ruber, red), so called on account of the respective
blue and red lines which appear in their spectra. Subsequently two
other new elementary bodies, thallium and indium, were discovered
through the aid of the spectroscope.

643. But all the brilliant and astounding results which spectrum
What results analysis has furnished in the provinces of physics and
bave fol. .. - - chemistry have been far surpassed by the discoveries
lowedthe  which have been made through its agency in the depart-
application  ment of astronomy. By means of the law of gravita-
:;:r;mm tion the astronomer can calculate the orbits of the
the study of  planets, determine their weight and volume, predict the
g‘d‘hﬂ?"“ly return and courses of comets, and, through the aid of

s the - telescope, know something in respect to the physi-
cal constitution and surface configuration of these bodies. Concern-
ing the fixed stars and nebule, however, owing to the immense dis-
tances by which they are separated from our earth, our knowledge was
even yet more limited, and necessarily amounted to but little more
than partial information in respect to their size, form, and color. But,
through the aid of spectrum analysis, the light proceeding from our
sun, the fixed stars, the comets, and the nebulaz, has been made, as it
were, a ladder, on which the human mind can climb into unmeasurable
space, and ascertain with unimpeachable accuracy not only the exact
chemical constitution of these bodies, but also very much concerning
their physical conditions. The course of discovery in this department
was somewhat as follows: As has been already stated, the lines of the
spectra formed by the light emanating from the incandescent vapor of
the various elementary substances are brilliantly colored; but in the
case of the spectrum formed by the dispersion of the rays of light
proceeding from the sun, as well as from the fixed stars, the lines are
not colored, but dark. At the first, an explanation of this curious
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phenomenon seemed almost hopeless ; but Kirchhoff was finally led to
the solution of the problem by observing that many of the bright lines,
in the spectra furnished by the incandescent vapors of the elements,
were in the exact position of the dark lines of the solar spectrum.
This coincidence/\indy\/be seén_ by prolonging the dark lines of the
solar spectrum shown in the frontispiece, so as to intersect the spectra
of the elementary substances also there depicted. This coincidence
having-been determined to be invariable, and not the result of acci-
dent, Kirchhoff was led to the conclusion that various substances must
exist in the sun in a state of incandescent vapors. But he was unable
to explain why in the laboratory the luminous vapor of a given element
should give bright lines in its spectrum, and in the sun dark lines, until
he discovered that if the light from a flame colored by sodium-vapor
be passed through a tube containing sodium-vapor, no bright line will
appear in its spectrum, but in the place of the usual yellow line a
black line will be seen. On continuing his experiments he found that
the same phenomenon occurred with other substances when their light
was passed through their own vapor; and was thus enabled to lay
down the law, that each body is opaque to such rays as it would itself
emit when incandescent ; or, in other words, that radiation and absorp-
tion are equal, .and a body will absorb with great energy precisely
those rays which it radiates when incandescent.

As an inference from this law, the sun is believed to be an incan-
descent globe, enveloped in an atmosphere of flame, composed of the
intensely heated vapors of many of the elementary substances occur-
ring on the earth;* which vapors in turn cut off those rays of light
emanating from the céntral luminous sphere which they themselves
emit, and that the fact of this absorption is indicated by the presence
of dark in the place of bright lines in the solar spectrum.

In like manner, through the aid of the spectroscope we are enabled
to decompose the light of the fixed stars and nebul, and thus obtain
their spectra in the same way as that of earthly luminous substances.
And by careful comparison of these spectra with the well-known spectra
of various terrestrial substances, it can be determined with almost
mathematical accuracy, whether these same terrestrial substances do
or do not exist in those heavenly bodies so far removed from the earth

* The presence of the following elements has been thus demonstrated with certain-
ty in the solar atmosphere: sodium, calcium, barium, magnesi iron, chromiutn
nickel, copper, zinc, strontium, cadmium, cobalt, hydrogen, lumini
and titanium. .
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that the light received from them may have required millions of years
for its transmission.

Many solutions possess the property of absorbing and extinguishing
What are certain kinds of light passed through them, thus produ-
absorption  cing\adsoyption)spectra;| Plate 1., 6, represents the ab-
spectra? sorption spectrum obtained by passing light through a
solution of cklorophyl, the green coloring-matter of plants. A large
number of absorption lines are found in the red, the yellow, and the
violet parts. By an application of this principle the purity of human
blood may be tested, and adulterations in wine, beer, and other liquids
may be detected. ‘

644. Solar light, in addition to the luminous prin-
What three  Ciple ‘which produces the phenomena of

principles : . .
B taiuded color and is the cause of vision, contains

insolarlight? two other principles, viz., heat and .actin-
ism, or the chemical principle. These principles are
invisible to the eye, and have only been discovered
by their effects on other bodies.

The constitution of the solar ray may be compared to a bundle of
three sticks, one of which represents heat, another light, and a third
the actinic principle.

We know that these three principles exist in every ray of solar

light, because we are able to separate them in a great
:'n':::v‘:;xe degree from each other. Thus the luminous principle
solar light  passes readily through a transparent plate of alum, but
::““““', nearly all the heat is absorbed. Certain dark-colored
Ci;le:'gnn- bodies, on the contrary, allow nearly all the heat to pass,

but obstruct the light. A blue glass obstructs nearly all
the light and heat of the solar ray, but allows the chemical principle
to pass freely; while a yellow glass allows light and heat to pass, but
obstructs the passage of the chemical influence.

When we decompose a ray of solar light by means
How arethe ©Of @ prism, and th.row the spectru.m upon
;‘;xeo princi- 3 screen, the luminous, the calorific, and

al . . 3 . .
light affected the actinic radiations will each assume a

byapism? - gifferent position. All will be refracted
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by passing through the prism, but in different
degrees.

Fig. 260 shows the distribution in the spectrum and relative inten-
sities of these thrée principles!
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The calorific, or heat radiations, will be refracted least, and their
maximum point will be found but slightly thrown out of the right line
which the solar ray would have traversed had it not been intercepted
by the prism. The heat dlmlmshes with much regulanty on each side
of this line.

The luminous radiations are subject to a greater degree of refrac-
tion; their point of maximum intensity being in the yellow ray, lying
considerably above the point of greatest heat. The light diminishes
on each side of it, producing orange, red, and crimson colors below the
maximum point, and green, blue, and violet above it.

The radiations which produce chemical action are more refrangible
than either the calorific or luminous radiations; and the maximum of
chemical power is found at that point of the spectrum where light is
feeble, and where scarcely any heat can be detected.

645. The positions in the spectrum of the heat and actinic radia-
tions, which are invisible to the eye, may be found by experiment.
Thus, if we place a delicate thermometer in the different rays of the
spectrum, it will be found that the indigo and violet rays scarcely affect
it atall, while the yellow ray, whick is the most luminous, is inferior in
heating action to the red ray, which, yielding but little light, possesses
the greatest amount of heat. If now the thermometer be carried a
little below and just out of the red ray, into the darkened space, it will
exhibit the greatest increase in temperature, thus proving the presence
of a heating ray in solar light, independent of the luminous ray.
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Those rays of solar light which are less refrangible than any of the
visible colored rays of the spectrum have all the properties of radiant
heat coming from bodies of a lower temperature than 800° Fahrenheit.
Such heat is much less refrangible than red light; but, if the tempera-
- ture of the radiating/body be iricreased, it(emits, in addition to the rays
previously emitted, others of a higher refrangibility, until at last some
few of its rays become as refrangible as the least refrangible rays of
light. The body then appears of the same color as the least refrangi-
ble rays of light, and is said to be »ed hot. If it be heated more, it
emits, in addition to the red, still more refrangible rays, viz., orange ;
then (at a higher temperature) yellow rays are added, and so on, until
when the body is white hot it emits all the colors visible to us; and in
some instances (of very intense heat) even the invisible chemical rays,
more refrangible than the violet, are emitted, though in less quantity
than in the solar rays. Thus light appears to be nothing more than
visible heat, and heat invisible light, —the constitution of the eye
being such that it can perceive one and not the other, in the same way
as the ear can appreciate vibrations of sound more rapid than sixteen
per second, but not those which are less rapid.

646. By exposing to the action of the chemical rays a piece of paper
moistened with sulphate of quinine, their existence may be proved, for
the paper becomes tinged with a beautiful sky-blue color. This is due
to the fact that sulphate of quinine has the property of changing the
rapid vibrations of the rays beyond the violet into slower vibrations,
and thus rendering the non-luminous rays visible. This phenomenon
is called fluoresence.

The study of the chemical principle contained in the rays of solar
What curi-  light has rendered probable the curious fact that no sub-
ous fact has  stance can be exposed to the sun’s rays without under-
the study of - o4ing 2 chemical change ; and from numerous examples
the chemical s .
principle it would seem that the changes in the molecular condi-
of light tion of bodies, which sunlight effects during the daytime,
evolved? are made up during the hours of night, when the action
is no longer influencing them. Thus darkness appears to be essential to
the healthy condition of all organized and unorganized forms of matter.
Upon what 647. The process of forming photograph-

does the pro- . . .
duction of  iC pictures depends solely upon the actinic

;:;‘;:;ﬁ:“’"i" or chemical influence of the solar ray.
depend? The term * photography,” signifying light-drawing,




LIGHT. 381

which is the general name given to this art, is unfortunate and ill-
chosen; for not only does light not exercise any influence in producing
the pictures, but it tends to destroy them.

The essential steps of the process of forming a photographic pic-
ture consist in coating/a suitable surfdce-of metal or gy ..o
glass with some chemical substances,—usually com- the essen-
pounds of silver with iodine, bromine, and nitric acid, — tial steps of
which rapidly undergo a chemical change and grow dark :l;epﬂfzf_"
under the action of the solar ray. The plate is then cing a photo-
exposed to the image formed by the lens of a camera- &raphic
obscura. Relatively the quantity of light and actinism picture ?
reflected from any object are the same: therefore, as the lights and
shadows of the luminous image vary, so will the power of producing
change upon the plate vary, and the result will be a faithful copy of
nature, with reversed lights and shadows; the lights darkening the
plate, while the shadows preserve it white or unaltered.

If the surface were then left without further care, the image would
soon fade away, or the whole sensitive surface would darken uniformly,
and so destroy all contrasts of lights and shades. To prevent this,
the plate, after having been exposed a sufficient length of time in the
camera, is removed to a darkened room, and there washed and treated
with certain other chemical agents which dissolve away so much of the
sensitive coating as has been left unchanged by the action of the light,
and so develop and make permanent the picture; which is merely a
contrast of lights and shades, and destitute of color. Many attempts
have been made to photograph, or reproduce and fix, the colors of ob-
jects ; but thus far all efforts to accomplish this have been unsuccessful.

That the luminous principle is not necessary for the success of the
photographic process, may be proved by the experimel?t What experi-
of taking a daguerreotype in absolute darkness. This ment shows
can be accomplished in the following manner: A large thatlightis
prismatic spectrum is thrown upon a lens fitted into one :‘:' "f:::}"e
side of a dark chamber; and as the actinic power resides pr;’:{ucﬁon of
in great activity at a point beyond the violet ray, where a photo-
there is no light, the only rays allowed to pass the lens f:::l‘:‘;
into the chamber are those beyond the limit of colora-
tion, and non-luminous: these are directed upon any object, and from
that object radiated upon a highly sensitive photographic surface. In
this way a picture may be formed by radiations which produce no
effect upon the eye. :
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648. There are many reasons for supposing that each of the three
What influ-  Principles, light, heat, and actinism, included in the solar
ence do the  ray, exercises a distinct and peculiar influence upon vege-
three princi-  3¢ion.  Thus the luminous principle controls the growth
ples of the : . .. .
solar ray and\/coloration (of) plants;) the| calorific ppncnple their
exert on ripening and fructification, and the chemical principle
vegetation?  the permination of seeds. Seeds which ordinarily re-
quire ten or twelve days for germination will germinate under a blue
glass in two or three. The reason of this is, that the blue glass per-
mits the chemical principle of light to pass freely, but excludes, in a
great measure, the heat and the light. On the contrary, it is nearly
impossible to make seeds germinate under a yellow glass, because it
excludes nearly all the chemical influence of the solar ray.

SECTION IV.

INTERFERENCE OF LIGHT.

649. As two sets of sound-waves or vibrations
Canwaves Mmay so combine as to modify or destroy
oflightbe  each other, and thus produce partial or
interfere?  tota] silence, so two waves or vibrations of
light may be made to interfere and produce various
colors, or entire darkness.

If we stand at the junction of two streams of water, it will be
noticed that when the waves from each meet in the same

:;I,:vivnx:,y state of vibration, the resulting wave will be equal to
ference the two combined; if, however, one wave is half an
of light undulation behind the other, the crest of one will meet
s::::::.; the hollow of the other, and comparatively smooth water

will be the result. So if two pencil-rays of light, radi-

ating from two points, reach a point of interference at the same degree

of elevation, a spot of double the luminous intensity of either will be

produced ; but, if one is half a vibration behind the other, the result
will be, that a dark instead of a light spot will be apparent.

650. If a plano-convex lens, of a long focus, be pressed upon a
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plane plate of glass, and illuminated on its upper surface by homo-
geneous light (light of the same kind), as for example wwhat are
by red light, the phenomena of a series of alternate Newton's
dark and colored rings, known as “Newton’s rings,” Fiogs?

will be manifested, as 'shown ‘in-Fig: '261.- “In the center, at the point
of contact, a black cir-

cle will occur, and after

that the rings are suc-

cessively black and red. w
These circles are pro-

duced by the interfer- FiG. 261.
ence of the waves of

light. Thus, if a ray of light be caused to fall upon the upper
surface of the lens, it is partly reflected and partly refracted. The
refracted ray passing through the lens strikes against the plane sur-
face beneath, and is reflected back from such surface through the
lens. If the retardation of the refracted ray in its journey through the
lens, and thin film of air between the lens and plate, amounts to a
whole wave-length, or to an even number of half-undulations, the
reflected and refracted rays will be in accordance, and a bright circle
will result. But, when the retardation amounts to an odd number of
half-undulations, the rays will interfere, and neutrallze or destroy each
other, and a dark ring will be occasioned.

By measuring the thickness of the layers of air between the plates,
it has been found that the thicknesses corresponding to the dark rings
are proportional to the numbers o, 2, 4,6 . . .; while for the bright
rings the thicknesses are proportional to the numbers 1, 3, 5 . .
For the first bright line the thickness amounts to yygyyy of an mch *

If the lens be illuminated by white light, the rings will be of differ-
ent colors, according to the various refrangibilities of the constituent
rays of the light.

The brilliant tints of soap-bubbles, and thin plates of different
transparent bodies, are examples of the interference of 1o 10 coror
light; for the undulations reflected from the first surface produced by
interfere with those reflected from the second, and thus the interfer-
produce the various colors. ence of light ?

* A ding to these bers, the dark circles should be bright, and the bright
dark. But these take into only the effect produced on the ray
by the film of air between the plates. But in passing from the lens into air, and from
the air back into the lens, the rays undergo refraction, and a further retardation ensues
which amounts to one half-wave. With this conecmn the theory is found to agree
with facts.
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The varying play of colors exhibited by films of oil on the surface
of water, and the iridescent appearance of mother-of-pearl, the scales
of fishes, and the wings of some insects, are all phenomena also re-
sulting from the interference of light.

651. If sunlight'be/admitted into'a’ darkened room by a very small
Explain the  2PETture, such as a pin-hole, and allowed to fall upon a
phenomenon screen, it will illuminate an area very much larger than
of diffraction the size of the aperture. An opaque body placed be-
of light. tween the aperture and the screen will not throw upon
the screen a sharply defined shadow, as would be expected, but a
shadow is formed which is surrounded by three colored fringes.
When the object casting the shadow is long and very narrow, as a
hair, the colored fringes occur likewise within the shadow. If light of
one color be employed, as red, the fringes are alternately black and
red.

In Fig. 262, L is the aperture, with a lens which aids in the study

=3

FiG. 262.

of these appearances; a is the edge of the object, and the screen is
represented at 4. B is the front of the screen, and shows the fringes.
This phenomenon is known as diffraction of light, and may be ex-
plained on the same principle as was employed in the case of New-
ton’s rings, — the interference of light.

On allowing light to pass through a large number of very small
openings arranged in regular order, colored fringes will be produced.
These fringes may at times be seen by nearly closing the eyelids, and
looking at a lighted candle through the grating formed by the lashes,
or by looking at some luminous object through a piece of thin cloth.
In the latter case, the fibers form the grating. But the most common
method of producing such fringes is by allowing light to pass through
a glass on which are ruled, with a diamond-point, a large number of
very fine lines. Where the lines occur, the glass is opaque; and, from
the interference of the waves of light passing between the lines, fringes
will result.
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SECTION V.

DOUBLE REFRACTION AND POLARIZATION OF LIGHT.

652. Double refraction is a property which certain
transparent substances possess, of causing What is
a ray of light, in passing through them, doubie
to undergo two refractions; that is, the refraction?
single ray of light is divided into two separate rays.

A very common mineral, called “Iceland spar,” which is a crystal-
lized form of carbonate of lime, is a remarkable example of a body
possessing double refracting properties. It is usually transparent and
colorless ; and its crystals, as shown in Fig. 265, have the geometrical
form of a rhomb, or rhomboid, this term being
applied to a solid bounded by parallel faces, in- $
clined to each other at an angle of 105°.

The manner in which a crystal of Iceland
spar divides a ray of light into , 000 oo
two separate portions is clearly phenomenon
shown in Fig. 263, in which S T of double

represents a ray of light, falling refraction.
upon the surface of a crystal of Iceland spar, ollll
A D E C, in a perpendicular direction. Instead ¥iG. 263,

of undergoing in its passage through the crystal

a single refraction, as when passing through a plate of glass, the ray is
divided into two separate rays. The one, T O, called the ordinary
ray, obeys the law of single refraction, — that the sines of the angles of
incidence and refraction bear a constant ratio to each other. The
other, T P, called the extraordinary ray, is refracted to a greater de-
gree, and only in particular positions does it follow this law.

653. On examining an object by means of a double refracting crys-
tal, each ray will produce an image of the object, so that a double
image will be perceived. In Fig. 264, this result is shown; the crystal
employed being a plate of Iceland spar. On turning the spar, the
image produced by the extraordinary ray will revolve round the other,
while the latter remains stationary. Crystals of many other sub-
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stances, such as mica, topaz, gypsum, &c., possess the property of
double refraction, but not in so remarkable a degree as Iceland spar.

What are In all
the axes these crys-
of double tals, there
refraction ?

are one or

more directions along
which objects when
viewed through them
appear single; these di-
rections are termed the
lines, or axes, of double
refraction. In the case
of Iceland spar, there is one axis of double refraction, i.e., one direc-
tion along which objects when viewed appear single; this is in the
direction of the line a 4, Fig. 265, which joins the two obtuse three-
sided angles. If the summits 2 and 4 be ground down and polished,
no double refraction will occur in looking through the crystal in this
direction.

654. In a double refracting medium, the ether included between its
molecules, owing to a

Fi:. 264.

To what .

isthe phe.  Certain arrangement of
nomenon these molecules, is sup-
::fg:;‘i’:m posed to possess differ-
due? ent degrees of elasticity

in different directions.
In consequence of this difference in
elasticity, each wave of light is divided
into two, which, possessing different
velocities, are therefore refracted at different angles.

That it is owing to the molecular arrangements of the medium, is
shown by the fact that water is incapable of producing double refrac-
tion; but, when crystallized into ice, it divides the light into two rays,
and occasions the phenomena.

FiG. 265.

655. When a ray of light has been reflected from
What is the surface of a body under certain special
g:l;:i?zed conditions, or transmitted through certain

transparent crystals, it undergoes a re-
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markable change in its properties, so that it is no
longer reflected and refracted as before. The effect
thus produced upon it has been called polarization,
and the ray 'or'raysl 'of'light'thus'affected are said to

be polarized.

The phenomenon of polarized light was discovered in 1808, by
Malus, a young engineer-officer of Paris. On one occa-

sion, as he was viewing through a double refracting

Explain the
discovery

prism of Iceland spar the light of the sun reflected from and phe-
a glass window in one of the French palaces, he ob- nomena of

served some very peculiar effects. The window acci-
dentally stood open like a door on its hinges at an angle

polarized
light.

of 54° and Malus noticed that the light reflected from this angle was
entirely altered in its character.

The construction of an instrument for polarizing light, called a

‘ .l'"lG. 266.

peculiar modification, or, as it has been

polariscope, is shown in Fig. 266. In this, A
and B are two mirrors, capable of being inclined
to one another at any angle. The mirror B can
also be turned by means of the circles C C. If
we allow a ray of light reflected from the mirror
A, at an angle of about 54°, to fall upon the mir-
ror B, and then be reflected at the same angle
on to a screen, it will be found that, as the mir-
ror B turns on the circles C C, the light will be
so altered in its degree of intensity, that it will
have points where it is very bright, and others
where it will entirely disappear. It is thus
proved that light
reflected from
glass at an angle
of about 54° has
undergone some

termed, has become polarized.

656. Certain minerals, especially g, 2, FIG. 268,
those called “tourmalines,” have the
property of polarizing a ray of light transmitted through them.

If a ray of light be caused to pass through two thin plates of tour-
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maline, placed symmetrically as regards their axes, it passes through
both without difficulty, but will be slightly colored (Fig. 267). On the
other hand, if one of the plates be turned a quarter round, the light
will be totally cut off (Fig. 268).

657. According to the undulatory theory, the dif-

B Howisthe ference between
% 2}",::,,’,"‘"" common and
plained?  nolarized light

may be explained by sup-
posing that, in common
light, the vibrations of the
ether which produce it take
place in every possible direction, transverse to the
path of the ray; but in polarized light they take
place in only one direction, or are all in one plane
(Fig. 269, A and B).

Thus, in the passage of a ray of light through the plate of tourma-
line, only one set of .
vibrations is trans-
mitted, as at A, Fig.
270, while the others
are absorbed. The
transmitted ray, hav-
ing all its vibrations
in one direction, read-
ily passes through a
second plate of tour-
maline, the structural
arrangement of which
is symmetrical with
that of the first; but, if this arrangement be altered by turning the
plate partially round, the vibrations are intercepted. In the same
manner a sheet of paper, B, Fig. 270, may be slipped through a grat-
ing, A, its plane coinciding with the length of the bars; but can no
longer go through when the plane of the bars is turned, as at C, a
quarter round.

FiG. 269.
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658. Light is polarized by reflection from many

different substances, such as glass, water, Isiignt

. 1
air, ebony, mother-of-pearl, surfaces of Poperca®y

crystals, &c.,'provided“that“the"light falls from other

X R substances
at a certain angle peculiar to each surface, thanglass?

This angle is called the polarizing angle.

Since the discovery of polarized light, its principles have been
applied to the determination of many practical results.

Thus it has been found that all reflected light, come .v:;:t;':he
from whence it may, acquires certain properties which practical
enable us to distinguish it from direct light; and the applications
astronomer, in this way, is enabled to determine with :;“g:l?"““
infallible precision whether the light he is gazing on

(and which may have required hundreds of years to pass from its
source to the eye) is inherent in the luminous body itself, or is derived
from some other source by reflection. It has been.also ascertained
that light proceeding from incandescent bodies, as red-hot iron, glass,
and liquids, under a certain angle, is polarized light; but that light
proceeding, under the same circumstances, from an inflamed gaseous
substance, such as is used in street-illumination, is always in a natural
state, or unpolarized. Applying these principles to the sun, Arago, a
French philosopher, discovered that the light-giving substance of this
luminary was of the nature of a gas, and not a red-hot solid or liquid
body.

In a similar manner the chemist is able to determine, by the man-
ner in which light is reflected or polarized by a crystallized body,
whether it has been adulterated by the addition of foreign substances.

When we transmit light, whether common or polarized, through a
piece of well-annealed glass, it suffers no change, and we see no struc-
ture in the glass different from what we would see if we looked through
pure water. But if we make heat pass through the glass by placing
the edge of the plate upon a heated iron, or if we cither bend or com-
press the glass by mechanical force, its structure, or the mechanical
condition of its particles, will be changed. If we now transmit common
light through the glass thus changed, the change will not be visible ;
but if we transmit polarized light through it, and allow that light to be
reflected from a transparent body at an angle of about §6°, and in a
plane at right angles to that in which the common light was reflected
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and polarized, the observer, looking through the glass, will see the
most brilliant colors, indicating the effects of the compressing or
dilating forces, or of the contracting or expanding cause; the degree
of compression or dilatation, of expansion or contraction, being indi-
cated by the colors displayed at!particular parts of the glass. In this
way polarized light enables us to discover that certain portions of a
body have been subjected to certain mechanical forces, the nature of
which must be sought for in the circumstances under which the body
has been originally formed, or in' which it has been subsequently
placed. On this principle, many bodies which are quite transparent to
the eye, and which upon examination appear to be perfectly uniform,
or homogeneous in structure, exhibit, under polarized light, the most
exquisite organization.*

659. Many crystals, when viewed by polarized light, exhibit rings
of various designs, and of the most gorgeous coloring. Selenite,
Iceland spar, and arragonite, are examples of such crystals. The
common method of viewing the effect of polarized light on such crys-
tals is to place them between two plates of tourmaline. When the
axes of the tourmaline are at right angles to one another, a series of
colored rings are produced, traversed by a black cross (Plate I., 7 and
8). If the axes, however, are made parallel, the rings have colors
complementary to those they had at first, and a white cross appears
instead of the black.

SECTION VI.
THE EYE, AND THE PHENOMENA OF VISION.

660. If we make a small aperture through the shutter of a darkened
1f an opening 2™ the inge§ of e.xtemal obje.ct's will be pictured
be madein  indistinctly, and in an inverted position, upon the oppo-
the side of a  site wall. The reason of this will appear evident from
g“" cham- 55 inspection of Fig. 271. It will be seen that the rays

er, how . . . 3
will images  of light diverging from the top and bottom of the object
of external  cross each other in passing through the aperture, and
::;:::::: eq? COnsequently form an inverted image. This image is

rendered more distinct with a small aperture than with

* The phenomena of polarized light are so abstruse, and depend to so great an
extent on experimental illustration for their proper oomprehenswn, that an extended
description of them in an el y work is imp
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a large one; since, in the first case, the rays which proceed from any
particular part of the object fall only upon the corresponding part of
the image, and are not scattered indiscriminately over the whole pic-
ture, as they would be if the aperture were larger.

FiG. 271.

If, in the place of the room with an aperture in the shutter, we sub-
Stltllte‘ a dark'box, thh a double-convex lens ﬁtt'ed ll.'ltO Describe the
one side, a picture will be formed on the opposite side construction
of the box, or upon a screen placed at the focal distance of the
of the lens. This picture will represent, with great S&mera-

.. L obscura.
beauty and distinctness, whatever is in front of the lens,
all the objects having their proper relations of light and shadow, and
their proper colors. Such an apparatus is called a Camera-0bscura.
" Fig. 272 represents the ordinary construction of the camera-
obscura. It consists of a wooden rectangular box, into which the rays
of the light penetrate through a convex lens placed at the termination
of the tube B. These rays, if unobstructed, will form an image upon
the opposite side of the box, O; but if they are received upon a mir-
ror, M, inclined at an angle of 45°, their direction is changed, and the
image will be formed upon a screen, or plate of ground-glass, N,
Placed at the top of the box. By placing upon this screen a sheet of
tracing-paper, the outlines of the image may be readily copied. Such
a modification of the camera is very convenient for artists and trav-
elers in sketching landscapes, &c.

661. The mechanical arrangement of . soes
the eye in man and the higher animals theeye
. resemble
is the same as that of the camera-obscura, the camera-

being simply a double-convex lens, fitted °"****’
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into one side of a spherical chamber, through which
the rays of light pass to form an inverted picture
upon the back of the chamber.

In man, the/organs)of visioniconsist of two hollow
What is spheres, each about an inch in diameter,
the general filled with certain transparent liquids, and
the eye deposited in cavities of suitable magnitude
iaman?  and form, in the upper part of the front of
the head, on each side of the nose.

F1G. 272.

The eye consists essentially of four coats, or mem-

Of what branes, called the Sclerotic coat, the Choroid
Preepe  coat, the Cornea, and the Retina; and these
consist? coats inclose three transparent liquids,

called humors, —the Aqueous humor, the Witreous
humor, and the Crystalline humor, the last of which
has the form of a lens.
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662. Fig. 273 shows the structure of the eye. The sclerotic coat, 7,
is a strong, tough membrane, to which the muscles which move the eye
are attached. It is the external coat of the eye, and covers about four-
fifths of the surface of the eyeball, leaving two circular openings, one
before and the othetr
behind the eye. The
cornea, a, is the clear,
transparent coat
which forms the front
of the eyeball. The
choroid coat, 4, is a
delicate membrane
which covers the in-
ner surface of the
sclerotic coat. It is
covered on the inte-
rior with a black pig-
ment, which serves
to absorb the rays
of light which enter
the eye. The retina, m, formed by the expansion of the optic nerve, »,
is a delicate, transparent membrane which lines the inner surface of the
choroid coat. Behind the corneais a flat circular membrane called
the iris, ¢ 4, which in different eyes is of a black, blue, or gray color.
It is pierced in the center by the pupil, a circular black opening through
which the light is admitted into the interior of the eye. The crystal-
line lens, £ is a colorless and perfectly transparent humor, inclosed by
a case shaped like a double-convex lens. Between the crystalline
lens and the cornea is a space filled with a fluid resembling pure
water, and therefore called the aqueous humor, 4 e. Behind the iris,
and occupying all the interior chamber of the eye, is a thick liquid
called the vitreous humor, 4.

FiG. 273.

663. Rays of light proceeding from an object, and
entering the eye, are refracted by the cor- . .
nea and crystalline lens, and made to con- bytheorgans

of the eye
verge to a focus at the back of the eye, perceive
and form an image upon the retina. This °***’

image, by producing a sensation upon the optic nerve,
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conveys in some unknown way to the mind a percep-
tion and knowledge of the external object.

Fig. 274 represents the
manner in which the image is
formed upon the retina in the
perfect eye. The curvature -
of the cornea, s s, and of the
crystalline lens, ¢ ¢, is just suf-
ficient to cause the rays of
light proceeding from the
image, / 7, to converge to the right focus; » m, upon the retina.

Distinct vision can only take place in the eye when
Whendoes the cornea and crystalline lens have such

Fi6. 274.

distinct ", . >
vision take convex1?1es as to bring 'the rays of light
place? proceeding from an object to an exact

focus upon the retina.

As the rays of light proceeding from distant objects enter the eye
How is th at different angles, they will naturally tend to meet at
eyo:ven'lbl:d different foc':i afte.r refl-'action by the crystalline ‘lens, and
to see objects thus form indistinct images. This is remedied by a
distinctly at  power which the eye possesses of adapting itself to the
different P . . . .
distances?  direction of the light proceeding from various distances,

so that in the healthy eye rays coming from near and
distant objects are all equally converged to a focus on the same point
of the retina. The eye effects this by increasing or diminishing the
sphericity of the crystalline lens and cornea.

664. A person is said to be near-sighted when
What is the the curva-
causeofnear- ture of the
sightedness ?

cornea and
crystalline lens is so !
great that the rays of
light which form the image are brought to a focus
before they reach the retina, or the back part of the

eye. The object therefore is not distinctly seen.

FiG. 275.
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Fig. 275 represents tke manner in which the image is formed in the
eye of a near-sighted person.

Short-sightedness is remedied either by holding the object nearer to
the eye, or by 5 ..
the employ-,short-sight-
ment of specta- edness rem-
cles the glasses °di¢d?
of which are concave lenses,
Fig. 276. In both cases the F1G. 276.
rays proceeding from the ob- :
ject enter the eye with a greater degree of divergence, and therefore
do not converge so soon to a focus.

665. A person is said to be far-sighted when, on
account of ?.ﬂattemng of the cornea and o e
the crystalline lens, the rays of light do causeof far-

. . L. sightedness ?
not converge sufficiently to form a distinct
image upon the retina.

Fig. 277 represents the manner in which the image is formed in the
eye, when the cornea or crystalline lens is flattened. The perfect
image would be produced behind the retina, and of course beyond the
point necessary to secure distinct vision.

n,

]

FiG. 277. Fic. 278.

" Long-sightedness may be remedied by the employment of specta-
cles, the glasses of which are convex lenses (Fig. 278). 5 may
These, by increasing the convergence of rays of light 1ong-sight-
passing through them, bring them sooner to a focus in edness be
the eye, and thus produce the image upon the right point "e™edied?
of the retina.*

* Birds of prey are enabled to adjust their eyes 80 as to see objects at a great dis- *

tance, and again those which are very near. The first is accomplished by means of a
muscle in the eye, which permits them to flatten the cornea by drawing back the
crystalline lens ; and, to enable them to perceive distinctly very near objects, their
eyes are furnished with a flexible bony rim, by which the comea is thrown forward at
will, and the eye thus rendered near-sighted.
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Most persons of advanced age are troubled with long-sightedness,
and are obliged to use spectacles. The reason of this is, that, as the
physical organization of the body becomes enfeebled, the humors of
the eye dry up, or are absorbed, and in consequence of this the cornea
and crystalline léns\shrink and(become flattened.

666. Beside these defects of the eye, a person may have the sense
of vision impaired or destroyed by an injury or disease of the optic
nerve, or by a diminution of the transparency of the crystalline lens.
The first of these cases is called amaurosés, and is incurable: the
second, which is called cataract, may be cured.

The images formed by the rays of light upon the retina are inverted.
As the It may therefore be asked, why all visible objects do
images on not appear upside down. The explanation of this curi-
theretina o5 point, which has formed the subject of much dis-
are inverted, . . .
why dowe  Ppute, appears to be this: An object appears to be in-
not see them verted only as it is compared with some other objects
upsidedown? yhich are erect. If all objects hoid the same relative
position, none can be properly said to be inverted. Now, since all the
images produced upon the retina hold, with relation to each other, the
same position, none are inverted with respect to others; and, as such
images alone can be the object of vision, no one object-of vision can
be inverted with respect to any other object of vision; and conse-
quently, all being seen in the same position, that position is called the
erect position.

667. We judge of the distance and size of an
How dowe ODje€ct by the relative direction of lines

judgeof the drawn from the object to the eye, and by
distance and

sizeof an  the angle which the intersection of these
object? lines makes with the eye. This angle is
called the angle of vision.

The student will bear in mind that an angle is simply the inclination
Explain of two lines, without any regard to their length. Thus,
the angle in Fig. 279, the lines drawn from A and B, C and D,
of vision. which may be supposed to represent rays of light, meet
at the eye, and form an angle at the point of intersection. This angle
is the angle of vision.

If A B, Fig. 279, represent a man on a distant mountain, or on a
church-steeple, and C D a crow close by, the angle formed by the
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inclination of the lines proceeding from the two objects will be equal,
or the line A B, which is the height of a man, will subtend the same
angle as the line C D, which is the height of the crow; and therefore
the man appears at such a distance no larger than a crow.

FiG. 279.

The nearer an object is to the eye, the greater must be the inclina-
tion of the lines drawn from its extremities to intersect L . ..o
and form an angle at the eye, and consequently the angle of vis-
greater will be its angle of vision. On the contrary, the ion affected
more remote an object is from the eye, the less will be by distance?
the inclination of the lines, and the less the angle of vision. The
nearer an object is to the eye, therefore, the larger it will appear.

Thus the trees and houses far down a street or avenue appear
smaller than those near by, and the size of a vessel seen at sea dimin-
ishes with the increase of distance. The moon, on account of its
proximity, appears much larger than any of the stars or planets,
although it is, in fact, very much smaller.

668. The optic axis of the eye is a line Wit is the
drawn perpendicularly through the center the eye?

of the cornea, and center of the eyeball.
The reason why with two eyes we do not see dou-
ble is, because the axis of both eyes is . in

turned to one point, and therefore the :::**n?;e: ;0
same impression is made on the retina thesame
of each eye. pa:l:;i:fct
Thus, if some small object be held between the eye double?
of an observer and a window, and the eyes directed towards the object,

the bars of the window will appear double, because the axes of the
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eyes are not turned to them. If, on the other hand, the bars be looked

at, the object will appear double. If we close one eye, and look at
some near object with the other, on opening the closed eye the object
will for an instant appear double, because the axis of the eye that was
closed requires| a/short periodof time to be turned to the object.

669. But the law of vision for visible objects is entirely different
from that for points. A visible object can not, in all its parts, be seen
single at the same instant of time; but the two eyes converge their
axes to the near and the remote parts of it in succession, and thus give
an idea of the different distances of its parts. Any defect which will
prevent the two eyes from moving together conjointly, and from con-
verging their optic axes upon every point of an object in succession,
will be fatal to distinct vision.

In viewing an object, each eye sees an image
What is slightly differing from that seen by the
Merrtha other. A book held edgewise at a short
stereoscope? distance from the nose will appear dif-
ferently to the two eyes, the right eye seeing the

. back of the book and a part of
the right cover, the left eye seeing
the back and a part of the left
cover. In using both eyes, the
back of the book and parts of the
two covers are seen, and the ob-
ject appears solid. This principle
is used in the construction of the
stereoscope. Two views, A and
B, Fig. 280, are taken of the same
- object as they would be seen by
- the two eyes, and thus differing
' from one another. On viewing

such a pair of pictures in the stere-
oscope, the two lenses, E and E’, so refract the rays
of light coming from A and B, that the views are

FiG. a8o.
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blended at C, and appear in relief, or as solid ob-
jects.

Double vision may be produced by pressing
slightly from\\they sideoupon/ithe) ball of ow may
either eye while viewing an object. The doubte vision
pressure of the finger prevents the ball of be produced?
one eye from following the motion of the other; and,
the axis of vision in each eye being rendered differ-
ent, we see two images.

Strabismus, or squinting, is caused by the inability of one eye to
follow the motions of the other, and persons so affected always see
double; practice, however, gives them power of attending to the sen-
sation of only one eye at a time. It is from this inability of the eye to
fix its optical axis, that drunkards see double.

670. The eye possesses a limited power of accom-
modating itself to various degrees of illu- can theeye

mination. In the dark, the pupil of the foereesof

eye enlarges its opening, and allows a illumination?
greater number of rays to fall upon the retina: in
the light, the pupil contracts in proportion to the
intensity of the illumination, and diminishes the
number of rays falling upon the retina.

This change does not take place instantaneously. When we leave
a brilliantly-illuminated apartment at right, and go into why, in
the dark street, we are unable for a few moments to see going from
any thing distinctly. The reason of this is, that the ::: 25:": ‘:;°
pupil of the eye, which has become contracted in the e find it
light, is unable to collect sufficient rays from the objects difficult at
in the dark to see them distinctly. In a few moments, ?‘;“; tt:i::‘:?
however, the pupil dilates, allows more rays to pass
through its aperture, and we see more distinctly. The reverse of this
takes place when we go from the dark into the light. Cats, owls, and
some other animals, are able to see distinctly in the dark, because they
have the power of enlarging the pupils of their eyes so as to collect
the scattered rays of light.
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Every impression made by light remains for a certain length of
time on the retina of the eye, according to the intensity of its effects,
and a measurable period is necessary to produce a sensation.

We are unable, when riding rapidly on a railroad, to count the
Wh posts\of an‘adjoining fence,) because the light from each

at facts ) . .
prove the post falls upon the eye in such rapid succession, that the
continuance different images become confused and blended, and we
:;;:‘t;::“e do not obtain a distinct vision of the particular parts.
retina after If we rotate a stick, lighted at one end, somewhat
the object rapidly, it seems to produce a complete circle of fire.
has dis- The reason of this is, that the eye retains the image of
appeared ? . . . .

any bright object for some little time after the object is
withdrawn; and, as the light of the stick returns to each particular
point of its path before the image previously formed has faded from
the retina, it seems to form a complete circle of fire.

This continuance of the impression of external objects on the retina
after the light proceeding from them has ceased to act

Why is it ¢ N

not dark is the reason also why we are not sensible of darkness
when we when we wink.

wink ?

The apparent motion of certain colored figures in
worsted-work, known by the name of the “ dancing mice,” is due to
the fact that when the surface is moved in a particular direction, as
from side to side, the impression of the color on the retina remains for
an appreciable interval after the figures have moved, and this gives to
them an apparent motion. This effect will not, however, take place
unless the colors of the figures and the ground-work are very brilliant,
and complementary of each other, as red upon a green ground.

SECTION VII.
OPTICAL INSTRUMENTS.

671. The portable camera-obscura, such as is ordinarily used for

Describe photographic purposes, consists of a pair of achromatic
the portable double-convex lenses, set in a brass mounting (see Fig.
c;l'nera- 281) into a box consisting of two parts, one of which
obscura.

slides within the other. The total length of the box is
adjusted to suit the focal distance of the lens. In the back of the box,
which can be opened, there is a square piece of ground-glass which
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receives the images of the objects to which the lens is directed; and,
by sliding the movable part of the box in or out, the ground-glass can
be brought to the precise focus. The interior of
the box is blackened all over, to extinguish any
stray! light

The appearance of the camera as described
is represented by Fig. 282.

Fic. a8x. 672. Spectacles consist of two
glass or crystal lenses, of such a charac- what are
ter as to remedy the defects of vision in spectacies?
imperfect eyes, mounted in a frame, so as to be
conveniently supported before the eyes.

Spectacles are of two kinds: namely, those with
convex glass- Whatare -
es, which :vl:-ltez:aol :
magmfy ob- spectacles? g N
jects, or bring their {| ia ﬁ)’
|
|

images nearer to the
eyes; and those with
concave glasses, which
diminish the apparent
size of objects, or extend the limits of distinct vision.

Some persons, in order to protect the eye from excessive light, use
blue glasses as spectacles : they are, however, more mischievous than
useful, since they absorb different parts of the spectrum unequally,
and transmit the violet and blue rays.

673. A microscope is any instrument which mag-
nifies the images of minute objects, and wpatisa
enables us to see them with greater dis- microscope?
tinctness. This result is produced by enlarging the
angle of vision under which the object is seen;
since the apparent magnitude of every body increases
or diminishes with the size of this angle,

‘_—':

FiG. 282.
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Microscopes are of two kinds, simpie and com-

Whatare  pound.

the oo  In the simple microscope, the object

microscopes? ypder; | ¢xamination jis viewed directly,
either by a simple or compound converging lens.

In the compound mi-
croscope, an optical
image of the object,
produced upon an en-
larged scale, is thus
viewed.

The simple microscope is
generally a simple convex lens
in the focus of which the
object to be examined is
placed. Little spheres of glass, formed by melting glass threads in
the flame of a candle, form very
powerful microscopes.

Fig. 283 represents the magni-
fying principle of the microscope.
An eye at E would see the arrow
A B under the visual angle AE B;
but, when the lens F F/ is inter-
posed, it is seen under the visual
angle at A/ E B/, and hence it ap-
pears much enlarged, as shown in
the image A’ B/.

Fig. 284 represents a convenient
mode of mounting a simple micro-
scope. A horizontal support, capa-
ble of being elevated or depressed
by means of a screw and ratch-work,
D, sustains a double-convex lens,
A. The object to be viewed is Fio. 4.
placed upon a piece of glass, C, upon )

a standard, B, immediately below the lens. As it is desirable that the
object to be magnified should be strongly illuminated, a concave mir-

FiG. 283.—

roll
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ror of glass, M, is placed at the base of the instrument, inclined at
such an angle as to reflect the rays of light which fall upon it directly
upon the object.

674. The compound microscope, in its most simple
form, consists of two lenses, so arranged ., . ..
that the second lens magnifies the image construction
formed by the first lens, or simple micro- ::x:::)und
scope. In this way the image of the ™icroseope?
object is examined by the eye, and not the object
itself.

The first of these lenses is called the object-glass,
or objective, since it is always directed p . . the
immediately to the object, which is placed 'c::;: :: h
very near it; and the latter the eye-glass, microscope
or eye-piece, inasmuch as the eye of the ‘=&’
observer is applied to it to view the magnified image
of the object.

Fig. 285 illustrates the magnifying principle of the compound
microscope. O represents the object-glass placed near the object to

_i"lu. 28s.

be viewed, A B, and G, the eye-glass placed near the eye of the
observer, E. The object-glass, O, presents a magnified and inverted
image, a 4, of the object at the focus of the eye-glass, G. The image
thus formed, by means of the second lens or eye-glass, G, is magnified
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and brought to the eye at E, so as to appear under the enlarged visual
angle, A’ E B/. If we suppose the object-glass, O, to have a magnify-
ing power of 25, — that is, if the image a 4 equals
25 A B,—and the eye-glass, G, to have a magni-
fying power of 4, then' the total magnifying power
of the microscope will be 4 X 25, or 100; that is
to say, the image will appear 100 times the size of
the object.
Fig. 286 represents one form of mounting the
lenses which compose a compound microscope.
The tube, A, which contains in its upper part the
eye-glass, slides into another tube, B, in the bottom
of which the object-glass is fixed; this last tube
also moves up and down in the stand C, and in
this way the lenses in the tubes may be adjusted
to the proper distance from each other and the
object. M is a mirror for reflecting light upon the
object, and S a support on which the object to
be examined is placed.

675. A telescope is any instrument
whatisa  Which magnifies and ren-
telescope?  ders visible to the eye the
images of distant objects. This result
is effected in the same manner as in
the microscope ; viz., by enlarging the
visual angle under which the objects
are seen.

Telescopes are of two kinds, refracting telescopes
Howmany and reflecting telescopes; the principle of
teleseores  CONstruction in both being the same as
arethere?  that of the compound microscope.

676. The refracting telescope consists essentially
whatisa Of tWO convex lenses, the object-glass and
refracting  the eye-glass. An inverted image of an
telescope ? . . N

object, as a star, is produced by the object-
glass, and magnified by the eye-glass.

FiG. 286.
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Fig. 287 represents the principle of construction of the astronomical
refracting telescope. O is an object-glass placed at the end of a tube,
which collects the rays proceeding from a distant object, and forms an
inverted image of the same.at O Q/, in the focus of the eye-glass, G.
By this the image is magnified, and viewed by the eye at E.

G o

B
FiG. 287.

677. A spy-glass, or terrestrial telescope, differs
from an astronomical telescope only in an whatisa
adjustment of lenses, which enables the spy-glass?
observer to see the images of objects erect instead
of inverted. This is effected by the addition of two
lenses placed between the eye and the image.

The arrangement of the lenses, and the course of the rays of light,
in a common spy-glass, are represented in Fig. 288, O is the object-
glass, and C L M the eye-glasses, placed at distances from each other
equal to double their focal length. The progress of the rays through

C

Fic. 288.

the object-glass, O, and the first eye-glass, C, is the same as in the
astronomical telescope, and an inverted image is formed; but the
second lens, L, reverses the image, which is viewed, therefore, in an
erect position by the last eye-glass, M.
678. The common opera-glass, also called the
Galilean telescope, from Galileo, its in- wnatis the
. . . construction
ventor, consists of a single convex object- ;¢ e opera-

glass, and a concave eye-glass. glass?
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Fig. 289 represents the construction of this form of telescope. O
is a single convex object-glass, in the focus of which an inverted image
of the object would be naturally formed, were it not for the interposi-

FiG. 289.

tion of the double-concave lens, E. This, receiving the converging
rays of light, causes them to diverge and enter the eye parallel, and

form an erect image.
679. A reflecting telescope consists essentially of
a concave mirror, the image in which is
What is a . .
reflecting. magnified by means of a lens. The mir-
telescoPe?  ror employed in reflecting telescopes is
made of polished metal, and is termed a speculum.

The most common form of the reflecting telescope is that known as
the Newtonian,
4 represented in-

t Fig 290. It
consists of a
large concave

R s speculum, A B,

set in one end
of atube,and a
small plane mirror, C D, placed obhquely to the axis of the tube. The
image of a distant object, formed by the speculum A B, is reflected
by the mirror, C D, to a point m/ »/, on the side of the tube, and is
there viewed through an eye-glass, E.

The largest reflecting telescope ever constructed is that made by
Lord Rosse, and located at Parsonstown, in Ireland. Its external
appearance and method of mounting is represented in Fig. 291. The
diameter of the speculum is six feet, and its weight about four tons.
The tube in which it is placed is of wood hooped with iron, 52 feet in
length, and seven feet in diameter. It is counterpoised in every direc-

FicG. 290,
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tion, and moves between two walls 24 feet distant, 72 feet long, and 48
feet high. The observer stands on a platform which rises or falls, or
at great elevation upon sliding galleries which draw out from the wall.

This telescope commands an immense field of vision; and it is said
that objects as smiall\as. 1o yards. cibe Ican| be distinctly observed by
it on the moon at a distance of 240,000 miles.

FiG. 291.

680. The magic-lantern is an optical instrument
adapted for exhibiting pictures painted on .
glass in transparent colors, on a large magic- .
scale, by means of magnifying-lenses. fantera ?

It consists of a metallic box, or lantern, Fig. 292, containing a
lamp, behind which is placed a metallic concave mirror, M. In front
of the lamp are three lenses, fixed in a tube projecting from the side
of the lantern, one of which is called the illuminator, and the others
the magnifiers. The objects to be exhibited are painted on thin plates
of glass, which are introduced by a narrow opening in the tube, a 5,
between the two lenses. The mirror and the first lens, L, serve to
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illuminate the painting in a high degree; for, the lamp being placed in
their foci, they throw a brilliant light upon it, and the magnifying-
lenses, 7, which can slide in their tube a little backward and forward, are
placed in such a position as to throw a highly magnified image of the
drawing upon screens several feet off;the precise focal distance being
adjusted by sliding the lenses. The farther the lantern is withdrawn
from the screen, the larger the image will appear; but when the dis-
tance is considerable the image becomes indistinct.

F16. 292.

681. The beautiful optical combinations known as
What are dlssolv1ng-v1'ews are produced by means
dissolving-  of two magic-lanterns of equal power, so
views? . .

placed as to throw pictures of precisely
equal magnitude on the same part of the same screen.
By gradually closing the aperture of one lantern, and
opening that of the other, a picture formed by the
first may seem to be dissolved away and changed
into another.

Thus, if the picture produced by one lantern represents a day land-
scape, and the picture produced by the other the same landscape by

night, the one may be changed into the other so gradually as to imi-
tate with great exactness the appearance of approaching night.

682. The solar microscope is an optical instrument
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constructed on the principle of the magic-lantern,
but the light which illuminates the ob- whatisa
ject is supplied by the sun instead of a :2;;;‘;“""'
lamp.

This result is effected by admitting the rays of the sun into a dark-
ened room, through a lens placed in an aperture in a window-shutter,
the rays being received by a plane mirror fixed obliquely outside the
shutter, and thrown horizontally on the lens. The object is placed
between this lens and another smaller lens, as in the magic-lantern;
and the magnified image formed is received upon a screen. In Fig.
293, which represents the construction of a solar microscope, M is a

FiG. 293.

plane mirror, A the illuminating lens, and L the magnifying lens. The
objects to be magnified are placed between the lenses E and L. In
consequence of the superior illumination of the object by the rays
of the sun, it will bear to be magnified much more highly than with
the lantern. Hence this form of microscope is often employed to
represent, on a very enlarged scale, various minute natural objects,
such as animalcules existing in various liquids, crystallization of vari-
ous salts, and the structure of vegetable substances.



CHAPTER XIV.
MAGNETISM.

683.. A NATURAL magnet, sometimes called a load-
Whatisa  StOE is an ore of iron, known as the pro-
natural toxide of iron, or magnetic oxide of iron,

t e . . .
magne which is capable of attracting other pieces
of iron to itself.

Natural magnets are by no means rare: they are found in many
places in the United States, and in
Arkansas, especially, an ore of iron
possessing remarkably strong attractive
powers is very abundant.

The magnetic ore is usually of a dark
color, and possesses but little metallic
luster. If a piece of this ore be dipped in
iron-filings, or brought in contact with a number of small needles, they
will adhere to the extremities of the magnet, as is represented in

Fig. 204.

When a natural magnet is brought near to, or in.
Canamag- CONtact with, a piece of soft iron or steel,
¢ . . . . .
Bicatorta - it commumcates' its attractive propert{es,
properties? and renders the iron a magnet. In doing

so, it loses none of its original attractive influence.
Bars of iron or steel which by contact with natural
What are ma.gnets, or by other methods, have ac-
artificial quired magnetic properties, are termed
magnets ? . .
artificial magnets.

FiG. 294.

410



MAGNETISM. 411

For all practical purposes, artificial magnets are used in preference
to natural magnets, and can be made more powerful.

The attractive force of magnets has received the
name of Magnetic' Force,' and'that depart- Define the
ment of science which treats of magnets [oauing of
and their properties is denominated Mag- magoetic

. force and
netism. magnetism.

This designation must not be confounded with animal magpuetism,
a term which has been adopted to designate a certain influence which
one person may exercise over another by means of the will.

684. The attractive power of the magnet is not
diffused umforr'nly over every part of IS et are
surface, but resides principally at opposite tbe poles of
points or extremities of its surface. These *™*"
points are termed poles. )

Between the regions of greatest attraction, a part
may be found where the attractive influence wholly
disappears. This part is called the neutral line, or
the equator of the magnet.

When a bar-magnet is rolled in iron-filings, the filings attach them-
selves to the
magnet in the
manner repre-
sented in Fig.

295, and in this
way clearly indi-
cate the location
of the magnetic force.

The attraction of a magnet is stronger at its cor-
ner than at its flat surface.

685. When a magnet is supported in In what

position will

such a way as to move freely, it will rest  magaet
s 0es . . ’ reely sus-
only in one position, viz., with its poles, or pended rest?

FiG. 29s.
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extremities, directed nearly north and south. If
drawn aside from this position, it will continue to
vibrate backward and forward until it again rests in
the same position.

This property of a magnet is termed magnetic polarity, or directive
power.

The pole or extremity of the magnet that con-
Whatare  Stantly points toward the north is called
thenorth  the north pole, and the one that points
;’;{’Jﬁﬁ.‘ toward the south, the south pole, of the
magnet?  magnet. :

686. When two bodies possessing magnetic prop-
Whatis the erties are brought near or in contact with
general . each other, the like poles will repel, and

of magnetic

::*;‘;*;:“‘_' the unlike attract, each other.
sions ? Thus, the north or the south poles of
two magnets repel each other; but the north pole

of the one will attract the south pole of the other.

This fact proves that the two poles of a magnet are not identical
in their properties, as might be inferred from the experiment described
in § 684. :

687. Magnetism may be excited most readily in
Io what sub. irOD and steel. . In steel the. magnetic
stances may - property, when induced, remains perma-
magnetism . .
be mosteasi- Nent; but soft iron loses its power as soon
Iy excited? 55 it is removed from the influence of the
exciting magnet. Nickel, cobalt, chromium, and
manganese, may also be rendered magnetic.

Recent investigations have shown that the influence of magnetism,

which was once supposed to be wholly restricted to iron and its com-
pounds, is almost as pervading and wide-extended as that of electricity.
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The emerald, the ruby, and other precious stones, the oxygen of the
air, glass, chalk, bone, wood, and many other substances, are more or
less susceptible to magnetic influence. This influence in these sub-
stances, however, is perceptible only by the nicest tests, and under
peculiar circumstances!

688. The magnetic power of an iron or steel mag-
net appears to reside wholly upon the sur- wnere does
face, and to circulate about it. e mngnetic

To render a bar of steel magnetic, the body reside?
north pole of a magnet is placed on the center of a
bar of steel, and repeatedly drawn over it How may
toward one extremity; the other half is 5,
subjected to a similar treatment with the magaetic?
south pole of the magnet: the bar is thus rendered
magnetic, and only loses this property when strongly
heated.

A bar of soft iron becomes magnetic by simple
contact with a magnet, but the effect is .
not permanent. iron mag-

It is not necessary that absolute contact netized?
should take place between a bar of soft iron and a
magnet, in order to render the iron mag- May iron be
netic ; but whenever a magnet is brought faceeue by
near to a piece of iron in any shape, the induction?
latter is rendered magnetic by the influence of the
former. To this phenomenon the name of énduction
has been given ; and the distance through which this
effect can take place is called the magnetic atmos-

phere.
Thus, let a bar of soft iron, B, Fig. 296, be brought near to a mag-

net, A. By induction the bar will be rendered magnetic, the end of
the bar toward the south (—) pole of the magnet constituting its
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north (+4) pole, and the other end its south pole. This bar in turn
may induce magnetism in a second bar, C, and C may act in like man-
ner upon D; but in each successive case the attraction diminishes in
force. On removing the magnet, A, the bars will lose their magnetism.

A B C D
AR aEmy- +AEEEY- + SEEE-
Fi1G. 296.

In all cases, where either pole of a magnet is brought near to or in
contact with bodies capable of acquiring magnetism, the part which is
nearest to the pole of the magnet acquires a polarity opposite, while
the remote extremity becomes a pole of the same kind: hence the
attraction of a magnet for iron is simply the attraction of one pole of
a magnet for the opposite pole of another.

How may The general effect of magnetization by induction may

the phenom. D€ clearly exhibited by bringing a powerful magnet near

ena of mag- to a piece of soft iron, as a large key, when it will be

petic induc-  found that the large key will support several smaller

tion be . . .

exhibited?  OneS; but as soon as the body inducing the magnetic
action is removed, they all drop off.

689. Magnetism may be also induced in a bar of
Can the iron, by the action of the earth.
carthinduce ~ Most iron bars and rails, as the vertical
magoetism? 4 ors of windows, that have stood for a
considerable time in a perpendicular position, will be
found to be magnetic. The magnetism of the native
iron ore has probably been produced by the same
cause.

If we suspend a bar of soft iron sufficiently long in the air, it will
Wh gradually become magnetic; and although when it is
at are A . o
illustrations first suspended it points indifferently in any direction, it
of magnet-  will at last point north and south.
:";:;:de‘:‘:g? If a bar of iron, such as a kitchen poker, which has
been found to be devoid of magnetism, is placed with
one end on the ground, slightly inclined toward the north, and then
struck one smart blow with a hammer upon the upper end, it will
acquire polarity, and exhibit the attractive and repellent properties of

a magnet.
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690. Artificial magnets of iron or steel may be of any required
form, or of almost any dimensions. In what form

When a piece of iron not magnetic is brought in con- are artificial
tact with a common magnet, it will be attracted by either magnets
pole; but the most powerfuill attraction takes/place when constructed ?
both poles can be applied to the surface of the piece of iron at once.
The magnetic bars are for this purpose bent somewhat
into the shape of the letter U, and are termed horse-
shoe magnets (Fig. 297).

Several of these are frequently joined together with
their similar poles in contact: they then constitute a |\ |
compound magnet, and are very powerful, either for '
lifting weights or charging other magnets.

For the purpose of distinguishing between the two
poles of an artificial magnet, the end of the bar which
is designated as the north pole is generally marked with
a - or with the letter N.

691. Magnetic attraction can be made to exert its
influence through air, glass, paper, and p ., .

solid and liquid substances generally, neticattrac
tion extend

which are not capable of acquiring mag- through
P . . otherbodies?
netic influence in the ordinary manner.

If a horse-shoe magnet be placed underneath a sheet of paper
which has iron-filings sprinkled over
its surface, the filings, upon the ap-
proach of the magnet, will arrange
themselves in great regularity in lines
diverging from the poles of the mag-
net, in curves, and extending from the
one pole to the other, as is repre-
sented in Fig. 2g8. The numerous
fragments of iron, being rendered
Fic. 298, magnets by induction, have their un-
like poles fronting each other, and
they therefore attract one another, and adhere in the direction of their
polarities, forming what are termed magnetic curves.
If a plate of iron is caused to intervene between the magnet and

RSN
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the under surface of the paper, the magnetic influence is almost entirely
cut off.
692. Heat weakens the power of a magnet.

On heating’ 2’ magnet, the-intensity ‘of ' its attraction decreases as
What effect the temperature increases. At temperatures above

does heat 100° (Fahrenheit’s scale), a part of the power of a
have on a magnet is permanently destroyed, while at a red heat
magnet ?

the magnetism disappears altogether.

693. Magnets, if left to themselves, gradually, and
Doartificisl 1IN @ space of time varying with the hard-
gnre.  ness of the metal composing them, lose
properties?  their magnetic properties.

This is prevented by keeping their poles united by
Whatisan Mmeans of a soft iron bar called an arma-
srmature?  tyre, represented at A, Fig. 297.

* This, becoming magnetic by induction, re-acts upon
the magnetism in the poles of the magnetic bar, and
tends to increase rather than diminish their intensity.

The lifting or sustaining power of magnets varies
Whatis the very materially. The most powerful that
Poea  Wwe are acquainted with are capable of sus-
magnets?  taining twenty-six times their own weight.

The law of magnetic attraction and repulsion is
Howdoes the same as that of gravitation; that is,
et these forces increase in the same propor-
:;‘;‘;:3;‘ tion as the square of the distance from the
sionvary? center of attraction or repulsion dimin-
ishes. '

694. A piece of iron undergoes attraction at all points, whilst in a
magnet the attractive property is unequally distributed. This consti-
tutes the difference between magnets and magnetic bodies.

695. The various phenomena of magnetism have been accounted
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for by supposing that all bodies susceptible of magnetism are per-
vaded by two subtile imponderable fluids, one called

the austral, or southern, magnetism, and the other the 3;'3'3;:5,;"
boreal, or northern, magnetism. Each of these, like are magnetic
positive and negatiye electricities, repels its own kind, Phenomena
and attracts the opposite kind.' “These fluids surround ?:: :""md
the molecules of a body, and cannot be separated from

them.

When a body pervaded by the fluid is in its natural state, and not
magnetic, the two fluids are in combination, and neutralize each other.
When a body is magnetic, the fluid which pervades it is decomposed,
the austral fluid being directed to one extremity of the molecules of a
body, and the boreal to the other.

That the fluids pervade all parts of the body, is
shown by the fact that if we break a isye preax

magnet across the middle, each fragmént ao artificial
magnet,

becomes converted into a perfect magnet, whatoceurs?
possessing two poles and a neutral line.

Fig. 299 shows the theoretical position of the fluids in the particles
of a magnetized body ; the dark
portions representing the austral
magnetism, and the light por-
tions the boreal magnetism. On
breaking the bar, each of the fractured ends will exhibit a polar state,
and each part becomes a perfect magnet.

If we divide up a magnet to the extreme degree of mechanical fine-
ness possible, each particle, however small, will be a perfect magnet.*

606. That the magnetization of a body pertains to the molecules of
a body is shown by the fact that, on suddenly magnetizing a bar of
soft iron by means of the electric current, a sound is emitted, which is
undoubtedly caused by the movement of the molecules of the bar.
The bar will also lengthen when magnetized.

Iron and steel are easily rendered magnetic, because the fluids
which pervade them can be easily decomposed by the action of other
magnets. In iron, the separation of the two kinds of magnetism may

FiG. 299.

* It is d that the molecules of a body, in arranging themselves in crystals,

obey their magnetic forces.
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be easily, but only transitorily, effected. The magnet, therefore,
attracts it powerfully, converting it, however, into only a temporary
magnet. In steel, the two kinds of magnetism are not so easily sep-
arated, hence the latter is but slightly attracted by the most powerful
magnets. When once effected, however, the separation is permanent,
and the steel becomes a perfect magnet.

As, according to this theory, the act of rendering a body magnetic
consists simply in decomposing a fluid pervading it, we can easily
understand how, by means of one artificial magnet, an infinite number
of other magnets may be made, without the former losing any of its
magnetic properties.

697. The magnetic needle (Fig. 300) is simply a
What is bar of steel, which is a magnet, balanced
magnetic ~ upon a pivot in such a way that it can
needle . . N .

turn freely in a horizontal direction.

Such a needle, when properly balanced, will be observed to vibrate
more or less, until it settles in such a direc-
tion that one of its extremities, or poles,
points toward the north, and the other toward
the south. If the position of the needle be
altered or reversed, it will always turn and
vibrate again until its poles have attained the
same direction as before.

It is this remarkable property of a magnet-
ized steel bar, of always assuming a definite
direction, that renders the compass of such value to the mariner, the
engineer, and the traveler.

Fi1G. 300.

The ordinary compass consists of a magnetic nee-
whatisa dle or bar balanced upon a pivot, and
compass?  inclosed within a shallow box, or metallic
case. Upon the bottom of the box is a circular card
with the chief or cardinal points of the horizon,
north, south, east, west, marked upon it.

Fig. 301 represents the form and construction of the ordinary, or
land, compass. The term compass is derived from the card, which
compasses, or involves as it were, the whole plane of the horizon.
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In the sea, or mariner’s, compass, the needle is attached to the under
side of the card, in such a way that both traverse to- .

. . . v What is the
gether, —the needle itself being out of sight. Upon congtruction
the surface of the card is engraved a radiating diagram, of the sea,
dividing the wholé/\¢ircle |of the horizon!into thirty-two OF mariner's,

. . compass ?
parts, called points. The compass-box is supported by
means of two concentric hoops, called giméals. These are so placed

FiG. 3o1.

as to cross each other, and support the box immediately in the center
of the two; so that, whichever way the vessel may roll or lurch, the
card is always in a horizontal position, and is certain to point the true
direction of the head of

the ship. Fig. 302 repre-

sents the construction and

mounting of the sea-com-

pass.

608. If a simple |
bar of What is a
unmag- dipping-
netized needle?
steel, or an ordinary
needle, be suspend-
ed from a center,
instead of being balanced upon a pivot beneath it,

it will hang horizontally, and manifest no inclina-

F1G. 302.
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tion to dip from a horizontal line, either on one
side or the other of the center of suspension. But
if the bar or needle be made a magnet, it will no
longer lie ‘in/Va/ horizontal 'diréction, but one pole
will incline downward and the other upward; the
inclination in this latitude to the horizon being
about 70°.

Such an arrangement is called a dipping-needle.

Fig. 303 represents the construction and appearance of the dipping-
needle.

699. Although the magnetic needle is said to point
Doesthe  DOrth and south,
magnetic  accurate observa-
néedle point R
duenorth  tions have shown
sndsouth? that it does not
point exactly north and south
except in a few restricted po-
sitions upon the earth’s sur-
face.

700. The direction assumed
What is the by a h,orlzon.tal
magnetic  needle in any given
meridian ?

place upon the
earth’s surface is called the
magnetic meridian.

A terrestrial meridian, it will be remembered, is a great circle, sup-
What is the Posed to be drawn around the earth, passing through
terrestrial  both poles and any given place upon its surface, and
_meridian? intersecting the equator at right angles. (See § 66, Fig.
7, p- 35.) The direction of a needle which would point due north and
south at any place will be the true or terrestrial meridian of that
place.
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The deviation of the needle from the true north
and south, or the angle formed by the ... e

magnetic meridian and the terrestrial variation, or
the declina-

meridian, is'called ' the “variation, or decli- tion, of the
nation, of the needle. needle?
There are two lines upon the earth’s surface, along

which the needle does not vary, but points What are

. theli
to the true north and south. These lines 5o vari.

are called the eastern and western lines ation?
of no variation, and are exceedingly irregular and
changeable.

Their position is as follows: The western line of no variation
begins in latitude 60°, to the west of Hudson’s Bay, passes in a south
direction through the American lakes, to the West Indies and the
extreme eastern point of South America. The eastern line of no vari-
ation begins on the north in the White Sea, makes a great semicircular
sweep easterly, until it reaches the latitude of 71°; it then passes
along the Sea of Japan, and goes westward across China and Hindos-
tan to Bombay; it then bends east, touches Australia, and goes south.

In proceeding in either direction, east or west from the lines of no
variation, the declination of the needle gradually increases, and becomes
a maximum at a certain intermediate point between them. On the
west of the eastern line the declination is west; on the east it is east.

In Boston, in the United States, the declination of the needle is
about 53° west; in England it is about 24° west; in Greenland, 50°
west; at St. Petersburg, 6° west.

701. As the directive property of the magnetic needle is observed
everywhere in all parts of the world, on all seas, on the .
loftiest summits of mountains, and in the deepest mines. How is the

y P > directive
it is evident that there must be a magnetic force which power of
acts at all points of the earth’s surface, since magnetic the needle

. . accounted

needles can no more take up a direction of themselves ¢ >
than a body can acquire motion of itself. To explain
these phenomena, the earth itself is considered to be a great magnet,
and the points toward which the magnetic needle constantly turns are
called the magnetic poles of the earth. These poles, by reason of
their attractive influence, give to the needle its directive power.
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The two poles of the great terrestrial magnet, which are situated in
Where are  'h€ vicinity of the poles of the earth’s axis, are termed
the magnetic Tespectively the magnetic north pole and the magnetic
poles situ-  south pole. These contrary poles attract each other,
ated? aid\thus .al magnetic. meedle/will turn its south pole to
the north, and its north pole to the south. Hence, what we generally
call the north pole of a needle is in reality its south pole, and its south
pole is its north pole.

The exact position of the northern magnetic pole is about 19°
from the north pole of the earth, in the direction of Hudson’s Bay.
It was visited by Sir J. Ross in 1832, in his voyage of Arctic discovery.
The south magnetic pole is situated in the Antarctic Continent, and
has been approached within 170 miles.

The position assumed by the dipping-needle varies in different lati-

tudes. If it were carried directly to the north magnetic
How does .
the position  POI®, its south pole would be attracted downward, and
of the dip-  the needle would stand perfectly upright. At the south
3:’::’;“‘"’ magnetic pole, its position would be exactly reversed.*
: If the dipping-needle be taken to any point on an irregu-
lar line which passes round the earth in the tropics, near the true
equator, it will remain perfectly horizontal, or cease to dip at all.
This irregular line is called the magnetic equator of the earth (Fig.
304). As we go north or south, however, it dips more and more, until
at the magnetic poles, as before stated, it becomes perpendicular,
the end which was uppermost at the north being the lowest at the
south.t

* Like the declination and dip, the intensity of the earth’s magnetism varies very
much in different parts of the earth; at the magnetic equator being the most feeble,
and gradually i ing as we approach the poles. The intensity of terrestrial mag-
netism in different places may be measured by the number of vibrations made by a
magnetic needle in a given time.

t As the directive tendency of the horizontal needle arises from its poles being
attracted by those of the earth, it is evident from the rotundity of the earth that its
poles will not be attracted by those of the earth hori lly, but d d, so that
the needle can not tend to be horizontal, except when it is acted upon by both poles
equally; that is, when midway between them. When nearer the north magnetic pole
than the south, its north end must be attracted downward, and the contrary when it is
nearest the south pole. Accordingly, a needle which was accurately balanced on its
support before being magnetized, will no longer balance itself when magnetized ; but
in this country its north pole will appear to dip, or appear to be the heavier end.
This circumstance has to be corrected in ships’ compasses by a small sliding weight
attached to the southern half, which weight has to be removed on approaching the
equator, and shifted to the other side of the needle when in the northern hemisphere.
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Fig. 304 represents the position assumed by the magnetic needle in
various latitudes. The magnetic equator of the earth is not stationary,
but changes its position gradually during long intervals of time.

702. Besideé/theé variation‘from'the true north and
south, the mag- whatis the
netic needle is diurnelved-
subject to a peedle?
diurnal variation. This
movement, or variation,
commences about seven
in the morning, when the
north end of the needle
begins to deviate toward
the west; it reaches its
maximum deviation about
two o’clock in the afternoon, when it begins to return
slowly to its original position.

Fic. 304.

The magnetic needle is subject also to an annual movement, and a
movement different in the winter months from that noticed in the sum-
mer months.

The daily, monthly, and yearly variations of the
needle are supposed to be occasioned by Whatisthe
.« . . y  supposed
variations in the temperature of the earth’s cause of the

: ;. periodical
surface,' (.1ependmg upon the changes in %2R0t
the position and action of the sun. the needle?

Observations made for a great number of years seem to show that
the entire magnetic condition of the earth is subject to a periodical
change, but neither the cause nor the laws of this change are as yet
understood.

For most practical operations, as in navigation and
surveying, the deviation of the magnetic needle from
the true north and south is carefully taken into
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account, and a rule of corrections applied. A knowl-
edge of the amount of variation, east or west, for
different localities upon the earth’s surface, may be
obtained from''tables'‘accurately arranged for this
purpose.

The variation of the magnetic needle from the true north and south
is said to have been first noticed by Columbus in his first voyage of
discovery. It was also observed by his sailors, who were alarmed at
the fact, and urged it as a reason why he should turn back.

The compass is claimed to have been discovered

by the Chinese: it was, however, known

When was | . . .

the compass in Europe, and used in the Mediterranear,

discovered? in the thirteenth century. The compasses

of that time were merely pieces of loadstone fixed to
a cork, which floated on the surface of water.

703. The resemblance between magnetism and electricity is very
striking, and there are good reasons for believing that both are but
modifications of one force. Both are supposed to consist of two fluids,
which repel their own kind, and attract the opposite. The fluid in
both cases is supposed to reside upon the surface of bodies; the laws
of induction in both are the same; and each can be made to excite or
develop the other. The essential difference is that there is no mag-
netic discharge: that is, in the case of electricity there is a manifesta-
tion of the passage of the agency from one body to another, and a
new distribution of the electric forces occurs; but in the case of mag-
netism there is no such manifestation, nor does an inducing magnet
lose any of its original power.




CHAPTER XV.
ELECTRICITY.

704. Electricity is one of those subtile agents,
without weight or form, that appear to be wpaeis
diffused through all nature, existing in all etectricity?
substances without affecting their volume (size) or
their temperature, or giving any indication of its
presence when in a latent or ordinary state. When,
however, it is liberated from this repose, it is capable
of producing the most sudden and destructive effects,
or of exerting powerful influences by a quiet and
long-continued action.

705. Electricity may be excited, or called into
activity, by mechanical action, by chemical How may
action, by heat, and by magnetic influ- fectiety,
ence.

706. The most ordinary and the easiest How is elec-
way of exciting electricity is by mechanical :'.‘:i.',’ most
action — by friction. excited?

If we rub a glass rod, or a piece of sealing-wax, or How does
resin, or amber, with a dry woolen or silk substance, these ¢lectricity
subsfance's will it.nmediately af:quire the pr?perty of at- :;2::?‘ ;y“_
tracting light bodies, such as bits of paper, silk, gold-leaf, ifest itself?
balls of pith, &c.

This attractive force is so great, that, even at the
distance of more than a foot, light substances are
drawn toward the attracting body. The cause of

425
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this attraction is termed electricity, and the attract-
ing body is said to be electrified.

707. Thales, one of the seven wise men of  Greece, and who lived
in the sixth centary\béfore the (Christian.éra) noticed and recorded the
fact that amber when rubbed would attract light bodies ; and the name
electricity, used to designate such phenomena, has been derived from
the Greek word #Aexrpuv, electron, signifying améber.

708. Every electrified body attracts every unelec-
What is trified body, and, in addition to this attrac-
electric ) tive force, manifests also a repulsive force.

1si .. .

TePulslORT  This is proved by the fact that light sub-
stances, after touching an electrified body, recede
from it just as actively
as they approached it
before contact. Such
action is ascribed to
a force called Electric
o Repulsion.

Thus, if we take a dry
glass rod, rub it well with
silk, and present it to a light
pith-ball, or feather, suspend-
ed from a support by a silk
thread, the ball or feather
will be attracted toward the
glass, as seen in- Fig. 30s.

. After it has adhered to it a
moment, it will fly off, or be
repelled. The ball will also
be attracted if sealing-wax

be rubbed with a dry flannel, and a like experiment made; but with

this remarkable difference, — that when the glass repels the ball, the
sealing-wax attracts it, and when the wax repels, the glass will attract.

-

F1G. 308

700. As the electricity developed by the friction
of glass and other like substances is essentially dif-
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ferent from that developed by the friction of resin,
wax, &c., it has been inferred that there istnere

. fad more than
are two kinds or states of electricity, — Torgtn

the one called’ vi¢reous, because ‘especially etectricity ?
developed on glass, and the other resinous, because
first noticed on resinous substances.

These terms are, however, improper, since there is no certain test
which will enable us to determine, previous to experiment, which of
two bodies submitted to friction will produce positive, and which nega-
tive electricity. Of all known substances, a cat’s fur is the most sus-
ceptible of positive, and sulphur of negative electricity. Smooth glass
becomes positively electrified when rubbed with silk or flannel, but
negatively electrified when excited by the back of a living cat. Seal-
ing-wax becomes positive when rubbed with the metals, but negative
by any thing else.* :

The electricity which corresponds to the “vitre-

” .

ous ” is now more p'roperly and generally o 0. 0o
called positive, and is represented by the 'Yotl:iil}f;of
. . . electric
sign 4 ; while that which corresponds to generally

. . . . ?
the “resinous” is called megative, and is "Pre*™*
represented by the sign —.

710. When a body holds its own natural When is a

. . . . . . ly non-
quantity of electricity undisturbed, it is electrified?
said to be non-electrified.

When an electrified body touches one Whenan

- . . . electrified
that 1s non-electrified, the electricity con- pody touches

3 H 3 3 one non-
tained in the former is transferred in part 7 %ec,
to the latter. what occurs?

* In the following list the substances are arranged in such an order that each
becomes positively electrified when rubbed with any of the bodies following, but nega- .
tively when rubbed with any of those which precede it.

1. Cat's fur. 5. Cotton. 9. Shellac. 13. Caoutchouc.
2. Flannel. 6. Silk. 10. Resin. 14. Gutta-percha.
3. Ivory. 7. The hand. 11. The metals. 15. Gun-cotton.
4. Glass, 8. Wood. 12. Sulphur.
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Thu,, on touching the end of a suspended silk thread with a piece
of excited wax or glass, electricity will pass from the wax or glass into
the silk, and render it electrified ; and the silk, said to be “charged,”
will exhibit the effects of the electricity imparted to it, by moving
toward any object’ that 'may (be (placed-near it.

711. Two theories, based upon these phenomena
of attraction and repulsion, have been formed to
account for the nature and origin of electricity; which
are known under the name of the “theory of the
single fluid,” and the “theory of two fluids.”

712. The theory of a single fluid, a theory pro-
What is the popnded by Dr.. Franklm,. supposes .the
theory of 8 existence of a single subtile fluid, with-

ui . . .
vogte out weight, equally distributed throughout
nature; every substance being so constituted as to
retain a certain quantity, which is,necessary to its
physical condition.

When a substance pervaded by this single fluid is in its natural
state or condition, it offers no evidence of the presence of electricity;
but when its natural condition is disturbed it appears electrified. The
difference between the electricity developed by glass and that by resin
is explained by this theory, by supposing electrical excitation to arise
from the difference in the relative quantities of this principle existing
in the body rubbed and the rubber, or in their powers of receiving and
retaining electricity. Thus one body becomes overcharged by having
abstracted this principle from the other.

713. The theory of two fluids, or the theory of Du

Whatis the T 3Y» supposes that all bodies, in thelr' nat-
theory of ural state, are pervaded by an exceedingly
t . . . .
woRHeT  subtile fluid, which is composed of two
constituents, or elements, viz., the positive and the
negative electricities. Each kind is supposed to
repel its own particles, but attract the particles of
the other kind.
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When these two fluids pervade a body in equal quantities, they
neutralize each other in virtue of their mutual attraction, and remain
in repose; but, when a body contains more of one than of the other, it
exhibits positive or negative electricity, as the case may be. This
theory is generally accepted by scientific-writers, éut only as a theory.

714. Electricity exists in, or may be excited in, all Wh n
bt?d'ies.. There are no exception§ to t.his rule; but elec- elec::i::l"dl-'e
tricity is developed in some bodies with great ease, and visions of all
in others with great difficulty. substances?

The fundamental law which governs the relation
of these two electricities to each other, whatisthe -

. . . .. general law
and which constitutes the basis of this g gectrical

department of physical science, may be sttraction

and repul-
expressed as follows: — sion ?
Like electricities repel each other, unlike electrici-

ties attract each other. .

Thus, if two substances are charged with positive electricity, they
repel each other; two substances charged with negative electricity
also repel each other; but if one is charged with positive, and the
other with negative electricity, they attract each other.

In no case can electricity of one kind be excit-
ed without setting free a corresponding Can one
" amount of electricity of the other kind : fesiswin
hence, when electricity is excited by fric- 2utsctting

N . ree the
tion, the rubber always exhibits the one, other?
and the electric, or body rubbed, the other.

715. Bodies differ greatly in the freedom with
which they allow electricity to pass OVEr wp..are
or through them. Those substances which conductors
facilitate its passage are called conductors ; ductors of

. lectricity ?
those that retard or almost prevent it are <"
called non-conductors.

No substance can entsrely prevent the passage of electricity, nor is
there any which does not oppose some resistance to its passage.
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It would appear that the molecular constitution of a body affects its
power of conducting electricity. Thus, ice is a poor conductor, but
water and steam are good conductors. Sulphur and glass in compact
masses are not, but when powdered they become good conductors.
Heat confers conductibility -onglass; sulphur, and gases.

Of all bodies the metals are the most perfect con-
What sub.  QUCtOTS of- elecftncxty; c‘halrcoal, the ear.th,
stances are  water, moist air, most liquids except oils,
good conduc-
tors of elec. and the human body, are also good con-
tricity 7 ductors of electricity.

Gum-shellac and gutta-percha are the most per-
What sub. fect.non-conduct-qrs of electrlc.lty,; sulﬁh.ur,
stancesare  gealing-wax, resin and all resinous bodies,
non-conduc- . . .
tors of elec-  glass, silk, feathers, hair, dry wool, dry air,
tricity ? and baked wood are also non-conductors.

Electricity always passes by preference over the
best conductors.

Thus, if a metallic chain or wire is held in the hand, one end touch-
ing the ground and the other brought into contact with an electrified
body, no part of the electricity will pass into the hand, the chain being
a better conductor than the flesh of the hand. But if, while one end
of the chain is in contact with the conductor, the other be separated
from the ground, then the electricity will pass into the hand, and will
be rendered sensible by a convulsive shock.

716. When a conductor of electricity is surrounded
When is on -all S{des by nop-conductmg substances,
a body i it is said to be zmsulated; and the non-
insulat . . .
pediate conducting substances which surround it
are called Znsulators.

When a conducting body is insulated, it retains
Whenisa  ypon its surface the electricity communi-

body said to

becharged  cated to it, and in this condition it is said
with elec-

tricity ? to be charged with electricity.
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A conductor of electricity can only remain electric as long as it is
insulated, that is, surrounded by perfect non-conductors. The air is
an insulator, since, if it were not so, electricity would be instantly
withdrawn by the atmosphere from electrified substances. Water
and steam are good/\conductors: consequently, when the atmosphere
i damp, the electricity will soon be lost, which in a dry condition of
the air would have adhered to an insulated conductor for a long
period of time.

Thus a globe of metal supported on a glass pillar, or suspended by
a silken cord, and charged with electricity, will retain the charge. If,
on the contrary, it were supported on a metallic pillar, or suspended
by a metallic wire, the electricity would immediately pass away over
the metallic surface, and escape.

In the experiments made with the pith-ball (§ 708, Fig. 305), the
silk thread by which it was suspended acts as an insulator, and the
electricity with which it becomes charged is not able to escape.

717. When electricity is communicated to a con-
ducting body, it resides merely upon the pges etec.

surface, and does not penetrate to any JHiqwyscce.

depth within. the surface,
or the inte-
Thus, if a solid globe of metal suspended by a silken rior, of

thread, or supported upon an insulated glass pillar, be Podi€s?
highly electrified, and two thin hollow caps of tin-foil or gilt paper,
furnished with insulating handles, as is repre-
sented in Fig. 306, be applied to it, and then
withdrawn, it will be found that the electricity
has been completely taken off the sphere by
means of the caps.

An insulated hollow ball, however thin its
substance, will contain a charge of electricity
equal to that of a solid ball of the same size, all the electricity in both
cases being distributed upon the surface alone.

Fi1G. 306.

718. By density of electricity is meant What is
the amount of electricity on a unit of sur- density of

fa ce electricity ?

In the case of a spherical body charged with electricity, the distri-
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bution, and hence the density, of the electricity, is equal all over the
surface; but when the body to which the electricity is

g?:of:l“ communicated is larger in one direction than the other,

of a body the electricity is chiefly found at its ends, and the quan-

influence its  tity, at \any| point| of -its, surface is proportional to its

electrical H

it distance from the center.

condition ? . .

The shape of a body also exercises great influence
in retaining electricity. It is more easily retained by a sphere than by
a spheroid or cylinder; but it readily escapes from a point, and a
pointed object also receives it with the greatest facility.

719. The earth is considered as the great general

What is reservoir of electricity.
the great .
reservoir of When, by means of a conducting substance, a com-

electricity?  munication is established between a body containing an
excess of electricity, and the earth, the body will immediately lose its
surplus quantity, which passes into the earth, and is lost by diffusion.

720. When a body charged with electricity of one
What is kind is brought into proximity with other
electrical bodies, it is able to induce or excite in
induction ? . . .

them, without coming in contact, an oppo-
site electrical condition. This phenomenon is called
electrical induction.

This effect arises from the general law of electrical attraction and
Explain the Tfepulsion. A body in its natural condition contains
phenomena equal quantities of positive and negative electricities ;
of induction. ,nq when this is the case the two neutralize each other,
and remain in a state of equilibrium. But when a body charged with
electricity is brought into proximity with a neutral body, disturbance
immediately ensues. The electrified body, by its attractive and repul-
sive influence, separates the two electricities of the neutral body,
repelling the one of the same kind as itself, and attracting the other,
which is unlike, or opposite.

Thus, if a body, A (Fig. 307), electrified positively, be brought near
a neutral body, as a cylinder, B, the positive electricity of the neutral
body will be repelled to the most remote part of its surface, but the
negative electricity will be attracted to the side which is nearest the
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disturbing body. Between these two regions a neutral line will sepa-
rate those points of the body over which the two opposite fluids are
respectively distributed. This does not arise from a transfer of any of
the electric fluid from A to B, for upon withdrawing the electrified
body, A, the cylinder'' B’ will)agdin become(neutral; but the electricity
in A decomposes by its proximity the combination of the two electrici-
ties in the cylinder, B, attracting the kind opposite to itself toward
the end nearest to it, and repelling the same kind to the farther end.

If a second neutral body, C, be brought into the vicinity of B while
acted upon by A, the electricities in C will be decomposed by induc-
tive action. On removing A, both B and C will become neutral.

T

FiG. 307.

According to Faraday, this action is due to the fact that the mole-
cules of the intervening air become alternately positively and nega-
tively electrified, and the influence is propagated by this means.

721. In the cylinder B, while under the influence of A, the repelled
electricity, which is + in this instance, is free electricity, How may
and the attracted (—) electricity is held in its place by g body be
the action of the electrified body, A. But if now the 4 charged by
end of the cylinder be connected for a moment with the rduction?
earth, the positive electricity will escape; and on removing A the
negative electricity will diffuse itself over the cylinder, which will now
be charged with negative electricity. So that a body may be charged
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with electricity, not only by friction and actual contact, but also by
induction.
722. These experiments explain why an electrified
surface attractscarneutral or unelectrified
Explain the . .
reason why body, such as a pith-ball. It is not that
an electrified olectricity causes attractions between ex-

surface
attractsa  cited and unexcited bodies, the same as

neutral or . . .
un;lectriﬁed between bodies oppositely excited; but
body. . . .

v that the pith-ball is first rendered opposite
by induction, and attracted in consequence of this
opposition. A pith-ball at a few inches distance
from an electrified surface is charged with elec-
tricity by induction, and, the kind being contrary
to that of the surface, attraction ensues; when
the two touch, they become of the same kind by
conduction.

A person may also receive an electric shock by induction. Thus,
if a person stand close to a large conductor strongly charged with
electricity, he will be sensible of a shock when this conductor is sud-
denly discharged. This shock is produced by the sudden recomposi-
tioh of the fluids in the body of the person, decomposed by the pre-
vious inductive action of the conductor.

723. An electrical machine is an apparatus by
. means of which electricity is developed
What is an ; ;
electrical  and accumulated in a convenient manner
machine? .
for the purposes of experiment.

Electrical machines are of two kinds, — the plaze
Describe the 2Nd ¢¥/inder machines. They derive their
twovarieties names from the shape of the glass em-
of electrical . . .
machinesin  ployed to yield the electricity.

common use.
The plate electrical machine, which is represented in

Fig. 308, consists of a large circular plate of glass, mounted upon a
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metallic axis, and supported upon pillars fixed to a secure base, so
that the plate can, by means of a handle, be turned with ease. The
plate passes between two sets of rubbers, F F, made of leather or silk,
and which may be made to press against the glass as tightly as desired.
The plate also passes\betweéntwo(Urshaped brass rods, furnished
with points, and con-

necting with the

cylinders C C, which

last are called prime

conductors.

On turning the
plate, the rubbers
become negatively,
and the glass posi-
tively, electrified.

The positive elec-

tricity of the glass

acts by induction on

the electricity in the

prime conductors,

repelling the posi-

tive and attracting

the negative, which

last, passing to the

glass from the brass —
points, makes the ' Fic. 308,

plate neutral. On

continuing the motion, the electricities of the plate are again decom-
posed by the rubbers. The rubbers are connected with the earth by
means of a chain, D, so that the negative electricity escapes as fast
as it is collected by the rubbers. The action of the machine ¢onsists
in extracting from the prime conductors their negative electricity, and
in leaving them charged with positive electricity.

The cylinder machine is constructed on the same principle (Fig.
309). C is the rubber which collects negative electricity; B is the
prime conductor furnished with points, P; and M is a glass cylinder,
which performs the same functions as the glass plate in the plate
machine. On working the machine, a series of sparks will pass be-
tween the ends of the rods D and E.

In order to avoid a loss of electricity, flaps of oiled silk are attached
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to the rubbers,* and brought into contact with the glass. They are
not, however, represented in the engravings. In the plate machine
they pass from a to F on both rubbers; and in the cylinder machine a
single flap passes from the lower side of the rubber over the cylinder,
to just above the 'brass/points.

FiG. 309.

The machine by which the most powerful results may be obtained
is known as the Holtz machine, represented in Fig. 310. Its action
depends wholly on induction.t

* The rubber of an electrical hi ists of a cushion stuffed with hair, and
covered with leather or some substance which readily generates electricity by friction.
The efficiency of the machine is greatly increased by covering the cushion with an
amalgam or mixture of mercury, tin, and zinc. The best position of the \|
is two parts, by weight, of zinc, one of tin, and six of mercury. The mercury is added
to the mixture of the zinc and tin when in a fluid state, and the whole is then shaken in
a wooden box until it is cold; it is then reduced to a powder, and mixed with a suffi-
cient quantity of lard to reduce it to the consistency of paste. A thin coating of this
paste is spread over the cushion.

t The Holtz machine consists of two glass plates, A and B, fixed upon an insulated
stand. The plate A, which i d by two apertures, which are
partly covered on the back by thick bands of paper, S and /', which have points pro-
jecting in the direction opposite to that in which the smaller glass plate, B, revolves.
These papers are called armatures. On the other side of B is a pair of brass rods,
with combs, P and P/, attached. These rods form the cond s of the hi

Suppose one of the paper strips, /7, to be charged with negative electricity by con-
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" To put the electrical machine in good order, every part must be
dry and clean, because dust or moisture would, by their conducting
power, diffuse
the electric fluid
as fast as accus
mulated.: As a
general rule, it
is highly essen-
tial that the
atmosphere
should be in a
dry state when
electrical exper-
iments are
made, asthe con-
ducting prop-
erty of moist
air prevents the
collection of
a sufficient
amount of elec-
tricity for the
production of FiG. 310,
striking effects.

"' 724. Various other arrangements have been devised for the pro-
duction and accumulation of electricity. High-pre%sure Can a steam-
steam escaping from a steam-boiler carries with it minute pgjter be
particles of water; and the friction of these against the usedasan
surface of the jet from which the steam issues produces ;::‘::.:::'?
electricity in great abundance.

tact with a plate of vulcanite: it will draw positive electricity from the opposite brass
conductor, P’, and cause this fluid to spread over the nearer side of the movable plate.
The plate then turning, this positively charged portion will come opposite the next
opening in the fixed plate; and the repulsive action of the positive charge just men-
tioned will cause other positive fluid to be repelled from the further side of the revolv-
ing plate, and enter the point projecting from the paper, /, at that part, so charging
this strip positively. This positively charged strip of paper will then act upon the
revolving disk exactly as the negatively charged one did before, but of course in the
opposite sense; i.e., it will attract negative electricity from the conductor, P, and ex-
cite negatively the outer side of the revolving plate as it passes this point, by which
means negative electricity will be carried to the next strip of paper, /.
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Discharging-rods are brass rods terminating with balls, or with
What are points, fixed to glass handles.
dischar- With these rods electricity may
ging-rods?  pe taken from a conductor with-
out [ allowingUthe Lelectrical charge to pass
through the body of the operator, because
the metal is a better conductor of electricity
than the body. Their construction is shown in
Fig. 311.

An instrument called the “universal dis-
charger,” used to convey strong charges of electricity through various
substances, is represented by Fig. 312. It consists of two glass stand-
ards, through the top of which
two metallic wires slide freely;
these wires are pointed at the
end, 4 but have balls screwed
upon them; the other ends are
furnished with rings. The balls
rest on a table of boxwood, into
which a slip of ivory or thick
glass is inlaid. Sometimes a press, g/, is substituted for the table,
between which any substance necessary to be pressed, during the
discharge, is held firm.

725. An Electrophorus is a simple apparatus, in
Whatisas  Which a small charge of electricity may be
electro- generated by induction ; and this, commu-
phorus ? . . .

nicated successively to an insulated con-
ductor, may produce a charge of
indefinite amount.

FiG. 311.

F1G. 312,

It consists of a circular cake of resin
Describe the  (Shel1ac), (Fig. 313), laid upon

action of a metallic plate; upon this
the elec- cake, the surface of which has
trophorus.

been negatively electrified by
rubbing it with dry silk or fur, is placed a
metallic cover, somewhat smaller in diame-
ter, and furnished with a glass insulating handle. The negative
electricity of the resin, by acting inductively upon the two electricities

FiG. 313.
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combined. in the cover, separates them,— the positive being attracted
to the under surface, and the negative repelled to the upper. On
touching the cover with the finger, all the negative electricity will
escape, and the positive electricity alone remains. If we now remove
the cover by its\insulating handle, the posi
tive electricity, which was before held at
the lower part of the cover by the induc-
tive action of the resin, will become free, and
may be imparted to any insulated conductor
adapted to receive it. The same process
may be repeated indefinitely, as the resinous cake loses none of its
electricity, but simply acts by induction, and thus an insulated con-
ductor may be charged to any extent. Fig. 314 shows the distribu-
tion of electricity in the electrophorus.

726. An Electroscope is an instrument employed
to indicate the presence of free electricity. whatisan
It usually consists of two light conduct- electroscope?
ing bodies freely suspended, which in their natural
state  hang whatis the
vertically construction
and In con- troscope?
tact. When electricity
is imparted to them,
they repel each other,
and the amount of their
divergence is propor-
. tioned to the quantity
of electricity diffused
on them.

The simplest form of the
electroscope, called the “ pith-
ball electroscope,” consists of two pith-balls suspended by silk threads.
When an excited body is presented, the balls will be first attracted, but,
immediately acquiring the same degree of electricity as the exciting
body, they repel each other. Fig. 315 represents a delicate electro-

Fi1G. 31s.

.
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scope; two slips of gold-leaf, # #, being substituted for the pith-balls.
If an excited substance, A, be brought near the cap of brass, the
leaves will instantly diverge. The best electroscopes are carefully
insulated, so that the electricity communicated to the balls or leaves
may not be too 'soon'/dissipated.

Electroscopes merely indicate the presence of an
electrically excited body: they do not measure the
quantity, either relatively or absolutely, of the elec-
tricity in action.

727. An Electrometer is an instrument for measur-
Whatisan IDE the quantity of elec-

electro- ici
oot tricity.

The most simple form of the
electrometer is represented in Fig. 316. It con-
sists of a semicircle of varnished paper, or
ivory, fixed upon a vertical rod. From the
center of the semicircle a light pith-ball is sus-
pended, and the number of degrees through
which the ball is attracted or repelled by any body brought in prox-
imity to it indicates in a degree the active quantity of electricity
present. No very accurate results, however, can be obtained with
this apparatus; and for accurate investigation instruments of more
ingenious and complicated construction are used.

Fi1G. 316.

The electrometer usually employed for measuring
with great accuracy small quantities of electricity is
that of Coulomb’s, usually called the Torsion Balance.

The construction of this instrument is as follows: A needle, orstick
Explain the of shellac, bearing upon one end a gilded pith-ball, is
construction suspended by a fiber of silk within a glass vessel: the
of thetor-  peedle being so balanced, that it is free to turn horizon-
sion balance. 411y around the point of suspension in every direction.
When the pith-ball is electrified by induction, the repellent force causes
the needle to turn round, and this produces a degree of torsion, or
twist, in the fiber which suspends it ; and the tendency of the fiber to
untwist, or return to its original position, measures the force which
turns the needle. Within the glass vessel, which is cylindrical, a
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graduated circle is placed, which measures the angle through which
the needle is deflected. In the cover of the vessel an aperture is
made through which the electrified body
may be introduced, whose force it is
desired to indicate!and. measure! by ‘the
apparatus. Fig. 317 represents the con-
struction and appearance of the torsion
balance.

By means of the torsion
balance, Coulomb .. im.
proved that the g:":;‘t:c‘zy
law of electrical hasbeen
attraction and re- f;:::f.?z,,
pulsion, as influy- baance?
enced by distance, is the same
as the law of gravitation ; that
is, the force varies inversely
as the square of the distance.

728. The Leyden-jar is a glass vessel used for the
purpose of accumulating electricity derived wnatis a

from electrically excited surfaces. Leyden-jar?

FiG. 317.

FiG. 318

The principle of the Leyden-jar may be best explained by describ-
ing what is called the “fulminating pane.” This consists of a glass
plate, Fig. 318, having a square leaf of tinfoil attached to each
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side. One of these sheets is connected by a strip of tinfoil to a
Explain the ring on the frame, so that connection with the ground
actionand  can be made by means of a chain. If the insulated

‘;}":::;ﬁ‘:_” side be brought into contact with the prime con-
minating ductor ?f an’ electrical’ ' machine, the plate will become
pane. charged.

The Leyden-jar is constructed upon the same principle as the
In what coated pane; and its discovery, accompanied with the

mannerwas first experience of the nervous commotion known as
:';:::‘"::‘;’e the electric shock, occurred in this way: In 1746, while
den-jar first Some scientific gentlemen at Leyden, in Holland, were
made amusing themselves with electrical experiments, it oc-
kaown? curred to one of them to charge a tumbler of water with
electricity, and learn by experiment whether it would affect the taste.
Accordingly, having fixed a metallic rod in the cork of a bottle filled
with water, he presented it to the electrical machine for the purpose
of electrifying the water, holding at the same time the bottle in his
hand by its external surface, without touching the metallic rod by
which the electricity was conducted to the water. The water, which
is a conductor, received and retained the electricity, since the glass, a
non-conductor, by which it was surrounded, prevented its escape.
The presence of free electricity in the water, however, induced an
opposite electricity on the outside of the glass; and when the operator
attempted to remove the rod out of the bottle, he brought the two
electricities into communication by means of his hand, and received,
for the first time, a severe electric shock. Nothing could exceed the
astonishment and consternation of the operator at this unexpected
sensation; and, in describing it in a letter immediately afterward to
the French philosopher Réaumur, he declared that for the whole king-
dom of France he would not repeat the experiment.

The experiment, however, was soon repeated in different parts
of Europe; and the apparatus by which it was produced received
a more convenient form, the water being replaced by some better
conducting substances, as metalfilings, for which tinfoil was after-
ward substituted.

The Leyden-jar, as usually constructed, consists
Descrive the Of a glass jar, Fig. 319, having a wide
of the Ley.. mouth, and coated, externally and inter-

den-jar. nally, to within two or three inches of the




ELECTRICITY. 443

mouth, with tinfoil. A wooden cover, well var-
nished, is fitted into the mouth of the jar, through
which a stout brass wire, furnished with a ball,
passes, having'a’chain'‘or'wire 'attached to its lower
end, so as to be in contact with the inside coat-
ing.

A Leyden-jar is charged by presenting the brass
ball at the end of the rod of the jartoa ,
prime conductor of an electrical machine Leyden-jar
. . . charged ?
in action, or to any other excited surface.

To charge a jar strongly, it is necessary that the out-
side coating should be directly or indirectly connected
with the ground.

When a spark of positive electricity enters the jar, it diffuses itself
over the inner surface by means of the conducting power of the tinfoil.
This electricity,
by induction, at-
tracts from the
ground on to
the outer sur-
face of the glass
a nearly equal
quantity of neg-
ative electricity.
By this means a
large quantity of
electricity may
be stored in the sides of the jar. The electricity resides wholly on
the surface of the glass. The power of a Leyden-jar will there-
fore depend upon its size, or extent of surface.

FiG. 319.

729. A Leyden-jar is discharged by effecting a
communication between the outer and
. How is the
inner surfaces by means of a good con- Leyden-jar
ductor, as the discharging-rod. Care must discharged?
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be taken to touch firs¢ the outer coating, otherwise a
smart shock will be felt.

730. A combination of Leyden-jars, so arranged
Whatisan ChAtVthey UmayUbe all' charged and dis-
;Ltectter:;:l charged together, constitutes an electrical

battery. This may be effected by forming

a connection between all the wires proceeding from
' ' the interi-

ors of the

jars, and

also con-

necting all

their exteri-

or coatings.

Such an ar-
rangement is
represented by
Fig. 320. The
discharge of
electricity from
such a combination is accompanied by a loud report; and when the
number of the jars is considerable, animals may be killed, metal wires
be melted, and other effects produced, analogous to those of lightning.

731. By means of an electrical machine and the Leyden-jar, many
What interesting and amusing electrical experiments may be
experiments performed.
illustrate the  The phenomenon of the repulsion of substances simi-
attractive . N
and repulsive larly electrified may be illustrated by means of a doll’s
forces of head covered with long hair. When this is attached to
electricity?  the prime conductor of an electrical machine, the hairs
stand erect, and give to the head a most exaggerated appearance of
fright (see Fig. 321). The same thing may be shown by placing a per-
son on a stool with glass legs, so that he be perfectly insulated, and
making him hold in his hand a brass rod, the other end of which
touches the prime conductor; then, on turning the machine, the hairs
of the head will diverge in all directions.

FiG. 320.
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If a small number of figures are cut out in paper, or carved out of
pith, and an excited glass tube be held a few inches above them on a
table, the figures will immediately com-
mence dancing up and down, assuming

FiG. 321.

4 Xariety of .droll posi-
tions. The experiment
can be shown better
by means of an elec-
trical machine than
with the excited tube,
by suspending horizon-
tally from the prime
conductor a metal disk
a few inches above a
flat metal surface con-
nected with the earth,
on which the figures

are placed. On working the machine, the figures
will dance in a most amusing manner, being alternately attracted and
repelled by each plate (see Fig. 322).

The electrical bells, Fig. 323, which are rung by electric attraction

and repulsion, are good illustrations of these forces.
Where three bells are employed, the two outer bells, A
and B, are suspended by chains, but the central one and
the two clappers hang from silken strings. The middle

bell is connected with the
earth by a chain or wire.
Upon working the machine
the outer bells become posi-
tively electrified, and the
middle one, which is insulated
from the prime conductor,
becomes negative by induc-
tion. The little clappers be-
tween them are alternately
attracted and repelled by the
outer and inner bells, produ-

4

Fi1G. 323.

FiG. 322.

What is the
experiment
of the elec-
trical bells ?

‘cing a constant ringing as long as the machine is in action.
It was by attaching a set of bells of this kind to his lightning-con-
ductor, that Dr. Franklin received notice, by their ringing, of the pas-

sage of a thunder-cloud over

his apparatus.
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732. When a current of electricity passes through

What effect 2 good conductor of sufficient size to carry

tnsiey upon  Off the whole quantity of electricity easily,

a conductor? the\ conduictor is)inotapparently affected
by its passage; but if the conductor is too small, or
too imperfect to transmit the electric fluid readily,
very striking effects are produced, the conductor
being not unfrequently shivered to pieces in an
instant.

The mechanical effects exerted by electricity in passing through
imperfect conductors may
What be illustrated by many
experiments A !
illustrate the Simple experiments. If we
mechanical  transmit a strong charge
:{:::c:’é p of electricity through wa-
ter, the liquid will be scat-
tered in every direction. A rod of wood
half an inch thick may be split by a
strong charge from a Leyden-jar, or bat-
tery, transmitted in the direction of its
fibers. If we place a piece of dry writ-
ing-paper upon the stand of a universal
discharger, and then transmit a charge
through it, the electricity, if sufficiently strong, will rupture the paper.
If we hold the flame of a candle to a metallic point projecting from
the prime conductor of an electrical machine in action, the current of
air caused by the issuing of a current of electricity from the point will
be sufficient to deflect the flame, and even blow it out (Fig. 324).

FiG. 324.

733. The passage of electricity from one substance
- to another is generally attended with an
ow does .
electricity  evolution of heat; and a current of elec-
evolve heat ? . . . .
tricity passing over an imperfect con-
ductor raises its temperature.

This heat is due to the resistance offered by the conducting sub-
stance to the passage of the electricity.
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If a small charge of electricity be passed through small metal wire
a few inches in length, its temperature will be sensibly elevated; if
the charge be increased, the wire may be made red-hot, and even
melted and vaporized.

The worst conductors' of [electricity suffermuch greater changes of
temperature by the same charge than the best conductors. The charge
of electricity which only elevates the temperature of one conductor
will sometimes render another red-hot, and will volatilize a third.

The heat developed in the passage of electricity
through combustible or explosive substances which
are imperfect conductors causes their combustion or
explosion.

If a charge of a Leyden-jar be passed through a wire into some
gunpowder, the powder will be scattered, but will not explode. If a
wet string be added to the wire,
the current will be retarded,
and the powder ignited.

Ether or alcohol may be also
fired by passing through it an
electric discharge. Let cold
water be poured into a wine-
glass, and let a thin stratum of
ether be carefully poured upon
it. The ether, being lighter,
will float on the water. By
means of a Leyden-jar a charge
may be passed through the ves-
sel, and the ether will be ignited
(Fig. 323)- FiG. 325.

If a person standing on an
insulated stool touches the prime conductor with one hand, and with
the other transmits a spark to the orifice of a gas-pipe from which a
current of gas is escaping, the gas will be ignited.

By the friction of the feet upon a dry woolen carpet, sufficient elec-
tricity may be often excited in the human body to transmit a spark to
a gas-burner, and thus ignite the gas.

If we bring a candle with a long snuff, that has just been extin-
guished, near to a prime conductor, so that the spark passes from the
conductor, through the smoke, to the candle, it may be relighted.
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734. Electricity in its motion over imperfect con-
. ductors, or from one conducting substance
s the elec- . .
tric fluid to another, is generally attended with an
luminous ? elngr .
exhibitionlefolight

The strongest electric charges that can be accumulated in a body
Must light will never afford the least appearance of light so long as
be regarded a state of electric equilibrium exists, and the electric
as a property fluids are at rest. Light, therefore, must not be regarded
of electricity? .5 a property of electricity, but as the result of a dis-
turbance occasioned by electricity.

The fur of a cat sparkles when rubbed with the hand in cold
Why does  Weather. The reason of this is, that the friction between
thefurof a the hand and fur produces an excitation of negative
cat sparkle ? electricity in the hand, and positive in the fur, and an
interchange of the two is accompanied with a spark, or appearance of
light.

When the finger, or a brass ball at the end of a rod, i$ presented
What is the  t© the prime
form of the conductor of
electric an electrical
spark? machine in
action, a spark is produced
by the passage of the fluid

" Fr. 326. from the conductor to the

finger or the metal. This

spark has an irregular zigzag form resembling more or less the appear-
ance of lightning, as shown in Fig. 326.

The length of the electric spark will vary with the

Uponwhat power of the machine. A very powerful

foveh ot Mmachine will so charge its prime conduc-

theelectric  tor, that sparks may be taken from it at
spark

depend ? the distance of thirty inches.

How does If the part of either of the electrically excited bodies

pooint inﬂu_‘ which is presented to the other has the form of a point,

ence the the electric fluid will escape, not in the form of a

appearance . : ver.

of the spark ? sPark, but as a brush or per?cxl of light, the diver:
ging rays of which have sometimes a length of two or
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three inches. Fig. 327 represents this appearance. The brush and
pencil of light are composed of a number of sparks. The light
seen at times on the spars of vessels, and known as St. ElImo’s fire,
is of this nature.

The rapidity 'of the -electric ‘light is marvelous;
and it has what is the
been ex- duration of

. the elec-
periment- tric spark?

ally shown that the
duration of the light
of the spark does
not exceed the one-
millionth part of a second.®

* The arrangement by which this fact was demonstrated by Mr. Wheatstone of
England may be described as follows: Considerable lengths of copper wire (about
half a mile being employed) are so arranged that three small breaks occur in its con-
tinuity, — one near the outer coating of a Leyden-jar, one near the connection with the
inner coating, and another exactly in the middle of the wire, —so that three sparks are
seen at every discharge, one at the break near the source of excitation, another in the
middle of its path, and the third close to the point of returning connection; these, by
bending the wire, are brought close together. Exactly opposite to this was placed a
metallic speculum, fixed on an axis, and made to revolve parallel to the line of the
three sparks. When a spark of light is viewed in a rapidly revolving mirror, a long
line is seen instead of a point. It will be obvious that three lines of light will be seen
in the revolving mirror every time a discharge takes place, and that, if the first or the
last differ in the smallest portion of time, these lines must begin at different points on
the speculum.

When the mirror revolved slowly, the position of the lines was uniform, thus
=== but when the velocity was d, they appeared thus ==
those produced by the sparks at either end of the wire being constantly coincident, but
the spark evolved at the break in the middle being sllghdy behmd the other two.
From this it appears that the disturbance cc ly at either end of
a circuit, and travels toward the middle. This has been adduced in proof of the two
electricities. It was thus determined that electricity moves through copper wire at a
rate beyond 288,000 miles in a second. It will be evident to any one considering the
subject, that the length of the line seen in the speculum depends on the duration of the
spark. When the mirror was made to revolve eight hundred times in a second,
the image of the spark, at ten feet distance, appeared to the eye of the observer to
make an arc of about half a degree, and from this its duration was calculated. —
Hunt. The rapidity of the electric light varies with the apparatus employed. Profes-
sor Rood, of Columbia College, with a jar having a surface of eleven square inches,
fourid that the duration of a spark was only forty-billionths of a second.

FiG. 327.
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735- When the continuity of a substance conducting electricity is
interrupted, a spark will be produced at every point where the course
of the conductor is broken. .

A great variety of beautiful experiments may be performed to illus-
trate, this principle. Thus, upon
a'-piece’'of ' glass may be placed
at a short distance from each
other any number of bits or
pieces of tinfoil, as is represented
by Fig. 328; when the metal at
either end is connected with the
prime conductor of an electrical machine, the sparks will pass from
one piece of tinfoil to the other, and form a stream of beautiful light.
By varying the position of the pieces of tinfoil, letters or any other
devices may be exhibited at the pleasure of the operator.

In a like manner, by fastening by means of lac-varnish a spiral line
of pieces of tinfoil upon
the interior of a tube, | “7 e ?'! ’
as is represented in Fig. Fic
329, a serpentine line of " 3%
fire may be made to pass from one end of the tube to the other.

736. The intensity of the electric light depends
Upon what both upon the density of the accumulated

does the electricity, and the density and nature of
the electric  the aérial medium through which the spark

light ?
ghtdepend? 1asses.

Thus, the electric light, in condensed air, is very bright; and in a
rarefied atmosphere it is faint and diffusive, like the light of the aurora-
borealis; in carbonic acid gas the light is white and intense; it is red
and faint in hydrogen, yellow in steam, and green in ether or alcohol.

If, by means of an air-pump, the air is exhausted from a long
How may  Cylindrical tube closed at each end with a metallic cap,
the auroral  and a current of electricity passed through it, an imita-
light be tion of the appearance of the aurora-borealis is pro-
imitated ? duced. When the exhaustion of the tube is nearly per-
fect, the whole length of the tube will exhibit a violet-red light. If a
small quantity of air be admitted, luminous flashes will be seen to
issue from points attached to the caps. As more and more air is
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admitted, the flashes of light which glide in a serpentine form down
the interior of the tube will become more thin and white, until at last
the electricity will cease to be diffused through the column of air, and
will appear as a glimmering light at the two
points. The apparatus. for' 'studying)/these A
effects is shown in Fig. 330. It consists of
a glass globe, furnished with a stop-cock, so
that it may be attached to an air-pump. It
is attached to a prime conductor of an elec-
trical machine by means of the ring B.
Sealed glass tubes containing vapors or
gas in a very rarefied state are known as
Geissler’s tubes. By passing an electric
spark through them, a variety of effects in
colors and brilliancy may be produced.

737. In the processes hith-
erto described, electri- what are

city has been developed e ageats
by friction. In nature in naturein

. exciting
the agents which are electricity?

undoubtedly the most active in
producing and exciting electricity
are the light and heat of the
sun’s rays. '

The change of form or state Fic. s30.
in bodies is also one of the most powerful methods
of exciting electricity.

Water, in passing into steam by artificial heat, or in evaporating by
the action of the sun or wind, generates large quantities of electricity.
The crystallization of solids from liquids, all changes of temperature,

the growth and decay of vegetables, are also instrumental in produ-
cing electrical phenomena.

Vital action, and all muscular move- Does vital
and muscu-

ments in man and animals, develop or taraction

produce electricity : it may also be shown faws -
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by direct experiment that a person can not even
contract the muscles of the arm without exciting
an electrical action.

Certain animals are gifted with the 'extraordinary power of produ-
cing at pleasure considerable quantities of electricity in their systems,
and of communicating it to other animals or substances. Among
these the electrical eel and the torpedo are most remarkable, the
former of which can send out a charge sufficient to knock down and
stun a man or a horse. The electricity generated by these animals
appears to be the same in character as that produced by the electrical
machine.

SECTION L

ATMOSPHERIC ELECTRICITY.

738. Electricity is always found in the air, and
Doesclec-  appears to increase in strength and quan-
iriclty exiet  tity with the altitude.
phere? It is sometimes different in the lower
regions from what it is in the upper, being positive
Whatkina iD one and negative in the other; but in
of electricity the ordinary state of the atmosphere its
is diffused R . ..
through the  electricity is invariably positive.
stmosphers?  When the sky is overcast, and the clouds
are moving in different directions, the atmosphere is
subject to great and sudden variations, rapidly chan-
ging from positive to negative, and back again in the
space of a few minutes.

The principal causes which are supposed to pro-
What issup- duce electricity in the atmosphere are,
Posed o evaporation from the earth’s surface,
clectricity  chemical changes which take place upon

in the atmos- , .
phere ? the earth’s surface, and the expansion,
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condensation, and variation of temperature, of the
atmosphere and of the moisture contained in it.

When a substance is burning, positive electricity escapes from it
into the atmosphere; /while)ithe) substance| itself becomes negatively
electrified. Thus the air becomes the receptacle of a vast amount of
positive electricity generated in this manner.

Lightning is accumulated electricity, generally dis-
charged from the clouds to the earth, but sometimes
from the earth to the clouds.

In the lower regions of the atmosphere lightning is white; but in
the higher and more rarefied regions it is pink. This fact is in
accordance with the experiment described in § 736.

739. The identity of lightning and electricity was
first established by Dr. Franklin, at Phila-

delphia, in 1752, established
. . . the identity
The manner in which this fact was demonstrated was of lightning

as follows: Having made a kite of a large silk handker- and elec-
chief stretched upon a frame, and placed upon it a tricity ?
pointed iron wire connected with the string, he raised it upon the
approach of a thunder-storm. A key was attached to pegeribe
the lower end of the hempen string holding the kite, and Franklin’s
to this one end of a silk ribbon was tied, the other end ¢xperiment.
being fastened to a post. The kite was now insulated, and the experi-
menter for a considerable time awaited the result with great solicitude.
Finally indications of electricity began to appear on the string; and, on
Franklin presenting his knuckle to the key, he received an electric spark.
The rain, beginning to descend, wet the string, increased its conducting
power, and vivid sparks in great abundance flashed from the key. Frank-
lin afterward charged Leyden-jars with lightning, and made other experi-
ments, similar to those usually performed with electrical machines.
The experiment, as thus performed, was one of great risk and
danger, since the whole amount of electricity contained 1. was
in the thunder-cloud was liable to pass from it, by means this experi-
of the string, to the earth, notwithstanding the use of ment one of
the silk insulator.® greatdanger?

* When the experiment was subsequently repeated in France, streams of electric
fire, nine and ten feet in length, and an inch in thic) darted ly with

P
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From whatever cause electricity is present in the air, the clouds
What is the appear to collect and retain it; and when two clouds
cause of charged with opposite electricities approach one another
lightaing?  , gischarge takes place. In this way the electricities
neutralize one another,/and an équilibrium is restored.

When a cloud highly charged with electricity is near

Under what

circum- to the earth, the surface of the earth, for a great extent,
stances may also become highly charged by induction; and when
does light- . L .

ning pass the tension of the electricity becomes sufficiently great,
from the or the two electric surfaces come sufficiently near, a flash

earth to the  of lightning not unfrequently passes from the earth to
clouds ? the clouds.

How many 740. Lightning has been divided into

kinds of 3 o vi i 1 1 i
lghtming  three kinds; viz,, zigzag or chain lightning,

arethere?  sheet-lightning, and ball-lightning.

The zigzag, or forked appearance of lightning, is believed to be
occasioned by the resistance of the air, which diverts the

Explain the . .
cause of the e€lectric current from a direct course. In a vacuum
diverse lightning passes in a straight line. The globular form
:}’lzi‘:“;::f: of lightning, sometimes observed, is not satisfactorily
8 accounted for. What is called sheet,” or “heat”
lightning, is sometimes the reflection in the atmosphere of lightning
very remote, or not distinctly visible ; but generally this phenomenon is
occasioned by the play. of silent flashes of electricity between the
clouds, the amount of electricity developed not being sufficient to pro-
duce any other effects than the mere flash of light. A flash of light-
ning is often several leagues in length, and lasts less than the one-

thousandth part of a second.

741. The usual explanation of thunder

What is the | .. .

causeof s, that it is due to a sudden displacement
thunder?  of the particles of air by the electrical
current. '

Lightning and thunder are always simultaneous; but, owing to the
difference in their rate of speed, the sound is usually heard some sec-

loud nports from the end of the stnng conﬁmng the lute During the sucoeedmz
year, Prof Rich ofS:. g, in
and having his app insulated, was i diately killed,

4 »
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onds Jater. If the lightning occurs at a distance of fourteen or fifteen
miles from the observer, no sound is heard.

The rolling of the thunder has been ascribed to the effect of echo,
but this undoubtedly is not the only cause. The rolling of thunder is
heard as perfectly/at/sea as upon' lard’; bat' there none of the causes
which are generally supposed to produce echo, as mountains, hills,
buildings, &c., are present.

742. A knowledge of the laws of electricity has enabled man to
protect himself from its destructive influences. Light- Wiea were
ning-rods, or conductors, were first introduced by Dr. lightning-
Franklin. He was induced to recommend their adop- conductors
tion as a means of protection to buildings, &c., from firstintro-
observing that electricity could be quietly and gradually duced?
withdrawn from an excited surface by means of a good conductor,
which was pointed at its extremity.

As ordinarily constructed, a lightning-conductor
consists of a metal rod fixed in the earth, whaisa
running up the whole height of a building, Ughtning-
and rising to a point above it.

It ought to extend so far below the surface of the ground as to
reach water, or earth that is permanently damp. It is, moreover, a
good plan to bury the end of the lightning-rod in powdered charcoal,
since this preserves in a measure the iron from rust, and facilitates the
passage of the electricity.

A lightning-conductor of sufficient size is believed

to protect a circle, the diameter of which what space

is four times the length of that part of the :{2:;,2}""

rod which rises above the building. Thus, Pprotect?
if the rod rises two feet above the house, it will pro-
tect the building for (at least) eight feet all round.

A lightning-conductor may be productive of harm in two ways: if
the rod be broken or disconnected, the electric fluid, Wh

. . . en may

being obstructed in its passage, may enter the building; a tightning-
and, if the rod be not large enough to conduct the whole rod be pro-

current to the earth, the lightning will fuse the metal, ld‘“’“"; of
and enter the building.
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A lightning-conductor protects a building, even when no visible
discharge takes place. For the electricity of the earth, opposite in
quality to that of the inducing cloud, flows from the point of the con-
ductor, and neutralizes the electricity of the cloud.

743. As regards\safetylin'd)thunder-storm, it is prudent, if out of

doors, to avoid trees and elevated objects of every kind,
What places . . . . s
are safe, which the lightning would be likely to strike in its pas-
and what sage to the earth. A stream of water, being a good
l“::‘&'::;-"_ conductor, should be avoided.
storm ? If, within doors, the middle of a carpeted room is

tolerably safe, provided there is no lamp hanging from
the ceiling. It is prudent to avoid the neighborhood of chimneys,
because lightning may enter the room by them, soot being a good con-
ductor. For the same reason, a person should remove as far as possi-
bie from metals, mirrors, and gilt articles. The safest position that can
be occupied is to lie upon a bed in the middle of a room; feathers and
hair being excellent non-conductors. In all cases, the position of
safety is that in which the body can not assist as a conductor to the
lightning. The position of surrounding bodies must therefore be
attended to, whether a person be insulated or not.

The apprehension and solicitude respecting lightning are propor-
tionate to the magnitude of the evils it produces, rather than the fre-
quency of its occurrence. The chances of an individual being killed
by lightning are infinitely less than those which he encounters in his
daily walks, in his occupation, or even during his sleep, from the
destruction of the house in which he lodges, by fire.

744. The mechanical power exerted by lightning

Whatare is enormous, and difficult to account for.

e remant It produces the same effects as the electric

lightaing?  hattery, but in a far greater degree.

It magnetizes iron, kills men and animals, inflames combustible
matter, and melts metals. After the passage of lightning, a peculiar
odor is perceived, due to the formation of ozome, a peculiar modifica-
tion of oxygen. The presence of this substance is often also noticed
when an electrical machine is worked.

745. The phenomenon of the aurora-borealis is
supposed to be due to the passage of electric cur-
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rents through the higher regions of the atmosphere;
the different colors manifested being pro- whatis the
duced by the passage of the electricity mmee
through air of \differentdensities! borealis ?
In the northern hemisphere the aurora always
appears in the north; but in the southern ., .~
hemisphere it appears in the south. It theaurora
seems to originate at or near the poles of “PP***’
the earth, and is consequently seen in its greatest

perfection within the Arctic and Antarctic Circles.

FiG. 331.

The aurora is not a local phenomenon, but is seen simultaneously
at places widely remote from each other, as in Europe and America.

The general height of the aurora is supposed to be between one and
two hundred miles above the surface of the earth; but it sometimes
appears within the region of the clouds.

Auroras occur more frequently in the winter than in the summer,
and are only seen at night. They affect in a peculiar manner the
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magnetic needle and the electric telegraph; and, as the disturbances
occasioned in these instruments are noticed by day as well as by night,
there can be no doubt of the occurrence of the aurora at all hours.
The intense light of the sun, however, renders the auroral light invisi-
ble during the day.

The accompanying figure (331) represents one of the most beautiful
of the auroral phenomena.




CHAPTER XVIL
GALVANISM.

746. ELEcTRICITY excited or produced by the

chemical action of two or more dissimilar
What is

substances upon each other is termed gaivanic
Galvanic or Voltaic Electricity; and the de- clectricity ¥
partment of physical science which treats of this
form of electrical disturbance is called Galvanism.
The most simple method of illustrating the pro-
duction of galvanic electricity is by placing what simpie
a piece of silver (as a coin) on the tongue, cxperiment

illustrates

and a piece of zinc underneath. So long the produc.
tion of
as the two metals are kept asunder, no gaivanic

effect will be noticed; but when their ends clectricity?
are brought together, a distinct thrill will pass
through the tongue, a metallic taste will diffuse itself,
and, if the eyes are closed, a sensation of light will
be evident at the same moment.

This result is owing to a chemical action which is developed the
moment the two metals touch each other. The saliva of the tongue
acts chemically upon, or oxidizes, a portion of the zinc, which excites
electricity ; for no chemical action ever takes place without producing
electricity. Upon bringing the ends of the two metals together, a
slight current passes from one to the other.

If a living fish, or a frog, having a small piece of tinfoil on its back,
be placed upon a piece of zinc, spasms of the muscles will be excited

459
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whenever a metallic communication is made between the zinc and the
tinfoil. .

The production of electricity by the chemical
Whenana  aCtiony of htwo metals; when brought in

how was contact, was first noticed by Galvani,
galvanic
electricity  professor of anatomy at Bologna, Italy,

discovered ? in 1 7 90'

FiG. 332.

His attention was directed to the subject in the following manner:
Having occasion to dissect several frogs, he hung up their hind-legs
on some copper hooks, until he might find it necessary to use them
for illustration. In this manner he happened to suspend a number of
the copper hooks on an iron balcony, when, to his great astonishment,
the limbs were thrown into violent convulsions. On investigating the
phenomenon, he found that the mere contact of dissimilar metals with
the moist surfaces of the muscles and nerves was all that was neces-
sary to produce the convulsions.

This singular action of electricity, first noticed by Galvani, may be
experimentally exhibited without difficulty. Fig. 332 represents the
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extremities of a frog, with the upper part dissected in such a way as to
exhibit the nerves of the legs, and a portion of the spinal marrow. If
we now take two thin pieces of copper and zinc, C, Z, and place one
under the nerves, and the other in contact with the muscles of the leg,
we shall find that/s0/lohg as the(two pieces of metal are separated, so
long will the limbs remain motionless; but, by making a connection,
instantly the whole lower extremities will be thrown into violent con-
vulsions, quivering and stretching themselves in a manner too singular
to describe. If the wire is kept closely in contact, these phenomena
are of momentary duration ; but are renewed every time the contact is
made and broken.

Galvani attributed these movements of the muscles to a kind of
nervous fluid pervading the animal system, similar to T

. i . o what
the electric fluid, which passed from the nerves to the g4iq Galvani
muscles, as soon as the two were brought in communica- attribute
tion with each other, by means of the metallic connec- these phe-
. . nomena ?
tion, in the same way as a discharge takes place between
the external and internal coatings of a Leyden-jar. He therefore
called the supposed fluid animal electricity.

The experiments of Galvani were repeated by Volta, an eminent
Italian philosopher, who found that no electrical or what was
nervous excitement took place unless a communication determined
between the muscles and the nerves was made by two by Volta? »
different metals, as copper and iron, or copper and zinc. He consid-
ered that electricity was produced by simple contact of the dissimilar
metals, positive electricity being evolved from the one, and negative
electricity from the other.

The true cause of electrical excitement occasioned
by the contact of dissimilar metals is NOW wypqt is the
fully ascertained to be chemical action; uecatse of
and recent researches have also proved developed

. . by contact
that no chemical action ever takes place of gifferent
without the development of free electricity. ™**?

The electricity produced by chemical action has
been termed galvanic or voltaic electricity, in honor
of Galvani and Volta, who first developed its phe-

nomena.
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The fundamental principle which forms the basis of the science of
galvanic electricity is as follows : —

Any two metals, or, more generally, any two differ-

What princi- ent, bodiesi which arerconductors of elec-
ple forms the . . .
basis of the  tricity, when placed in contact, develop

;f;';‘;:' electricity by chemical action; positive

electricity?  electricity flowing from the metal which is
acted upon most powerfully, and negative electricity
from the other.

In general, that metal which is acted upon most

Whatare  easily is termed the electro-positive metal,
electro-
positiveand Or element; and the other, the electro-

Sotwe  negative metal, or element.

elements ? The electrical force or power generated
in this way is called the electro-motive force.

747. Different bodies placed in contact manifest
different electro-motive forces, or develop different
quantities of electricity.

Bodies capable of developing electricity by contact may be arranged
How may in a series in such a manner that any one, placed in con-
bodies tact with another holding a lower place in the series,
:;gi.t?::e of  will receive the positive fluid, and the lower one the
dmﬂ,_‘ negative fluid; and, the more remote they stand from
motive each other in the order of the series, the more decidedly
forces be will the electricity be developed by their contact.
classified ? The most common substances used for exciting gal-
vanic electricity may be arranged in such a series as follows : zing, tin,
lead, iron, antimony, copper, silver, gold, platinum, and black-lead, or
graphite.

Thus zinc and lead, when brought in contact, will produce elec-
tricity ; but it will be much less active than that produced by the
union of zinc and iron, or the same metal and copper, and the last less
active than zinc and platinum, or zinc and graphite.

748. In the production of galvanic electricity for practical purposes,
it is necessary to have a combination of three different conductors,
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or elements, one of which must be solid and one fluid, while the third
may be either solid or fluid.

The process usually adopted is to place between two What is the
plates of different kinds of metal a liquid capable of practical
exciting some chemical/action{on dne of the plates, while :3:‘;:;“
it has no action, or a different action, upon the other. gatvanic
A communication is then formed between the two plates. electricity ?

When two metals capable of exciting electricity
are so arranged and connected that the . .-
positive and negative electricities can galvanic

circuit ?
meet and flow in opposite directions, they
are said to form a galvanic circuit, or circle.

A very simple and at the same time an active galvanic circuit may
be formed by an arrange- p. 0o
ment as represented in Fig. asimple
333 C and Z are thin galvanic

. battery.

plates of copper and zinc

immersed in a glass vessel containing a
very weak solution of sulphuric acid and
water. Metallic contact can be made
between the plates by wires which are
soldered to them. If now the wires are
connected, a galvanic circuit will be
formed ; positive electricity passing from
the zinc through the liquid, to the cop-
per, and from the copper along the conducting wires to the zinc, as
indicated by the arrows in the figure. A current of negative elec-
tricity at the same time traverses the circuit also, from the copper to
the zinc, in a direction precisely reversed.

Such an arrangement js called a simple galvanic battery.

FiG. 333.

749. The ends of the connecting wires, or the
terminal points of any other connecting what are
medium used, are called the poles of the thepolesof

a galvanic

battery. battery ?

Thus, when zinc and copper plates are used, the end of the wire
conveying positive electricity from the copper would be the positive
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pole, and the end of the wire conveying negative electricity from the
zinc plate would be the negative pole.

750. For convenience in certain experiments, the
whatisan €nds of| the)dopper (wires connecting the
electrode?  poles of the galvanic battery are frequently
terminated with thin strips of platinum, which are
called electrodes. The platinum slip connected with
the positive pole forms the positive electrode, and
that with the negative pole the negative electrode.

Platinum is used for the reason, that, in employing the battery for
effecting decompositions, it is frequently necessary to immerse the

ends of the connecting wires in corrosive liquids, and this metal gen-
erally is not affected by them.

Atwhat The manifestations of electricity will be
t . . .
Ei:c':,if i.' ® most apparent at that point of the circuit
:";‘e'g:;;; where. the two currents of positive and
manifested? negative electricity meet.

When the two wires connecting the metal plates of a battery are
Whenisa  Dbrought in contact, the galvanic circuit is said to be
circuit said  closed. No sign of electrical excitement is then visible ;
tobe closed? 1 5otion, nevertheless, continues.

751. When the wire from one end of a voltaic bat-
Howmay  tCTY IS connected vyxth t’he wire from the
voltaic opposite end, voltaic action instantly com-
action be in- . .
terruptedand mences ; and it as instantaneously ceases

? L
renewed?  when the connection is interrupted. The
rapidity with which the electric circuit may be com-
pleted and broken has no ascertained limit ; nor does
it appear to be controlled by resistance caused by
traversing miles of wire.

In the formation of a galvanic circuit by the employment of two
metals and a liquid, the chemical action which gives rise to the elec-
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tricity takes place through a decomposition of the liquid. It is there-
fore essential to the formation of an active galvanic Explai
circuit, that the liquid employed should be capable th:‘:;'::‘:;,
of being decomposed.. Water is most conveniently production of
applicable for thié/purpose.)  When pldtes-lof zinc and the galvanic
copper are immersed in water, the elements of the water, electriclty.
oxygen and hydrogen, are separated from each other, in consequence of
the greater attraction which the oxygen has for the zinc. The oxygen
therefore unites with the zinc, and by so doing produces an alteration
in the electrical condition of the metal. The zinc, communicating its
natural share of electricity to the liquid, becomes negatively electrified.
The copper, attracting the same electricity from the liquid, becomes
positively electrified; at the same time the hydrogen, which is the
other element of the water, is also attracted to the copper, and appears
in minute bubbles upon its surface. If the two metal plates be now
connected with metallic wires, positive electricity will flow from the
copper, and negative electricity from the zinc; and by the umion of
these two an electric current will be formed.*

With water alone, and two metals, the quantity of electricity excited
is very small; but, by the addition of a small quantity of some acid,
the excitement is greatly increased.

Although two metal plates are employed in the arrangement
described, only one of them is active in the excitement Wh

) . at is the
of electricity, the other plate serving merely as a COM- pecessity of
ductor to collect the force generated. A metal plate is two metals
generally used for this purpose, because metals conduct ::‘i“:“f:;v‘n“
electricity much better than other substances exposing

* The terms ““ electric fluid” and * electric current,” which are frequently employed
in describing electrical ph are calculated to mislead the student into the sup-
position that electricity is known to be a fluid, and that it flows in a rapid stream along
the wires. Such terms, it should be understood, are founded merely on an assumed
analogy of the electric force to fluid bodies. The nature of that force is unknown; and
whether its transmission be in the form of a current, or by vibrations, or by any other
means, is undetermined.

In a discussion which took place some years since at a meeting of the British Asso-
ciation for the Advancement of Science, respecting the nature of electricity, Professor

Faraday exp d his opinion as follows: * There was a ume when I thought I knew
something about the matter; but the longer I live, and the more carefully I study the
ject, the more inced T am of my total ignorance of the nature of electricity.”

¢ After such an avowal as this,” says Mr. Bakewell, *‘ from the most eminent elec-
trician of the age, it is almost useless to say that any terms which scem to deslgnate the
form of electricity are merely to be considered as convenient conventional expressions,”
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an equal surface to the fluids in which they are immersed; but other
conductors may be used, and when a proportionately larger surface is
exposed, to compensate for inferior conducting power, they answer as
well as, and in some instances better than, metal plates. Thus charcoal
is very often employed in/the'place (of | ¢copper ; and a very hard mate-
rial obtained from the interior of gas-retorts, called graphite, is consid-
ered one of the best conductors.

Two metals are not absolutely essential to the formation of a sim-
ple galvanic circuit. A current may be obtained from one metal and
two liquids, provided the liquids are such that a stronger chemical
action takes place on one side of the metal plate than on the other.

In some electric batteries, also, two metals and two dissimilar liquids
are employed.

752. The electricity developed by a simple galvan-
Howmay IC circuit, whether it be composed of two

gavanic  metals and a liquid, or any other combina-

increased?  tion, is exceedingly feeble. Its power can,
however, be increased to any extent by a repetition
of the simple combinations.

The first attempt to increase the power of a galvanic circuit by
increasing the number of the combinations was ma
Describe the , Voltag. He constructed a pile of zinc and cc:n d:
pile of Volta. °Y P C and coppe
plates, with a moistened cloth interposed between each.
He commenced with a zinc plate, upon which he placed a copper plate
of .the same size, and on that a circular piece of cloth previously
soaked in water slightly acidulated. On the cloth was laid another
plate of zinc, then copper, and again cloth; and so on in succession,
until a pile of fifty series of alternate metal plates and moistened cloths
was formed, the terminal plate of the series at one end being copper,
and at the other end zinc. A metallic wire attached to the highest
copper plate will constitute the positive pole, and another to the lowest
zinc plate the negative pole, of such a series.
Fig. 334 represents Volta's arrangement of metal plates and wet
cloths, with the metallic wires which constitute the poles.

Such combinations are denominated wvoltaic piles.
or wvoltaic batteries, and very often galvanic batteries.
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As two different metals and an interposing liquid are generally
employed for this purpose, it has been usual to call these combinations
pairs or elements ; so that the battery is said
to consist of so many pairs or elements, each
pair or element consisting'of two metals-and
a liquid.

Voltaic piles have been constructed entirely
of vegetable substances, without resorting to
the use of any metal, by placing disks of beet-
root and walnut-wood in contact. With such
a pile, and a leaf of grass as a conductor, con-
vulsions in the muscles of a dead frog are said
to have been produced. Other experiment-
alists have formed voltaic piles wholly of
animal substances. *

A perfectly dry voltaic pile, known from
its inventor as Zamboni's pile, may be formed
of disks cut from paper silvered or tinned on
one side, and coated on the other with finely
powdered -binoxide of manganese. If from
twelve hundred to eighteen hundred of these
be packed together in a glass tube, so that
their similar faces shall all look the same way,
and be pressed tightly together at each end
by metallic plates, it will be found that one
extremity of the pile is positive, and the other
negative. Such a series will last more than
twenty years ; but it requires as many as ten
thousand pairs to afford sparks visible in day-
light, and to charge the Leyden-jar.

753 The galvanic batteries in practical use at the present time
differ considerably in form and efficiency; but the principle of con-
struction in all is the same as that of the original voltaic pile.

A very effective arrangement, known as the trough battery, is rep-
resented in Fig. 335. This consists of a trough of wood, pescribe the
divided into water-tight cells or partitions, each cell trough-
being arranged to receive a pair of zinc and copper battery-
plates. The plates are attached to a bar of wood, and connected with
one another by metallic wires in such a way that every copper plate
is connected with the zinc plate of the next cell. The battery is ex-

F16. 334.
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cited by means of dilute sulphuric acid poured into the cells, and the
current of electricity is directed by wires soldered to the extreme
plates. When the battery is
not in use, the plates may be
raised from the trough by
means of the wooden bar.

The battery by which Sir
Humphry Davy effected his
splendid chemical discoveries
was of this form, and con-
sisted of two thousand double
plates of copper and zinc, each
plate having a surface of thir-
ty-two square inches.

754. The simplest form of
galvanic battery at present
used is that invented by Mr. Smee, and known as Smee’s battery

Describe (see Fig. 336). It consists of a plate of silver coated
Smee's with platinum, suspended between two plates of zinc,
battery. Z, Z, the surfaces of which last have been coated with

mercury, or amalgamated as it is called. The three are
attached to a wooden bar, which serves to support the
whole in a tumbler, G, partially filled with a weak solu-
tion of sulphuric acid and water. The wires, or poles
for directing the current of electricity, are connected
with the zinc and platinum plates by small screw-cups, S
and A.

A galvanic battery composed of elements with a single
What is the liquid, as the Smee battery, is not, how-
objection ever, uniform in its action. In all the va-
tosucha rious forms, the strength of the electric
battery ? current excited continually diminishes from
the moment the battery-action commences. This is chiefly owing to
the circumstance that the metallic plates soon become coated with the
products of the chemical decomposition, the result of the chemical
action whereby the electricity is developed. This difficulty is obviated
by placing the copper plate in a liquid upon which the liberated hydro-
gen can act chemically.

755 Daniell’s constant battery, constructed according to this prin-
ciple, and represented in Fig. 337, maintains an effective galvanic action
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longer than any other. It consists of a glass jar, V, filled with a satu-
rated solution of sulphate of copper, in which is im- pegcribe the

mersed a perforated copper cylinder, G.

cylinder is a porous vessel, P, of earthenware, which is

filled with dilute sulphuricjacid, in which
is placed a cylinder of amalgamated
zinc, Z. ‘

The chemical action, under such cir-
cumstances, is as follows : By the action
of the sulphuric acid on the zinc, hydro-
gen is liberated on the surface of the
copper plate, and meeting the sulphate
of copper solution reduces it, forming
sulphuric acid and metallic copper; the
latter of which is deposited on the
copper plate, while the former passes
through the porous cylinder, and re-
places the sulphuric acid used up by its
action on the zinc. The sulphate of
copper solution is kept saturated by

Within this Daniell's
battery.

FiG. 337.

crystals of the sulphate placed on the perforated shelf, C. By this
means the action of the battery is kept constant.
756. One of the most efficient batteries is that known as Grove's

FiG. 338.

battery,from ¢y ig the
its inventor, construction
and is the of Grove's
form gene- battery ?
rally used for telegraphing,
and for other purposes in
which powerful galvanic
action is required. It con-
sists of a plain glass tum-
bler, in which is placed a
cylinder of amalgamated
zinc, Z, Fig. 338, with an
opening on one side to al-
low a free circulation of
the liquid. Within this
cylinder is placed a porous

cup or cell of earthenware, V, in which is suspended a strip of platinum
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fastened to a cover, ¢, which rests on the porous cup. The porous
cup containing the platinum is filled with strong nitric acid, and the
outer vessel containing the zinc with weak sulphuric acid. Fig. 338
shows the form of the platinum strip.

FiG. 339.

757. In the Bunsen battery, the various parts of which are shown
Whatis the 1" Fig. 339, the platinum strip of Grove’s battery is
construction replaced by a cylinder of carbon.
of Bunsen's The chemical actions of Grove’s and Bunsen’s bat-
battery? teries are identical. The hydrogen liberated on the
platinum or carbon forms, with the nitric acid, water and hyponitrous

Fi6. 340.

gas. This gas is in part dissolved, and in part appears as nitrous
fumes, which are deleterious, thus rendering the use of these batteries
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objectionable. Fig. 340 shows a number of Bunsen elements arranged
so0 as to form a battery. The carbon of each vessel is connected with
the zinc of the vessel next to it.

758. The electricity evolved by a single galvanic
circle is great in quantity, but weak in ...

intensity.* distinctive
. sharacter of
These two qualities may be compared to heat of galvanic
different temperatures. A gallon of water at a temper- electricity ?
ature of 100° has a greater quantity of heat than a pint at 200°; but
the heat of the latter is more intense than that of the former.

ici . What is the
The electricity, on the contrary, pro- Whatlsth

duced by friction, or that of the electrical character of

machine, is small in quantity, but of high seeicy?

tension, or intensity.

759. Galvanic electricity, or the electricity devel-
o.ped by cheml.cal action, d.lffers fro.m fric- yow does
tional, or ordinary electricity, chiefly in galvanic
. . . T . differ from
its continuance of action. The electricity ordinary

. ?
developed by friction from a glass plate, ***"Y
or the cylinder of an electrical machine, exhibits
itself in sudden and intermittent shocks, accompanied
with a sort of explosion; whereas that which is gen-
erated by chemical action is a steady, flowing current.

Frictional electricity is capable of passing for a considerable dis-
tance throu.‘lgh or over a non-(so.nductmg or insulating sub- Iiustrats the
stance, which galvanic electricity can not do. Thus, the gjfferences
spark from a prime conductor will leap toward a con- between
ducting substance for some distance through the air, Z‘l‘:c:‘:i’;ﬂe-
which is a non-conductor; but if a current of galvanic ’

electricity is resisted by the slightest insulation, or the interposition of
some non-conducting substance, the action at once stops. Galvanic

# The following values express the electro-motive force of the four batteries: —

Smee’s element, 210, Grove's element, 829,
Daniell’s element, 470. Bunsen'’s element, 839,
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electricity will traverse a circuit of two thousand miles of wire, rather
than make a short circuit, by overleaping a space of resisting air not
exceeding one hundredth part of an inch. Frictional electricity, on
the other hand, will force a passage across a considerable interval, in
preference to taking,a long-circuit through-a conducting-wire; or at
least the greater portion of it will pass through the air, though some
part of the charge will always traverse the wire.

Frictional electricity is always on the surface of the electrified
body; but electricity as a current flows along all parts of the conduc-
tor alike. :

A proper and simple arrangement of a zinc plate and a little acid-
ulated water will produce as much electricity in three seconds of time
as a Leyden-jar battery charged with thirty turns of a large and pow-
erful plate electrical machine in perfect action. The shock received
by transmitting this quantity of galvanic electricity through the animal
system would be hardly perceptible ; but, received from a Leyden-jar,
would be highly dangerous, and perhaps fatal. A grain of water may
be decomposed and separated into its two elements, oxygen and hydro-
gen, by a very simple galvanic battery, in a very short time; but
eight hundred thousand such charges of a Leyden-jar battery, as above
referred to, would be required to supply electricity sufficient to accom-
plish the same result. Such a quantity of electricity sent forth from a
Leyden-jar would be equal to a very powerful flash of lightning.

760. The quantity of electricity excited in a gal-
Upon what  Vanic circuit is directly proportional to the
eyi*™  amount of chemical action that takes place
galvanic  __as between the zinc and the acid. By
electricity . .
depend ? increasing the amount of surface exposed
to chemical action, we therefore increase the quan-
tity of electricity evolved.

Hence gigantic plates have been constructed for the purpose of
obtaining an immense quantity.

761. The tension of the electricity evolved depends
Uponwhat  UPOD the number of plates, and is greatest
does inten-  when the voltaic pile is made up of a great
sity depend ?

number of small plates.
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762. The effects produced by the developed electricity of a large
galvanic battery are physiological, thermal, luminous, and chemical.

The effects of the galvanic battery upon the nerves
and muscles, of  the animal system are of whatare

the physio-
the same character as those produced by ;z.F¥
1 ici effects of
ordinary electricity. e
electricity ?

On grasping the two ends of the connecting-wires of
a battery of some force, with wet hands, a peculiar tremor will be felt
in the joints of the arm and hand, accompanied by a slight contortion
of the muscles, and increasing to a violent shock. This shock is
repeated every time a contact between the hand and the wire is broken
and renewed. The concussion of the nerves of the body is, therefore,
produced by the entrance and exit of the currents of electricity; for
they evidently must pass through the body the moment it forms the
connecting link between the two poles.

By a particular arrangement, the circuit may be closed or inter-
rupted at pleasure, and in such a manner that the current may be
made to pass alternately through the wires and the body; the latter
being thus exposed to a series of shocks which are considered particu-
larly adapted for the cure of diseases arising from the injury or
derangement of the nervous system. It is, moreover, a highly valua-
ble remedy in cases of suffocation, drowning, paralysis, &c.; and
numerous arrangements have been at various times proposed for the
construction of medico-galvanic machines.

The effect of galvanic electricity on bodies recently deprived of
life is very remarkable, and it was through an accidental observance
of its action upon a dead frog that galvanism was discovered. By
connecting the muscles and nerves of recently-killed animals with the
poles of a battery, many of the movements of life may be produced.
Some remarkable experiments of this character were made some years
since upon the body of a man recently executed for murder at Glas-
gow, in Scotland. The voltaic battery employed consisted of two hun-
dred and seventy pairs of plates, four inches square. On applying one
pole of the battery to the forehead, and the other to the heel, the mus-
cles are described to have moved with fearful activity, so that rage,
anguish, and despair, with horrid smiles, were exhibited upon the
countenance.

763. Galvanic electricity is a powerful agent in effecting chemical
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decompositions; and in its application to such purposes it is most
practically useful.

Heat is evolved whenever a galvanic current passes

When does  OVer/\a | conduicting) body ; the amount of
ey  Wwhich will depend on the quantity and

evolveheat? intensity of the electricity transmitted,
and upon the resistance which the body offers to the
passage of the current.

The metals differ greatly in their conducting power. Thus, if we
link together pieces of copper, iron, silver, and platinum wire, and
pass a galvanic current along them, they will be found to be unequally
heated, the platinum being the most, and the copper the least.

The easiest method of showing by experiment the heating power
of the galvanic current is to connect the poles of a bat-

H : . s s
‘hz::;i‘ tery by means of a fine platinum wire. If the wire is
effects of very long, it may become hot; shorten it to a certain
galvanic extent, and it will become red-hot; shorten it still more,

! ty b P .
fuf::::::;;‘ and it will become white-hot, and finally melt. If such

a wire is carried through a small quantity of salt water
on a watch-glass, the liquid will boil; if through alcohol, ether, or
phosphorus, they will be inflamed; if through gunpowder, it will be
exploded.

This. power has been applied to the purpose of firing blasts, or
What prac- mines of gunpowder, an operation which may be effected
tical .:p“_ with equal facility under water. The process is as fol-
cation has  lows: The wires from a sufficiently powerful battery are
been made  connected by a piece of fine platinum wire, which is
;‘o:,':: ? placed in a mass of gunpowder contained in a cavity

of a rock, or inclosed in a vessel beneath the surface of
water. The wire may be of any length; but the moment connection is
made with the battery the current passes, renders the platinum red-hot,
and explodes the powder.

The greatest artificial heat man has yet succeeded in producing has
How may been through the agency of the galvanic battery. All
the greatest the metals, including platinum, which can not be fused
artificial by any furnace-heat, are readily melted. Gold burns
:::;:: wap  Witha bluish light, silver with a bright green flame ; and

the combustion of the other metals is always accompa-
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nied with brilliant results. All the earthy minerals may be liquefied
by being placed between thé poles of a sufficiently large battery.
Sapphire, quartz, slate, and lime are readily melted ; and the diamond
itself fuses, boils, and becomes converted into coal.

764. The luminous effects of the galvanic battery

are no less remarkable than its heating How are

. the lumi
effects. A very small voltaic arrangement effects of the

is sufficient to produce a spark of light g::;_‘;“

every time the circuit is closed or opened. manifested?
If the two ends of wires proceeding from the opposite
poles of a battery are brought nearly together, a
bright spark will pass from one to the other; and
this takes place even under water, or in a vacuum.
The most splendid artificial light known is pro-
duced by fixing pieces of pointed charcoal g, .y

. . . oy e
to the wires connected with opposite poles the most

of a powerful galvanic battery, and bring- feial light
ing them within a short distance of each PP’
other. The space between the points is occupied by
an arch of flame that nearly equals in dazzling bright-
ness the rays of the sun.

This light, which is termed the electric light, differs from all other
forms of artificial light, inasmuch as it is independent of

s . s . How does
ordinary combustion. The light is equally strong and 4y erectric
brilliant in a vacuum, and in such gases as do not con- light differ
tain oxygen, where all other artificial lights would be from all

tinguished. It be produced under water, other artifi
extingui L may even be produced under water. cig)jights?
To excite the electricity, however, which occasions this
light, zinc or some other metal must be oxidized, or, what is the same
thing, burnt, the same as oil in our lamps, or coal in the gas-retorts,
for the production of other species of artificial light.

When the distance between the carbon-points becomes so great
that the electricities are unable to pass over the intervening space, and
combine with one another, no light is produced. Moreover, the car-
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bon connected with the positive pole of the battery is consumed twice
as rapidly as that connected with the rlegative pole. To remedy these

b g

FiG. 341.

defects, and to keep the points
at a fixed distance apart, a system
of ‘'wheels which is run by clock-
work has been devised. Fig. 341
represents the mechanism and or-
dinary arrangement of the electric-
lighting apparatus.

765. When a current of
Can galvanic Salvanic elec-
electricity  tricity is made
effect chemi-
cal decom- topassthrough
position? a2 compound
conducting substance, its
tendency is to decompose
and separate it into its
constituent parts. This
process of decomposition
by the voltaic battery is
called Electrolysis, and
the substance capable of
decomposition is known
as an Electrolyte.

Thus, water is composed of two
Howmay  Bases, oxygen and
water be hydrogen, united to-
decomposed? gether, When the
wires connecting the poles of a
galvanic battery are placed in
water, and a sufficiently strong
current made to pass through

them, the water is decomposed. Fig. 342 represents a form of appa-
ratus by which this experiment can be performed in a very satisfactory
manner. It consists of two tubes, O and H, supported vertically in
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a small reservoir of water, and two slips of platinum, g, p, which can
be connected with the poles of a voltaic battery, passing in at the open
end of the tubes. When communication is
effected between the platinum slips and a bat- ,,F
tery in action, gas 'rapidly’rises’in-each- tube, i
and collects in the upper part. In that tube o
which is in connection with the positive pole of
the battery, oxygen accumulates, and, in the
other, hydrogen. And it will be noticed that
the quantity of the latter is equal to twice the )
quantity of the former gas, since water contains
by volume twice as much hydrogen as it does
oxygen.

The explanation of this phenomenon may be briefly given as fol-
lows: All atoms of matter are regarded as originally .

. . et . .. What is the
charged with either positive or negative electricity. In gheory of the
the case of water, hydrogen is the electro-positive ele- decomposing
ment, and oxygen the electro-negative element. It has action of

. . . . galvanic
been already shown that bodies in opposite electrical ejectricity ?
states are attracted by each other. Hence, when the
poles of a galvanic battery are immersed in water, the negative pole
will attract the positive hydrogen, and the positive pole the negative
oxygen. If the attractive force of the two electricities generated by
the battery is greater than the attractive force which unites the two
elements, oxygen and hydrogen, together in the water, the compound
will be decomposed. Upon the same principle other compound sub-
stances may be decomposed, by employing a greater or less amount of
electricity. In this way Sir Humphry Davy made the discovery that
potash, soda, lime, and other bodies were not simple in their nature, as
had previously been supposed, but compounds of a metal with oxygen.

766. Recent experiments have shown that the electricity which
decomposes, and that which is evolved by the decompo-
o . . . What
sition of, a certain quantity of matter, are alike. Thus: g, aneiey of
water is composed of oxygen and hydrogen: now, if the electricity is
electrical power which holds a grain of water in combj- Decessary to
. . . decompose
nation, or which causes a grain of oxygen and hydrogen .1 otonce?
to unite in the right proportions to form water, could be
collected and thrown into a voltaic current, it would be exactly the
quantity required to produce the decomposition of a grain of water, or
the liberation of its elements, oxygen and hydrogen.

<

F1G. 342.
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767. Electro-metallurgy, or electrotyping, is the art
What s or process of depositing, from a metallic
electro- solution, through the agency of galvanic
metallurgy? - o]étricity, 'aCoating or film of metal upon
some other substance.*

The process is based on the fact, that when a gal-

vanic current is passed through a solution
Upon what
is the pro- of some metal, as of sulphate of copper
cess based (sulphuric acid and oxide of copper), de-
composition takes place; the metal is separated in
a metallic state, and attaches itself to the negative
pole, or to any substance that may be attached to the
negative pole ; while the oxygen or other substance,
before in combination with the metal, goes to, and is
deposited on, the positive pole.

In this way a medal, a wood-engraving, or a plaster cast, if attached
to the negative pole of a battery, and placed in a solution of copper
opposite to the positive pole, will be covered with a coating of copper;
if the solution contains gold or silver instead of copper, the substance
will be covered with a coating of gold or silver in the place of copper.

The thickness of the deposit, providing the supply
of the metallic solution be kept constant, will depend
on the length of time the object is exposed to the
influence of the battery.

In this way, a coating of gold thinner than the thinnest gold-leaf can
be laid on, or it may be made several inches or feet in thickness if
desired. . .

The usual arrangement for conducting the electrotype process is

represented by Fig. 343. It consists of a trough of wood, or an
earthen vessel, containing the solution the decomposition of which is

* The general name of el llurgy includes all the various p and

results which different inventors and manufacturers have designated as galvano-plastic,
electro-plastic, galvano-type, electro-typing, and electro-plating and gilding.
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desired, — for example, sulphate of copper. Two wires, one con-
nected with the positive and the other with the negative pole of a

FiG. 343.

battery, Q, are extended along the top of the trough, and supported on
rods of dry wood, B and D. A mold of the medal or other article to
be coated is taken in wax or plaster of Paris, and attached to the
negative wire, and a plate of metallic copper to the positive wire.
When both of these are immersed in the liquid, the action commences :
the sulphate of copper is decomposed, the copper being deposited on
the medal, and the liberated oxygen on the copper plate. As the
withdrawal of the metal from the solution goes on, the copper plate
attached to the positive pole undergoes corrosion by the sulphuric acid
which is liberated and attracted to it, and sulphate of copper is formed.
This, dissolving in the liquid, maintains it at a constant strength.
When the operator judges that the deposit on the medal is sufficiently
thick he removes it from the trough, and detaches the coating. The
deposit is prevented from adhering to the medal by rubbing its surface
in the first instance with oil or black-lead; and, if it is desired that
any part of the surface should be left uncoated, that portion is covered
with wax, or some other non-conductor.

In this way a most perfect copy of the medal is obtained.

The pages and engravings in the book before the reader are illus-
trations of the perfection and practical application of the electrotype
process. The engravings were first cut upon wood-blocks, and then,
with the ordinary type, formed into pages. Casts of the whole in
pure bees-wax were next made, and an electrotype coating of copper
deposited upon them; and from the copper plates so formed the book
was printed. The great advantage of this is, that the copper, being
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harder than the ordinary type-metal, is more durable, and resists the
wear of printing from its surface for a longer period.

The improvement effected by electro-metallurgy in engraving is

very great. When a copper plate is engraved, and
g:::,::;p:he impressions| printed off fromit, only the first few, called
process “ proof impressions,” possess the fineness of the engrav-
:g':::‘i’n , er's delineation. The plate rapidly wears, and becomes
€ €"  deteriorated. But by the electrotype process the origi-
nal plate can at once be multiplied into a great many plates as good
as itself, and an unlimited number of the finest impressions pro-
cured. .

In this way the map plates of the Coast Survey of the United
States, some of which require the labor of the engraver for years, and
cost thousands of dollars, are reproduced, — the original plate being
never printed from.

One of the simplest illustrations of metallic deposit by electro-
chemical action is afforded by the following experiment: Put a piece
of silver in a glass containing a solution of sulphate of copper, and
into the same glass insert a piece of zinc. No change will take place
in either metal so long as they are kept apart; but as soon as they
touch, the copper will be deposited upon the silver, and if it be
allowed to remain, the part immersed will be completely covered with
copper, which will adhere so firmly that mere rubbing alone will not
remove it.

768. When two metals which are positive and
Howdoes Negative in their electrical relations to

theunionof each other are brought in contact, a gal-
two metals

affect their  vanic action takes place which promotes
durability? chemical change in the positive metal, but
opposes it in the negative metal.

Thus, when sheets of zinc and copper immersed in dilute acid
What are touch each other, the zinc oxidizes or rusts more, and
illustrations the copper less, rapidly, than without contact. Iron nails,
of this if used in fastening copper sheathing to vessels, rust
principle? 11, ch quicker than when in other situations not in con-
tact with the copper. The reason is, that the contact of the two
metals excites galvanic action, which causes the iron to rust speedily,
but protects the copper.



GALVANISM. 481

What is called galvanized iron is iron covered
entirely, or in part, with a coating of zinc. What is
The galvanic action between the two oxi- galvanized
dizes the zin¢/\But. proteéts theCiton from
rust.

Copper, when immersed in sea-water, rapidly wastes by the chemi-
cal action of the oxygen dissolved in sea-water; but if gow dia
it be brought in contact with zinc, or some metal that is Davy at-
more electro-positive than itself, the zinc will undergo a ‘tcmPpt to

. . . protect the
rapid change, and the copper will be preserved. Sir gheathing of
Humphry Davy attempted to apply this principle to the ships from
protection of the copper sheathing of ships, by placing corrosion?
at intervals over the copper small strips of zinc. The experiment was
tried, and a piece of zinc as large as a pea was found adequate to pre-
serve forty or fifty square inches of copper; and this wherever it was
placed, whether at the top, bottom, or middle of the sheet, or under
whatever form it was used. The value of the application was, how-
ever, neutralized by a consequence which had not been foreseen. The
protected copper bottom rapidly acquired a coating of sea-weeds and
shell-fish, whose friction on the water became a serious resistance to
the motion of the vessel; and it was discovered that the bitter, poison-
ous taste. of the copper surface when corroded acted in preventing
the adhesion of living objects. The principle, however, has been
applied with success to protect the iron pans used in evaporating sea-
water.




CHAPTER XVIL
THERMO-ELECTRICITY.

769. Ir two dissimilar metallic bars be soldered
What is together, and heated at the point of junc-
thermo- tion, an electric current will circulate
clectriclty?  through them, and may be carried off by
connection with any good conductor. Electricity
thus generated or developed is called Thermo-Elec-
tricity, inasmuch as heat is, under the conditions
named, transformed into electricity.

Thus, if two bars, one of German silver and the other of brass, as
represented in Fig. 344 (the dark one being the

e brass), be heated at their junction, an electric cur-
rent will flow in the direction of the arrows from
the German silver to the brass.

FiG. . .
Sa Different degrees of temperature, also, in the

same metal, will occasion an electric current to flow from the colder
to the warmer portions.

The properties of thermo-electricity are the same
as those of ordinary electricity.

The metals best adapted for showing its effects
are German silver, bismuth, brass, iron, and anti-
mony.

Thermo-electric batteries of considerable power may be constructed

by combining together alternate plates of German silver and brass, or
482
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bismuth and antimony, thick cards of pasteboard being so placed be-
tween the plates that a contact of the metals is prevented
. How are
except at the ends. Such a battery, represented by Fig. thermo-
345, may be made to develop electricity by heating one electric
end of the bundle/ \or\pilé|of plates (Theelectro-motive Datteries
. s constructed ?
force generated by a thermo-electric battery is small.
By binding together two bars of bismuth and antimony, an electric
current can be proved to circulate with the slight-
est variation of temperature.
A series of slender bars of these two metals,
arranged as a thermo-electric battery, is far more
sensitive to heat than the most delicate thermom-
eter; so that the heat radiated from the hand J
brought near to one end of the battery is sufficient —
to excite an appreciable amount of electricity.
Fig. 346 represents the construction of such a battery, which is
known as a thermo-electric pile. Tt
consists of thirty-six delicate bars of
bismuth and antimony, alternately con-
nected at their extremities and packed
in a case, the ends of which are re-
moved in the figure to show the bars.
The area of such a battery is not quite
one-half an inch. A represents a coni-
cal reflector, used to concentrate rays of heat in experimenting.
It has also been found that when hot water mixes with cold water,
electricity is produced; the hot liquor being positive, and the cold
negative.

F1G. 345.

F1G. 346.




CHAPTER XVIIL
ELECTRO-MAGNETISM.

770. MaGNETISM developed through the agency
What is of electrical or chemical action is termed

enesm? Electro-Magnetism.

Among the earliest phenomena observed which indicated a con-
nection between magnetism and electricity, it was noticed that ships’
compasses have their directive power impaired by lightning, and that
sewing-needles are rendered magnetic by electric discharges passed
through them.

In 1820 a discovery was made by Professor Oersted of Denmark,
What effect Which established beyond a doubt the connection of
isproduced electricity and magnetism. He ascertained that a mag-

when ;‘ netic needle, brought near to a wire through which an
:':g,?e i: electric current was circulating, was compelled to change

brought near its natural direction, and that the new direction it as-
:ﬂ“;‘:::;' sumed was determined by its position in relation to the
& wire, and to the direction of the current transmitted
along the wire.
Further experiments developed the following law: —

Electric currents exert a magnetic - influence at

In what right angles with the direction of their
Seeenic" % flow ; and, when they act upon a magnetic

ey needle, they tend to cause the needle to
influence?  assume a position at right angles to the

direction of the current.

Thus, suppose an electric current to pass on the wire S N, Fig. 347,

484
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in the direction of the arrow; suppose a magnetic needle, a &, to be
placed directiy under the wire and parallel to it. By the action of the
electric current flowing in the
direction S N, the needle is
caused to move from'its north
and south position, and turn
round; and, if the current is
sufficiently strong, it will place
itself at right angles with the
wire, as is represented in the
figure.

If the current, however, had
passed in the same direction
below the needle, instead of
above it as in the first instance,
the deflection of the needle would have taken place as before, but in
an opposite direction, the pole a standing where the pole & did pre-
viously, and & also in the place of a. Thus the influence of the cur-
rent, just as magnetic force, extends to the space around it.

In like manner, if the needle be placed by the side of the wire, a
like effect will be produced; on one side it dips down, and on the
other it rises up; and, in whatever other position the needle may be
placed, it will always tend to set itself at right angles to the current.
If the wire be bent in the form of a rectangle,
as is represented in Fig. 348, so as to carry the
current around the needle, above and below it
in opposite directions, the opposite currents,
instead of neutralizing, will assist each other,
and the needle will move in accordance with
the first direction of the current.

If the wire, instead of making a single turn,
is bent many times around the needle, the
magnetic force excited by the current of elec-
tricity traversing the wire will be greatly in-
creased, the increase being, within certain limits, proportional to the
number of turns of the wire.

771. It is on this principle that an instrument called the Ga/vanom-
eter, for measuring the quantity of an electric current, gy piqin the
is constructed. construction

It consists of a coil of wire, Fig. 349, containing from ©f the galva-
thirty to thirty thousand convolutions, the separate coils nometer?

FIG. 347.
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being insulated by winding the wire with silk thread. The thread s
supports two needles, one placed above a graduated scale, the other
within the coil. They are connected so as to move together, and have
their poles in opposite directions.; By this arrangement, known as the
astatic system, the influence of the earth’s magnetism, which tends to
hold the needle in its original position, is almost entirely removed, and
the force of the transmitted current is rendered more effective.

_FIG. 349.

By means of the galvanometer, the most feeble traces of electricity
can be detected; and electric currents which would fail to influence
the most sensitive gold-leaf electrometer can be made to affect per-
ceptibly the magnetic needle. Galvanometers are sometimes called
electro-multipliers.

772. Electricity, unlike all other motive forces m

In what nature, exerts its magnetic force Iaterally
erioe® all other forces exerted between two points

t exert . o . .
its magneie  aCt in the direction of a straight line con-

foree? necting their points, but the electric cur-
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rent exerts its magnetic influence at righc angles to
‘the direction of its course.

When a magnetic pole is influenced by an electric
current, it does not move either directly toward or
directly from the conducting wire, but it tends to
revolve about it.

By the application of these facts, it has been discovered that rota-
tory movements can be produced by magnets around conducting wires,
and, conversely, that conducting wires can be made to rotate around
magnets.

The rotation of the pole of a magnet around a fixed conducting
wire may be shown by a piece of apparatus represented by Fig. 350.
A small magnet, N, is fixed to the lower part of a vessel, V,
by means of a silk thread; the vessel is filled with mercury
nearly to the top of the magnet; C is a conducting wire
dipping into the mercury, and Z is another conductor com-
municating with the mercury at the bottom of the vessel.
Now, when the electric current is established by connect-
ing the extremities of the wires C and Z with the opposite
poles of the battery, the pole N of the magnet revolves
round the conducting wire C. If the current is descending,
that is, if C be connected with the positive pole of the bat-
tery, and if N be a north pole, its motion round the wire will be direct,
that is, in the direction of the hands of a watch; and so on, zice versa.

On similar principles, various kinds of reciprocating and rotatory
movements may be produced.

773. If a piece of soft iron, entirely wanting in
magnetism, be placed within a coil of wire 1a what
through which an electric current is circu- op ejectric
current be
made to
E excite mag-
@ netism ?

FiG. 3s1.

lating, it will be rendered intensely magnetic so long
as the current continues ; but the moment the current
ceases, the iron loses its magnetism. (Fig. 351.)
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What is Magnets formed in this way, through
anelectro- the agency of the electric current, are
magnet ?

called e/ectro-magnets, and are more power-
ful than any others,

The coil, or spiral line of wire, used for exciting
What is magnetism in the iron by conducting a
ahelix?  current of electricity about it, is called
a helix, or solenoid.

It is usually made of copper wire, coated with some non-conducting
substance, such as silk wound round it. The coils of the wire are
generally repeated one over the other, until the size of the helix is
sufficient; since the magnetic action of an electric current upon a bar
of iron increases to a certain extent with the number of revolutions it
performs about it.

It is necessary for the induction of magnetism in
iron bars by electricity, that the current should flow
at right angles to the axis of the bars.

If the bar be stéel, some part of the magnetism
thus induced will be permanent; and the

What deter- X X A )

minesthe  direction in which the current moves round
poles of an . . . . .
electro- the helix determines which of its extremi-
magaet ?

ties shall constitute its north, and which
its south pole.

When the current circulates in the direction of the hands of a
watch, the north pole of the bar will be at the farthest end of the
helix.

A rod of soft iron when magnetized by a strong current will give a
sound, but only at the moment the current is closed or opened. It is
attributed to the movement of the molecules in the body of the iron.

A bar of iron, though not changed in bulk, lengthens when miag-
netized by a current of electricity. This is also attributed to a mo-
lecular movement.

If a bar of soft iron, bent in the form of a horse-shoe magnet, be
wound with insulated wire, as is represented in Fig. 352, and a cur-
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rent of electricity transmitted through it, it becomes a most powerful
magnet.

Electro-magnets of this character have been formed capable of
supporting more than a ton
weight. The magnetic power
thus developed is' wholly' de-
pendent upon the existence of
the current, and the moment
it'ceases the weights fall away
by the action of gravity.

A rod of iron brought near
to one of the extremities of a
longitudinal helix is not only
attracted, but lifted up into
the center of the coil, where
it remains suspended without
contact or visible support, so
long as the current continues :
in action. If the battery and 1
helix be of sufficient size, a
considerable weight may be
suspended. In some experi-
ments at the Smithsonian In-
stitution at Washington, a few
years since, a bar of iron
weighing eighty pounds wasg
raised and suspended in the £
air without being in contact Fic. 352,
with any body.

774. Many attempts have been made to take ad-

vantage of the enormous force generated Has el:::tro-
and destroyed in an instant, by making or foree been

H : : applied to
breaking an electric current, for propelling JPF°C0 |

machinery ; but thus far all efforts have g:of::l';n?r
failed to produce any very practical results. machinery?

Fig. 353 shows a machine of this kind. Fixed on an iron frame X,
are four electro-magnets, A B C D, between which revolve two iron
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wheels with eight soft-iron armatures, M, on their circamferences. On
passing an electric current into the magnets by means of the wire, E,
the armatures are successively attracted by the magnets, and revolve
as a system. When a bar reaches the poles of the magnet which
attracts it, the current\is interrupted; the magnet becomes inactive, and

FiG. 353.

the bar is carried on by its acquired momentum, to be attracted by the
next magnet. In this way the bars are never pulled back. The power
thus generated may be applied to run a machine, but is too expensive
to be generally used, being estimateéd to cost sixty times more than
a steam-engine of the same power.
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775. The construction of the Morse magnetic tele-
graph depends upon the principle that a upon what

. . . . th
current of electricity, circulating about a gocsthe .

bar of soft iron, temperarily, renders it of the Morse
telegraph

a magnet. depend?

The construction and method of operating the Morse telegraph
may be clearly understood by reference to Fig. 354. Two pieces of
soft iron sur- .
rounded by
coils of wire
are connected
with wires pro-
ceeding from a
galvanic bat-
teryy When
acurrentis |
transmitted °
from a battery FIG. 354
located one,
two, or three hundred miles distant, as the case may be, it passes
along the wires, and through the coils surrounding the pieces of
soft iron, thereby converting them into magnets. Above these pieces
of soft iron is a metallic bar or lever, 7, supported in its center,
and having at one end an armature of iron, and at the other a
small steel point, x. A ribbon of paper, @ 4, is drawn slowly and
steadily off by a train of clock-work moved by the action of a weight.
This clock-work gives motion to two metal rollers, between which the
ribbon of paper passes, and which, turning in opposite directions,
draw the paper from the cylinder. The roller z has a groove around
its circumference (not represented in the engraving), above which the
paper passes. The steel point x of the lever is also directly opposite
this groove. The spring » prevents the point from resting upon the
paper when the telegraph is not in operation.

The manner in which intelligence is communicated by these arrange-
ments is as follows: The pieces of soft iron, being rendered magnetic
by the passage of a current of electricity transmitted from the battery
through the coils of wire surrounding them, attract the metal arm =
of the lever. The end of the lever at m being depressed, the steel
point x at the other extremity is elevated, and caused to press against
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the paper ribbon and indent it. When the current from the battery is
broken or interrupted, the pieces of soft iron, being no longer mag-
netic, cease to attract the arm m. The lever is therefore drawn back
to its former position by the action of the spring », and the steel point
x ceases to indent, the paper By letting-the current flow round the
magnet for a longer or shorter time, a dot or a line is made; and the
telegraphic alphabet consists of a series of such marks.*

The electric current is so weakened in traveling through a consid-
What is erable length of wire, as to be insufficient in strength to

FiG. 355.

the “relay” print the dispatch which it transmits. It is therefore
instrument? ;ecessary to introduce a new current which may be reg-
ulated by the primary current, and be employed solely to furnish the

* The following table exhibits the signs employed to represent letters in the Morse

system of telegraphing: —
aALPHABET. : _—: = NUMERALS.
b— - p----- Tt
c-- - g--—" 2T
d— r- - 3=
e~ $--= g-m
S-—- — .
&——- u--— $-oo
b v---— 7 ‘
i-- we-——— 8§ — - m -
j—-—- Fo——- S
E—-— y-- -- A
— g-=-= =
" — — & - ---

Experienced operators are often able to understand the message merely from the

sounds, or clicks, of the lever.
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power to print the characters. This is accomplished by means of what
is called a “ re/ay "’ instrument, shown in Fig. 355. In this, the current
from the transmitting battery enters at L, passes into the electro-mag-
nets E, and passes off by means of the ground-wire T. Through the
action of this current the armature A is attracted, and the lever p
presses against the button 'z, thus allowinga new current from a local
battery to enter at ¢, pass through the lever g, and, by means of the
wire s, enter the electro-magnet of the indicator, and so furnish an
additional amount of force sufficient to work the lever m », Fig. 354,
independent of the main current.

Formerly two wires were required in telegraphing; one conveyed
the current from the battery to the electro-magnet at a H

. ey s ow many
distance, through which it passed, and then returned by yires are
another wire back to the battery. At present but one necessary for
wire is generally used. It was found that the earth ::;’"‘i“‘;’?‘e
itself might be made to perform the function of the grap
returning wire. To effect this, all that is necessary is that one short
wire from the battery at one end of a line, and from the electro-magnet
at the other end, should be sunk into the moist earth, and there con-
nected with a mass of conducting metal, from which the electricity
passes to complete the closed circuit.

For interrupting the current, and regulating the system of dots and
lines, an instrument
called the signal-key
or break- piece, Fig.
356, is employed. The operator, by
pressing down the knob x, brings the
two platinum wires, at / into contact,
closing the circuit, and allowing the
current to pass; but when the press-
ure is removed, communication is interrupted. The knob y serves to
close the circuit after the message is sent.

Describe the
signal-key.

FiG. 356.

776. In what is known as the Bain, or chemical
telegraph, there. is no magnet created; but o, .. .
a small steel wire, connected with the wire cg!:;tmcﬂon
from the line, presses upon a roll of paper chemical
moved by clock-work. This paper, before *<'%™#h?

being coiled on the roller, has been dipped in a nearly
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colorless chemical solution, which becomes colored
when an electric current passes through it. By
sending a current through the wire resting on the
paper, we can, stainit,as-it\were, in dots and lines,
in the same manner as the last instrument embossed
it in dots and lines.

777. The House's, or printing telegraph, differs
Whatisthe TOm the others principally in an arrange-
f::::r::h? ment when?by the. message as transmitted

is printed in ordinary letters, at the rate
of two or three hundred a minute.

778. The method first proposed for communicat-

whatwas  ing intelligence by electricity was by de-
the first tele-

graphic flecting a compass-needle by causing a
:g;:‘;‘: 4» current to pass along its length.

Thus, if at a given point we place a galvanic battery, and at a hun-
dred miles from it there is fixed a compass-needle, between a wire
brought from and another returning to the battery, the needle will
remain true to its polar direction so long as the wires are free from the
excited battery; but, the moment connection is made, the needle is
thrown at right angles to the direction of the current. The motion of
the needle may thus be made to convey intelligence.

An instrument of this construction is still employed on the ocean-
cable. The current of electricity deflects a needle which bears on its
extremity a small mirror. On this mirror a beam of light is thrown,
which is reflected on to a screen; and by means of the movement of
the spot of light on the screen the messages are read.

It is necessary, in conveying the wires from point to point, to sup-
port them on the poles by glass or earthen cylinders, in order to insure
insulation: otherwise the electricity would pass down a damp pole to
the earth, and be lost.

By means of what is known as the quadruplex instrument, four
messages may be sent over the same wire at the same time.

779- The idea that many persons have, that some substance passes
along the telegraphic wires when intelligence is transmitted, is wholly
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erroneous ; the word “ current,” as something flowing, expresses a false
idea, but we have no other term to express electrical p ., any
progression. We may, however, gain some idea of what principle or
really takes place, and of the nature of the influence influence
transmitted, by remembering that the earth and all sub- f::z:;l:e:‘
stances are reservoirs ‘of ‘electricity;” and if we disturb when a mes-
this electricity at any given point, as at Washington, sage is com-
its pulsations may be felt at New York. Suppose the municated ?
telegraphic wire a tube extending from Washington to New York per-
fectly filled with water: now, if one drop more is forced into the tube
at Washington, a drop must fall out at New York, but no drop is
caused to pass from Washington to New York. Something like this
occurs in the transmission of electricity.

780. Electricity, through an electro-magnetic ar-
rangement, can be made available for the cap etects-

. . city be made
measurement of time, and by 1ts agency a to measure

great number of clocks can be kept in a time?
state of uniform correctness.

The plan by which this is accomplished is substantially as follows :
A battery being connected with a principal clock, which is itself con-
nected by means of wires with any number of clocks arranged at a
distance from each other, has the current regularly and continually
broken by the beating of the pendulum. This interruption is also
experienced by all the clocks included in the circuit; and, in accord-
ance with this breaking and making of contact, the indicators or
hands of the clock move over the dial at a constantly uniform rate.

781. The fundamental law of action in frictional electricity is, that
bodies charged with like electricities at rest repel, and What is the
with unlike attract, each other. With electricity in mo- gopion o
tion the case is somewhat different, since currents of the electrical
same electricity moving in the same direction attract ‘““"'e"“h
each other. The general law of this action may be :f:;:‘c
stated as follows: —

If electric currents flow in wires parallel to each
other, and have freedom of motion, the wnatis the
wires are immediately disturbed. If the &gferatlaw
currents are moving in the same direction, action?
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the wires attract each other; if they are moving in
opposite directions, they repel each other; or, like
currents attract, and unlike repel.

782. Whenthe Wwires)connecting the positive and
How may s negative pole§ of 2 galvanic battery in
helixbecon- action are coiled in the form of a helix,
verted into . . .
amagnetic the helix becomes possessed of magnetic
needie? properties. If such a helix be suspended
in a horizontal plane, it points as a magnetic needle
would, north and south; if it is suspended so as to
move in a vertical plane, it acts as a dipping-needle.

If two helices carrying currents are presented to each other, they
attract and repel, precisely as if they were magnets, according as like
or unlike poles are brought together. And, in short, all the properties
of the magnetic needle may be imitated by a helix carrying a current.

783. From these and other like phenomena, M. Ampére has pro-
What is pounded a theory which accounts for nearly all the phe-

Ampére's nomena of terrestrial magnetism.
theory of ) He supposes that all magnetic phenomena are the
magnetism result of the circulation of electrical currents. Every

molecule of a magnet is considered to be surrounded with an atmos-
phere of electricity, which is constantly circulating around it; the
difference between a magnet and a mere bar of iron being, that the
electricity which exists equally in the iron is at rest, whereas in
the magnet it is in motion. The direction of these currents circulating
in a magnet is dependent upon the position in which the magnet is
held. If the opposite or unlike poles of two magnets be placed end to
end, the electric currents of each will be found running the same way;
and, as currents moving in the same direction attract each other, the
two poles will tend to come together. On the contrary, if the ends of
like poles be presented, the course of the currents traversing each will
be in opposite directions, and a repulsion will result.

What I 784. As an falectnc current pas§1ng
magneto-  round the exterior of a bar of soft iron
electricity ? . . . .

induces magnetism in it, so, on the con-
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trary, a magnetized bar is able to generate an elec-
tric current in a conducting wire surrounding it.

Electricity thus produced by the agency of a mag-
net is called magneto:electricity.

This may be shown by introducing one of the poles of a powerful
bar magnet within a helix of fine insulated wire (see Fig. 357), the
ends of which are connected with a delicate galvanometer. The
deflection of the needle will indicate the flow of an electric current
every time the magnet enters or leaves the coil, — the direction of the
current changing with the poles entered.

FiG. 357.

The same results will be obtained, if, instead of introducing and
removing a permanent steel magnet, we continually change the polarity
of a soft iron bar.

To instruments constructed on these principles the
name of magneto-electric mackines is given.

What is the 785. Magneto-electric machines, arranged for devel-
E:Deffl °°l;~ oping electricity by the re-action of a magnet, are con-
;:"“:::_" structed in a great variety of for{ns. In some, perma-
electric nent steel magnets are used; in others, temporary

machines?  soft-iron ones, brought into activity by a galvanic cur-
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rent. A common form of magneto-electric machine is represented in
Fig. 358.

It consists of a compound horseshoe magnet, S, Fig. 358, bolted to
a mahogany stand arranged in such a manner that an electro-magnet,
or larmature, A B, mounted
on an axis, revolves in front
of its poles, by turning a mul-
tiplying wheel, W. This elec-
tro-magnet, or armature, con-
sists of two cores of soft iron
wound about with fine insu-
lated copper wire. The ends
of the wire in these coils are
kept pressed, by means of
springs, against a good con-
ducting metal plate, which in
turn is connected by wires with the screw-caps at the end of the base
board. When the iron cores or axes of the coils are in front of the
poles of the magnet, they become magnetic by induction. This sets
in motion the natural electricity of the coil, or helices, which flows in
a certain direction, and is conveyed through the springs and wires to
the screw-caps.

If the armature be turned half round, the magnetism of the iron
is reversed, and a second current is excited in the opposite direc-
tion.

By turning the armature very rapidly, a constant current passes
What effects through the wires; and by connecting a small piece of
may be pro-  platinum wire in the circuit, it is rapidly rendered red
:::i::‘z the pot. By conveying connecting wires from the magneto-
electro- electric machine into acidulated water, its decomposi-
magnetic tion is effected ; and many chemical compounds may in
machines?  jike manner be resolved into their ultimate constitu-
ents. Machines also of this character may be used for electro-plat-
ing. .

The effects of electricity thus generated, on the human system, are
peculiar. If the two handles connected with the screw-caps of the
machine are grasped by the hands, slightly moistened, and the arma-
ture is made to revolve rapidly, the muscles are closed so firmly that
the handles can not be dropped, and most powerful convulsive shocks
are sent through the arms and body.

FiG. 358.
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786. Whenever an electric current flows through a

wire, it excites another current in an oppo- Can one elec-

SRR . tri
site direction, in a second wire held near jgee

to and parallel/with/it:t0dts duration, how- another?
ever, is only momentary. On stopping the primary
current, induction again takes place in the secondary
wire ; but the current now arising has the same
direction as the primary one.

For taking advantage of this principle, and producing induced cur-
rents of great power, various machines he'u‘re been con- o4 icehe
structed. The arrangement of one, familiarly termed construction
Ruhmkorff's coil, Fig. 359, consists essentially of two of Ruhm-
helices, one within the other; the inner coil being eon- korif's coil ?
nected with the poles of a battery. On successively making and
breaking the cur- -
rent by an auto-
matic arrange-
ment shown at the
right of the en-
graving, a strong
current is induced
in the outer helix,
whose effects are
much greater than
those obtained
with an electrical
machine, or with powerful Leyden batteries.

The effects of the coil may be employed like those of the galvanic
battery. With two Bunsen batteries connected with the coil, a rabbit
may be killed; and, with a somewhat larger number of elements, a
shock sufficiently powerful to kill a man is produced. _In passing the
charge through a vacuum, particularly brilliant effects are noticed.

787. Advantage has been taken of the passage of electricity for
facilitating the transmission of sotfnd, by mea‘ns.of AN \Uhatis the
instrument called the Telephone, Fig. 360. This instru- construction
ment will transmit the true properties of a sound,— and use of
pitch, intensity, and quality. It consists of a permanent ;‘;:;:l;‘
magnet, A, around one end of which, B, is coiled a helix

FiG. 359.
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of copper wire, whose ends C C terminate in the screws D D. A
vibrating plate E of soft iron is placed near the end of the magnet.
On speaking into
the mouth of the
instrument, the
) plate is set vibrat-
ing, and induces in
, the coil a current
of electricity, which
passes to the fur-
ther end of the line;
Fic. 36o. and, by acting on a
similar plate of iron, reproduces the same vibrations, and hence the
same sounds. Fig. 361 represents a telephonic circuit. A B are the
magnets; a
and 4 the
vibrating
plates. This
is the sim-
plest form
of this in-
strument.
An electric
battery is more commonly employed to furnish the electricity.

788. The Microphone produces still more remarkable results. A
small electric battery, a telephone-receiver, and the
instrument shown in Fig. 362, complete the instrument.
B is a pine board about six inches square, to which are
attached by means of sealing-wax two pieces of gas-carbon, C C.

These serve to support an upright spin-

dle of gas-carbon, A. On placing this

instrument in a telephonic circuit by the
wires x g, “the tip of a soft camel’s-hair
pencil, gently stroked along the table on
| which the instrument is placed, is faith-
fully recorded as a loud rustling sound ;"
and “the footfalls of the common house-
fly, as it walks along the board, are heard
with unmistakable distinctness by a per-
son whose ear is at the distant telephone, although it may be miles away.”

FiG. 361.

Describe the
microphone.

FiG. 362.
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789. It has been demonstrated by Professor Fara-
day. that bodies not in themselves mag- What is &
netic may, when placed under certain diamagnetic
physical conditions, becrepelled; by suffi- body?
ciently powerful electro-magnets. Such substances
have been termed diamagnetic and the phenomena
developed have received the general name of Dia-
magnetism.

Bodies that are magnetic are attracted by the poles
of a magnet; bodies that are diamagnetic are repelled
by the poles of a magnet. Magnetism may be re-
garded as an attractive force, diamagnetism as a
repelling one.

Thus, if a bar of iron is suspendeci free to move in any direction,

between the poles N S of a magnet, Fig. 363, N g

the bar will arrange itself along a line which

will unite the two poles; it places itself in the _.

axial line, or along the line of force. Such is

the condition of a magnetic body. If a sub-
stance of the diamagnetic class is placed in the same situation — as,
for example, a bar of bismuth — between the poles N S, Fig. 364, it
places itself across or at right angles to the

N 8 axial line, or the line of force.

‘ 0 Every substance in nature is in one or the
other of these conditions. “It is a curious
sight,” says Dr. Faraday, “to see a piece of

wood, or of beef, or an apple, or a bottle of

water, repelled by a magnet; or, taking the leaf of a tree, and hanging
it up between the poles, to observe it taking an equatorial position.”

Fic. 363.

F1G. 364.




THE METRICAL:-SYSTEM, OF WEIGHTS

AND MEASURES.

THE metric or French system of weights and measures, which is
now generally employed in scientific works, is based upon the decimal
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notation. Its unit is the meter, which is defined to be
the 1ygoiyoag of the distance on the earth’s surface from
the equator to either pole. According to the original
measurement, the meter was found to be 39.37 inches in
length; but as more exact methods- of measuring the
length of the earth’s meridian have been introduced, this
standard meter is not what it pretends to be, and is an
arbitrary unit; so that while theoretically the meter is
the yygatroos of the terrestrial meridian, actually it is
the length of a bar of platinum deposited in the Palace
of the Archives of France in Paris, from which copies
are made.

All other measures, of surface and of solid contents,
are derived decimally from the meter. The multiple
units or higher denominations are named by prefixing
to the name of the primary unit the Greek numerals,
deka (10), kecto (100), and myria (1,000). The sub-
multiple units or lower denominations are named by
prefixing to the name of the primary unit the Latin

ordinals, deci (%), centi (1}5), and milli (1gyg)-

MEASURES OF LENGTH. ¢
METRIC DENOMINATIONS. U.S. VALUE.

1 Milli-me'ter = .03937 in.
10 Mil'li-me’ters, mm. =1 Cen'ti-me’ter = .3937 in.
10 Cen'ti-me’ters, ¢m. =1 Dec’i-me’ter = 3.937 in.
10 Dec’i-me’ters, dm. =1 Me'ter = 39.37 in.
10 Me'ters, M. =1 Dek'a-me’ter = 32.809 ft.
10 Dek’a-me'ters, Dsm. =1 Hek’to-me’ter = 19.8842 rd.
10 Hek'to-me'ters, A». =1 Kil'o-me’ter = .6213 mi

10 Kil'o-me'ters, Km. 1 Myr'ia-me’ter = 6.2138 mi.
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MEASURES OF SURFACE.

100 Sq. Mil’li-me’ters (sg. mm.) = 1 sg. cm. = o.155 sq. in.
100 Sq. Cen'ti-me’ters = 1 sq.dm. = 15.5sq.in,
. _§1 5g.m. _ { 10.764 sq. ft.
100 Sq. Dec'i-me'ters - 3 t Centar (ca.) Y~ 3 1.96 sq. yd.
, 1/sg. Dm. 3.954 sq. rd.
100 Sq. Me'ters =3x Ar (a.) i‘: .0247 acre.
1 sg. Hm.

100 sq‘ Dek’a-me’ters 2 . l-gektar (Ha.) ‘= 2.471 acres.
100 Sq. Hek'to-me'ters = 1 5¢. Km. = .3861 sq. mi.
MEASURES OF VOLUME.

1,000 Cu, Mil'li-me'ters (cx. mm.) = r1cw.cm. = .obrcu.in
1,000 Cu. Cen’ti-me‘ters ; : ;:’t:r”('l) = = :::2:: ;‘;

1CH. M.

1,000 Cu. Dec'i-me’ters x Ster (5.)

=} {

MEASURES OF CAPACITY.

=, 35.3165 cu. ft.

The Li'ter is the unit of capacity, both of Liquid and of Dry Meas-
ures, and is equal in volume to osme cubic dec's-me'ter.

DRY MEASURE.

LIQUID MEASURE.

10 Mil'li-liters, /. = 1 Cen'ti-li"ter = .61 cu.in. =338 fluid oz.

10 Cen'ti-li'ters, ¢/. =1 Dec'i-liter = 6.10 cu. in. = .845 gi.

10 Dec'i-li'ters, dl. =1 Li'ter = .9o8 qt. =1.0567 qt.

10 Li‘ters, L. =1 Dek'a-li'ter = g.081 qt. = 2.64175 gal.

10 Dek’a-li'ters, D/. =1 Hek'to-li'ter = 2.837 bu. = 26.4175 gal.
v _ e 28.37 bu.

10 Hek'to-li"ters, H/. =1 Kil'o-li"ter or Ster = ; 1.308 cu. yd. ‘ 264.175 gal.

10 Kil'o-li'ters, K7. =1 Myrfia-li"ter (Ml.)= 283.72 bu. ==2641.75 gal.

MEASURES OF WEIGHT.
The Gram is the unit of weight, and is equal
cubic cen'ti-me'ter of distilled water.

10 Mil’li-grams, mg. =1 Cen'ti-gram

10 Cen’ti~ 3 cg. =1 Dec'i-gram
10 Dec'i dg. =1 Gram =3
10 Grams, & =1 Dek’a-gram =
10 Dek‘a- 3 Dg =1 Hek'to-gram =
Kil’o-gram
U o— ’ —
10 Hek’to-grams, Hg = or, Kil'o : = {
10 Kil'o-grams, Kg =1 Myrfia-gram =
10 Myr'ia-grams, M{ or) _ ’
100 Kil'o-grams, t 1 Quin'tal
10 Quin'tals, Q or) __ _{ Tonneau, or }_3
1,000 Kil'os, K. ST Ton =

to the weight of a

1543 -+ gr. Tr.
1.5432 + gr. Tr.
15.432 4 gr. Tr.
03527 -} 0z. Av,
.3527 4 oz. Av.
3.5274 4 oz. Av.
2.6792 Ib. Tr.
2.2046 4 1b. Av.
22,046 + Ib. Av,

= 220.46 + Ib. Av.

2204.62 + Ib. Av.
1.1023 - tons.
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In place of the foor-pound the metric system uses the Zidogrammeter ;
or the weight of a kilogram raised to the height of one meter from
the surface of the earth.

1 foot-pound =o0.13825 kilogrammeter. 1 cu. yard =0.7645 cu. meter.
1 kilogrammeter = 7:23, foot-pounds; n liquid quart =0.9463 liter.
1 inch =12.540 centimeters. 1 gallon =0.3785 dekaliters.

1 foot = 3.048 decimeters. 1 dry quart =r.z0x liters.

1 yard ==o0.9144 meters, 1 peck =0.88x dekaliter.

1 mile =1.6093 kilometers.
8q. in. = 6.452 sq. centimeters,
sq. ft. =09.2903 sq. decimeters.

1 bushel =3.524 dekaliters.
1 1 ounce av. ==28.35 grams.

1 1 pound av.=o0.4536 kilogram.

1 8q. yard==0.8361 sq. meter. 1 T. (2,000 lbs.) =0.9072 met. ton.
1 acre=o0.4047 hektar, 1 grain Troy ==0.0648 gram.

1 sq. mile =2.590 sq. kilometers. 1 ounce Troy =31.1035 grams.

1 cu. in. =16.387 cu. centimeters. 1 pound Troy =o0.3732 kilogram.

1 cu. ft. =28.317 cu. decimeters.
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Boiler-flue, 286.
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Crystallization, 20.
Currents, electric, how exert their influ-
cace, 484.

INDEX.

Dark lines of s m, 372.
Dead point exfm, 116.
Declination of needle, 421.

Density, 9.
Derrick, 106.
DewDescenl on mclmed planei, St.

Diamagnetism, so1.

Diathermanous substances, 250.

Diffraction of light, 384.

Diffusion, 1?8.
of heat, 227.

. of vapors, 266.
Dioptrics, ?58.
Direction, line of, 41.

Discharge, 424.

Discharging rod, 438.

Discord in music, 317.

ispersion of ligin, 357.

Distillation, 270.

Divisibility, 6.

Dry piles, 467.

Ductility, 21.

Duration of electric spark, 449.
of visual impressions, 400.

Dynamometer, 88.

g

Ear, 222.

Earth, as a source of heat, 232.
cause of rresent form of, 77.
physical features of, and winds, 309.
the reservoir of electricity, 432.

Earth'’s attraction, law of, 30.

Ebl\llll’lidon, 267.

Elasl:city, 22,
Electrical battery, 444.
induction, 432.
. . machines, 434.
Electricity, 425.
atmospheric, 452.
attraction and repulsion, 436.
chemical effects, 476.
conductors of, 429.
density of, 431.
development of, 425.
frictional and galvanic, com-
I'eti, 471.
vanic, 459.
how excited, 461.
discovery of, 460.
intensity of, 472.
uantity of, 472.
. ry of, 465.
heating effects, 446, 474.
kinds of, 426.
luminous effects, 448, 475.
magneto-, 496.
physiological effects, 473.
secondary curreats of, 499,
theories of, 428.
thermo-, 482.
velocity of, 449.




Electrodes, 464.
Electrolysis, 476.
Electro-magnetism, 484.
Electro-magnets, 488.
Electrometer, 440.
Electro-metallurgy, 478.
Electro-motive force, 462)
Electrophorus, 438.
Electroscope, 439.
Elements, 5.
Endosmose, 147.

nergy, 83.

Engine, steam, 279.
Equator, magnetic, 422.
.quilibrium, 38.

iaw of, in all machines, gz.

Evaporation, 263.

PO latent heat of, 272.
Exhausting syringe, 184.
Exosmose, 147.

Expansibility, ro.
Expansion by heat of y 257.

of wrtlids, 254.

of solids, 252.
Eye, 391.
Falling bodies, laws of, 48.
Far-sightedness, 395.
Filtration, 12.
Fire, 229.
Flame, 229.
Floating bodies, 141.
Fluids, zo.

Fluorescence, 380.

Fly-wheel, 11,

Focus, 334.

Fog, 297.

Foot-pound, 86.

Force, 15. )
:Ppﬁcanan.of, 83.
electro-motive, 462.
indestructible, 85.
magnetic, 441.
molecular, 17.
real nature of, 16.

Forces, great, of nature, 15.

Force-pump, 194.

Fraunhofer’s ines, 372.

Freezing mixtures, 273.

Friction, 11.

advantages of, 114.

Frost, 296.

Fulcrum, g3.

Galvanism, 459.
alvanometer, 485.
Gamut, 217.
) 19.

expansion of, by heat, 257.
specific gravity of, 139.
transmit pressure, 183.

Gasometer, 187.

Gauge, barometer or steam, 287.
rain, 302.

INDEX.

Glass, opera, 405.
Grain weight, 34.
Gravitation, auractig:l of, 28.
terrestrial, 30.
Gravity and falling bodies, 47.
center of, 36.
specific, 136.
Gyroscope, 78.

Hail, 305.
Halos, 370.
Hardness, 23.
Harmonics, 217.
Heat, 227. |
absorption of, 248.
animal, 234.
communication of, 237.
conduction of, 237.
convection, 237.
effects of, 251.
expansion by, 252.
extremes of, 232.
imponderable, 228.
latent, 251.
and light, 229.
chanical equivalent of, 236.
measuring, 258.
radiation of, 237.
reflection of, 247.
sensible, 251.
sources of;623o.
sgec:ﬁc, 276.
eory of, 229.
transmission of, 249.
vital, 234.
Helix, 488.
Horse-power, 86.
Humidity, absolute and relative, 292.
urricane, 313.
yd : ram, 166.
, 15T,

er, :?7‘
bellows, 125.
paradox, 121.
. press, 122.
Hydrostatics, 118.
Hydrometer, 292.

)
r)
r)

34
J
J

Images, 328.
mirrors, 329.
by lenses, 354.
inverted in eye, 396.
multiplied, 332.
Impenetrability, 6.
of air, 170.
Incandescence, 229.
Inclined plane, 107.
Induced currents, 496.
Induction, electric, 432.
magnetic, 413.
Inertia, 0.
Insulation, 430.
Intensity of ?ight, 362,
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Intensity of luminous, calorific, and chem-
ical rays in solar spectrum, 379.
of sound, 204.
Interference, x%6.
of sound, 207.
of light, 382.
Intermittent springs; 196

ar, Leyden, 441.
;ou'ck’: equ{vﬂent, 236.
Kaleidoscope, 333.

Lantern, magic, 407.

Law, physical, 2.

Lens, 350. .

achromatic, 361.

axis of, 352.

focal distance of, 352.
optical axis of, 352.

Level, spirit, 133.

Lever, 93.
compound, 6.
equilibrium of, 4.
kinds of, 93.

Leyden jars, 441.

Light, 31s.
absorption of, 325.
chief sources of, 316.
diffraction of, 384.
dispersion of, 357.
electric, 4;15.
intensity of, 320.
interference of, 382.
polarization of, 386.
propagation of, 317.
ray of, 318.

ection of, 326.
total, 344.
refraction of], 340.
ouble, 385.
theory of, 315.

.. velocity of, 322.
Eg:tngng. “4)5;;
ghtning-rods, 455.
Limit of elasticity, 22.

Line, vertical, 46.

Liquefaction,

Liquids, 19. X
equilibrium of, in connecting ves-
sels, 129,
pressure of, 120,
spheroidal state, 266.
Locks, canal, 133.

I19.
agsorption of heat in, 272.

Machines, 89.
Machinery, elements of, ,882.
magnetic, 489.
Magdeburg hemispheres, 186,
Magic lantern, 407.
Magnetic curves, 415,
dip of needle, 419.
equator, 4232,

INDEX.

Magnetic induction, 413.

poles of earth, 422.
Magnetization, by action of earth, 414.
by currents, 487.
- how accomphished, 413.
Magnetism, 411.
earth’s, 421. .

broken, 417.

influence of heat on, 416.
Maguifei of, 412.

agnifying-glasses, 355.
Magnitude, s.
... center of, 36, ]

Malleability, 2r.
Mariotte's faw, 173.
Matter, 4.

ing 12,
three states ol‘, 18.
Mechanical equivalent of heat, 236.
. . powers, g1,
Medium in optics, 340.

Mists, 297.
Mobility, 1s. R
Moisture in atmosphere, 291.
Molecules, 8.
Momentum, 6o.
Monsoons, 309.
Motion, s8.
circular, 72.
compound, 71.

Tefcted, 68,
rotar'yc and rectilinear, 115.
simple, 70.

Mausical scale, 218,

Natural philosophy, 1.
Near-sightedness, 394.
Needle, dipping, 419.

magnetic, 418.
Neutral line of ) 431,
Newton's rings, 382.
Nodes, 217.
Notes in music, 218.
Nut of a screw, 111,



Octave in music, 217.
Opera-glasses, 405,

Optical instruments, 400.
Optic axis, 397.
Overshot wheel, 160.

Pane, fulminating, 441,
Paradox, hydrostatic, 121,
Pendulum, s2. .
compensating, 55.
}’,‘""‘""3: 320. s
erpetual motion, 8g.
Phases of waves, 156.
Phonograph, 2a1.
Phosphorescence, 316.
Photography, 380.
tometer, 321.
Physics, 3.
Pile, voftmc, 466.
Pipes, organ, 220.
Pitch in sound, 214.
Plane, inclined, 107.
Plumb-line, 46.
matics, 169. -
Polarization of light, 386.
Poles, magnetic, 411.
. of galvanic battery, 463.
Porosity, 8.
Power, 59. .
and weight, go.
Press, hydrostatic, 122.
Prisms, 349.
Pulleys, 103.
p, air, 184.
, 165.
suction, 191.
Pyrometer, 261.

Radiometer, 246.
in, 301.
]l%am‘»w, 366.
ain-gauge, 302.
R:m,iyrf:au ic, 166.
Ray, 318.
Recomposition of white light, 360,
Reed pipes, 220.
Reflection of heat, 247.
of light, 326.
of sound, 208.
. total, of iight, 344.
Refraction, atmospheric, 371.

enses, 352.
by parallel surfaces, 348.

by prisms, 349.
t_iougle, of 13.3(, 385.
index of, 344.
of heat, 251.
of sound, 212.
5 single, of light, 340.
Relay instruments, 492.

Repulsion, 17.
’ Jectric‘ 426.

magnetic, 412.
Resistance, 59. '

INDEX. 509

Resonance, 209.

Rest, s8. ’

Resultant, 71.
Ruhmbkorf’s coil, 499.

Safety-valve, 287.
Savarts wheel, 214.
Scales, '99.

, T10.
of Archimedes, 164.
propeller, 158.

Segments, ventral, 217.

Shadows, 319.

Shock, electric, 434.

Signal-key, 493.

Simmering, 268.

Sine of angle, 3¢43.

Simoom, 311.

Siphon, 195.

Snow, 304.

Softness, 23.

Solar microscope, 408.

spectrum, 358. (. 28
properties of, 378.
Solids, 19.

specific gravity of, 136,
Solution, 262. 3
Sonometer, 218,

Sonorous body, 203.
Sound, 200. R
propagation of, 203.
interference of, 207,
reflection of, 208.
refraction of, 212,
velocity of, 206.
musical, 214.
Sources of heat, 230.
of light, 316,
Spark, electric, 448.
Specuﬁc ravity, 136.
eat, 276.
Spectacles, 4o01.
Spectrum, 358.
analysis, 374.
dark lines of, 372.

s properties of, 378,
pectroscope, 373.
Spheroidal st'atz, 266.

Springs, intermittent, 196.
origin of, 132.
Spirit-level, 133.
Spy-g,lm. 495.
Stabi lzogf bodies, 38.
Steam-boiler, 284.
high pressure, 279.
superheated, 279.
Steam-engine, 2879.
Steam-gauge, 287.
Stereoscope, 398.
till, 270,
Sublimation, 271.
dSuction-pumps, 19I.
Sun, as source of heat, 230.
constitution of, 377.
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Sun, light of, 323.
Surfa“ 3

“ evel, 46.

3

spherical, 129,
Syren, ui. » 129
System of wheels, 101.

Tackle and fall, ro6.
Telegraph, 491.
Telephone, 499.
Telescope, 404.

Temperature, absolute zero of, 232.

average, 289.
extremes of, 232.

Tenacity, 23.

Theory, physical, 2.

Thermo-electricity, 482.

Thermometer, 258.

Thread of screw, rr1.

Thunder, 454.

Tides, 30.

Timbre, 216.

Tone in sound, 214.

Tornado, 312.

Torsion balance, 440.

Troy weight, 34.

Tubes, capillary, 144.

Turbine wheel, 162,

Undershot wheel, z60.
Unison, 217.

Vacuum, 176.
Valve, 19?.

safety, 287.
Vaporization, 263.
Variation, lines of no, 421.
Velocity, sg.
Vena contracta, 153.
Ventral segments, 217.
Vertical line, 46.
Vibrations, nature of, zo1.
Views, dissolving, 408.

INDEX.

Vision, angle of, 396.
uble, 397.
henomena

pl of, 390.
Voltaic pile, 466.
‘olume, 6.

Water, as-a motive power, 159.
boiling, temperature of, 267.
composition of, 118.
compressibility of, 119.

decomposition of, 476.
elasticxpt;sof, 118,
grcatut density of, 255.
how :ga;‘ed., 242,
ow high rises in pump, 193.
Water-clock, 154.
Water-level, 133.
Water-spout, 313.
Water-wheels, 159.
Wave, 156.
interference of, 156.
Wedge, 109.
Weight, 31. X
oty e
8| 5 136.
Weights and measures, 33.
Welding, 25.

Well-sweep, 164.

Wells, artesian, 131.
water in, 132.

‘Wheel and axle, 100.
barometer, 179.
cog, 101,

‘Wheels, water, 160.

‘Wheelwork, ror.

Whistle, steam, 288. .

Wind instruments, 2320.

trade, 308.

variai)lz. 311,

Work of different forces, 86.

Working-point in machinery, go.

Yard, 34.
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‘“ Fully and handsomely illustrated ; surpassing all others in excel-
lence of manufacture, gradation and cheapness.”

The American Educational Series
NEw Grapep READERs.

—— .- ————

AN ENTIRELY NEW SERIES, ix FIVE BOOKs, em-
bracing many new features ; compiled by several eminent educators who
have acquired by a life-long experience in the work of elementary educa-
tion a familiarity with the wants of pupils and teachers in this departmcnt
of instruction.

Of the dozen or more series of Readers in use in the Public schools of
New York City, the New Graded are more used than all the others com-
bined. They are more extensively used, generally, than any other series
that have been issued within the past TEN years. They were adopted in
June, 1878, for exclusive use in the Public Schools of the City of Baltimore,
upon a report of the Text-Book Committee of the Board of Education, from
which the foliowing is an extract :

‘ After considering with great care, and for a period of nearly two
years past, the several series of Readers submitted for their examination,
they have come to the conclusion, with entire: unanimity, that the £dwxca-
tional Sertes of New Graded thlr&, published by Mcssrs. Ivison, Blake-
man, Taylor & Co., seems to combine a greater number of merits and ad-
vantages than any other series which the committee have sezn,”

After one term’s use, the high commendation of the Committee was
emphasized by the follow!ng from the City Superintendent SHEPHERD, dated
March 31st, 18792

“ Your Readers give general and d:cided satisfacion in Baltimore, I
test them very frequently in my visits to our Schools, and with very satis-
factory results. 1he introduc.ion of a Reader with us has some signifi-
cance; it is not merely placed upon a list to be used at discretion, but every
pupil l,r,n the grades into which it has been introduced, has and uses the
series.

CATHCARTS LITERARY READER.

TYPICAL SELECTIONS
Srom the Best Authors, with Biographical and Critical Sketches,
and numerous notes. Cloth., 438 pages.
#,* The above may be had, as a rule, from any bookseller, but when not
thus obtainable, we will supply them at liberal rates, free of transportation,
De"»cn‘?tive circulars and price lists on application. The most liberal
terms for introduction, exchange and examination.

IVISON, BLAKEMAN, TAYLOR & CO.,

PUBLISHERS,
New York and Chicago.




The Highest Honors at Paris.
Three Medals

GOLD, SILVER,
AND

BRONZE,

WERE AWARDED

Tre AmericaN Epvcational SERIEs

SCHOOL AND COLLEGE TEXT-BOOES,

AT THE PARIS EXPOSITION OF 18;8.

The publications thus highly honored comprise,among others, the fol-
lowing Standard Series :
SANDERS’ UNION READERS AND SPELLERS.
THE NEW GRADED READERS.
ROBINSON'S MATHEMATICS,
SWINTON'S GEOGRAPHIES.
WEBSTER'S DICTIONARIES
SPENCERIAN COPY BOOKS.
SWINTON'S WORD-BOOK SERIES.
KERL’'S GRAMMARS.
SWINTON'S HISTORIES.
WHITE'S DRAWING.
DANA’S GEOLOGY.
GRAY'S BOTANY.
BRYANT & STRATTON'S BOOK-KEEPING.
WOODBURY'S GERMAN COURSE.
FASQUELLE'S FRENCH COURSE.
WELLS’' SCIENCE BOOKS.
LOOMIS’ MUSIC BOOKS.
TOWNSEND'S CIVIL GOVERNMENT.
HICKOK'S WORKS ON METAPHYSICS,
*,% Catalogues, Descriptive Circulars, and Price Lists will be sexnt to
Teackers and Educationists on application. The most libeval terms will be
made for intyoduction, exchange and examination.

IVISON, BLAKEMAN, TAYLOR & Co.,
PUBLISHERS,
New York and Chicago.
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