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PREF A CE.

Tae importance of the physical sciences is now so generally ad-
mitted that there are few institutions of learning in which they are
not made regular branches of study. And very properly,—for what
can be more interesting and instructive, what more worthy of the
attention of intellizent creatures, what more calculated to inspire
their minds with a thirst for further knowledge, and fill their hearts
with reverent gratitude to the Divine Being, than an acquaintance
with the laws of the material world, the mysterious influences con-
stantly at work in nature, and the principles by avhich atoms and
worlds are alike controlled ?

1t is in the hope of investing this subject with a lively interest,
and bringing it home to the student by exhibiting the application
of seientific principles in every-day life, that {the Natural Philosophy
here presented to the public has been prepared. The author has
sought to render a subject; abstruse in some of ifs connections; easy
of comprehension, by treating it in a clear style, taking its princi-
ples one at-a time in their natural order; and illustrating them fully
with the facts of our daily experience, The range of topics is com-
prehensive, By avoiding unnecessary repetitions, room has been
found for chapters on Astronomy and Meteorology; one of which
subjects, at least, has heretofore been invariably omitted in similar
txfeatiscs, though a summary of both is important; as time is seldom
found for pursuing these branches in separate volumes.

"The incorrectness of many of the text-books on Natural Philos-
ophy has been a subject of general complaint. Grave errors, both
of theory and fact, have been handed down from one to another, and
the results obtained by modern research have been too often oyer-
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4 PREFACE.

looked. In preparing this velume, every effort has been made to
ensure accuracy, the most recent authorities have been consulted,
and it is believed that a faithful view is presented "of the various
sciences embraced, as faras they are at present developed. Tt is
{he intention of the guthor to keep his book up to the times by
constant revision, and to make such alterations and additions as the
progress of discovery may require. ‘

Two styles of type are used in the text; a larger size for lead-
ing principles, a Smaller size for descriptions of apparatus and exper-
iments, explanatory illustrations, ' &e. By confining a class to the
former when the saving of time is an object; a brief yet complete
course may he taken. Questions at the bottom of each page will
be found to facilitate the examiner’s duty, and to afford the pupila
means of testing his preparation before reciting, At the end of
such chapters-ag admit of if, easy practical examples have been in-
troduced, to illustrate the rules and principles get forth.

An important feature of this work is its adaptation to use with
or without apparatus:  The majority of schools have fow facilities

“for experimental illustration. The wants of these are here met by
a free use of engrayings, full descriptions of experiments, and expla-
nations of their results. A number of these engravings-have been
farnished by Bexsamix Pk, jr., of 204 Broadway; New Yorlk, and
are not mere fancy-sketches; but actual representations of instru-
ments (the best and most modern of their kind) manufactured at
his establishment, Mr, Pike’s life has been devoted to this branch
of industry; and it may not be improper to add that istitutions
desirous of procuring a set of apparatus, partial or complete, will
find his assortment unsurpassed in. variety and excellence.—For
convenience of recitation, those cuts to'which reference isimade by
letters are reproduced apart from the text, in the back of the book.

An Alphabetical Index closes the yolume

New Yorg, July 1, 1859.
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CHAPTER 1.

MATTER AND ITS FORMS.

1. Matter.— W hatever occupies space, whatever we can

see or touch, is known as Matter. Earth, water, air, are
different forms of matter.

A distinct portion of matter is called a Body. The
Earth, a ball, a rain-drop, are Bodies.

2. All matter, properly speaking, is Ponderable,—that
is, has weight.

TImponderable means without weight. The term Imponderable Matter has
been applied by some to heat, light, electricity, and magnetism. As late re-
searches seem to indicate that these are forees or conditions of matter, and not
themselves varieties of matter, they are now generally called Imponderable
Agents.

3. Forms of Ponderable Matter—Ponderable Matter
exists in three forms; Solid, Liquid, and A-er'-i-form.

A body is said to be Solid when its particles cohere, so
that they ¢an not move among themselves; example, ice.
Solid bodies are called Solids.

1. What is Matter? Give examples, Whatisa Body? Giye examples, 2. What
is said of all matter? What does dmponderadle mean? To what has the term i~
ponderable matter been applied? What are heat, light, electricity, nd mag-
netism generally called? 8. In how many forms does ponderable matter exist?
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MATTER AND ITS FORMS,

A body is said to be Liquid when its particles cohere
so slightly that they can move freely among themselves ;
example, water. Liquid bodies are called Liquids.

Aériform means having the form of air, and matter is
said to exist in this state when its particles repel each other,
tending to separate and spread out indefinitely ; example,
steam..  Aériform bodies are called Gases and Vapors.

Liquid and aériform hodies are embraced under the
general name ‘of Fluids,

There are marked points: of difference between solids and fluids. A solid
has a permanent shape ;- a fluid accommodates it shape to that which con-
tains it. A solid may often be moved by moving a portion of its particles;
as/a pitcher by its handle. The particles of a flnid, on the other hand, do
noticohere, and therefore, when we move some of them, the rest are detached
by their own weight; thus by dipping a tumbler into a-pail of water, we can
not remove all the fluid, but only as much as the tumbler contains. Again, a
solid resists a force which seeks fo penetrate it. A fluid, on the contrary, is
easily divided; if we moye slowly through the air, for instance, we feel no
resistance.

The same substance may, under different circumstances, appear in all
three of these forms. Thus water is‘a liquid; when frozen, it becomes ice,
which is a solid ; when exposed to a certain degree of heat, it is converted
into steam, which is agriform.

4. Classes of Bodies—Bodies are distinguished as Sim-
ple and Compound.

A Simple /Body consists of matter that can not be re-
solved into more than one element; as, gold.

A Compound Body consists of matter that can be re-
solved into two or more elements; as air, which is com-
posed of two gases.

The simple bodies, or elements, of which every thing in the universe is
composed, are Sixty-two in number. Of these, fifty, distinguished by a pe-
culiar lustre, are called Metals. The remaining twelve are known as Non-
metallic Elements.

Name them. When is a body said tobesolid ' What are solid bodies called? When
is n body said to be liquid? What are liquid bodies called?" What does aérifornm
mean? When is a body said to be afriform? What are aériform bodies called ?
What name is applied to both liguid and adriform bodies? Mention some of-the
marked points of difference between golids and fiuids. In how many forms may the
same substance appear? Give an example. 4. Into how many classes are bodies di-
vided? Namethem. Whatisa Simple body? What isa Compound body? How
many simple bodies are there? How are they divided? Namo the principal met-

SIMPLE SUBSTANCES. 9

The principal metals are the seven known to the ancients,—gold, silver,
iron, copper, mercury, lead, and tin; antimony, which was next discovered,
in 1490; bismuth, zine, arsenic, cobalt, plat’-i-num, nickel, manganese, &e.
The twelve non-mefallic elements are ox’-y-gen, hy’-dro-gen, ni-tro-gen,
chlorine [klo/-recn], iodine [#-0-deen], bromine [bro'-meen], fluorine [fa'-o-
reen], se-le’-ni-um, sulphur, phosphorus, earbon, and bo/-ron.

These simple substances are rarely found ; nearly every body that we meet
with, whether natural or artificial, i3 composed of two or more elements, and
is therefore compound. Such isthe case with air, which was anciently thought
1o be a simple substance, but was proved, towards the close of the eighteenth
centary, to be a mixture of 21 parts of oxygen and 79 parts of nitrogen.
Water, also, has been found to be a compound substance, made up of oxygen
and hydrogen combined in the proportion of 1 to 8. Of the sixty-two
elements referred to above, tiventy are so rare that their properties arenot
yet fully known; thirty more are comparatively seldom met with; tha
remainder constitute the great hulk of the globe and all that is thereon.

The consideration of the simple substances, with their
properties and combinations, belongs to the science of
Cmmnsiry, The force that causes them to combine and
produce compound substances, is called Chemical Affinity.
Oxygen and hydrogen combine and form water, in conse-
quence of their chemieal affinity.

Chemical affinity subsists ouly between certain substances. If sulphuric
acid he ‘poured on a piece of zng, the fwo substances will combine and
form a compound entirely different from either. Pour the acid on a lump of
gold, and no such change will ensue, because there is no chemical affinity be-
tween them.

5. Natural Philosophy.—Natural Philosophy is the
seience that treats of the properties and laws of matter. It
is also called Paysics.

Pythagoras was the first to use the term philosophy. Fromhim and his
followers it was borrowed by Socrates; who, when the other sages of his time
called themselves sophists, or wise men, modestly declared himself a philogo=
plier, or lover of wisdom.—Philosophy implies a search for truth ; and Natu-
ral Philosophy, as distinguished from Moral and Intellectual Philosophy,
searches for the truths connected with the material world.

als. Name the twelve non-metallic elements. Whatissaid of the simple substances?
‘What kind of substances are air and water? Of what is air composed? Of what,
water? How many clements constitute the great bulk of the globe? Whatis said
of the rest? To what science does the consideration of the simple substances be-
long? Whatcauses the simple substancesgo combine? Give an instanee of chem-
jcal affinity. Tlustrate the fact that chemical affinity subsists only between certain
substances, 5. What i5 Natural Philosophy? With whom did the term phifosophy

1*




MATTER AND ITS FORMS.

6. Modes of Tnvestigation—We arrive at the facts of
Natural Philosophy in two ways; by Observation and Ex-
periment. Observation consists in watching such phenom-
ena, or appearances, as occur in the course of nature.
Experiment. eonsists in causing such phenomena to occur
when-and where we wish; for the purpose of noting the
attendant circumstances. and results,

For example; we arrive ai the faot that anunsupported body will descend
to the earth’s surface, when we see an apple fall from & hough ; this is by Ob-
servation. 'We learn the same fact, when, with the view of ascertaining
what it will do, we lef an‘apple drop foom our hands ; this is by Experiment.

7. Modes of Reasoning.—Having obtained our facts in
the two ways just described, and classified them, we next
proceed from individual cases to deduce general laws. This
is called Reasoning by Induetion.

Thus, if we try the experiment with many different apples, and find that
each, syhen let go, will fall to the ground, we lay down the general law that
all apples will fall'in like monner. If we find that not ‘only apples do this,
but also other objects with which we make the trial, we go a step further,
and announce. another layw, that all ofjects left unsupported will fall o the
ground.

It is by this processthat most of the laws and principles of Netural Phi-
losophy have been esfablished. Archimedes [ar-ke-me'-deez], the Sicilinn
philosopher, used it over two thousand years ago. Gal-i-le™-o revived it in
modern times, and it may be said to lie at the foundation of all the greaf dis-
coveries of Newton.

‘When we have two similar phenomena and know that
one proceeds from a certain cause, we attribute the other
to the same cause. This is called Reasoning by Analogy.

Such reasoning is employed in the case of all hodies'that are beyond our
reach. From what is near, we draw conclusions respecting what is remote.
If is thus, for example, that the philosopher explains the motions of the heay-
enly budies, extending fo them, by analogous reasoning, the same principles
that govern the motion of bodies on the earth.

8. Division. of the Subject—Natural Philosophy, hav-

originate? Who borrowed it from Pythagoras? What does philosophy imply 2
What is the particnlar province of Nat Philosophy ? 6. How do we arrive at
the facts of Natural Philosophy? 1In wlhiat does Observation consist? Tn what, Ex-
periment? TIilustrate these definitions. “f. What is meant by reasoning by tndue-
tion? Give an example. By what philosophers has this mode ‘of reasoning been
employed? What is meant by reasoning by analogy?' Give an example, 8. What

DIVISION OF THE SUBJECT. 11

ing to treat of matter in all its forms, embraces the follow-
ing distinet sciences :—
Mechanics, which treats of forces and their application
in machines. To Mechanics belong
Hy-dro-stat’-ics, which treats of liquids at rest;
Hy-drau'-lics, which treats of liquids in motion.
Pneumatics [nu-mat'-ics], which treats of gases and
VapOrs.
Pyr-o-nom’ics, which treats of heat.
Optics, which treats of light and vision.
Acousties [a-cow”stics], which treats of sound.
Electricity, which treats of the electric fluid. To Elec-
tricity belong
Galvanism, which treats of electricity produced by
chernical action ;
Thermo-electricity, which treats of electricity developed
by heat ;
Magneto-eleetricity, which treats of electricity devel-
oped by magnetism.
Magnetism, which treats of magnets and the forces they
develop. To Magnetism belongs
Electro-magnetism, which treats of magnetism deyel-
oped by electricity.
Astronomy, which treats of the heavenly bodies.
Me-te-o-rol'-o-gy, which treats of the phenomena of the
atmosphere.

branches does Natural Philosophy embrace?  Of what does Mechanies treat? Hy-
drostatics? Hydraulics? Pneumatics? Pyronomies? Opties? Acoustics? Elec-
tricity ? Galyanism ? Thermo-clectricity’? Magneto-clectricity 2 Maghetism 2
Electro-magnctism 7 Astronomy? Metcorology ?




PROPERTIES OF MATTER,

CHAPTER II.

PROPERTIES OF MATTER.

9. Every distinet portion of matter possesses certain
properties.  Some of these helong in common to all bodies,
solid, liquid; and aériform, and- are called Universal Prop-
erties of matter, Others, again, are found only in certain
substances, and these are known as Accessory Properties.

The Universal Properties of matter are Extension, Fig-
ure, Impenetrability, Tndestructibility, Inertia [in-¢r'-shal,
Divisibility, Porosity, Compressibility, Expansibility, Mo-
bility, and Gravitation.

The principal Accessory Properties are Cohesion, Ad-
hesion, Hardness, Tenacity, Elasticity, Brittleness, Mallea-
bility, and Ductility.

We proceed to consider these properties in turn.

10. ExTexsion.—Extension is that property by which
a body occupies 4 certain portion of space. ‘- The portion
of space thus occupied is ealled its Place.

In other words, every body, however small, must have some size, or a
certain length, breadth, and thickness; which are called its Dimensions:
The greatest of these three dimensions is its Length; the next greatest, its
Breadth, or Widih ; the least, its Thickness. Baut, instead of any of these
terms, we use the word fezgkf to denote distance from botfom to top in the

case of objects towering above us, and dept% to denote distance: from top to
bottom in the case of objects extending below us.

: : : !
11. Fieure—Figure is that property by which a body
hag a certain shape.

This property necessarily follows from Extension ; for since every body
must have length, breadth, and thickness, it must also have some definite

9, What is meant by Wniversal Properties of matter? What is meant by Acces-
sory Properties? Enumerate the universal properties. Mention the principal ac-
cessory properties. 10, What is Extension? What is meant by the dimensions of a
body? Whatis Length? Breadth? Thickness? When are the terms Aeight and
depthused? 11. What is Figure? From what does figure follow? What is the

IMPENETRABILITY. 13

shape. While this'is true of all hodies, it must be remembered that the form
of solids is permanent, while that of fluids varies, to adapt itself to every new
surface with which it comes in contact. A bullet keeps ihe same shape,
wherever it is placed ; whereas a quantify of water, poured from a tumbler
into a pail, visibly changes its form.

12. IarpeNETRABILITY.—Impenetrability is that property
by which a body oceupies a certain portion of space, to the
exclusion for the time of all other bodies.

Tmpenetrability may be illustraied with a variety of simple experiments.
Fill a tumbler to the brim with water, and drop in a bullet; the water will af
once overflow. Till a bottle with water, and try to put the corkin; the cork
will not enter till it has displaced some of the water: if it fit so closely that
the water can not escape, and 2 hard pressure be exerted, the bottle will
iy Fig. 1.

The impenectrability of air is shown with the: ap- =

paratus represented in Figure 1. A is a glass jar
fitted with an air-tight cork, through which a funnel,
B, enters the jar. C'is'a bent tube, one end of which
also passes through the eork into the jar, while the
other is recéived in a glass of water, D. Let water
be poured into the funnel; as it descends, drop by
drop, into the jar, air passes out throngh the bent
tube, and escapes through the waterin D in the form
of bubbles. Thus it is shown that water and air can
not occupy the same space at the same time.

13. Impenetrability belongs to all substances, though in some cases it
may appear to be wanting. A mail, for instance, is driven inlo a picce of
wood without increasing its size; butit effects an entrance by forcing to-
gether the fibres of the wood, nof by occupying their space at the same time
with'them. Tnlike manner, a certain amommt of salt and sugar may be suc-
cessively dropped into a tumbler brim-full of waterwithont causing it to oyer-
flow. (The particles of water, which are supposcd'to be globular, do. not
everywhere touch each other, and the particles of salt are accommodated in
the interstices between them. These in turn leave minute Fig, 2
spaces, info which the still smaller particles of sugar find their -
way. Fig. 2 exhibits such an arrangement. To iilustrate it “
familiarly, we may 6l a vessel with as many oranges as it {
will hold, and then pour on a.guantity’ of peas, shaking the ¢
vessel slightly so that they may sctile inthe empty spaces,

difference between solids and fluids as regards figure 7 12, What is Impenctrability ?
Give some familiar illustrations of this property. Deseribe the experiment with the
apparatus represented in Fig 1. 13, What is said of those cases in which impén-
etrability appears to be wanting? Illustrate thisswith the nail. Explain how salf
and sugar may be dropped into a tumbler full of water without causing it to over-




14 PROPERTIES OF MATTER.

When the vessel will receive no more peas; repeat the process with fine grav-

el; and it will be. found that & considerable quantity will lodge between the |

oranges and peas:

14. IxpestructBILITY. —Indestructibility is that prop-
erty which renders-a body incapable of being destroyed.

Matter may be made to assume a new form and new
properties, but /it can not cease to exist. The quantity of
matter now in the world is' precigely the same as when it
was first called into being, and it will continue undimin-
ished till the end of time. The Deity alone created, and it
is only He that can destroy.

15. To this universal law we haye some apparent exceptions; but, when
closely examined, it will be found that' they are exceptions in appearance
only. Water, for instance, exposed to thie air in a shallow dish, will at length
disappear by evaporation ; but it is not destroyed. Assuming the form of
vapor, it ascends; becomeés incorporated with clouds, is condensed into rain,
and falls,—to’ go through the same process again,—Theoil in a burning lamp

+ gradually gets lower and lower till at last it is-all gone, and we sayitis
burned up ; but the process of combustion, or burning, only changes it into
invisible gases,—not one particle of its substance is lost. In like manner,
when fuel of any kind is consumed, there is only a change of form, not a de-
struction of the least portion of matter.

Such changes are constantly going on in the operations of nature. One
body perishes, and of the materials that coniposed it another is formed. Our
own frames‘may contain particles that were in the hodies of Adam, Noah, or
Socrates; ory if they do not nosy, may do so to-morrow, for they are constant-
ly parting with portions of their substance, the place of which is as con-
stantly supplied by new matfer. It is supposed that thewhoele hody, in-
cluding even the innermost parts of its hardest bones, is completely renewed
every seven years. Yef, amid all the countless transitions of nature, not a
single particle of matter is destroyed or lost.

16:. It was by adknowledge of the indestructibility of matter that Sir Wal-
ter Raleigh is said to haye won a wager of Queen Elizabeth. Having weighed
out a sufficient quantity of tobacco to fill his pipe, he came into the queen's
presence, and as the wreaths of smoke curled up offered to bet her Majesty
that he eould tell their weight. Elizabeth accepted the bet, and Sir Walter
quietly finished his: pipe; then, haying shaken out. the ashes, heeighed
them, and, subtracting the amount from that of the tebacco originally put

flow. 14 What is Indestructibility? What can bo done to matter, and what not?
15 Whatis said of the appavent exceptions to this law? What becomes of water
exposed to the air? What becomes of the oilin a burninglamp? What is said of
the changes of nature? Whatis said of the changes in the human body ? 16. How
did Sir Walter Raleigh teach Queen Elizabeth that matter isindestructible ? 17. What

INERTIA, 5

in, told the queen the exactweight of the smoke. Elizabeth paid the wager,
and thus learned to her cost that matter és dndestructible.

17. IxErtia.—Inertia is that property which renders a
body incapable of putting itself in motion when at rest, or
coming to rest when in motion.

When a stationary body begins to move, or a moving
body comes to rest, it is not through any power of its ownj
but because it is acted on by some external agency, which
we call a Foree,

Thatno inanimate body can puf itself in mofion, is evident from our daily
experience. The rocksthat we saw on the earth’s surfuce ten years ago are
to-day in precisely the same place as they then were, and there they will re-
main forever unless some force removes them. :

It'is equally true, thongh not so obvious, that a body once in motion can
not of itself cease to move. The earth revolves on its axis, the heavenly
bodies moye in their orbits, just as they did at the time of the Creafion; lhc:v
have no power to stop. Tt is true that on the surface of the earth a moving
body gradually comes to rest, when the force which put it-in motion ceases
fo act; but this is owing to the resistance of the air and'a force which draws
1t towards the centre of the earth—not to any agency of its own. Remove
all external forces, and its inertia wonld keep it moving on in a straight line
forever.

18. Familiar Examples.—It is in eonsequence of inertia that a horse has to
strain hard at first to move a load, which, when it is onece in motion, he can
dray with ease. A car, through its imertia, confinues'moving after the logo-
motive is detached. Through inertia, a person standing erect in a stationary
boat or wagen is thrown backward if it suddenly starts : his fect, touching
the bottom, are cartied forward with if, while his body by its inertia does not
partake of the onward motion and falls backward. ’Sa', a_person standing
ercct in a boat or wagon that 15 moving rap-
idly, is thrown forward if it suddenly stops;
his feet'cease to move afonce, whilé his body
continues in motion in consequence of its iner-
tia, and falls forward.

19. An inferesting experiment to illustrate
inertia may be performed with the apparatus
represented in Fig. 3. On the top of a short
pillar is placed a card, and on the card a'brass
ball. Beside the pillar is fixed a steel spring,
with an apparatus for drawing it back, TIf'the

fs Inertia? Whatisa Force? What evidences of the inertis of matter have e in
nature ? If inertia is one of the properties of matter, why does n moving -body como
to rest on the earth’s surface? 18. Give some familiar examples of inertia and its
fonsequences. 19, Describe the experiment with the inertia apparatus, Deseribe
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sprinig is drawn back and then suddenly released, it will drive the card from
the top of the pillar, while the ball in consequence of its inertia will retain
its place.

Those swho have not the above apparatus may balance g card with a penny
placed upon it on the tip of one of the fingers of the left haud, and strike it
suddenly with the middle finger
of the right hand, as represented
in Fig. 4. If properly balanced
and evenly struck, the card will
fly away, and the penny will be

left on the finger.
o In {ihese cases, there is not
[F" sufficient time for the card to
overcome the inertia of fhe ball
and the penny, and impart to
them its own motion. When,
however, motion has once been communicated by one body fto another rest-
ing on it, the inertiaof the latterkeeps it in motion; A person riding in a
carriaze partakes of its motion, and if he jumps from it runs the risk of being
thirown down, hecause his feet ‘cease to move the instant they strike the
ground, avhile the inertia of his body carries i forward. The circus-rider
takes advantage of this fact.
While his horse is going at
full speed, he jumps over a
rope extended across the
ring (see Fig. 5), and re-
gains his footing on the
saddle without difficulty.
To do this, he has only o
leap straight up ashe comes
to the rope, for his inertia

bears him along in the same
direction as his horse.

A bullet thrown at apane of gliss breaks it into many pieces, but, fired
at it from & rifle, merely makes a cirenlar hole. In thelatter case, allthe par-
ticles of glass, on account of their inertia, can not immediately acquire the
rapid motion of the bullet; and consequently only -that portion which is
struck is carried onward. On the same principle, a thin stick resting on two
wine-glasses (see Fig. §) may be broken by a quick blow with & poker in its
centre, without injury to its briitle supports.

the experiment with the card snd penny. Whatis the effect of inertia, when motion
has onee been communicated to abody? Why is a person ywho jumps from a car-
risge inmotion thrown down? Explain the leap of the circus-rider. What is the
sifect of throwing a bullet azainst a pane of glass, and what of firingzit ¢ What causes
the differenco? What experiment may be performed to illnstrate this point? 20.To

DIVISIBILITY.

7

20, The heavier a body is,
the greateris its inertia ; the
more strongly does it resist
forces that would set it in
motion, change its motion, or
stop its motion.

Instinet teaches this fact, ' A-child,
when nearly overtaken by a mau, will
suddenly turn; or ‘“dodge” as he calls
it, thus gaining ground, inasmuch as
the greater weight and inertia of the man compel him to make a longer turn.
S6 a hare, in making for a cover, ofien escapes a hound by making & num-
ber of quick furns. = The greater inerfia of the
hound carries bim too far, and thus obliges
him+to pass over a greater space, as seen in
Fig. 7, in svhich the continuous line shows the =
hare’s path and the dotted line the hound’s.

21. Divismsmrry. — Divisibility
is that property which renders a
body capable of being divided.

Atomic Theory.— Practically; =
there is no limit to the divisibility
of matter. Most philosophers, how-
ever, hold what is called the Atom-
ic Theory,—that if we had more
acute senses and instruments sufficiently delicate, we would
at last, in dividing and subdividing matter, arrive at ex-
ceedingly small particles, mcapable of further division.
Such particles they call Aroxs, a term derived from a
Greek word meaning indivisible.

According to this theory, different kinds of matter are
made up of different kinds of atoms; but in the same sub-
stance the atoms are always the same in shape and nature.
It must be remembered, however, that no particle has yet
heen arrvived at that can not be divided.

22. Instances of Divisibility.—Matter has been divided into parts incredi-

Fig 7.

what 15 4 body’s inertia proportioned? Hoyw do children turn this fact to account?
How does the hare apply this principle? 21. What is Divisibility'? Is thore any
limit to the divisibility of matter? Give the chiel pointsof the Atomic Theory.
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bly minute. With the proper instrument, ten thousand distinet parallel lines
can be drawn on a smeoth surface an inch in width, So minute are these
lines that they can not be seen without & mictoscope, not even a scratch be-
ing visible to.the naked eye.

A grain of musk will diffuse a pereeptible odor through an apartment for
twenty years, Tt does this by filling the air with particles of its substance ;
but so inconceivably minute are these particles, that, if the musk is weighed
at the end of the twenty years, no loss of weight can be defected.

A'grain of copper dissolved in nitric acid will impart a blue color to three
pints'of water.. Each separable particle of water must contain a portion of
the grain of copper,—which is thus, it has been computed, divided into no
less than 100,000,000 parts.

23. Nafure affords ‘many striking examples of the divisibility of matier.
The spider’s web is so attenuated that a sufficient quantity of it to go around
the earth would weigh onlyeight ounces; and yet this minute thread con-
sists of about a thousand separate filaments.

Blood is composed of small red globules floating in a colorless ligquid. * Of
these globules, every drop ‘of human blood contains at least a million. Mi-
nute as they are, they may bedivided into globules much more minute. As
we descend in the scale of creation; we come to animals whose whole hodies
are no larger than these liftle globules of human blood, yet possess all the
organs necessary to life.  Hoyw inconceivably small are the vessels through
which the fluids of their bodies must eirculate!

The microscope reveals tous wonders of animal life that are almost in-
credible; It shows us in duck-weed animalcules so small that it would take
ten thonsand millions of them to egual the size of a hemp-seed. Inasingle
drop of ditch-water, it exhibits myriads of moving creatures. The mineral
callédtripoli is formed of these animalcules fossilized or turned into stone;
and it has been shown that the fortieth part of a cubic inch of this mineral
contains the bodies of no less than a thousand million animalcules—or more
ihan all the human beings on the globe.

24, Porosrry.—What shape the atoms of different
bodies are, we have no means of determining. By reason
of their shape, however, or from some other cause, they do
not everywhere touch each other, but arc separated by in-
terstices, to which we give the name of Pores. Pores are
often visible to the naked eye, as in sponge and pumice-
stone; in other cases, as in gold and granite, they are too
minute to be detected even with the microscope.

32. How has the divisibility of matter been illustrated with a smooth surface an inch
{n width? How doesa grain of musk prove divisibility? How;a grain of copper?
23, Whatis said of the spider’s web? Mention some examples of the divisibility of
matter afforded by nature, "What does the microscope reveal tous? Mention some
of these wonders. 24. What are Pores? What is said of the difference in the size

POROSITY, 19

25, Porosity is the property of having pores. It be-
longs to all bodies.

26. That water is porous, is proved by the fact that a vessel filled with it
will receive considerable quantities of salt and sugar without overflowing.
What can become of these substances, unless, as shown in Fig. 2, their par-
ficles lodge in the interstices between the particles of water? Itis on this
principle that hot water receives more sult and sngar without everflowing
than cold. Heat expands water,—that is, forces its particles further apart,—
and thus enables a greater quantity of salt and sugar to lodge betsween them.

That granite is porous, is shown by placing a piece of itin a vessel of
water under the receiver of an air-pmiup (deseribed on page 178), and remov-
ing the air. Little bubbles will soon be seen rising through the water. Thess
bubbles are the air contained in the invisible pores of the granite.

A piece of iron is made smaller by bammering., This proves its porosity.
Its particles counld not be brought into closer contact, if there were no inter-
stices between them.

27. An experiment performed some years ago at Florence, Italy, to ascer-
tain whether water could be compressed, proved that gold is porous. A vio-
lent pressure was brought to bear on a hollow sphere of gold filled with water.
Thewater made its way through the gold and appeared on the outside of the
sphere. Water will thus pass through pores not more than one half of the
millionth of an inch in diameter.

28. Density and Rarity—The fewer and smaller the
pores in a body, the more compact are its particles, and
the: greater is the weight of a given bulk. Bodies whose
particles are close together are called Dense,; those with
large or numerous pores are called Rare.

29, Compressreriiry ANp Expansiprary.—These two
properties are the opposites of each other. Compressibility
1s that property which renders a body capable of being re-
duced in size. Expansibility is that property which renders
a body capable of being increased in size.

Compressibility and Expansibility follow from porosity.
Since the particles of bodies do not everywhere touch each
other, the application of a sufficient force will bring them
closer together, and the size of the bodies will thus be re-

of the pores? 25, What is Porosity ? 26. How is water proved to be porous? Why
does hof water receive more sslt and sngar than cold? How may it be proved that
granite is porous? How is the:porosity of jron proved? '27. Give an account of tho .
experiment by which the porosity of gold was proved. How small pores will water
pass through? 28, What bodias are called dense? What bodies are called rare?
29. What is Compressibility? What is Expansibility? Shosw how these properties




20 PROPERTIES OF MATTER.

duced. A sponge, for instance, by the simple pressure of the
hand, can be reduced to one-tenth of its natural size. In like
manner; if the pores of a body aremade larger by anyagency
(as they are by heat), its size is proportionately increased.

80, All bodies possess these properties. A rod of iron,
toolarge to entéracertain opening, may be 80 compressed by
hammering a3 to pass through it, and then so expanded by
heat as'to render ‘it entrance again impossible. Lignids,
which were long considered incompressible, are now known
to yield to.a high degree of pressure; their expansibility is
illustrated by the rise of mercury in the thermometer.

The compressibility and expansibility of air are shown
by the/apparatus represented in Fig: 8. Let P be a piston,
fitted, air-tight, to the cylinder AB. As the piston is driven
down, the air, unable to escape, is compressed; as it is
drawn back, the air expands.

Acriform bodies are more easily compressed and ex-
panded than any others,

31. Mosrurry.—Mobility is that property which renders
a body capable of being-moved.

Though the inertia of bodies prevents'them from moy-
ing themselves, yet there is no body that can not be moved
by the application of a proper force.

32. GrAawviTaTION.—Gravitation (or Gravity, as it is
called’ when acting ‘at short distances) is the tendency

Fig.9. ' ywhich one body has to approach another, under

=7 theinfluence.of the latter’s attraction, A can-
non ball dropped from the hand falls to the earth
by reason of'its gravity. The earth at the same
time moves towards the cannon ball, but through
a space inconeeivably smallin consequence of its
vast superiority in size over the ball.

That the cannon ball is capable of attracting as well as be-
ing attracted, may be proved by suspending two balls close to
each other by very long cords. In consequence of the attrac-
tion of the halls, the cords will not hang parallel, but will

. incline towards each other as they descend, as shown in
00

Fig. 9.

Fig. 8

follow from porosity. 80, How may COm!;l‘c:\‘inil}’ and expansibilitybe illustrated
Witlvaniron rod? What issaid of these properties in lignids? How may the com-
pressibility and expansibility of air be shown? What bodies are most casily com-

COHESION, 21

We now proceed to the Accessory Properties, which
are confined to certain bodies.

83. ConrsioN.—Cohesion is that property by which the
particles of a body cling to each other. As particles are
also called mol'-e-cules, Cohesion has received from some
anthors the name of Mo-le¢'-u-lar: Attraction.

Cohesion belongs particularly to solids, and is in fact the cause of their
solidity. In some it is stronger than in others, rendering them harder or
more tenacious. Liquids have so little cohesion that their weight alone over-
comes it, and causes a separation of particles. In atriform fluids cohesion
i3 entively wanting, its place being supplied by o Repulsive Force, swhich
tends to make their particles spread out from each other.

34. ApurstoN.—Adhesion is that property by which the
surfaces of two different bodies placed in' contact cling to-
gether.

The bodies in question may
beof the same kind of mat-
ter.  This is proved by an ex-
periment with two glass plates
ground perfectly even. Tet
these be pressed together, and
it will be found, on attempt-
ing to pullthem apart by their
handles, that considerable
force will be required. The
larger the surfaces of the
plates, the havder it will be to
separate them. A pair of Ad-
hesion Plates is represented
in Fig. 10.

Adhesion also operates
between the surfaces of sol-
ids and liquids, Suspend a
piece of copper-plate from
one side of a pair of scales,
in such a way that its under
surface may be parallel to
the floor, and balance it with
weights placed in the scale
on the other side. Then,
withont disturbing the cop- -

pressed and expanded ? 81, What is Mobility 2 82, What is- Gravitation? How
does it operate in the case of a cannon ball dropped from the hand to the earth?
How does it operate in the case of two cannon-balls suspended close to each other?
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per, place a vessel beneath it, as in Fig, 11, and pour in water fill the liquid
just reaches the plate. The adhesion between the solid and the liquid is now
s0 strong that additional weights (more or less, according to the extent of
surface) may be put in the scale on'the other side without causing them to
sepnmte

5. Harpyzss,—Hardness is that property by which a
body resxsts any foreign substance that attempts to force a
passage between its particles.

The hardness' of a'body dependson the degree of fitm-
ness with which its particles cohere. It is therefore en-
tirely distinet from density, which depends on the number
of particles in a given bulk. Thus lead is dense, but not
hard.

Neither liquids nor aériform fluids possess this property; and even in
some solids, for instance butter and ywax, it is almost entirely wanting.

(Of two hodies, that is the harder which will scraich the surface of the
other. By trying the experiment with different substances, it is found that
the precious stones are harder than any other class of bodieg, the diamond
standing first, and the ruby, sapphire, topaz, and emerald following in order.
Rhodim and iridium are among the hardest mefals, on which account they
are used for the tips of gold pens.

36. TexAcrTy.—Tenacity is that- property by which a
body resists a force that tends to pull it into pieces.

Both hardness and tenacity are the result of cohesion;
but they must not be confounded. Of several rods equally
thick, that which will support the greatest weight without
breaking is the most fenacious ; that which it is most diffi-
cult to eut into, is the Ahardest.

The metals generally are remarkable for their tenacity. Some, however,
possess this property in a higher degree than others.. This may be shown
by comparing-the weights which different metallic yires of the same size
are capable of suppouiuz An iron wire one-tenth of an inch in"diameter

will sustain nearly 550 pounds without breaking, while one of lead will be
broken by a weight of 28 pounds. =

33. What is Cbhesion? What other name has been given to cohesion? What
is sald of cohesion in solids? ‘In liquids? Jn aériform fluids? 84 What is
Adhesion?. Deseribe the. experiment with adhesion plates. = Describe tho oxper-
imeat which proves that adhesion operates between solids and liquids. 835, What
Is Hardness? What is the difference between hardness and density? In what
is hardness wanting? How may it be determined which of two bodics is the
harder? What bodies are the hardest as & class? Mention the order in which
they rank. What two metals are distingnished for their hardness? 86, What
is Tenacity ? Of what are both hardness sad tenacity the resnlt? Show the differ-

TENACITY, 23

Iron is the most tenacious of the metals. A cable of this material, com-
posed of wires one-thirtieth of an inch across, will support the enormous
weight of 60 tons for each square inch in its transverse section. In conse-
quence of this great tenacity, such cables are used for the support of suspen-
sion bridges.

31. Tenacity of Different Substances—It is important
in building and other arts to know the relative tenacity of
different woods and metals. To determine this, experi-
ments have been made. Their results do not precisely
agree, inasmuch as there are differences in different trees
of the same kind and different pieces of the same metal;
yet we may take the following as the average weights that
can be supported by the several materials mentioned,—
taking in each case a rod of given length with a transverse
section of a square inch.

POUGNDS. POUXNDS.

BMetals —Cast Steel, 134,250 Woods.—Ash, 14,000

Swedish Iron, 72,000 Teak, 18,000
English Iron, 55,800 0Oak, 12,000
Cast Iron, 19,000 Fir, 11,000
Cast Copper, 18,000 Maple, 8,000
Cast Tin, 4,700 Rops, one inch around, 1,000
Cast Lead, 1,825 Rope, three inches around, 5,800

Tt is a curiouns fact that a composition of tivo metals may be more tenacious
than either of them separately. Thus brass, which is made of zine and cop-
per, has more tenacity than either of those metals,

38. The liquids have comparatively little tenacity, yet there is a differ-
ence in them in this respect. Milk, for instance, is more tenacious than wa-
er; this makes it boil over more readily, inasmuch as its bubbles do not
break, but accumulate, climbing one upon ancther till they overtop the ves-
sel. In like manner, it is on account of their superiortenacity that soap-suds
will make a lather while pure water will not.

39. BrirrrenEss.—DBrittleness is that property which
renders a hody capable of being easily hroken.

ence between them. What is sald of the tenacity of the metals? How may their

“relative tenacity be shown ? Compare ironand lead in this respect. 'What is said of

the tenacity of iron? 87, Explain the fact that experiments for determining the te-
nacity of different substances show different results. What does the table show? Of
the metals mentioned in the table, which has the greatest tenacity ¢ Which, the
least ? Of the woods mentioned, swhich is the most tenacious? Which, the least?
What enrions fact is mentioned respecting a composition of two metals? 88, What
1s sald of the tenacity of liguids? Iow do milk and water compare in tenacity?
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Brittleness is the opposite of tenacity, bt often charac-
terizes hard hodies. Glass, which is so hard that it will
serateh the surface of polished steel, is remarkable for its
brittleness.

A substance naturally tenacious may be so treated as o become brittle.
Thusa bar of iron raised to a high degree of heat, if allowed to cool gradu-

ally, retains its tenacity, and bends rather than breaks ; but, if suddenly cooled
by being planged into cold water, it is made brittle.

40. Erasticrry.—Elasticity is that property by which a
body, compressed, dilated, or bent by an external force,
resnmes its form when that foree has ceased to act.

Stretch a piece of india rubber; when you let go the
ends, they will fly back.  Bend a bow ; when the string is
released, the bow will at once return to its former curve.
These are familiar examples of elasticity.

41. The force with which a body resumes its form is called the Force of
Restitution. Those bodies whose force of restitution brings them back, un-
der all circumstances, exactly to their original form; are said to be perfectly
elastic. . The only perfectly elastic substances are the aériform bodies. A
body of air may be kept compressed for years; yet, on being freed from the
compressing force, it will immediately expand to its former dimensions.

42, Many of the hard and dense solids are highly elastic; for example,
steel, marble, and ivory. The soft solids generally, such'as butter, putty, &c.,
have little or-no elasticity; there are a few, however, that exhibit it; among
which are india rubber and silk thread.

43. The elasticity of steel.is incressed by making it suddenly contract
when expanded by heat. - This is called fempering, and is effected by raising
the steel to an intense heat, plunging it in cold water, and keeping it there
for a certain time. The process is a nice one. At Damascus, in Syria, and
Toledo, in Spain,itwas long performed with peculiar skjll, so that the sword-
blades of those two cities were considered superior to- all ofhers. At the
World’s Fair in. London, a Toledo sword was exhibited, of such exquisite
temper that it could be bent into a circle, yet on being released sprung back
and became as straight as ever.

44, A compound of two metals may possess a higher degree of élasticity

Boap-suds and water? 89. What is Brittlcness? Of what s brittleness the oppositet?
What- is said of glass? How may-iron be made brittle? 40, What is Elasticity?
Give some familiar examples. 41. What is meant by the Forco of Restitution?
‘When isa body said to be perfectly elastic? What are the only perfectly clastic sub-
stances? 42, What solids nre for the most part elastic, and what not? 43, How is
the elasticity-of steel increased ¥ "What is this process called? Describa the process
of tempering. 'Wheré was it long done with peculiar skill? @ive an account of the
Toledo blade exhibited at the World's Fair. 44 What is said of a compound of two

ELASTICITY. 25

than either of them separately. Thus bellsmetal is much more elastic than
either the fin or the copper of which it is composed.

45. An elastic body, thrown against any Hard substance,
rebounds. An india rubber ball bounds back from a wall,
to a distance proportioned to. the force with which it is
thrown. In such cases, the ball is flattened at the point of
contact, but instantly resumes its former shape with such
force as to drive the ball back.

To prove this, take two ivory halls (Fig. 12), smear one of Fig. 120 *
them with printer’s ink, and suspend them near each other by .
strings of equal length. Bring them gently in contact, and a
few particles of ink will adhere to the surfice of the clean
ball: strike them violently together, and a larger spot of ink
will be found there, This could not happen if the two balls
were not flattened at the moment of striking.

46. There is a limit to the elasticity of most bodies, beyond
which, if compressed, dilated, or bent, they will fail to regain
their original form. An iron wire, if slightly hent, springs
back, 8o that no change of form can be deteeted; but not 80,
if yiolenfly bent. A continued application of the compressing,
dilating, or bending force, has the same effect, A bow, if kept
bent for a long time, will lose its elasticity. For this reasen,
an archer, before putiing his bow away, is careful to un- é
string it,

47. The liquids have but little elasticity. They are
therefore called Non-clastic Fluids; while aériform bodies,
which possess this property in a higher degree than any
others, are known as Elastic Fluids.

48. Mirressrirry.—Malleability is that property which
renders a body capable of being rolled out or hammered
into sheets.

From a piece of copper, a workman with no other instrument than his
hammer will make a hollow vessel without joint or seam, the malleability of
the metal preventing it from giving way under his blows. Dongh, which
can be made into very thin sheets under the rolling-pin, affords a familiar
illustration of malleability.

Malleability belongs chiefly to the metals, yet in some of them, such as
antimony and bismuth, it is wanting, 1t is strikingly exhibited in silyer,

[=

metals? Give an example. 45, What does an clastic body do, when thrown against

aliard substance? In such cases; what takes place? Prove this by an experiment.

46, What is said of the limit of ‘elasticity ? Give examples. 47. What names have

been given to liquids and adriform bodies ? Why? 48 What is Malleshility ¢ Give
2
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platinum, iron, and copper, but most of all in gold. A cubic inch of this met-
al may he beaten out tillit covers 252,000 square inches; which makes the leaf
only zpa5gg of awinch thick. Ta other words, it would take 252,000 strips
of such gold leaf; lying on each other, to make the thickness of an inch.

49, Ducrury.—Duetility is that property which ren-
ders-a body capable of being drawn out into wire.

The malleable metals are for the most part ductile, but
not always in the same degree. ) Thus gold exceeds all the
other metals in ductility aswell asin malleability ; but tin,
which can readily be beaten into very thin sheets, ean not
be drawn out into small wire.

Gold wire has been made so attenuated that fifty miles of it would weigh
but an ounee, Platinum, which is nearly as ductile'as gold, has been drawn
into wire only -t - of an inch in diameter and invisible to the naked eye.
(ilass, wheu softened by fire, becomes exceedingly ductile, and may be spun
out into flexible and elastic threads scarcely larger than the thread of the
silk-worm.,

CHAPTER IIL.

MECHANICS.

50. Mucmaxies is that branch of Natural Philosophy
which treats of forces and their application in machines,

51. Torce AnD Resisrance—When we see -a body be-
gin to move, cease to move, or change its motion, since it
can do neither of itself, we know that it has been acted on
by some ‘external agency, which e call a Force. T]"xe
elasticity of a bow which sends an arrow throug?x the air,
is a foree ; thewind, which changes its direction, 1s a forc.c;
gravity, which brings it to the earth and helps to stop its
motion, is a force.

cxamples. To what does malleability chiefly belong? Ehow the extreme mnllon‘bil-
ity of gold. 49, What is Duetility 7 "What substances ara for the most part dyctlle?
What is the most ductile substancs known? TWhat facts are stated, illustrating the
duetility of gold, platinum, and glass?

50. What 1s Mechanics? 51, Whatisa Force? Giye illustrations, What is the

MOTION, 9F

That which opposes a force is called the Resistance.
In the above example, the inertia of the arrow is the re-
sistance.

Forces may act on bodies so as to produce either Mo-
tion or Rest,

Totion.

52. Motion is a change of place,

53. Motion is either Absolute or Relative.

Absolute Motion is a change of place with reference to
a fixed point. Relative Motion is a change of place with
reference to a point that is itself moving.

Two balls are rolled on the floor. The motion of each, as regards the point
from which it was thrown, is absclute; their motion with reference to each
other is relative.

54. Rest.—Rest is the opposite of motion, and implies
continuance in the same place.

Like motion, Rest is either Absolute or Relative. A
man sitting on a steamer that is moving forward five feet
in a seeond, is at rest rgletively to the other objects on
board. To be at rest absolutely, he must walk five feet
every second towards the stern of the boat.

Strictly speaking, there is no such thing as absolute rest in any of the ob-
jects that surround us; for the earth moves round the sun at the rate of
nearly 99,000 feet in a second, and carries with it every thing on'its surface.
Hills, trees, and houses, therefore, though they occupy the same place with
respect to each ofher, are really travelling through space with immense ra-
pidity. Yet as this is the case with ourselves, with the atmosphere, and all
things about us, we regard an object as absolately at rest if it has no other
motion than this,

55. Verocrry.—The Velocity of a body is the rate at
which it moves.

This rate is determined by the space it passes over in a
given time. The greater the space, the greater the-velo-
eity. Thus, if A walks two miles an hour, and B four, B's
velocity is twice as great as A’s,

Rasistance ? What may the sction of forces on bodies produce ? 52, What is Motion?
52, How is motion distinguished? What is Absolute Motion? What is Relative
Motion? Tilustrste these definitions. 54, What is Rest? Illustrate Absolute and
Relative Rest, Shosw that thera is really no such thing as sbsoluterest, 55 Whatis
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platinum, iron, and copper, but most of all in gold. A cubic inch of this met-
al may he beaten out tillit covers 252,000 square inches; which makes the leaf
only zpa5gg of awinch thick. Ta other words, it would take 252,000 strips
of such gold leaf; lying on each other, to make the thickness of an inch.

49, Ducrury.—Duetility is that property which ren-
ders-a body capable of being drawn out into wire.

The malleable metals are for the most part ductile, but
not always in the same degree. ) Thus gold exceeds all the
other metals in ductility aswell asin malleability ; but tin,
which can readily be beaten into very thin sheets, ean not
be drawn out into small wire.

Gold wire has been made so attenuated that fifty miles of it would weigh
but an ounee, Platinum, which is nearly as ductile'as gold, has been drawn
into wire only -t - of an inch in diameter and invisible to the naked eye.
(ilass, wheu softened by fire, becomes exceedingly ductile, and may be spun
out into flexible and elastic threads scarcely larger than the thread of the
silk-worm.,

CHAPTER IIL.

MECHANICS.

50. Mucmaxies is that branch of Natural Philosophy
which treats of forces and their application in machines,

51. Torce AnD Resisrance—When we see -a body be-
gin to move, cease to move, or change its motion, since it
can do neither of itself, we know that it has been acted on
by some ‘external agency, which e call a Force. T]"xe
elasticity of a bow which sends an arrow throug?x the air,
is a foree ; thewind, which changes its direction, 1s a forc.c;
gravity, which brings it to the earth and helps to stop its
motion, is a force.

cxamples. To what does malleability chiefly belong? Ehow the extreme mnllon‘bil-
ity of gold. 49, What is Duetility 7 "What substances ara for the most part dyctlle?
What is the most ductile substancs known? TWhat facts are stated, illustrating the
duetility of gold, platinum, and glass?

50. What 1s Mechanics? 51, Whatisa Force? Giye illustrations, What is the

MOTION, 9F

That which opposes a force is called the Resistance.
In the above example, the inertia of the arrow is the re-
sistance.

Forces may act on bodies so as to produce either Mo-
tion or Rest,

Totion.

52. Motion is a change of place,

53. Motion is either Absolute or Relative.

Absolute Motion is a change of place with reference to
a fixed point. Relative Motion is a change of place with
reference to a point that is itself moving.

Two balls are rolled on the floor. The motion of each, as regards the point
from which it was thrown, is absclute; their motion with reference to each
other is relative.

54. Rest.—Rest is the opposite of motion, and implies
continuance in the same place.

Like motion, Rest is either Absolute or Relative. A
man sitting on a steamer that is moving forward five feet
in a seeond, is at rest rgletively to the other objects on
board. To be at rest absolutely, he must walk five feet
every second towards the stern of the boat.

Strictly speaking, there is no such thing as absolute rest in any of the ob-
jects that surround us; for the earth moves round the sun at the rate of
nearly 99,000 feet in a second, and carries with it every thing on'its surface.
Hills, trees, and houses, therefore, though they occupy the same place with
respect to each ofher, are really travelling through space with immense ra-
pidity. Yet as this is the case with ourselves, with the atmosphere, and all
things about us, we regard an object as absolately at rest if it has no other
motion than this,

55. Verocrry.—The Velocity of a body is the rate at
which it moves.

This rate is determined by the space it passes over in a
given time. The greater the space, the greater the-velo-
eity. Thus, if A walks two miles an hour, and B four, B's
velocity is twice as great as A’s,

Rasistance ? What may the sction of forces on bodies produce ? 52, What is Motion?
52, How is motion distinguished? What is Absolute Motion? What is Relative
Motion? Tilustrste these definitions. 54, What is Rest? Illustrate Absolute and
Relative Rest, Shosw that thera is really no such thing as sbsoluterest, 55 Whatis
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56. The relation between the space passed over, the
time employed, and the velocity, is such, that when two
are given, we can find the third.

Rule 1.—To find the velocity of a body, divide the
space passed over by the time.

Ewample. A locomotive goes 120 miles in 4 hours; what is its velocity ?
—Dividing 120 by 4, we get 80; answér, 80 miles an hour.

Rule 2—To find the time, divide the space by the ve-
locity.

Erxample. A locomotive goes 120 miles at the rate of 30 miles an honr;
how long is it on the way >—Dividing 120 by 80, we get 4 ; answer, 4 hours.

Rule 3—To find the space, multiply the velocity by
the time,

Example.  Alocomotive goes4hours at the rate of 80 miles an hour ; how
far does if trayel ?—Multiplying 30 by 4, we get 1205 answar, 120 miles.

57. Zable of Velocities—It may not be uninteresting
to compare the average velocities of the following moying
objects :— -

Miles per hour, Ww Miles per hour.

Asman walking Ahurricane coeevevseaes 80

A horse trotting

A slow river. A musket-ball, when first

A rapid tiver discharged

A fast sailing vessel A rifle-ball

A fast'steamboat...ouvii. . 8| A 24-1b, cannon-ball ..... 1,600

A railroad train 5 | Earth in ifs orbit
Light
Electrie Fluid

58. Kmvos br Morton.—There are three kinds of mo-
tion ; Uniform, Accelerated, and Retarded.

59. Uniform Motion is that of a body which moves over
equal spaces in equal times,

Uniform motion would be produced by a force acting oncerand then

Velocity? How is it determined ? 56, What i5 said of the rélation between
tho space; the time. and the velocity ¢ Give the rule for the velocity, and
example. Give the role for the time, and example. Giye the rule for the space,
and example. 57. What i3 the velocity of a slow river? A rapid river? A mod-
erate wind? A hurricane? Sound? TLight? The electric fluid? A rifie-ball? The
earth in its orbit? 58, Name the tliree kinds of motion. 59. What is Uniform Mo-
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ceasing to aet, if the moving body were free from all other influences, for
its inertia would keep it moving at the same rate. Gravity and the re-
sistance of the air, however, constanily retard a moving body ; and, there-
fore, to keep up a uniform motion, & force just sufficient to nullify these re-
tarding agencies must continue acting. There are very few cases of uniform
motion either in nature or art.

60. Accelerated Motion is that of a body whose velo-
city keeps increasing as it moves. It is produced by the
continued action of a force.

A ball dropped from a height is a familiar instance of accelerated motion.
The moment it is let go, the attraction of gravitation causes it to descend.
Were this force and every other then suspended, the ball would fall fo the
earth with a uniform motion ; but grayity, continuing to act, forces it along
faster and faster, and thus imparts to it an accelerated motion.

A body is said to have a Uniformly Accelerated Mo-
tion, when its velocity keeps increasing at the same rate;
when, for instance, it moves two feet in the first second,
four in the next, eight in the third, &e.

61. Retarded Motion is that of a body whose velocity
keeps diminishing as it moves. It i8 produced by the con-
tinued action of some resisfance on a moving body.

A ball rolled over the ground, under the continued action of gravity and
the resistance of the air, moves more and more glowly, till finally it comes to
rest. This is fin example of retarded motion.

A body is said to have a Uniformly Retarded Motion,
when its velocity keeps diminishing at the same ratc;
when, for instance, it moves eight feet in the first second,
four in the nexf, and two in the third,

Nomemtmm.

62. The Momentum (plural, momenta) of a body is its
quantity of motion.

A ten-pound ball, moving at the rate of 400 feet in & second, may be sup-
posed to be divided into ten picces, each weighing one pound. Xach piece
has a motion of 400 fectin a second; and the guantity of motion, or momen-

tion? Theoretically, how is uniform motion produced? Practically, how is it pro-
duced? 60, What is Accelerated Motion? How isit produced? Give an éxample
of aceelerated motion. When is a body said to have a Uniformly Accelerated Motion?
61, What is Reétarded Motion? How isit produced? Give an example. When isa
body saldto have a Uniformly Retarded Motion? 02, What is Momentum? Give
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tum, of all ten, that is, of the whole ball, will be ten times 400, or 4,000.
Hence the following rule i—

63. Rule—To find the momentum of a moving body,
multiply its velocity by its weight.
Frample. Whatis the momentum of a ten-pound hall, moving at the rate
of 400 feet in & second #—Multiplying £00 by 10, we get 4,000 ; answar, 4,000
64. When the momenta of different objects are to be compared, their weight
and velocity must be expressed in units of the same denomination: if the
weight of one is given in pounds, that of the other must be in pounds; if the
velocity of one is so many feet persecond, that of the other must be expressed

in feet per second. If different denominations are given, reduce them to the
same denomination.

Thus: A weighs 50 pounds, and has a velocity of 7,200 miles an hour; B
weighs 100 pounds, and has a velocity of 4 miles a second. Which has the
greater momentum ?

3,600 seconds make an hour; and if A’s velocity is 7,200 miles an hour,in
a second it will be 53% of 7,200 miles, or 2 miles.

A’s weight 50 multiplied by A’s velocity 2 gives A’s momentum 100.
B's weight 100 multiplied by B's velocity 4 gives B's momentum 400,
Therefore B’s momentum is 4 times as great as A’s.

65. Two bodies of the same weight have momenta proportioned to their
yvelocities. Thus, if two balls weighing 5 peunds each, move respectively at
the rate of 20 and 10 miiles ‘an hour, then their‘momenta will be in the pro-
portion of 20 te 10, or two.to one.

Tyo bodies mdying with the same velocity, have momenta proportioned
to their weight. 'Thus, if two balls moving at the rate of 5 miles an hour,
weigh 20-and 19 pounds respectively, then their momenta will be in the pro-
portion of 20 to 10, or two fo one.

66. Since momentum depends on velocity as well as weight, it is obvious
that, by increasing its velocity sufficiently, a small body may be made to
have a greater momentum than a large one. Thus, a bullet fired from a gun
bas @ greater momentum than a stone mauy times larger thrown from the
hand.

On the same principle, a very heavy body, though itsimofion may be
hardly perceptible, may have an immense momentum: This is the case
with icebergs, rendering them fatal to objects with which they come in  col-
lision.

an example. 69, Repeat the rule for finding a body’s momentum. Give an example.
64. When the momenta of different objects are to be compared, what is essential?
Give an example. 65 When two bodies have the same weight, to what are their
momenta proportioned ?  Giye auexample. When two bodies have the same yelo-
city, to what are their momenta proportioned ? Give an example. 6. How may &
greater momentum be given to » small body than a large one? Illustrate this How
do you account for the great momenta of icebergs, notwithstanding their slow mo-

STRIKING FORCE.

Striking Force.

67. The Striking or Living Force of a moving body is
the force with which it strikes a resisting substance.

Striking Force is sometimes confounded with momen-
tum, but improperly, inasmuch as it is the product of the
welght into the squaré of the velocity. Two moving bodies
may have the same momentum, but differ greatly in their
striking force.

Thus, the ball A, weighing 200 pounds and moving 2 miles & minute, has

a momentum of 200 multiplied by 2, or 400. The ball B, weighing 20 pounds ~
and moving 20 miles a minute, also has a momentum of 40020 multiplied
by 20). How do they compare in striking force? That of A is equal fo ifs
weight 200 multiplied by the square of its velocity, 4,—or 800. That of Bis
equal to its weight 20 multiplied by the square ofits velocity 400,—or 8,000.
Therefore, thongh the momenta of the two balls are equal, the striking force
of B.is 10 times as great as that of A ; if both ywere fired into a bank of moist
clay, B would penetrate fen times as far as A.

68. As the velocity of a body increases, its striking
force increases also, buf in a higher degree.

If, for instance, a train of cars bemoving 50 miles ‘an hour, and another
train of the same weight 10 miles an hour, the striking force of the former
will not he 1o that of the latter as 50 to 10, but as the square of 50 is {o the
square of 10, or as 25001is to 100. The former frain would therefore do 25
times as much damage as the latter fo any object with which it came in col-
lision, or to itselfin case of being thrown from the track. This resultishorne
out by facts.

69. Rule—To find the striking force of a moving body,
multiply its weight into the square of its velocity.

If the striking force of one body is to be eompared
with that of another, see that their weight and velocity are
in units of the same denomination.

Ezample. The stone A; weighing 1 pound, is thrown at the rate of 20 fi.

tion? 67. What'is meant by the Striking or Living Force of a moving body ? What
i3 the difference between a body’s striking force andits momentum ? Exemplify this
diffcrence. 68, How does o body's striking force increase, compared with its veloei-
ty? Give an example. How is this result borne out®™ 9. Give the rule for finding
the striking force of @ moving body. When bodies are to be compared with respect
to their striking foree, how must their weight and velocity be expressed? Solve the
example under the rule.
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second. The stone B, weighing 3 pounds, is thrown at the rate of 2,400 ft.
minute. Which will penetrate farther into a snow-bank ?
20 times 20 1s 400 = square of A’s velocity.
400 X 1 (A’s weight) = 400, A’s striking force.
Reduce B's velocity to the same denomination as A’s. If B moye 2,400
feet in & minute, in a second it will move o5 Of 2,400 fect, or 40 feet.
40 times 40 s 1,600 = square of B’s velocity.
1,600 % 8 (B’s weight) = 4,800, B's striking force.
Ans—A’s striking force being 400, and B's'4,800, B will penetrate into
the snow-hank 12 times as farag A.

EXAMPLES FOR PRACTICE,

- ((8ee Rule 1, §56.) A fox-hound will run 80 milesin three hours. What

is its velocity ?

. At the batile of Brandywine, Gen. Greene’s detachment marched 4 miles

in 42 minutes, to relieve Gen. Sullivan. With what velocity did they
move?

. At the most flourishing period of its history, ancient Athens was 25 miles

in circumference. With what velocity would an Athenian have had to
move, in order to ywalk round the city in 5 hourg?

. A pigeon will fly 100 miles in 2 honrs, What is its velocity ?
5, P walks 2 miles in 30 minutes ; Q walks 4 miles in 2 hours, Which hag

the greater velocity ?

Rexare.—When different denominations™ are used, they must be veduced to
the same denomination, as shown in § 64

. Thecurrent of a rapid river runs 1,200 feet in 2 minutes ; a horse at a mod-

erate trot passes over $0 feet in 3 seconds. “Which moves with the
greaten velocity ?

« (See Rule 2, § 56.) ‘Strabo tells us that ancient Nineveh was 47 miles in

circumference ; in what time could a person have walked around it, at
the rafe of 10 miles a day ¢

. The bombardment of Ostend, on the coast of Holland, was heard in Lon-

don, a.distance of 70 miles.. There are 5280 feet in a mile, and sound
travels at the rate of 1,120 feet in a second.  How many seconds after a
cannon was fired at Ostend, was the report heard in London ?

. From the base of the Pyramid of Cheops to its top is 704 feet; how long

10,

will it take a person to ascend it, walking at the rate of 4 feet per second ?
A rifle-ball moves at the rate of 1,000 miles an hour. If it could maintain
the same speed, how long would it be in erossing the Atlantic Ocean,
which is 3,000 miles broad 2

. Light moves 192,000 miles in a second, electricity 288,000 miles in the

same time. How long hefore we could see a flash of lightning in a cloud

2 miles off, and how long before the lightning could strike an object by
our side ?

. In the year 1504, the French philosopher Gay Lussac ascended in a bal-
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loon to the height of 41/, miles. He came down at the rate of 660 feet in
a minute; how long was he in making the descent ?

(8ee Rule 3, § 56,) Some of the Alpine glaciers mave 25 feet annually.
How far would they move in 4 years?

4. The comet observed by Newton in 1680 moved 880,000 miles an hour.

How far at this rate would it move in a day ?

5. Which will pass over the greater space—a hurricane, moving at the rate

of 80 miles an hour in 4 hours, or a locomotive, going 80 miles an hour,
in 10 hours?

. If the earth moves in its orbit 68,040 miles an hour, and is 865 days, 6

hours, in completing its revolution, how long is its orbit?

« If a ray of light travels 691,200,000 miles in an hour, how far will it go

inaday?

. (:See Rules, §8 63, 69.) A 24-pound cannon-ball moves at the rate of 1,000

miles an hour. A battering-ram weighing 10,000 pounds moves at the
rate of 10 miles an hour. How do their momenta compare ?—Ans. As
24 20 100; that 4s, the cannon-ball has a lettle less than onefourth of the
momentum of the battering-ranm.

How does the striking force of the above cannon-hall compare with that
of the battering-ramj; that is, what would be their comparative effect on
the wall of a fortress?—dns. That of the ball would be 24 times as yreat
as that of the battering-ram.

. An iceberg weighing 50,000 tons moves at the rate of 2 miles an hour.

An avalanche of 10,000 tons of snow descends with & velocity of 10 miles
an hour. How do their momenta compare?
How do they compare in striking force?

0. How does the momentum of a 32-pound ball with & velocity of 2,000 miles

an hour, ¢compare with that of & 16-pound ball with a yelocity of 1,000
miles an honr? f
Which would penetrate further into a bank of moist clay?

. A locomotive weighing 20' tons moves with a velocity of 40 feet a second.

Anothier locomotive weighing 25 tons moves at the rate of 4,800 feetina
minute. How do their velocifies compare?

How do they compare in momentum?

If the one with the less striking force penetrate 10 feet info a snow-
bank, how far will the other penetrate?

. A stone weighing 15 ounces is thrown from the hand with a velocity of

1,320 feet in o minute, A rifle-ball weighing 3 ounces is discharged at
the rate of 15 miles a minute. How do their velocities compare?
How do they compare in momentum 2
How many times greater is the striking foree of the rifle-ball than that
of the stone?
o%

i
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CHAPTER IV.

MECHANICS (CONTINUED).

LAWS OF MOTION.

Mathematical Definitions.

70. Berorg treating of the laws of motion, it is neces-
sary to define the mathematical terms used in connection
with them.

Tig. 13. 1. A Right or Straight Line is one that has the same
T > direction throughout its whole extent; as, AB.

Fig. 14. 2. Parallel Lines are those which have the same direc-
®  tion'; as, CD, BF.

3. A Curve Line, or Curve,is one that changes its di-
rection at every peint; as, G H.

4, A Circleis a figure bounded by a curve, every point
of which is equally distant from a point within, called the
Centre. Fig. 16 represents a circle, and E its centre,

&. The Circumference of a circle is the carve that
bounds it; as, ACFBD. )

8: Any part of the circumference is. called an
Arc; as, AC, CF.

7. A Diameter of a circle is a straight line drawn
through the centre, terminating af both ends in the
circamference; as; A B. Every circle has an infinife
number of diameters, all equal to each other,

8. A Radius (plural, »adés) of a circle is a straight line drawn from the
centre to the circumference; as, ED, EC, EF, EA, EB. Every circle has
an infinite number of radii, all equal o each other. The radiusof a circle is
just half its diameter,

9. A Tangent of a circle is s straight line that touches the circumference

A

¥ig. 15.

%0, What isa Right Line? TWhat are Parallel Lines? What is a Curve Line?
Whatisa Circle? What is the Circnmference of a circle? Whatisan Are? What
isa Diameter of o circle? How many dismeters has every circle? What is a Radins?
How mauy radii has every circle? How does the radius of a circle compare with its

MATHEMATICAT, DEFINITIONS.

in a single point, without cutting it at either end when pro-
duced; as, A B, CD.

10. The circumference of every circle is divided into 360
equal parts, called Degrees. One fourth of the circumfer-
ence contains 90 degrees, and is called a Quadrant,

11. An Angle is the difference in direction of two straight ¢ D
lines that meet or cross each other.

12. The Vertex (plural, vetites) of an angle is the point af which its sides
meet; as, D in Fig, 18.

An angle is named from the letter at itsvertex, if but
one angle is formed there. Otherwise, it is named from
the letters on each side and at the vertex, that at the vertex
being placed in the middle. Thus the angle in Fig. 18 is
called D3 if more than one angle were formed there, it
would be distinguished as CD B or BDC.

The size of ‘an angle does not depend on the length of its sides, but sim-
ply on their difference of direction. We may extend the lines DC, DB, as
far as we choose, without making the angle D any larger.

13. When a straight line meets another straight line in such a way as to
make the two adjacent angles equal, that is, so as fo incline no more t6 one
side than the other, it is said o he Perpendicular )
to the latter; and the angle which it makes on either Fig, 19.
sideis called a Right Angle. Thus, FEB and FEA B ns

N

(being equal) are Right Angles, and the line FEis
Perpendienlar to the line A B. /
A right angle, it will be seen, is measured by B
one fourth of the circumference of'a circle, or 90 de- %
grees.
14. An Obtuse Angle is one that is greater than =
right angle; as, F ED in Fig. 19.

15. An Acute Angleis one that isless than a right angle;
as, L ECin Fig, 19,

c
16. A Triangle is a figure bounded by three straight

lines; as, A B O, Fig. 20.
17. A Quadrilateral isa figure bounded by four straight

lines; as, A B C'D, Tig. 21.
18, A Diagonal of a quadrilateral is a straight line Fig.21

which joins the vertices of two opposite angles; as, ,
A C, DB, in Fig. 21
19. A Parallelogram is a quadrilateral syhose oppo- / N
: B,

site sides are parallel ; as, AB C D, Fig. 21.

Fig. 20

c

diameter? Whatis s Tangent of acircle? How is the circumference of every circls
divided? Whatis & Quadrant? What is an Angle? Whatis the Vertex of an an-
gle? Iow is an anglemamed? On whatalone does the size of an angle depend?
TWhen i3 one line said fo be Perpendicular to another? What is a Right Angle? By
what Is o right angle measuréd ?  What is an Obtuse Angle? What is an Acufe An-
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Fig, 22, 20. A Rectangle is a quadrilateral whose angles are
B F all right angles ; as, EF GH, Fig. 22.
21. A Squareis a rectangle whose sides are equal;

H e 85 ITKT, Fig. 28

92. ASphere is a solid bounded by & curved surface, D
all the points of which are equally distant from a pointwithin called 1 x
the centre ;-as, AB CD, Fig. 24.

23. The Axis of a sphere is a straight line
passing throngh its centre and terminating in its
surface, round whichit revolves; as, the straight
line connecting A and B, in Fig. 24.

24, The Poles of a sphere are the extremities
of its axis; as, the points A, B, in Fig. 24.

25. The Equator of a sphere is a great circle
which we imagine to be drawn round it on its
surface, midway between the: polés; as, the cir-
¢cle CD, in Fig. 24.

26..An Oblate Spheroid is a figure which dif-
fers from a sphere only in being flattened at its
poles, like an orange.

27. A Prolate Spheroid is a figure which differs from a sphere only in be-
ing lengthened out at its poles, like a lemon, :

28., A Oylinder is a circular body of uniform diameter, the ends of which
form equal and parallel circles. A lead-pencil, before it is sharpened, is a
cylinder; astove-pipe is a hollow cylinder.

Fig. 24

71. By investigating the principles of motion, Newton
arrived at three great laws, which have ever since heen
received.

First Law of Motion.

2. A body at rest remains at rest, @ body in motion
moves in @ straight line with uniform velocity, unless acted
on by some external force.

This law follows from inertia. No body has power of itself to move, to
cease moving, or to change its direction or velocity.

73. The air is a powerful agent in stopping motion. This is shown by
causing a wheel to revolve on a pivot, first in the air, snd then nnder a glass

gle? What isa Triangle? What isa Quadrilateral? What'is a Diagonal of 2 quad-
rilateral? ‘What i & Parallelogram? What is a Rectangle? What is a Square?
What is s Sphere? What is the Axis of a sphera? What are the Poles of & sphere?
‘What is the Equator of a sphere? What is an Oblats Spheroid ¢ What is a Prolate
Spheroid? Whatis a Oylinder? 71. How many laws of motion did Newton arrive
ot? 72, What is the First Law of Motion? From what does this law follow?
3. How may it be shown that the alr is a powerful agent in stopping motion?
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receiver from swhich the air has been removed with an air-pump. In the for-
mer case, the wheel soon ceases to move; in the latter, it retains its motion
foralong time. A pendulum (see § 188) will vibrate nearly a day in an ex-
hausted receiver.

4. Friction is the resistance with which a hody meets from the surface
on which it moves. - The rougher the surfaces brought in contact, the great-
er the friction, and the sooner the moving body will come to rest. A ball
rolled over a stony road is soon stopped by the obstacles it encounters; ona
level pavement it goes much farther, and farther still on @ smooth sheet of
ice. This is because the friction becomes less in proportion as the surface
on yrhich the ball rolls becomes smoother.

75. According to this law, every body left free to obey
the force that set it in motion will move in a straight line,
We observe few such motions in nature. The planets in
their orbits, rivers in their channels, rolling wayes, and as-
cending smoke, all move in curves, in consequence of their
being acted on by other forces, besides those that set them
in motion. The tendency of the moving body, however,
is always to continue in a straight line, eyen when from
overruling causes it moves in a circle.

Attach a ball, for instance, to a cord; and, Fig. 25.
fastening the end of the cord at a point, 0, give
a quick impulse fo the ball. It will be found to
move inacircle, AB C D, because the cord kceps
it within a certain distance of the centre. Were
it not for this, it would move in a straight line.
Thus, let the eord be cut when the ball is at A,
and it will be found to move to E in a tangent to
the circle ABCD. 1In like manner, at B it will
fiy off in a tangent to I, and so at O, D, or'any
other point. D

76. Tur CeNtriFucAL Force.—The force which tends
to make a body fly from the cenfre round which it revolves,
is called the Cen-trif-u-gal Force.

The opposite force, which draws a body towards the
centre round which it revolves, is called the Cen-trip™e-tal
Foree.

Magnificent examples of these two forces are exhibited

4. What {s Friction? On what kind of surfaces doesa moving body encounter the
most friction? Exemplify this. 75, What i5 said of the motions that we find in na-
ture? Give soms instances. What is the tendency of the moying body? Illastrate
this with s ball and cord, 76. What I3 the Centrifugal Force? What is the Centrip-
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by the planets revolving round the sun in space. At each
successive point of their orbits, In obedience to the Cen-
trifugal Force, they tend to fly off in tangents, disturbing
the hmmom' of the universe and carrying desol.mon in
their path. - They are constantly restrained, however, by a
Centripetal Foree equally powcrful the sun’s atfraction;
and the result is that théy revolye in curves.

v, Familiar Eramplés—Whirl a wet mop rapidly round,
Fig. 26. and drops of water, propelled by this force, will fly off from
it in straight lines.
Suspend a glass yessel containing some colored water, by
a eord passed round the rim, as shown in Fig. 26. Turn the
vessel round till the cords become tightly tmstcd and then
suddenly let itgo. It will rapidlyreyolve, and the centrifu-
gal force will give the water an impuise away from the centre.
As it can not escape, it will spread up the sides. Should there
be water cnongh, it will rise above the top of the vessel, and
fly off in straight lines.
We take advantage of the centrifugal force in discharging
a stone from a sling. The stone is whirled quickly round the
hand as a centre, which it is prevented from leaving by two
strixfgs connected with the strap on which it rests, The in.
stant one of the strings is let go, the centrifugal foree carries
off the stone in a tangent to the circle it was describing: Its
direction varies according to the ‘point’ atwhich the stringis Jet go, as will
appear from Fig. 27, Great velocity may be communicated to the stone with
this simple apparatus. In the hands of the Per-
Fig. 21. 2 sians, the Rhodians, and other ancient nations,
the sling was a formidable weapon;

When a wagon turns-a corner rapidly, it is
liable to be upset in consequence of the centrif-
ugal force. A peérson sifting in it feels his body
sway outward, and one who is on his feet las
to grasp the wagon to avoid being thrownfrom
his place. To counteract the effects of the cen-
trifugal force in curves on railroads, the outer
rail is laid higher than the inner one, as repre-
sented in Fig, 28, Were it not for this precaus

etal Force? What examples of theso two forces does nature furnishus? 77. How
may amop be made to illustrate the centrifugal force? ow does the appiratus xep-
resented in Fig. 26 illustrate the Centrifugal Forco? Describe the mode in which a
stons is discharged from o sling, and explain the principle. What is the effect of the
centrifugal force, when a wagon turns o corner rapidly ?  How is this effect countor-

THE CENTRIFUGAL FORCE,

tion, trains moving swiftly round & curye
would often be thrown from the track.
Instinct teaches a horse running rapidly
round a small circle, to incline his body in-
ward, that he may counteract the centrifugal
force. TFor the same reason, a circus-rider,
going swiftly round the ring, has to lean to-
wards the centre.
Jugglers take advantage of the centrifu-
gal force to astonish their audiences with a
striking experiment, represented in Fig. 29.
A B is a wheel with a broad rim, or felly. A
wine-glass partly filled with yyater is placed
on the inver surface of thefelly, and the wheel
is then made to revolye rapidly round the
axle 0. If the proper amount of motion be communicated
to the wheel, not only will the wine-glass keep its place
on the felly, but the water also will remain in it, not a
drop being spilled, even when the glass is at W. Grav-
ity, which, if the wheel were stationary, syould at once
cause both glass and water to fall, is completely nullified
by the centrifugal force.

8. Law of the Centrifugal Force—The

centrifugal force of a revolving body in- %
creases accordma to the square of its velocity. If there-
fore, the earth rcvolved round the sun twice as fast ag it
now does, its centrifugal force would be 4 times as greaf;
if 3 times as fast, 9 times as great; if 4 times as: fast, 16
times as great, dc.

This explains why a cord with which a stone'is whirled round, as in a

sling, is more apt to break under a rapid motion than a slow one, Every
time the yelocity is doubled, the strain on the cord is increased fourfold.

19. Bifect of the Centrifugal Koree on Revolving Bod-
7¢s.—The centrifugal force acts, not only on bodies moving
in curves, but also on fixed bodies revolving on their own
axes.

‘When large wheels are turned rapidly by machinery,
the centrifugal force at the circumference becomes an agent

scted in railroads? How does instinet teach a horse to conntersct the centrifugal
force? Deseribe the juggler's trick performed with the aid of the centrifugal forte.
78. What is the law of the centrifogal force? "When is'the cord of a sling most apt to
break, and why ? 79. On what, besides bodies moying in curves, does the centrifugal
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of tremendons power. Unless such wheels are made of
very strong materials, their cohesion will be overcome by
the ccntufuml force, and they will fly into fragments. Pon-
derous rrrmdstones sometimes burst, with the most disas-
trous eﬂects when too great a velocity is imparted to them.

Fig. 30 represents a sphere
revolving .on its axis. All parts
of the surface have to complete
their revolution in exactly the same
time ; therefore,as the parts lying
on the equator CD are further from
the axis, and have agreater distance
to go, they must travel faster than
the rest. Now we have seen that
the centrifugal force increases ywith
the square of the velocity; and, therefore, at the equator
CD it will be stronger than at any other part of the sur-
face.

Hence the general law:—On a revolving sphere, the
centrifugal force is greatest at the equator, and diminishes
from that point till at-the poles it wholly disappears.

Fig. 81 80: This difference of infensity in the cen-
: trifugal force at different points is shown when
a sphere of moist clay is made to revolve rapid-
1y, as on a potter's wheel. The tendency of par-
ticles on and near the equator to fly off is so great
that in those parts the sphere bulges out, becom-
ing proportionately flattened at the poles.

A similar resultis produced in the apparatus
represented in Tig. 31. Two thin and flexible
metal hoops are fixed, at right angles to each
other, on the axis E F,—fastened at the end F,
but loose at E, so as o admit of their moving
freely up and down the rod EF. A rapid rotary

motion béing communicated to the hoops, they will assume an oval form,
bulging outmore .and more as their veloeity is increased. When allowed
to come to rest, they will rise to their original position at E.

Fig. 30.

force act? What is sometimes its effect onlarge wheels moved by machinery ? What
is the law of the centrifugnl force in the case of revolying spheres? Explain the rea-
gon of this. 80, What is the efféct of the centrifugal force on a sphere of moist clay
made to revolye rapidly ? Describe the experiment with thie apparatus represented

SECOND LAW OF MOTION, 41

81. The centrifugal force, acting as just described, is supposed to have
given the earth its present form. The matter of which our planet is com-
posed seems at one time to have heen soft, and under a rapid rotary motion,
before becoming solid, it swelled out at the equator and became depressed at
the poles. - The earth thus became an oblate spheroid, the distance from pole
to pole being about 26 miles less than the equatorial diameter.

Second Law of NMeotiomn.

82. A given force always produces the same effect,
whether the body on which it acts s in motion or at rest ;
whether it s acted on by that force alone or by others at
the same time.

The earth, as it turns on its axis; carries all things on
its surface with great velocity from west to east; yet a
force acting on any object on the surface causes it to move
in the same direction, and with the same rapidity, as if the
earth were at rest.

Let a stone be dropped from the mast-head of a vessel, and it will fall at
the bottom of the mast, whether the vessel moyes or is af rest.

A person sitting in a wagon throws up an orange and caiches it in his
hand, whether the wagon'is moving or not.

83. Smirte Morron.—Mo-
tion produced by a single force
is called Simple Motion.

84. Resurrant MoTioN.—
Motion produced by the joint
action of more than one force
is called Resultant Motion.

Resultant motion 18 illustrated with
the apparatus represented in Fig. 32.
The ball ¢ is placed on & square frame
between two upright wires, on each of S
which a ball slides so as to strike C when it descends. Let the ball A drop,
and it will drive € to D; thisis an example of simple motion. Let fhe ball
B drop, and it will drive C to B; this, also, is simple motion. Let A and B

Fig. 82.

in Flgz. 81. 81, What is supposed to haye been the cffoct of the centrifugal force on
the form of the carth ? How does the eqnatorial diameter of the earth compare ywith
the distance from pole to pole? 82, What is the S8econd Law of Motion? Give some
familiar illustrations of this law. 83, Whatis Simple Motion? 8% What is Result-
snt Motion? Describe the apparatus with which resultant motion is illustrated.
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drop at the same instant, and they will drive C to F; this is resultant
motion.

85, We have an example of resultant motion in
aboat (see Fig. 83) which a person attempts fo
row north across a river, while the tide carries it

4 to the cast. Eaeh force produces the same effect
| o a§ if it acted alone; and the boatman, when he

| /// has ¢rossed the river, will find himself neither due

| g north sior due east of the point from which he
A T D started, but north-east of it.

If; in addition to the boatman’s efforts and the tide, the wind should blow,
this also will produce its full effect; and the boat will exhibit a resultant
motion produced by the joint action of the three forees.

86. Tur PararreLocray or Mo#rox.—If Figures 32
and 338 be examined, it will be seen that a body acted on
by two forces moves in a diagonal direction, between the
lines in which they would separately propel if.

In Fig. 33, the hoatman; starting at A, would row his boat to B; the tide
in the same fime would carry it to D. When hoth act, to get the divestion
of the boat and the point it would reach, we must.draw the other sidesiof the
parallelogram, B C, D.C; the diagonal A C will then show the course of the
boat, and its extremity C the point it would reach.

87. If the two forces are equal; the body will move in
the diagonal of a square, that is, directly between the lines
in which they would carry it. If one is greater than the

pigpe  Other; the parallelogram must be constructed
accordingly.

Let, for instance, the force used by the boatman be twice
as great.as that of the {ide. Then by the time he would reach
B, the tide would have carried his boat one-half of that dis-
tance, to D. Completing the parallelogram, as in Pig. 34 ‘and
drawing the diagonal A'C, we find that under the joinf action
of these forces the boat would reach C.

*Third Law of Motion.

88., Action is the force which one body exerts on an-
other subjected to its operation.

85. How may resultant motion be fliustrated in the case ofa boat? 86. How does a
body acted on by two forces moye? Iflustrats this with Figurs 83, S7. If thie two
forces are equal, how will the body move? If the forces are uncqual, how will it
move? Apply this principle in Fig. 84 88 What is Action? Whatis Reaction?

THIRD LAW OF MOTION. 43

Reaction is the counter-force which the body acted
upon exerts on the body acting.

The third Law of Motion is as follows :—Reaction
is always equal to Action, and opposite to it in direc-
tion.

89. Eramples of Action and Reaction.—We strike an egg against a table;
the table reacts on the egg with the same force and in the contrary direction,
breaking its shell. We push a wagon forward, and feel the reaction in the
resistance it offers. A bird, when flying, strikes the air downward blows with
its wings; the air reacts upward and supports the bird. A rower pulls his
oar against the water; the water reacts and drives the boat in the opposite
direction, A boy fires a gun; the exploding powder carries forward the
ball, but the air thus struck reacts on the gun and causes it to recoil against
the hoy's shoulder. Two boats of equal weight, A and B, are connected with
arope: aman in A pulls therope; action and reaction being equal, not only
will the boat B move towards him, but the boat A, which he is in, will move
with the same velocity towards B.

90. It is reaction that kills a person who falls from a height on a hard
pavement. Another, falling the same distance, lights on a feather bed, and
receives little or no injury ; not because there is Zess reaction, but because the
reaction is more gradual, and therefore his body does nof receive so great a
shock. On the same principle, if a steamboat in making her landing is likely
to strike violently against the dock, the force of the collision is deadened and
the boat saved from damage by interposing a coil of rope, or some other sub-
stance softer than wood.

Hence also a bullet, which would penetrate a board, will not go through
a soft cushion, its motion being gradually and not instantaneously opposed
by the reaction of the cushion. A person may catch a very heayy stone
without being hurt, if he allows his hand, the instant he catches it, to be car-
ried in the direction in which the stone was moving, and thus makes tho re-
action gradual.

91, Reaction often nullifies action. This was the case
with the man who tried to raise himself over a fence by
pulling at' the straps of his boots. Tug as he might, he
found that all the upward impulse he could give himself
was counterbalanced by an equally strong downward im-
pulse; and that his utmost efforts could not reverse the law

What is the Third Law of Motion? 89. Give some familiar illustrations of the third
law of motion. 90, What is the cffect of reaction ona person falling from a height on
s hard pavement? What is the effect, if the person falling lights on a feather bed?
What causes the difference? Give another instance of graduoal reaction. How may a
person eateh a'very heavy stona withont being hurt? 91, What is often the effect
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of nature — that action
and reaction are equal in
force and opposite in di-
rection,

We read of another man no
less ingenions, who rigged a huge
bellows in the stern of his sail-
boat, that he might always be
able to make & fair wind. On
trying the experiment, he found
that with all his blowing he could
not move the boat an inch; for
the reaction of the air on the bel-

lows kepf her back as much as its action on the sail tended to move ber for-
ward.

92. Acrion Axp REACTION IN NON-ELASTIC AND ErLASTIC
Bopmes.—Aection and reaction are always equal, but they
are exhibifed differently in non-elastic and elastic bodies.
This difference is shown with suspended balls of soft elay
and ivory, the latter of which are elastic, while the former
are the reverse. ‘

Fig. 56. Fig. 36 represents two clay or mon-

: elastic balls. A is raised and allowed to

Y4 fall. - If it met with no resistance, it would

A @/ rise to about the same height on the oppo-

site side. But, encountering B, it imparts

OZF to it a portion of its motion, and both move

on together, as shown in Fig. 37, though only

half as far as A would haye gone alone, The

reaction of B is clearly equal to the actien of

A ; for the latter loses just as much motion as
the former gains. ]

If the two balls be of ivory, or any other

highly elastic substance, A will impart the whole of its mo-

tion to B, and remain stationary after striking ; while B, as

A

of reaction? What humorous instanca is given of the nullifying effect of reaction?
Btate the case of the man with the safl-boat. 92. In what two clusses of bodies are
action and reaction differently exhibited? How-is this difference shown? What
does Fig. 30 represent? Show the eifect of action and reaction in these non-elastic

._side of the perpendicular, at the same angle, fo E. B

ACTION AND REACTION.

shown in Fig, 38, will swing to the same
height that A would have reached if unre-
sisted. Here again the reaction of B, which
brings A to rest, is evidently equal to the >

action of A, which sets B in motion. A

93, Fig. 39 affords a further illustration of action and reaction in elasfic

bodies, Five ivory balls are suspended by strings of equal length, so as iy
fall in front of & graduated are, with the aid of
which the distance they move can be observed.
Let the first, A, be drawn out and allowed to
fall. It will impart all its motion to the second,
and by the reaction of the latter will be brought
to rest. Inlike manner, the second imparts its
motion to the third, and is kept at rest by reac-
tion; and so with the thirdand the fourth. The
fifth, B, finally receives the motion; and, there
being in this case no reaction to stop if, it flies_
off to the same height from which A started.

94, RerrecTED MorioN.—Reflected Motion is the mo-
tion of a body turned from its course by the reaction of
another body against which it strikes. A ball rebounding
from a wall against which it has been thrown, affords an
example of Reflected Motion, :

If'a body pessessing little or no elasticity be thrown against a wall, it will
rebound but a short distance, if at all. “We find the most striking instances
of reflected motion in the most elastic bodies. Every hoy kuows ihat an
india rubber ball will bound higher than one made of yarn, and that a yarn
ball will bound higher than one stuffed with eotton.

95. When a hall is thrown perpendicularly Fig. 40.
against another body, it rebounds in the same ol
line towards the hand from which it was thrown. P
Thus, in Fig. 40, if a ball be thrown from F against (5
the surface B € so as to strike it perpendicularly
at A, it will return in the line AF. If thrown |

from D, however, it will glance off on the other A
A [

If D were nearer the perpendicular, the line. A E ywould also be nearer to it;
if it were farther from the perpendicular, A E would be farther in proportion.

balls, What does Fiy. 83 represent? 93, Describe the apparstus representedin Fig.
89, and tell how it operstes. 94 What is Reflected Motion? Giye sn example.
What bodics exhibit reflected motion most strikingly? 95. When a ballis thrown
perpendicularly against another body, how does it rebound ? When thrown so as to
make an angle with the perpendicular, how will it rebound? Tlustrate this with
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96. The angle DAF in Fig. 40, made by the body in
its forward course with the perpendicular at the point of
contaet, is called the Angle of Incidence.

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

The great law of reflected motion is as follows :—Ze
Angle of Reflection is always equal to the Angle of Inei-
dence.

CHAPTER V,
MECHANICS (CONTINUED).

GRAVITY,

9%7. TerRESTRIAL GrRAVITY.—\Vhen a stone is let go, we
all know that it does not fly up in the air or move sideyyays,

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

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

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

Figure 40. 98, What is the Angle of Incidence? Whatis the Angle of Reflection ?
What {s the great law of reflected motion ?

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

GRAVITATION. 47

The attraction subsisting between the heavenly bodies
is called Gravitation.

To Sir Isaac Newton ihe world owes the great discovery of the law of
Universal Gravitation. Galileo had investigated the subject of tervestrial
gravity (4. p. 1590), but he did not imagine that any similar force existed
beyond the neighborhood of the earth, Kepler advanced a step nearer the
truth, and spoke of gravitation as acting from planet to planet; still'he did
not conceive of ‘its having any effect on the planetary motions. This discov-
ery, one of the most important that modern science has achieyed, was re-
served for the mighty genius of Newton. Sitting in his orchard one day
(. D. 1866), he observed an apple fall from & bough. This simple eircum-
stance awakened a frain of thought. Gravity, he knew, was not confined to
the immediate surface of the earth. It extended to the greatest heights with
which man was scquainted ; why might it not reach out into space? Why
not affect the moon? Why not actually cause her to revolve around the
earth? To test these speculations, Newton at once undertook a series of la-
borious caleulations, which proved that the attraction of gravitation is uni-
versal; that it determines the orbits and velocities of the planets, causes the
inequalitics: observed in their motions; produces: fides, and has given its
present shape to the earth,

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

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

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

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

extend? Giye sn example. By whom was the lawof Universal Gravitation discov-
ere? What advance had been made towsards it by Galileo? What, by Kepler?
Give an account of the circumstances and reasoning that led Newton to this discoy-
ery. What was proved by his ealcnlations? 99, What is the first fact that has been
established respecting gravitation? Give an example. What is the second fact?
Give an example, What is the third fact? What eyidence is there of this? 100, What
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96. The angle DAF in Fig. 40, made by the body in
its forward course with the perpendicular at the point of
contaet, is called the Angle of Incidence.

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

The great law of reflected motion is as follows :—Ze
Angle of Reflection is always equal to the Angle of Inei-
dence.

CHAPTER V,
MECHANICS (CONTINUED).

GRAVITY,

9%7. TerRESTRIAL GrRAVITY.—\Vhen a stone is let go, we
all know that it does not fly up in the air or move sideyyays,

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

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

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

Figure 40. 98, What is the Angle of Incidence? Whatis the Angle of Reflection ?
What {s the great law of reflected motion ?

97. When s stone is let go, what does it do? To what is this owing? What is
meant by Terrestrial Gravity ? 98, What is Gravitation? How far does gravitation
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The attraction subsisting between the heavenly bodies
is called Gravitation.

To Sir Isaac Newton ihe world owes the great discovery of the law of
Universal Gravitation. Galileo had investigated the subject of tervestrial
gravity (4. p. 1590), but he did not imagine that any similar force existed
beyond the neighborhood of the earth, Kepler advanced a step nearer the
truth, and spoke of gravitation as acting from planet to planet; still'he did
not conceive of ‘its having any effect on the planetary motions. This discov-
ery, one of the most important that modern science has achieyed, was re-
served for the mighty genius of Newton. Sitting in his orchard one day
(. D. 1866), he observed an apple fall from & bough. This simple eircum-
stance awakened a frain of thought. Gravity, he knew, was not confined to
the immediate surface of the earth. It extended to the greatest heights with
which man was scquainted ; why might it not reach out into space? Why
not affect the moon? Why not actually cause her to revolve around the
earth? To test these speculations, Newton at once undertook a series of la-
borious caleulations, which proved that the attraction of gravitation is uni-
versal; that it determines the orbits and velocities of the planets, causes the
inequalitics: observed in their motions; produces: fides, and has given its
present shape to the earth,

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

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

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

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

extend? Giye sn example. By whom was the lawof Universal Gravitation discov-
ere? What advance had been made towsards it by Galileo? What, by Kepler?
Give an account of the circumstances and reasoning that led Newton to this discoy-
ery. What was proved by his ealcnlations? 99, What is the first fact that has been
established respecting gravitation? Give an example. What is the second fact?
Give an example, What is the third fact? What eyidence is there of this? 100, What
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force. The action of the sun is found to be the same on
all the hieavenly bodies.

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

iz, 41. suspended lead is called),will

l point in opposite directions.

A . .

This will be seen from the

relative positions of A and

B, € and D, in Fig. 41. The

- lead, therefore, has no ten-

dency to fall in any particu-

lar direction as such, but

takes all directions according

TB to the part of the eartl’s

surface which if is near. The

universal law is, that ¢ must point towards the centre of
the earth.

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

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

101. It follows that wp and down are relative and not absolute terms.
What is 4 to a person in New York, is down to a ship a few miles south-west
of Australia. If a person in a standing position at New York were to be
carried in a straight line through the earth to its centre, and on in the same
direction to the opposite side of the earth, he would come ont in the Indian
Ocean south-west of Anstralia, hut would find himself on his head instead of
his feet. - His head, which at New York pointed up, would now point down.

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

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

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

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

ter increases.

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

distance inereases.

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

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

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

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

do not objects on the under side of the earth full of? 102. On what does the force of

grayity depend? Repent the two laws of gravity. 103, Explain the fisst law., Why

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

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

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

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

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

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

Weight being nothing more than the measure of the force with which
Hodies are drawn towards the earth, it follows that, if the earth contained
fwice as much matter as it now does, they would have twice their present
weight ; if it confained three fimes a5 much matter; three times their present
weight, &e.

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

on 5 man carrled to its surface? 104 TMustrate the second law with an example,
105. Why is not attraction exhibited betwoen small bodies on the earth's surface?
How isa plummet suspended near the base of a mountain sffected? 1006. What is
Weight ? To what is weight proportioned? If the earth contained tyvice ns much
matter as it now does, how would the weight of objects on' its surface compare with

WEIGHT ABOVE THE EARBTH’S SURFACE, 51

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

The reason of thisis clear. The earth Fig, 42,
being about 8,000 milés through, from its g0 il IetO R s
centre to its surface is 4,000 miles; and Lt g [T o
from its centre to a point 4,000 miles
above its surface, is 8,000 miles. 4,000 1s
to 8,000 as 110 2; buf the weight at the 1600l | /s pends
surface would not be to the weight 4,000 !5 Ffiee disiases o reisme i
miles above the surface as 2 to 1, but as
the sguares of these mumbers, 4 to 1.
Hence, if it would weigh 1,000 pounds at 12000 miles | 3131/ ponds
the surface, it would weigh only ¥/, 88  gumes sustace distance | 17 -:m-d;m
much, 4,000 miles above the surface. For 1
the same reason, it would weigh /5 of
1,000 pounds at a distance of 8,000 miles
from the surface; 3/, at a distance of 259y
12,000 miles; /s, at o distance of 18,000 AT
miles, &e. These results are exhibited
in Fig. 42. 4,000miles | 3,000 pounds

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

108, If we could go from the
surface of the earth to the cen-
tre, we should find a given object weigh less and less as we
advanced, The momentwe descended beneath the surface,
we would leave particles of matter behind us, and the at-
traction of these would act in a direction exactly opposite
to gravity.

their present weight? 107. Whatis said of the weight of bodies taken up from the
eartl’s surface? What would 1,000 pounds of iron weigh, 4,000 miles above tho
carth's surface? Show the reason of this. What is said of tho loss of weight at small
elevations? Four miles above the surface, how much wonld s body weighing 1,000
pounds lose ? - What would be its welight, 240,000 miles from the earth? 108 If we
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Thus, in Fig. 43, let C represent the centre of the earth, and O any object
heneath the surface. All the particles below the line A B attract O down-

Fig. 43. Fig. 44.

o iy
=6

e

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

At the centre of the carth (see Fig. 44) no object would weigh any thing.
There would be as many particles above the line DE asbelow it; and O, be-
ing equally attracted on all sides, would have noweight,

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

For 1 mile below, take 544 of the surface weight.
For 2 miles, take 3255 of the surface weight.
For . 100 miles, take 2900 of the:surface weight.
For 1,000 miles, take 2888 of the surface weight, &e.

Fig 45, 110. Law of Weight—From the

8,000 milea | 1/, 2505, above principles the following law of

7,000 miles’ | 16/, 32626/, p,

6000 miles 1 4 saitf,pWeight is deduced — Al objectsweigh
so00 miles | 10 cdop.  Lhe most at the surface of the earth:
Goomiles 100 pomds geeending  from the surface, their
weight diminishes as the square of
2 L 4 500 p. . . .
i 2 Vg their distance from the centre in-
1,000 m. 1258 p. \ ¥

8,000 m. 4750 p.

creases ; descending towards the cen-
ire, their weight diminishes as their
distance from the surface increases.

Fig. 45 shows the operation of
this law in the case of an object weigh-
ing 1,000 pounds at the earth’s surface.

centre | 0 pounds,

could go from the surface of the earth to the centre, whatwould we find respecting
the weight of a given body ? What is ‘the reason of this decrease? Illustrate this
with Fig. 43. What would all objects weigh at the centre? Show the reason of this
with Fig. 44, 100. How may we find the weight of a given body one mile below the

WEIGHT IN DIFFERENT LATITUDES, 53

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

112. This is owing to two causes :—

1. The equatorial diameter is about 26} miles longer
than the polar diameter; and therefore an object at the
equator is farther from the centre and less strongly at-
tracted than at any other point.

2. The centrifugal force, as shown in § 79, is greatest
at the equator, and therefore counterbalances more of the
downward attraction there than at any other part of the
surface, making the weight less. It has been computed,
that, if the earth revolved 17 times as fast ‘as it now does,
the centrifugal force at the equator would counterbalance
gravity entirely, and thus deprive all bodies of weight. If
the earth’s velocity were further increased, all things at the
equator would be thrown off into space.

113. The general effect of gravity is
to draw bodies towards the earth; but
sometimes it causes them to rise. A
balloon, for instance, mounts to the
clouds.  This is because it containg less
matter than a mass of air of the same
bulk, or, ag"we say briefly, it is lighter
than air. Hence the air, acted on more
strongly by gravity than the balloon, is
drawn towards the earth under the lat-
ter, which is thus eaused to rise.

For the same reason, smoke ascends.

So, if a flask of oil be uncorked at. the Lt raon

carth'ssurface? Two miles? A hundred miles? A thousand miles? 110, Repeat
the las of weight. 111, What-is said of the weight of a body at different parts of the
eartl’s surfaca? Give an exsmple. 112, To what causes is this owing? What would
be the resnlt, if the earth revolyed on its axis with seventeen times its present velo-
eity? 113, Bhow how gravity sometimes causes.a body to rise. Give some illustrne
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bottom of a pail of water, the water will be drawn down
below the oil, and force the latter to the top.

Falling Bodies.

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

So startling a proposition yas af once condemned by the learned men of
the day; but Galileo, conyinced of the truth.of his position, challenged his
opponents toa trial. 7

The leaning tower of Pisa [pe-zaZ], Italy, was chosen as the scene of the
experiment, and multitudes flocked to witness it. Two balls were produced,
one of which weighed exactly twice as much as the other, and after being
examined, {o prevent the possibility of deception, at a given signal they were
dropped. In breathless anxiety the crowd awaited the result, doubting not
that it wonld confound the bold youth of six-and-twenty yeats, who had darved
to oppose not only the sages of his own time, but also the established opin-
jon of centurics and the great master Aristotle himself. To their amazement,
the bold youth was right; the balls reached the earth at the same instant.
Unable to credit their owh senses, agdin and again they repeated the experi-
ment, but each time with the same result. This triumph, though if awakened
the jealousy of his defeated rivals, and cost Galileo his place as professor of
mathematics in the university of Pisa, established the fact that gravily causes
all bodizs-to descend with equal rapidity, withous reference to their weight, and
that all apparent differences are caused by some other agency.

115. Resistance or THE Atr.—The cause of the differ-

{lons. 114. Ifa festher and s cent be dropped at the same time, whieh will reach the
ground first? How did Aristotle explain this fact? Whatwas Galileo’s opinion on
the subject? How was his theory received by the learned men of the day ? Give sn
account of the trial that was made at Piss, What fact was established by the experi-

aiasngendi e —————

* fage of the parachnte that he incurs

JRESISTANCE OF THE AIR. 55

ence of velocity in a falling feather and a falling cent is the
Resistance of the Air,

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

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

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

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

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

A PARACOUTE,

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

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

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

was formerly exceedingly difficult, on account of the rapid-

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

119, Afwood's Machine.—Atsyood’s Machine is represented in Fig. 49. It
consists of & pillar; G, about six feet high, surmounted by a horizontal plate,
JIK; from which to the base of the stand extends a perpendicular graduated
scale, C I, divided into feet, inches, and tenths of an inch. The plafe JK
supports a vertical wheel, D, the axis of which, that it may revolve as far
as possible without friction, rests on four other wheels, 4,3, ¢, 2 (4, being
behind the rest, is not seen in the figure). A and B-are equal weights, con-
nected by a cordy which passes over the wheel D. & is a pendulum which
vibrates onee in'a 'second; and I is a dial-plate and index (like the face and
hand of p elock) for marking seconds. 2

B, having exactly the same weight as A, just counterbalances it. Now
attach to A a small weight equal to one sixty-third of the combined weight
of A and B. This slight addition causes A to descend; butas A descct;ds,
B of course ascends; and as mneither A nor B, being counterbalanced

from a balloon af n great height? Deseribe the process. How large must a parachute
be for a common-sized man? 118, With what sort of velocity must falling bodies de-
seend? Why s0o? Whatmade it diftioult formerly to aseertain the vclr;('it_v. &e., of
falling bodies? What apparatus:is now employed for this purpose? 119. Describe
Atwood's Machine from the plate. Show its mode of operation. How docs this ma-

ATWOOD’S MACHINE.

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

120, It is found with Atywood's
Machine, " that, calling the distance
traversed in the 1st second 1, that
traversed in the 2d will be 3; that
in the 8d, 5; that in the 4th, 7; and
so on in the series of odd numbers.
The velocity at the end of the Ist sec-
ond will be a mean hetween 1.and 3,
or 2; at the end of the 2d, it will be
@ mean between 3 and 5, or 4; at the
end of the 2d, 6; at the end of the
4th, 8; and so on inthe series of even
numbers,

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

chine aid the experimenter? 120, Whatis
found with Atwood’s Machine, respecting
the distanees traversed in successive sec-
onds? What is the relative velocity at the
end of successive seconds? How far does
a body fall in the first second ? According

. N @V',‘VY" J T

—




58 MECHANICS.

feet, por second.  Inthesecond second it descends 3 times 164/;, feet; or 48Y/;
- feet, and at its termination has a velocity of 4 times 16'/2 feet, or 841/ feet,
per second, In the third second, it descends 5 times 161/; feet, or 803/, feet,
and at its termination has a velocity of 6 times 16!/, 0r 96/ feet, per sec-
ond, &c.

Now, as to the whole space passed through in any given time. Tn1 sec-
ond, it will be 16/,o feety in 2 seconds, by addition (161/,24-481/,); 64/, feet;
in 8 seconds, (16%iz+45Yi+80%) 1443/, feet; in4 seconds, (16454 48Y,
+ 80%a+ 1127/15) 25735, and so.on.

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

Rule 1—To find the space throngh which a falling body
passes during any second of its descent, multiply 165 feet
by that one in the series of odd numbers which corresponds
with the given second.

Example. How far will a stone fall in the tenth second of its descent?—
The series of odd numbersisT, 8, 5, 7, 9; 11, 13,15, 17,19, &c. The tenth
is 19; 16/, multiplied by 10 gives 3057 /10— Answar, 8057/, feet.

Rule 2—To find the velocity of a falling body at the
termination of any second of its descent, multiply 16 feet
by that onein the series of eyen numbers which corresponds
with the given second.

Zrample:. What is-the velocity of a stone that has been falling ten sec-
onds ?—The series.of even numbers is 2, 4, 6, 8,10, 12, 14, 16, 18, 20. The
tonth is 20; 161/, multiplied by 20 gives 32135 —dAnswer, 3213/; feet per
second.

Rule 3—To find the whole space passed through by a
falline body, multiply 1655 feet by the square of the given
=) 3 I 12 S

number of seconds.

Frampls. How far will a stone fall in 10 seconds ?—Squaring 10 gives
1005 18Y/,, mulfiplied by 100 gives 1,608!/s.—dnswer, 1,6081/; feet.

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

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

to the results obtained with Atswwood's Machine, how far will it fall in snccessive sec-
onds, and what will be its velocity at the end of each? 121. Repeat Rule 1, for find-
ing the space traversed by a falling body during any second of its: descent. Apply
this rule in the given example. Repeat Rule 2, for finding the velacity of a falling
body. Apply this rule in an example. Repest Rule 8, for finding the vhole distance
traversed by a falling body. Give anexampls. 122. To what bodies do these rules

BODIES THROWN DOWNWARD. 59

fest in & second, then in the tenth second, instead of falling 3057/, feet, asin
the example under Rule 1, it would fall 50 feet farther,—that is 8557/;, feet.
Its velocity at the end of the tenth second would likewise be obtained by add-
ing 50 feet per second to the velocity obtained in the example under Rule 2:
8213/s+ 50 = 871%.—To obtain the whole space passed through, add to the
result obtained by Rule 3, the distance traversed in consequence of the velo-
city originally imparted. A body thrown downward with a velocity of 50 feet
per second, would, without any aid from gravity, pass through 500 feet in 10
seconds. Adding this to 1,608'; feet, the distance through which gravity
alone cansesa body to fall in 10 seconds, we have 2,108%/y feet for the whole
distanice traversed 1n that time by a body thrown downyward ywith & velocity
of 50 feet per second. 3

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

124, As the velocity of a falling body inereases 32} feet
every S8cond, it does not take long for it to acquire a tre-
mendous speed ; and, as the striking force is proportioned
to the weight multiplied into the square of the velocity,
it is clear that even a small body, falling any considerable
distance, may become a very powerful agent. Hence the
disastrous effects of hail-stones, which have been known to
injure cattle and break through the roofs of houses, and
which prove so destructive to the vineyards in parts of
Southern Europe that the fields have to be protected from
their yisitations.

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

apply? Ifa body is thrown from o height, what must enter into the calenlation ? It
& stone were thrown down with a force that would propelit 50 feet in'nsecond, how
far swould it fall in the tenth second? What would be its velogity at the end'of the
tonth second? What would be the whole distance traversed in ten geconds? 123, For
what must allowanee be made in applying these rnles? How greata difference does
the resistance of the air occasion? 124. Hoyw are the dispstrous effects of hail-stones”
accounted for? 123, Whatis said of the velocity of anascending body ? How may
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like amount, and will at last be brought torest. Thenum-
ber of seeonds during which it will continue to rise is found
by dividing the number of feet per second with which it
starts by 32%.

The height; therefore, which an ascending body reaches,
depends on the force with which it is projected upward ;
and, were there no air to resist its progress, it would al-
ways reach such a height as it would have to fall from in
order to acquire the welocity with which it started. The
spaces traversed and the velocities attained during succes-
give seconds would be the same in the ascent as in the de-
scent, only reversed in order.

Thus, if projected upward with o velocity of 8217/; feet per second, a ball
unresisted by the air would continue to rise 10 seconds; because, to attain a
velocity of 8213/; feet from a state of rest, it would have to fall 10 seconds.
In the tenth second of its ascent, it would pass through the same distance as
in the first second of its descent, 16%/, feet; in the ninth second 'of its as-
cent, the same as in the second ofits descent, 487/, feet; in the eighth second
of its ascent, the same as in the third of its descent, &e.

126: According to the principle just stated, a rifle-ball, shot vertically up-
ward, would descend on whatever it struck with the same force #hat it had
when originally discharged.  But it does mot do'so, on account of the resist-
ance of the air. This resistance prevents the ball from rising as high as it
otherwise wonld do by about one-sixth of the whole distance (see § 123), and
in its descent it again loses nearly one-sixthi. The whole loss thus amounts
to nearly one-third of the velocity, leaving a little over two-thirds remaining,
Now, to find the proportion between the striking force of the ball when origi-
nally projected and its striking force on refurning to the same point, we must
square two-thirds. This gives four-ninths ; and thus we find that the ball; on
returning to the surface, strikes an ohject with less than half the effect which
it-has immediately on being discharged—a result borne out by facts.

Projectiles.

+27. A Projectile is a body thrown through the air. An
arrow discharged from a bow, a bullet from a gun, a stone
from the hand, are all Projectiles,

we find the number of secondsthat an ascending body will continue torise? Were
jt not for the resistance of the air, how great a height would o body projected upward
attain? What is said of the spaees traversed and the velocities attained during sue-
cessivoseconds? Exemplify this in'the case of a ball thrown upward'with a velocity
of 8213 feet per second. 126, According to this principle, with what force would a
ball shot yertically upward descend on an object? Does it doko? Explain the rea-

PROJECTILES,

Every projectile is acted on by three forces:—

1. The force by which it was thrown.

2.  Gravity, which constantly impels it towards the earth,

3. The resistance of the air, which tends to bring it to

rest.

128. Para ox A Prosecriie—A projectile may be thrown
with such force as'to be borne some distance in a straight
line, without having its direction sensibly altered by grav-
ity or the air’s resistance; as in the case of a cannon-ball.
‘When, however, its velocity diminishes, the joint action of
these forces causes it to move in a line more or less resem-
bling the curve called the parab/-o-la. The less the pro-
jectile force, the sooner does the body deviate from a-
straight line to a curve.

Fig. 50 shows the path of a stone thrown obliquely from the hand. The
propelling force  sends it in a straight line to A, and would take it onin the
same direction fo B, were it not that, as soon as its velocity becomes suffi-
ciently diminished, gravity and the air’s resistance give it a circular motion
to C, and finally bring it to the earth at D.

129. If thrown straight up, a projectile will descend
in the same line in which it ascended. If discharged hori-
zontally from a height, it will describe a curve which varies

son why it doesmot. 127, What is o Projectile? Give examples. Enumerate the
forces by which every projectile is acted on. 128, When a projectile is discharged
with great force, what is its direction for s time? When its velocity diminishes, how
does it move? What projectiles deviate soonest from s straight line? Illustrate the
path of a projectile with Fig. 50. 120, If thrown straight up, how does & projectile
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in form according to the velocity originally imparted. The
greater this velocity, the greater the distance the projectile
will pass through; but, whatever thé distance traversed, it
will always reach the ground in precisely the same time that
it would take to fall to the earth from the height at which
it was discharged.

Fig 5L Thus, in Fig, 51, we have a caunon
planted ona tower at such a height
that it would take four seconds for a
ball to fall from it to the ground:
Dropped from the cannon’s mouth, in
fhe first second & ball would reach
A ; in thenext, B : in the third, C; and
in the fourth, D. Fired from the can-
non, and acted on by the projectile
force alone, it would in one, two, three,
and four seconds, successively reach
E, F, &, and H. When both forces act, the hall will move in the dotted line,
reaching at the end of the successive seconds the points 1, J, K, and L. The
ball fired from the cannon will touch the ground at L at precisely the same
instant that the ball dropped from it will strike the ground at D.

30, The resistance of the air, which is but slight when a body moves
slowly through it, becomes a powerful agent as the velocity of the hody in-
creases. A cannon-ball, fired witha velocity of 2,000 feet in a second, would
g0 24 miles before grayity alone would stop it; whereas, when opposed by
the air's resistance, as well as gravity, it goes-but 3.

181. A projectile reaches a greater height and remains
longer in the air, when thrown straight upward, than when
thrown in any other direction.

132. Ranpos.—The Random, or Range, of a projectile
is the distance in a straight line between the points at which
it begins and ceases to move.

When thrown perpendicularly upward, a projectile re-
turns to the point from which it started, and the random
is naught. The more its course deviates from the perpen-
dicular the greater the random' becomes, until it is thrown

descend ? If discharged horizontally from & height, what kind of & line does a pro-
jectile deseribe ? What projectiles, so discharged, will traverse the greatest distance ?
How long will it'take projectiles discharged horizontally from a height to reac
ground? Explain these prineiples with Fig 51, 130, In what case does the resi
ance of theair become a very powerful agent? Show this in the case of a cannon
ball. 13L In what direction must a projectile bo thrown, to attain the greatest
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at an angle of somewhat less than 40 degrees, from which
point it again diminishes. Were it not for the resistance
of the air, a projectile would have the greatest random
when thrown at an angle of 45 degrees.

Figure 52 shows the
course of projectiles
thrown at different angles.

The ball which leaves the

cannon’s mouth at an an-

gle of about 37 degrees

will be the only one to hit

the vessel. The two balls Ll

fired at a greater and a }!’\.
~ YR

less angle will fall short oo i

of it.

133. Gux~ery.—The laws relating to projectiles form
the basis of the science of Gunnery. The artilleryman
must know just at what angle to elevate his gun, and how
great an allowance to make for gravity and the air’s re-
sistance.

134, Military projectiles are discharged with the aid of
gunpowder. This is a solid, which by the application of a
spark is instantaneously converted into a highly elastic
fluid, and in that form expands to many times its previous
bulk. This sudden expansion, confined within a cannon,
finds vent at its mouth, and with such force as fo impart
great velocity to a ball or other missile.

Who invented gunpowder can not be ascertained. It was known many
centuries before the Christian era to the Chinese, who used it for levelling
hills, blasting rocks, and also, as the remains of ancient pieces of ordnance
indicate, for military purposes. = Other eastern nations appearto have been
acquainted with its use at an early date. Roger Bacon, the celebrated Eng-
lish philosopher, in a work written about 1270 A.»., alludes toit as a well
known composition. Fifty years later, Berthold Schiwartz, a Prussian monk,

Fig. 52.

height? 132 What is the Raudom of 4 projectile ? ' What is the random of a pro-
jectile thrown perpendicularly upward? At what anglo must & projeetile be dis-
charged, to haye the greatest random? What would'be the angle, were it not for
the resistance of the air? Explain Fig. 52. 133: What science is based on the Jaws
of projectiles? 134 How are military projectiles discharged ? Expluin the mode in
wliich a projectile is discharged with gunpowder. By whom was gunpowder invent-
ed? To whom was it early known? What English philosopher alluded to.it, and
when? What Prussian monk investigated its: properties? Where and when wers
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investigated its properties; he has by some been called its inventor, as Ba-
con has by others, The first that we hear of cannon’s being used in war is
at the battle of Cressy, between the French and English, A. n. 15486.

135. As the striking force of a body increases with the
square of its velocity, the pieces of ordnance used in attack-
ing a fort are so charged asto give the balls the greatest
possible velocity. In naval engagements, on the other
hand, no greater velocity is desired than will just plant the
balls in the enemy’s hull ; for thus, imparting the whole of
their motion to the ship, they give it ‘a greater shock, and
do more damage by splintering its tim-
bers, than if they have sufficient velocity
to carry them completely through.

136, Tue Barnsric Pexpurus—Sev-
eral methods have been tried for measur-
ing the veloeity of cannon and musket
balls. - One is to suspend the piece from
which the ball is fired and measure its re-
coil ; action and reaction being equal, this
recoil is preportioned to the force with
which the ball is discharged. Another
method is by means of an instrument eall-
ed the Ballistic Pendulum, represented in

Fig. 53.
i “,,'g;fﬁ.‘,,’f’ g From a cross-piece, A, on a stout framework; =

heavy block of wood, B, is suspended, in such away as
to. move freely backward and forward. A ball fired into this block will
drive it back fo a distance proportioned tothe ball's velocity. . This distance
1s measured by a ribbon, C D, attached to the lower end of the pendulum,
which is drawn through an orifice in the.cross-piece E as the block is carried
back. The weight of the block, the distance it is driven, and the weight of
the ball being known, the velocity of the hall can he determined.

1387, It is found by experiments with the ballistic pen-
dulum that the greatest yelocity that can be given to a
cannon-ball is a little over 2,000 feet in a second. To make

Fig, b3,

canmon first used in war? 135, Iow are pieces of ordnance charged for attacking &
fort? How in naval-engagements, and with what object? 136, What methods have
been tried for measuring the velocity of balls? Describe the Ballistic Pendulum.
187, What is the greatest velocity that can be given to a cannon-ball? What is said

THE PENDULUM. 6o

a piece carry the greatest distance, it must be charged with
a certain amount of powder, which is not uniform, but va-
ries even in different pieces of the same size. A larger
charge is not only useless, but dangerous, as it may burst
the gun.

The longer the barrel of a gun, the greater is the velo-
city imparted to the bally but its random is thus only
slightly increased, and, for varions reasons, great length is
now regarded as a positive digadvantage.

The Penduium.

138. A Pendulum Fig. b
consists of a heavy 1
ball suspended m such 1
a way as to swing to and
fro. Fig. 54 represents
a Pendulum.

If raised on one side and
let go, the ball of the pendu-
lum, B, will be carried down
by gravity with such force as
to rise by its inertia to the
same height on the opposite
side. From this point itawill
again fall and rise on theother
side; and, if no other foree
than gravity operated, it would
keep on rising and fulling for- ) :
ever. The friction at the point of suspension, however, and the resistance
of the air, are constantly tending to check its motion ; and the consequence
i that it swings ench fime a less distance, and finally eomes torest.

139. When swinging to and fro, a pendulum is said to
vibrate ; and the portion of a circle through which it moves
is called its are. In Fig. 54, CD is the arc of the pendu-
lam A B. ¥l :

140. Laws orF VisratioN.—First Law.—The vibra-

THE PEXDULUM.

of the smount of powder to be used for & charge? What is the efféct of lengthening
the barrel 6f a gun? 138, OFf what does a Pendulum consist? What takes place th!il
a pendulum is raised on one side and fet go? What causes it finally to come to rest?
189. YWhen is & pendulum said to ¢idrate # Whatis meant by the areof a pendulum?
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tions of a given pendulum are performed in very nearly the
same time, whether <t moves through longer or shorter ares.

Thus, in Fig. 54, if the pendulum A B were raised only to E, it would be
as long in swinging from E to I as from € to D. The shorter the arc, there-
fore; the slower its motion. Itis on this principle that a swing, when first
set in motion, goes_very slowly, buf increases in velocity as it is pushed
higher and higher.

141. Second Law.—The wibrations of pendulums of
different length are performed in different times ; and
their lengths. are proportiondl o the squares of their times
of vibration.

One pendulum vibrates in 2 seconds, another in 4. Then the latter will
be four times as long as the former; because they will be to each other as
the square of 2 is to the square of 4,—that is, as 4 is'to 16, Hence, to have
its time of vibration doubled, a pendulum must be made 4 times as long; to
have it fripled, 9 times aslong; to have it quadrupled, 16 times as long, &o.
A pendulum, fo vibrate only once in a minate, would have to be 60 times 60,
that is 3,600, times as long as one that vibrates once in a second,—or a little
over 2 miles,

Conversely, the timesin which different pendulums vibrate ave to each
other as the square roots of their length. If one pendulum be 16 fect long
and another 4, the former will be twice as long in yibrating as the latter;
for their times of vibration.are to each other as the square root of 16 is to
the square rootiof 4,—or as 4 to 2.

142, Third Leaw.—The vibrations of the same pendu-
lum. are not performed in the same time at all parts of the
eartl’s surface ; but, being caused by gravity, differ slight-

Uy, like gravity, according to the distance from the earth’s
centre.

. On the top of a mountain five miles high, for instance, a pendulum vibrat-
mg seconds would make 10 less vibrations in an hour than at the level of the
sed, because it would be farther from the earth’s centre, At either pole, &
second-pendulum would make 13 more vibrationsin an hour than at the equa-
tor, because it is nearer the centre, the earth being flattened at the poles.
Hence the yvibrations of the pendulum afford a means of measuring heights.

140. What Is the first Jaw relating to the pendulam? Illustrate this with Fie 56
141, 'What i3 the second law? Apply this law in an example. When the len-'i?;s-oi‘
different pendulums are known, how ean we find the relative times of \‘ibmtio;.? (4
we have two pendulums, 16 and 4 feet long, how will their times of vibration com-
pare? 142, What isthe third law? What is the difference in the number of yibra-
tions in a second-pendnlum at the lavel of ths sea and at an elevation of five miles?
How would the number of yibrations at the pole compare with those at the equamr;’

THE PENDULUM APPLIED TO CLOCE-WORK. 67

They also confirm what we have learned, that the polar diameter of the earth
is 264 miles shorter than its equatorial diameter.

In the latitude of New York, a pendulum, to vibrate seconds, must be
about 897, inches long; whereas at Spitzbergen, in the far North, it must
be a little over 391/;, and at the equator exactly 39 inches.

143. AppLICATION OF THE PENDULUM T0 CLOCE-WORK.
—Galileo, to whom science owes so much, was the first to
think of turning the pendulum to a practical use. Observ-"
ing that a chandelier suspended from the ceiling of a church
in Pisa, when moved by the wind, vibrated in exactly the
same time, whether carried to a greater or less distance, he
at once saw that a similar instrument might be employed
in measuring small intervals of time in astronomical obser-
vations. o :

To adapt it to this use, it was necessary to invent some
way of counterbalancing the eonstant loss of motion caused
by friction and the air’s resistance. This was done by the
Dutch astronomer Huygens [Aé-genz], who in the year
1656 first applied the pendulum to clockswork, To this
great invention modern astronomy owes its precision of ob-
servation, and consequently much of the progress it has
made.

144, As a pendulum vibrating seconds, which is over
39 inches long, would be inconvenient in clocks, it is custom-
ary to use one that vibrates halfseconds ; which, according
to the principles laid down in § 141, is onefourth as long,
ora little less than 10 inches.

145. At the same distance from the equator, the same
elevation above the gea, and the same temperature, a pen-
dulum’ of given length will always vibrate in exactly the
same time, and a clock regulated by a pendulum will
keep uniform time, If taken from the equator towards the
poles, the pendulum will vibrate more rapidly, and the clock

What is the lenzth of a second-pendulum at New York? At Spitzbergen? At the
equator? 143, Who first thought of turning the pendulum to & practical uso ? Ree
Iate the circumstance that led him to do so. To enable it to measure small intoryals
of time, what was first necessary ? Who did this, and thus first applied the pendu-
Jum to clock-work ? 144, What is the length of the pendulums generally used in
clocks? 145, Under what circumstances will a pendulum always vibrate in the samo
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will go too fast. If taken up & mountain, the pendulum
will vibrate less rapidly, and the clock will go too slow. If
expanded by the heat of summer (for such we ghall here-
after learn is the effect of heat), the pendulum will also vi-
brate less rapidly, and the elock will go too slow.

146. T GripizoNy Pexpvrvar—To prevent a clock
from being affected by heat and cold, the Compensation
Pendulum is used.

Fig. b One form of the Compensation Pendulum, known as the Grid-
iron Pendulum, is represented in Fig. 55, It consists of a frame
of mine bars, alternately of steel and brass. These are so ar-
ranged that the steel bars, being fustened at the top, have to ex-
pand downward; while the brass ones, fastened at the hottom,
expand upward. The expansive power of brassis to that of steel
as 100-to 61; therefore, if the length of the steel bars is made
199/; thie length of the brass bars; the expansion of the one metal
counterbalances that of the other, and the pendulum always: re-
mains of the same length. The steel bars'in the figure are rep-
resented by heavy black Jines; the brass ones, by closé parallel
lines.

147. A clock is regnlated by lengthening or shortening its
pendulum.  This is done by screwiog the ball up or down on
the rod.. The ball is lowered when the clock goes too: fast, and

ermmox  raised when it goes too slow.
PENDULUM.

EXAMPLES FOR PRACTICE.

1. (See Fig. 45, and $§107, 109,) What would be the weight (that is, the
measure of the earth’s atfraction) of an iceberg containing 40,000 tons of
ice, if raised to a height of 1,000 miles above the earth’s surface?

© What would it weigh 1,000 miles beneath the earth's surface?

2. A horse atithe earth’ssurface weighs 1,200 pounds; ywhat svould he weigh
4,000 miles above the surface?

How far beneath the surface would he have to be sunk, to haye the
same weight?

3. A Turkish porter will carry 800 pounds; how many such pounds could he
carry, if he were placed half way between the surface and the cenire of
the earth, and retained the same strength 2—.Ans. 1,600.

How many snch pounds could he ecarry, if elevated 4,000 miles above
the surface with the same strength?

time? What will cause it to vibrate more rapidly, andawhat less? 146, To prevent
& clock from being affected by heat andicold, what is used? Describe the Gridiron
Pendulum, 147, How is a clock regulated #

EXAMPLES FOR PRACTICE. 69

. What would o body weighing 100 pounds af the eartl’s surface weigh

1,000 miles above the surface 2
What would it weigh 1,000 miles below the surface ?

. Would an 18-pound cannou-ball weigh more or less; 2,000 miles above the

O 1 s I A r 2
earth’s surface, than 2,000 miles below it,—and how much?

At the centre of the earth, what would be the differenceof weight between

& man weighing 200 pounds at the surface and oneweighing 100 pounds?
: z I

Four thousand miles above the surface, what would be the difference

in their weight?

(See Rule'l, §121.—In'ths examples that follow, no allowance is made for

the resistance of the air.) A-man falls from a church steeple; how many
feet will be pass throngh in the third second of his descent?

. Tow far will a stone fall in the twelfth second of its descent? 5
. (Ses Ruls 2, §121.) How great a velocity does o falling stone attain in 7

seconds ? 4 } e fmlen i
A hail-stone has been falling one-third of a minute; what is its velocity?
(See Bule 3, §121.) How far will a stone fall in 10 seconds?
Hosw far will o hail-stone fall in one-third of a minute? .
I drop a pebble into an empty well, and hear it strike the boitom in ex-
actly tywo seconds. How deep is the well ? =

How many feet does the pebble fall in the first second of its descent?
How many, in the second ? :

What velocity has the pebble at the moment of striking ? .

. A musket-ball dropped from a balloon eontinues falling hulfa._ml.nute be-
fors it reaches the earth ; how high is the balloon; and what is the velo-
city of the ball when it reaches the earth?

. What is the velocity of a stone dropped into a mine, afterit has been fall-
ing 7 seconds, and how far has it descended ?

. (See §122.) What syould be the velocity of the same ston‘e at the end l?f
the seventl second, if thrown into the mine with a velocity of 20 feet in
a gecond, and how far would it have descended ? 4

_ An arrow falls from a balloon for 9 seconds. How-far doc.s it f.ull alto-
gether, how far in the last second, and what velocity does. it attain?

What would these three answers be, if the arrow were discharged from
the balloon with a velocity of 10 feet per Second? ; \

. (See’$125.) How long will a hall projected upwards with a velocity of
1983/, feet per second, continue to ascend ?

How great @ height will it attain? '
What will be its velocity, after it has been ascending one second ?
After twoseconds?  After threc seconds?

19. How many seconds will & musket-ball, shot upward with a veloeity of

2951/, fect in 2 second, continue to-ascend?
How many feet will if rise?

90. A stone thrown up into the air rises two seconds; with what yelocity was

it thrown?

21, (See §141.) How many times longer must apendulum be, to vibrate only

oncein o second, than to vibrate three timesin o second ?
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2. Two pendulums at the Cape of Good Hope vibrate respectively in 40 sec-
onds and 10 seconds ; how many times longeris the one than the other?
. Two pendulums af New Orleans vibrafe in 40 seconds and 10 seconds;
how many fimes longer is one than the other?
In the latitude of New York, a pendulum vibrating seconds is 39%,
inches in length; how long must one be, to vibrate once in 10 seconds?
—Ans. 8,910 2nokes.
How long must one be, to yibrated times in asecond at the same place?
—Ans. 27V g0 Finches.

5. Atthe equator, & pendulum 89 inches Jong vibrates oncein a second; how
long must a pendulum he, to-vibrate oncein half an hour at the same
place?

How long must one be, to vibrate 10 times in a second ?
. At Trinidad, a seconds-pendulum must be about 89/, inches long ; what
would be the length of one that would yibrate 3 fimes in & second ?
What would be the length of one that wouldvibrate 8 times in a
minute ?
What ywould be the Iength of one that srould vibrate 8 times in an hour?

CHAPTER VI.

MECHANICS (CONTINUED).
CENTRE OF GRAVITY.

148. Tar Centre of Gravity of a body is that point
about which all its parts are balanced.

The centre of gravity is nothing more than the centre
of weight. Cut a body of uniform density in two, by a
plane passed in‘any direction through its centre of gravity,
and the parts thus formed will weigh exactly the same.
The whole weight of a body may be regarded as concen-
trated in its centre of gravity.

149. The Centre of Gravity must be carefully distin-
guished from the Centre of Magnitude and the Centre of
Motion.

148, What is the Centro of Gravity? How maywe divide a body of uniform
density into two parts of equal weight? Where may we regard the whole weight of
2 body gs concentrated? 140, From what must the centre of gravity be cerefully

CENTRE OF GRAVITY. 71

150. The Centre of Magnitude (or, as we briefly call it,
the Centre) of a body, is a point equally distant from its
opposite sides.

151. The Centre of Motion in a revolving surface is a
point which remains at rest, while all the other points of
the surface are in mofion.

In all revolving bodies, a number of points remain at
rest. The line connecting them is called the Axis of
Motion, or briefly, the Axis of the body.

152. The centre of gravity may coincide
with the cenire of magnitude and liein the
axis of motion, but need not do so. In
Fig. 56, A represents a wheel entirely of
wood of uniform density; here the centre
of gravity coincides with the centre of
magnitude, C, and both lie in the axis of
motion. B represents the same wheel .
with its two lower spokes and part of the felly of lead. "' The centre of
magnitude, C, still lies in the axis, but the centre of gravity has fallen
to D.

When a body is of nniform density, its ecentre of gravity coincides with
its centi‘e of magnitude. When one part of a body is heavier than another,
the centre of gravity lies nearer the heavier part.

153. A line drawn perpendicularly downward from the
centre of gravity is called the Line of Direction. In Fig.
56, CE and D E are the Lines of Direction.

154, How 7o rixp tHE CENTRE OF GRAVITY.—The part
of a body-in which the centre of gravity is situated, may be
found, in some cases, by balanc-
ing it on a point.  Thus the cen- <
tre of gravity of the poker rep-
resented in Fig, 57 lies directly
over the point on which it is
balanced.

155. In a solid of regular

Fig, 57.

distingnished ¢ 150. What is the Centre of Magnitnde? 151, What is the Centre of
Motion? Whatis the Axis of a revolving sphere? 152. Show, with Fig. 56, how the
centre of gravity may not coinelde with the centre of magnitude, or lic in the axis
When does a body’s centra of gravity coincide with its eentre of magnitude? When
one part {s heavier thfn snother, where does the centro of gravity lie? 138, What
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2. Two pendulums at the Cape of Good Hope vibrate respectively in 40 sec-
onds and 10 seconds ; how many times longeris the one than the other?
. Two pendulums af New Orleans vibrafe in 40 seconds and 10 seconds;
how many fimes longer is one than the other?
In the latitude of New York, a pendulum vibrating seconds is 39%,
inches in length; how long must one be, to vibrate once in 10 seconds?
—Ans. 8,910 2nokes.
How long must one be, to yibrated times in asecond at the same place?
—Ans. 27V g0 Finches.

5. Atthe equator, & pendulum 89 inches Jong vibrates oncein a second; how
long must a pendulum he, to-vibrate oncein half an hour at the same
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How long must one be, to vibrate 10 times in a second ?
. At Trinidad, a seconds-pendulum must be about 89/, inches long ; what
would be the length of one that would yibrate 3 fimes in & second ?
What would be the length of one that wouldvibrate 8 times in a
minute ?
What ywould be the Iength of one that srould vibrate 8 times in an hour?
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of weight. Cut a body of uniform density in two, by a
plane passed in‘any direction through its centre of gravity,
and the parts thus formed will weigh exactly the same.
The whole weight of a body may be regarded as concen-
trated in its centre of gravity.

149. The Centre of Gravity must be carefully distin-
guished from the Centre of Magnitude and the Centre of
Motion.

148, What is the Centro of Gravity? How maywe divide a body of uniform
density into two parts of equal weight? Where may we regard the whole weight of
2 body gs concentrated? 140, From what must the centre of gravity be cerefully
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150. The Centre of Magnitude (or, as we briefly call it,
the Centre) of a body, is a point equally distant from its
opposite sides.

151. The Centre of Motion in a revolving surface is a
point which remains at rest, while all the other points of
the surface are in mofion.

In all revolving bodies, a number of points remain at
rest. The line connecting them is called the Axis of
Motion, or briefly, the Axis of the body.

152. The centre of gravity may coincide
with the cenire of magnitude and liein the
axis of motion, but need not do so. In
Fig. 56, A represents a wheel entirely of
wood of uniform density; here the centre
of gravity coincides with the centre of
magnitude, C, and both lie in the axis of
motion. B represents the same wheel .
with its two lower spokes and part of the felly of lead. "' The centre of
magnitude, C, still lies in the axis, but the centre of gravity has fallen
to D.

When a body is of nniform density, its ecentre of gravity coincides with
its centi‘e of magnitude. When one part of a body is heavier than another,
the centre of gravity lies nearer the heavier part.

153. A line drawn perpendicularly downward from the
centre of gravity is called the Line of Direction. In Fig.
56, CE and D E are the Lines of Direction.

154, How 7o rixp tHE CENTRE OF GRAVITY.—The part
of a body-in which the centre of gravity is situated, may be
found, in some cases, by balanc-
ing it on a point.  Thus the cen- <
tre of gravity of the poker rep-
resented in Fig, 57 lies directly
over the point on which it is
balanced.

155. In a solid of regular

Fig, 57.

distingnished ¢ 150. What is the Centre of Magnitnde? 151, What is the Centre of
Motion? Whatis the Axis of a revolving sphere? 152. Show, with Fig. 56, how the
centre of gravity may not coinelde with the centre of magnitude, or lic in the axis
When does a body’s centra of gravity coincide with its eentre of magnitude? When
one part {s heavier thfn snother, where does the centro of gravity lie? 138, What
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shape and uniform thickness and density, so thin that it
may be regarded as a mere surface, such as a piece of paste-
board, the centre of gravity may be found by ascertaining
any two straight lines drawn from side to side that will
divide it into two equal parts. The point at which these
lines intersect is the centre of gravity. Thus, in a parallel-
ogram, the centre of gravity is the point at which its two
diagonals intersect.

When such o surfaceis irregularin shape, sus-
pend it at any point, so that it may move freely,
and when it has come to rest, drop a plumb-line
from the point of suspension and mark its direc-
tion on the surface. Do the same at any other
point; aud the centre of gravity will lie where the
two lines intersect.

Thus, suspend the irregular body represented
in Fig, 58 at the point A; and, dropping the
plumb-line A B, mark its direction on the surface.
Then suspend it at C; drop the plumb-line CD,
and mark its direction. The lines cross at B, and
there will be the centre of gravity.

156. "When two bodies of equal
weight are connected by a rod, the
centre of gravity will be in the centre
of the rod, 'When two bodies of unequal weight are so con-

Fig. 9. nected, the centre of gravity

AQ will be nearer to the heavier

=" ‘one. These principles are il-

lustrated in Fig. 59, in which

C represents the centre of
gravity.

157. Srasiury or Bopms.—The Base of a body is its
lowest side. When a body is supported on legs, like a

is the Line of Direction? 154 Tn some bodies; how may the part inswhich the cen-
tre of gravity lies be found? 155, How may the centre of gravity be found, in a thip
solid body of regnlar shape and uniform thickness and density 2 How may it be
found in such a solld, shen the shape is irregular? Bxplain the process with Fig. 38,
156, When two hodies of equal weight are connected by & rod, where does the centrs
ofgravity lie? How does it lie, when the bodies are of uneqcrzl weight? 157, What
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chair, its base is formed by lines connecting the hottoms of
its Tegs.

158, When the line of direction falls within the base, a
body stands ; when not, it falls.

In Fig. 60, G is the centreof grav-
ity ; since the line of direction, G P,
falls within the base, the hody will
stand. In Fig. 61, the line of diree-
tion falls exacfly at one extremity of
the base, and the body will be over-
turned by the slightest force. InTig. 62, the line of direction falls outside of
the base, and the body will fall,

A magn carrying a load on his back naturally
bends forward, to bring his line of direction with-
in the base formed by his fest. Otherwise, the
line of direction falls ouiside of the base, as
shown in Fig. 63; and the load, if heavy, may
pull him over backward.

159. Of different bodies of the
same height, that which has the broad-
est base is the hardest to overturn, because its line of di-
rection must be moved the farthest to fall outside of its
Fig. 64

Fig. 61, Fig. 62.

EGYPTIAN PYRAMIDS,

isthe Base of s body? When o body is supported on legs, how is its base formed?
158. How must the line of direction fall, for a body to stand? Dlustrats thiswith
Figs. 60, 61,62, What position does & man carrying a load on his back assnme, and
why ? 150. Of different bodies equally high, which is the hardest to overturn?

4
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base. Hence a pyramid is the most stable of all figures;
and, of different pyramids of the same height, that which
has the broadest base is the most stable. The pyramids
of Egypt have withstood the storms of more than three
thousand years.

The stability of stone walls is increased by making them broader at the
base than at the top: | Candlesticks and inkstands generally spread out at the
bottom that they may not be easily upset:’. Forthe same reason, the legs of
chairs bend ontward as they approach the floor. A threelegeed stool or
table has 2 smaller base than one that hag fourlegs, and is therefore more
easily upset. Hence, also, the esse with yhich a man standing on one leg is
overturned.

160, A ball of nniform density has its eentre of gravity
at its centre of magnitude. When such a ball rests on a
level surface, the line of direction falls on the poin of sup-
port, and it therefore remains in any position in which it is
placed. But, as the base of a ball consists of a single point,
—the point in which it tonches a level surface,—a slight
push throws the line of direction beyond the base, and
causes the ball to roll.
Fie 65, 161. When a ball is placed on a
7 sloping surface, the line of direction
@ falls outside of the base, and the ball
begins to roll. A cube placed on the
same sloping surface maintains its po-
sition, because the line of direction
< falls within its base. See Fig. 65, in
which € repugsents the centre of gravity.
162. Of different bodies with bases equally large, the
lowest is the hardest to overturn, because its line of direc-
tion is least liable to fall outside of its base.

Why? What is' the most stable of all fizures? Tow long have the pyramids of
Baypt stood? Give some familiar instances in which the base of a body is made
larger than the top, to increase its stubility. Why are three-legged chairs and tables
casily overturned ? 160. In a ball of uniform dengity, where is the centre of gravity?
What is said of the stability of such aball,when resting on a level surface 7 161, When
such & ball is placed on & sloping surface, what takes place ? Compareit, in this re-
spect, with a cube. 162. Of different bodics with bases equally large, swhich is the
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This is apparent from Figs. 66 and

67. The unfinished tower, though

leaning far over, maintains its upright
position, the
line ‘of direc-
tion. falling
within  the
base. 'When
made higher
by the addi-
tion of seve-
ral stories, as

shown in Fig. 67, it will fall, hecause

the centre of gravity has been raised,

and the line of direction now falls outside of the base.

High ¢hairs for children are unsafe, unless their legs spread at the bot-

tom. A coach with

heavy baggage piled

on its top isin danger

of ‘upsetting on ‘a

rongh road. On the

sameprinciple, aload

ofstonemay passsafe-

ly over a hill-side, on

which ‘a load of hay

would be overturned.

Fig. 63 shows that the

line of direction in the

one: case ywould fall

within the base,while

in the other it would

fall outside of it

163. The lower its centre of gravity, the more stable a
body is, | Those, therefore, who pack goods i wagons. or
vessels, should place the heaviest lowest.

This principle has bce.n furned to account in building leaning towers. The
tower of Pisa, which is the most remarkable of these structures, with a height
of 150 feet, leans to such a degree that its top overhangs its base more than
12 feet; yetit has stood firm for centuries. In this case, the centre of grav-
ity has been hrought lower than it would otherwise haye been, by the use of
heavy materials at the bottom and lighter ones higher up.. The lower stories
are of dense voleanie rock, the middle stories of brick, and the upperones of

hsrdest to overturn? Why ? Illustrate this point with Figs. 66 and 67. Give some
familiar applications of this principle. 163. Why do those who pack goods in wagons
plade the heaviest lowest? In what has this principle been turned to account? De-
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an exceedingly porous stone, Thus built, the tower is much less liable %o
fall, than if the same material had been used throughout.

164, When the centre of gravityis brought beneath the
point of support, the stability of a body
is still further inereased.

This 1§ shown in Fig. 69. To balance a needle on
ifs point’ is next to impossible, on account of the
smallness of thebase, and the height of the centre of
gravity. It may be done, however, by running the
head of the needle intoa piece of cork, C, and stick-
ing into opposite sides of this.cork two forks, A, B, at
equal angles. The whole may then be poised upon
the needle’s point on the botfom of a wine-glass. In
this cage, the heayy handlesof the forks bring the
centre of gravity below the point of support, in the
stem of the glass,

The common toy knewn as the Rocking
Horse, represented in Fig. 70, is made on this
principle. To a horse of any light material,
bearing a trooper or some other figure, is af-
tached asire to which'a hall may be fastened.
‘When the hind legs of the horse are placed on
the stand'without the ball, the line of direction
falls: ontside of the base, and the horse and his
rider fall. When the ball is attached, how-

*7 eyer, the centre of gravity is brought below

" thepoint of support ; the horse will then main-
tain ifs upright position, and by moving the
ball may be made to rock up and down.

165. Errecr or Rotary Mo-

TIoN.—Rotary Motion, that is, mo-

tion round an axis, may keep a body from falling, even
when its line of direction falls outside of its base. Thus, if
a boy tries to balance his top on its point, he finds it im-
possible ; but, when he spins it, it stands as long as the ro-
tary motion continues. The centre of gravity is not over
the point of support all the time the top is spinning, but is

BOCEING-HIOESE.

scribe the tower of Pisa, and the materials of which it is built. 164 How is the sia-

bility of a body farther inereased ? Show how a needle may be balanced on its point *

by applying this principle. Deseribe the Rocking Horse, and explain the principle
involved. 165. What is meant by Rotary Motion? What is one ofits effecis? Why
does a top full over when we try to balance it on its point, but not fall when spinning?

CENTRE OF GRAVITY IN MAN. Vi

constantly moving round the axis of motion; and, hefore
~the top can fall in consequence of its being on one side of
the axis, it reaches the other side, and thus counteracts the
previous impulse. Hence, the faster the top revolves, the
steadier it is ; asits motion slackens, it gradually reels more
and more, and finally falls,

166. CenxtRE OoF GrAvITY IN Manx—The centre of
gravity in the body of a man lies between the hips; the
base is formed by lines connecting the extremities of the
feet. A man enlarges this base, and therefore stands more
firm, when heturns his toes out and places his feet a short
distance apart. When old and infirm, he enlarges his base
and increases his stability still further by using a cane.

‘When attempting to rise from a sitting position, a man
must either bend his body forward or draw his feet back-
ward, in order to bring his centre of grayvity over his base;
otherwise, he will fall back in making the attempt. So, a
person who keeps his heels against a wall, can not stoop
without falling, because he has no room to throw the mid-
dle of his body far enough back to keep the line of direc-
tion within the base.

Nature: teach-
es aman when de-
scending a height
tolean backward,
and when ascend-
ing to lean for-
ward, as shownin
Figl 71. Tn like
manner, when
carrying aweight
on one side, we

sway our body: to the other, like the man with the
watering-pot, in Fig. 72. We find it easier fo
carry a pail of water in each hand than to carry
but'one, because ‘the weights balance each other,

166. Where does the centre of gravity liein 6 man's bedy ? Hosw may & man increase
his stability? When attempting to rise from a sitting position, what must a man do?
Why can not s person stoop, if he keeps his heels against a wall? What does nature
teach a man to do, when descending & height? When ascending & height? When
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and no effort is necessary fo keep the line of direction within' the
base.

An infant that has not learned to balance itself in a standing position

ereeps on all fours without danger, becanse it thus brings its centre of grav-
ity lower and enlarges its base. Tn order to walk, it must know how o pre-
serve its balances ‘and, a5 some practice is necessary for this, the child in its
first efforts is likely to fall. - The same is the case with a dizzy or an intoxi-
cated person, who for the time loses the power of preserving his balance—
thatis, of keeping his line of direction within his base.

167. When a person slips on one side, he naturally throws out his‘arm on
the other. He thus seeks'to bring back his centre of gravity over his base,
and, when he can/do 50, e saves himself from falling. A person skating lias
to use his arms constantly for this purpose. = Rope-dancers, in performing

Fig 15, their feats, have to shift their centre
of gravity from point to point with
great rapidity; and, finding their
arms  insufficient for maintaining
their balance'on the rope, they use
a long pole, with a slight motion of
which they can throw the eentre of
gravity into any desired position.

168, -The' shepherds of Landes
[Zond],in the south-west of France,
have furned the art of balancing to
good account. Having fo tend their
gheepina region covered withmarsh
inwinter and hot sand in summer,
they mount on stilts about four feet
high. Though the centre of gravity
is raised, and their liability to full
thus increased, by practising from
an carly age they hecome exceeding-
ly expert on these stilts, and can not
only walk on'them, but’even dance,
and run so fast.that it is hard for a
stranget to keep up with them.

SHEPHERDS OF LAXDES,

169. StaBrE AnD UxsraBrE Equinisriua.—The centre

of gravity of every body tends to get to the lowest possible
point.

carrying a sweight on one side? ‘Why do we find it casier to carry a pail of water in
each hand than o carry but one? Why is an infant safer when crecping than when
attempting to walk? “Why does an intoxicated person reel? 167. When a person
slips on one side, what does' he do, and why? How do rope-daneers preserve their
balance? 163, How have the shepherds of Landes turncd the art of balancing to
practical use? 169, What point does the contre of gravity tend to reach? Illustrate

STABLE AND UNSTABLE EQUILIBRIUM.

A ball suspended by a string, as in Fig. 74, and re- Fig. T
leased from the hand at K, or any other point, will not
come to rest till it reaches L, because there its centre
of gravity, B, is at its lowest point. Hence, when a
pendulum or plummet comes to rest, it always hangs
vertically.
A hammer, no matterin what way it is thrown up,
descends with its iron part first, because the centre of
gravity, which is in that part, tends to getas lowas &
possible, For the same veason, a shuttlecock or an
arrow, when it has reached its highest point, turns =
and descends with ifs heaviest part foremost. z

170. A solid body resting on a surface in such a way
that its eentre of gravity is lower than it would be in any
other position, is said to be in Stable Equilibrinm. If its
centre of gravity could be brought lower by placing it dif
ferently, it is said to be in Unstable Equilibrium.

ig. T Thus, the oval body, A B, represent- Fig. 76.

ediin Fig. 75, is in stable equilibrium,

because its centre of gravity, €, is at

its Towest possible point; and a force

applied to either end will not cause it

to full ‘oyer, but only to.rock to and fro.
In the position shown in Fig. 76, it s in unstable equilibrium, _\
because its centre of grayity might be brought lower; and a L
slight push will overfurn it and bring it fo the position shown in Fig. 75.. It
is hardly possible to balance an egg on either end ; hut placed on its side, if
rests securely.

171. The stability of a sphere, or oval body like an egg,
is‘inereased by cutting it into two equal parts, as shown in
Fig, 77. Bases of this shape are
used in rocking toys, for. support-
ing the figures of men and animals,
Of this shape, also, are some of the
huge Rocking Stones found in different parts of Europe,
which are so nicely poised that the slightest push causes
them to rock to and fro, while a dozen men can not over-
turn them.

P
“

this with Fig, 7. When a pendulum’ or plumimet comes to rest, how does it hang 2
How does a hammer, a shuttlecock, or an arrow, descend, when thrown up into the
air, and why ¢ 170. When is a body said to be in Stable Equilibrium? When, in Un-
stable Equilibrium ? Apply this in Figs, 75 and 76. 171 How may the stability of s
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172. Parapoxes—The tend ency of the centre of gray-
ity to reach its lowest possible point sometimes pmduccs
wonderful effects, or Paradoxes, for which the unlearned
are at a loss to account. Thus, we know that a hall will roll
down a sloping surface; but a ball of light wood may be

made toroll up. a <10pu10' surface by inserting a piece of
lead in one side,

Fig. 18. The ball A, for instance, loaded on
one side with a plug of lead §,is placed
A = on a sloping surfuce, The centre of
gravity C, which i3 nearS, atonce tends
to reach ifs Jowest point; and owing to
this tendency the ball rolls, till it reaches
the position showa in B.

178. In like manner, a double cone, or
body having the form of two sugat-loaves joined at their large ends, may be

made to loll up &n inclined plane.  Fig. 79 represents two rails, joined at one
end, but apart and somewhat ele-
vated af the other. Place the
double cone at the middle of the
rails just described, and instead
of rolling down to the narrow end
it will roll up to the wide end.
This is because the centre of gray-
ity, thongh apparently going up, is really going down ; for, as the rails di-
verge, they let the double cone further down between them.

sphere or oval body be fncréased? For what are bases of this shape used? TWhat
stones are of this shape? 172. What are Paradoxes? How are they sometimes pro-
duced? Howmay-a ball be made to rollupa-slopingsurface? Explain the principle
involved, with Fig, 75. 173. Describe the experiment with the double cone, and ex-
plain the principla.

MOTIVE POWEES.

CHAPTER VII.
MECHANICS (CONTINUED).

THE MOTIVE POWER.—THIl RESISTANCE,—THE MACHINE.—
STRENGTH OF MATERIALS.

174. Ix a previous chapter we have treated of the Laws
of Motion ; we now proceed to consider the following prac-
tical points :—

I, The Motive Power, or Force by which motion is pro-

duced.

II. The Resistance to be overcome, or work t6 be done,
which is always opposed to the Power.

HI. The Machine, which is used by the Power in over-
coming the Resistance, when it does not itself di-
rectly aect.

IV. The Strength of the Materials employed.

In'the case of a steamboat, steam is the Power by which motion is pro-
duced; theweight of the boai is the Resistance, which constantly opposes
the Power. Since steam can not be directly applied in such a way as to move
the boat; a Machine is used to aid in overcoming-the Resistance; and this

Machine is the engine. On the strength of the materials employed depend
the usefulness-and safety of the yvhole.

Metive Powers.

175. The chief powers used by man in producing mo-
tion are gravity, the elastic force of springs, his own
strength, the strength of animals, wind, water, and steam.

176. Gravity.—Springs—Gravity is applied by attach-
ing weights to machinery, which they keep in motion by
their constant downward tendency, as in certain kinds of

174, "What four subjects. connected with Meehanics are treated of in the present
chapter? In the case of a steamboat, what is the power? What, the resistance?
What, the machine? On what does the usefulnessof the whole depend ? 175, Name
the chief powers employed by man in producing motion. 176 How is grayity ap-

4%
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which is always opposed to the Power.

HI. The Machine, which is used by the Power in over-
coming the Resistance, when it does not itself di-
rectly aect.

IV. The Strength of the Materials employed.

In'the case of a steamboat, steam is the Power by which motion is pro-
duced; theweight of the boai is the Resistance, which constantly opposes
the Power. Since steam can not be directly applied in such a way as to move
the boat; a Machine is used to aid in overcoming-the Resistance; and this

Machine is the engine. On the strength of the materials employed depend
the usefulness-and safety of the yvhole.

Metive Powers.

175. The chief powers used by man in producing mo-
tion are gravity, the elastic force of springs, his own
strength, the strength of animals, wind, water, and steam.

176. Gravity.—Springs—Gravity is applied by attach-
ing weights to machinery, which they keep in motion by
their constant downward tendency, as in certain kinds of
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clocks, 'When the weight descends so far that it reaches a
support, the machinery ceases to move, and is said to “run
down?, When there isno room to use weights, springs
are often substituted for them, as in the works of watches,
A spring is made of steel, or some other elastic substance;
which, being bent, produces motion by a constant effort to
unbend itself.

177, Strength of Men and Animals—With his own
strength man can produce a certain degree of motion, but
not such as: accomplishes the grandest results. From the
strength of animals he derives important assistance. Even
rude nations tame the animals around them, and turn their
strength to account. ‘The American Indians, when first
discovered, had not learned to do this; and therefore, like
other savages who rely entirely on their own strength, they
had made no great advance in agriculture, manufactures,
or any other branch of industry.

The horse is the animal whose strength is most widely
and advantageously used: For continued labor, one horse
is considered equalto five men. A horse of average strength
can draw a load of a ‘ton, on a good road, from 20 to 25
miles a day.

« 178. Wind and Water.—Still more powerful forces  are
found in wind and water, which are extensively used as
moving powers by all civilized nations.

The wind is brought to bear, not only on the' sails of vessels, but also in
mills used for grinding grain, sawing wood, raising water, expressing oil
from seeds; &e. Such machines are called Wind-mills; they were introdueed
into BEurope from the East, about the time of the Crusades. The greaf objec-
tion to the wind as a moving power, is its irregularity, for in still weatherthe
machines it moves are useless.

Water is a very powerful and useful agent. A little stream is often a

plied? When fs the machinery said to mn down? When there is no room fo use
weights, what are often substituted for them?  How does a spring produce motion ?
177, What is said of tho gtrength of man as a source of motion? What, of tho
strength of animals? What animal is most widely used? To how many men is one
Lorse considered equal? Asregards drawing, what is a day’s work for a horse of ay-
erage strength? 178, What sources of mation are still more powerful? How is the
swind bronght to bear? What are machines moved by thie wind called? VWhence
and when were wind-mills introduced into Europe? Whatis the great objection to

STEAM, AS A MOTIVE POWER, 83

source of prosperity and wealth to an extensive region. Affording what is
called ““water-power ”, it moves huge machines, and thus affords the means
of manufacturing easily and cheaply. Water was first used as a motive power
by the Romans, in simple machines for grinding grain, about the commence-
ment of the Christian era, It is now applied in various kinds of machines,
for sawing, spinning, weaving, grinding, &e. Though a stream may run so
Ligh'in spring and so low in summer as to be useless for a time, lhére is far
less difficulty from these causes than from the irregularity of the wind.

179, Steam.—The greatest of all the powers employed
by man is stEAM, or the vapor generated by submitting
water to a high degree of heat. Steam being an elastic
fluid, its properties and applications will be considered
hereafter.

180. The usesof'sfeamwere unknown to the ancients; it was nof till near
the close of the seventeenth century that its importance began to be realized.
1is application to machinery marks an era in the world’s history, and has in-
vested man with immense power over matler. Driving the boat and car, it
bears him what was once a day’s journey in an hour. Applied in conntless
yarieties of machines, it is the means of supplying us with thousands of com-
forts unknown to our forefathers. The farmer is indebted fo it for his spade,,
hoe, rake, scythe, ploughshare, and all his implements. It helps to make
the slicars with whith he cuts the wool from his sheep, and then cards the
wool, and weaves it into cloth. It separates his cotton from its seed, and
turns it into muslin and calico. It aids the builder by making his tools, forg-
ing his nails and bolts, moulding his ornaments, polishing his marble, cutting
his stone, and sawing his wood. It supplies our parlors with furniture, our
kitchens with cooking utensils; our dining-rooms with glass and ching, knives
and forks, It knits, twists; washes, irons, dyes, gilds, grinds, digs, and
prints; and hardly eny work of art meets our eyes, in making which steam
has not been directly or indirectly used. It does all this, moreover, with
wonderful precision and rapidity: The pyramids of Egypt, we are informed,
kept 100,000 men' at work twenty years in their erection. It has heen com-
puted that one powerful steam-engine would have done as much work in the
same time as 27,000 of these Egyptians.

The Resistance.

181. Whatever opposes the Power is called the Resist-
ance.

thewind as o moving power? What is said of water-power? By whom and when
was it first used? For what purposes is it now employed ? What are tha disadvan-
tages of water as a moying power ?- 179, What is the greatest of the powers em-
ployed by man? What is Steam? 180, When did its importance begin to be real-
ized? What has becn the resulthof its application to machinery? Enumerate tho
different artieles which steam is constantly employed in producing.  What interest-




A MECHANICS.

182. The resistance is not always of the same character.
It may be a weight to be lifted, as a pail of water from a
well ; ora body to be moved onward, as a. train of ecars;
or a wheel to be turned, as in a mill; or particles to be
compressed, as in packing cotton in bales; or cohesion to
be overcome; as in splitting a log of wood. As the most
usunal form in which the resistance appears is that of a
weight to be moved, the term Weight is often used instead
of Resistance, with reference to work of any kind, or what-
ever opposes the moving power.

183. Unars or Work.—The efficiency of a force is esti-
mated by the resistance it can overcome, or the amount of
work it can do. In order to compare different forces, we
must have a uniform wzit of work.

The unit of work adopted is the resistance encountered
in raising one pound through the space of a foot. Hence,
to raise a body any distance constitutes as many units of
work as there are pounds in the body multiplied by the
number of feet in the given distance. To raise 2 pounds
of water from a well 6 feet deep, is equivalent to twice 6,
or 12, units of work, To lift a load of 1,000 pounds 10
feet involves 10,000 units of work.

184. Horse-rowERs.—In estimating large amounts of
work, it is customary to use Lorse-powers as a measure. A
horse can perform 383,000 units of work, that is, can raise
33,000 pounds a foot, in a minute. .An engine, therefore,
that can perform 33,000 units of work in -2 minute is said
to be an engine of onehorse-power; one that can do 66,000
units of work in a minute iy an engine of 2 horse-powers ;
and so on. Hence the following

LRule—To find the horse-power of an engine, divide the
number of pounds it is capable of raising one foot in a min-
ute by 33,000.

ing fact is stated with respect to the pyramids of Egypt? 181 Whatis the Resist-
ance? 182 Mention some of the different forms in which the resistance appears, and
give examples. What termis often used instead of resistance, and why ? 183. How
Is the efficiency of a force estimated? To compare*different forces, what isit neces-
sary to haye? What is the unit of work generally adopted? Give examples,
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185. Fricrion.—The effect of the moving power is often
diminished by Friction.

Friction is the resistance which a moving body meets
with from the surface on which it moves.

If all surfaces were perfectly smooth, there would be no friction ; buteven
those bodies that seem the smoothest are really covered ywith minute projec-
tions and depressions. These fit into each other, and a certain degree of
force is required to raise the projections of the one surface aver those of the
other. With the naked eye we can not detect any unevenness on plate glass
or polished steel; yet, if we view either through a microscope, we find that

its surface is far from smooth, and hence there is some friction even when
these substances are rubbed together.

186. Friction opposes motion in two ways:—

1. By increasing the resistance, as when a weight is
dragged oyer the ground.

2. By diminishing the force hefore it is applied to the
resistance ; as in machinery, which sometimes loses as much
ag one-third of its power by the rubbing of its different parts
against each other.

In estimating the working power of a machine for practical purposes, it
is necessary to make allowance: for the loss occasioned by friction ; but, in
merely investigating the principles of Mechanics and the construction of ma-
chines, we proceed as if the surfaces concerned were perfectly smooth, and
no such thing as friction existed.

187. Kinds of Friction—There are two kinds of fric-
tion :—
1. Sliding Friction, produced when a body slides on a
surface, like the runners of a sleigh.
2. Rolling Friction, produced when a body rolls on a
surface, like the wheels of a wagon.
188. Between any given surface and moving body, slid-
ing friction is much greater than rolling friction. Hence
we roll a barrel of flour over the ground instead of drag-

184. How are large amounts of work estimated ? What ismeant by a Aorss-power?
Give an example. How may the horse-power of an engine be fonnd? 183, By what
is the efféct of the moving power often diminished? What is Friction? How is
it that friction is exhibited even between surfaces that appear smooth? Give an ox-
ample. 186. In how many ways does friction oppose motion? Mention them. When
{5 it necessary to make allowance for friction, and when not? 187. How many kinds
of friction are there? Name them, and tell how each is produced. 133, Betwesn any
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ging it, and place a weight that is to be moved in a cart, or
suspend it between wheels, instead of harnessing a horse
directly to it.

On the same principle, we place rollers under a block of marble, and fasten
castors, or small wheels; to the legs of heavy pieces of furniture. Rollers are
also used with advantage in pushing
& ponderous packing-box up an in-
clined plane into & cart, as shown in
Fig. 80. In all these cases, sliding
friction is converted into rolling, and
theresistance is thus diminished. The
larger the wheels and rollers employ-
ed, up to & certain limit, the greater
the gain; but even small ones mate-
rially lessen the friction.

Rolling friction, on the other hand,
miay be converted info sliding, This is done when the wheels of a heavily
loaded stage’or wagon descending a steep hill are locked, that is, prevented
from turning by an apparatus provided for the purpose. The resistance is
thus increased to such a dégree that the load can descend in safety. On the
same principle, brakes are applied to the wheels of cars, to_stop them the
sooner. . 4

189. Laws of Friction—Several important laws relating fo friction have
been settled by experiments. In making these, the apparatus represented in
Fig. 81 has been used. D E isa table,
on which tests the block C. A string,
passing over the pulley B, connects this
block with a scale, A, By putting
weights in the scale till the block moves,
we are enabled to measure ifs friction;
and, by making the block of different
materials, varying its size and surface,
and allowing it to remain a longer or
shorter time on the fable, the following
laws have been established :—

1. The fri¢tion of a body is greater when it commences
moving than after it has been moving for a time. Thus it

given surface and moving body, how does sliding friction compare with rolling frie-
tion? Mention some familiar cages in which we convert sliding into rolling friction,
to lessen the resistance. What is said of the size of the wheels and rollers employed ?
In what cases is rolling friction conyerted into sliding? 180, How have the facts re-
Jating to friction been settled? Describe the apparstus employed for this purpose.
When is the friction of a body greatest? Between what bodies and surfices is frie-
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takes a heavier weight to start the block C than it does af-
terwards to keep it in motion.

9. Friction is greater between soft bodies than hard
bodies, and between rough surfacesthan smooth ones. A
sled that can hardly be moved over a newly ploughed field,
is drawn without difficulty over a frozen pond.

3. In many cases, friction is increased by letting the
surfices remain in contact. At the end of five or six
days, it has been found to be fourteen times as great as at
first.

4, Between the same surfaces, friction is proportioned
to the weight of the moving body. The friction of a block
weighing 20 pounds is twice as great as that of a ten-pound
block. :

5. Within certain limits, friction is not increased by ex-
tent of plane surface. As long as the weight of a body re-
mains the same, its friction will not vary, whether it rests
on a larger or smaller base. In Fig. 81, the block C has its
upper side hollowed out, so that, if turned over, it will rest
merely on two ridges ; yet the friction will be the same when
it rests on that side as on the other.

190, Modes of Lessening Friction.—No means has yet
been found of doing away with friction altogether; buf it
may be lessened in three ways:—

1. By smoothing and polishing the surfaces.

2. By putting grease or some other lubricant, as it is
called, between the surfaces. This fills up their depressions.
Finely powdered plumbago (the common black-lead used
in pencils), dry for wooden surfaces and mixed with grease
for metallic ones, is one of the best articles used for this
purpose. The wood-sawyer greases his saw to make it
move easily, and cartmen and carriage-drivers keep the

tion greatest? In many cases, how may friction be increased? Between the same
sirfaces, to what is friction proportioned? What effect is produced on the friction of
s body by inereasing its surface ?  Exemplify this with the figure. 190, Can friction
be entirely remoyed ? In how many ways may it be lessened? What is the first of
those? What, the second? What article makes one of the hest Jubricants? Bya
whom ure lubricants used 2 How may the friction of & wheel be diminished ? ‘What
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axleg of their wheels well covered
with some lubricating preparation,

3. The friction of a wheel may
be diminished by making its axle,
thatis, the cylinder running through
the centre, turn on the circumfer-
ences of two other wheels at each
end, as shown in Fig. 82. Such
wheels are called Friction Wheels.
They are used in delicate machinery.

191, Uses of Friction.—Though friction occasions a great loss of power,
1t.is not withont its beneficial effects. A river is prevented from rushing
madly through its channel by the friction of its waters on its banks and bed.
A tempest gradually loses its force by the friction of the air against the pro-
jections on the earth’s surface,  If is friction that prevents the fibres of wool,
hemp, and cotton, when' twisted fogether, from slipping on each other and
giving 'way.  Withont friction nails would be useless, forthey syould drayw
right out; the wheels of @ carriage would turn on the ground without moving
it forward ; and neither man nor beast could walk. It is the friction of our
feet on the ground that enablesus to take steps: when the friction is lessened,
as on smooth ice; we walk with difficulty; were there no friction, we should
find it impossible to wallk at all,

FRIOTION WHEELR,

Machines.

192. Machines are instruments used to aid the Poywer
in overcoming the Resistance.

- 193. Simple machines used by the hand, are called Tools ;
as, the chisel, the saw.

194, Machines of great power are called Engines ; as,
the steam-engine, the fire-engine.

195. Machines merely aid the power in its action ; #ey
can not create power. This follows from the inertia of mat-
ter. The mightiest engine, therefore, remains at rest until
acted on by some motive power ; and, when thus acted on,
it can not increase the power in the smallest degree, but on

are such wheels ecalled? 191 Mention some of the beneficial effects of friction.
192, Whatare Machines? 193, What arc Tools ? 194, What arc Engines? 195, What
#do machines merely do? Why can not a machine increase the power? Illustrate
this principls in the case of a man who can raise 100 pounds of coal a minute from &

PERPETUAL MOTION, 89

the other hand diminishes it, more or less according to the
friction of its parts.

If & man standing over 2 pit 100 feet deep can, in the space of a minute,
just pull to the top a tub containing 100 pounds of coal, no machine can ena-
ble him to raise a single pound more in the same time. By using pulleys, he
may, to be sure, raise 600, 800, or1,000 pounds at a time, but it will take him
6, 8, or 19 iimes as long as before; and, therefore, in the same time he yill do
no more work than with his hands alone—but less, on account of the friction
of the pulleys. So, a certain amount of steam, just capable of performing
50,000 units of york in a minute, can not by any machinery be made to per-
form & single additional unit of work in the same time. Hence the great uni-
versal law which follows :— .

196. What « machine gains in amownt of work, it loses
i time; and what it gains in time, it loses in amount of
work.

Let us apply this law. A quantity of steam capable of moving 50,000
pounds afoot in a second, may be made to move 100,000 poundsa foot, but
it will be two seconds in doing it ; or il may move the weight a foot in half'a
second, but in that case it will move no more than 25,000 pounds. Under no
eircumstances can there be a gain in units of work without a corresponding
loss-oftime, ora gain in fime without a corresponding loss of units of work.

197. Pereervan Momox.—By Perpetual Motion is
meant the motion of a maehine, which, without the aid of
any external foree, on once being set in operation, would
continue to move forever, or until it wore out.

Such 2 machine many have tried to invent, but without
success. Friction and the resistance of the air are con-
stantly opposing the action of machinery; and as matter,
on aceount of its inertia, can generate no power that will

compensate for this loss, every machine must in time come
to rest, unless some external force, such as wind, water, or
steam, keeps acting upon it. Hence Perpetual Motion is
impossible,

198. ADVANTAGES OF USING MacHINERY.—If no addi-
tional power is generated by machinery; but there is an
actual loss from the friction of its parts, why isit employed ?
—Because in other respects its use is attended with impor-
tant advantages, among which are the following :—

pit 100 fect deap. Give another illustration. 196, What is the-great uniyersal law
of machines? Apply this law practieally. 197. What i3 meant by Perpetual Mo-




90 MECHANICS.

1. Machinery enables us, with a certain amount of pow-
er, by taking a longer time, to do pieces of work that we
could not otherwise do at all.

Thus, a farmer with a crow-bar, as
shown in Fig. 82, can move a rock which
with his hands alone he could not stir.
With the aid of two other men, he could
carry it or push it where he wanted, in
onie-third of the time that he could move
it there alone with the crow-bar; but he
may vot have two others at hand to help
him.

With machinery 10 men may do the
work of 1,000, Of course it will take
them 100 times as long; but this loss of fime is of little consequence, com-
pared with the diffienlty of getting a thousand men together and placing them
80 as to work without interfering with each other. Some heavy pieces of
work are of such a nature that but few laborers can get around them at a
fime ; in these cases, unless the work can be divided, which is not'always
possible, it must remain undone without the aid.of machinery.

Fig. 83,

.2, Machinery enables us to use our power more eon-
veniently.

The farmer remoyes a rock from his field with less difficulty and fatigue
by means of a crow-bar than if he steoped over to 1ift it with his hands. The
porter with his block and tackle hoists a box'of goods to a loft with far greater
ease than he could push or carry it up. The apparatus he uses enables him
to hoist the load by pulling dowa wpon & rope, and when pulling down his
weight aids his strength.

3. Machinery enables us to
use other motive powers besides
our own strength.

A horsewithout machinery can not lift
a weight'; but he does it readily with the
aid of the simple apparatus shown inFig.
84. Steam, applied directly to a boat,
can not move it forward; it is only with
the help of machinery that it causes the
wheel fo revolve and thus produces mo-
tion. Here, as in all other cases, the

tion? Show that perpetual motion is impossible, 198 Tfno edditional power is gen-
erated by machinery, why is it nsed? Whatis the first advantage of using machine-
ry? 'Give an example. If, with machinery, 10 ‘mencan do the work of 1,000, how
long comparatively will it take tham? Insome pieces of work, what difiiculty pre-

STRENGTH OF MATERIALS. 81 ”

power ¢ not ereated by the machinery, but merely Zransmitéed in a way
to make it effective.

Strength of Miaterials.

199. There is a limit to'the power of all machinery;
and this limit is the strength of the materials of which it is
made. Machines that work well in small models sometimes
utterly fail when made of full size, because, when the resist-
ance is increased and their own weight is added, no mate-
rial can be found strong enough to stand the strain,

Nature, also, recognizes this limit of size. Animals, after attaining a cer-
tain age, cease to grow. If they kept on growing, they would soon reach
such a size and weight that they could not move. If there were an animal
much larger than the elephant, it would stagger under its own weight, unless
its bones and muscles were thicker and firmer than any with which we are
now acquainted. Fish, on the contrary, being supported by the water, move
freely, no matter how heavy they may be. ‘Whales haye been found over 50
feet long and weighing 70/ tons—a monstrous size and weight, which no land
animal could support. :

200. To determine how great a strain given materials
will bear, and how they may be put together with the
greatest advantage, hecomes an important question in Prae-
tical Mechanics. The relative strength of different sub-
stances has been treated of under the head of Tenacity, on
page 23. The following general principles relating torods,
beams, &e., should be remembered.

1. Rods and beams of the same material and uniform
size throughout, resist forces tending to break them in the
direction of theirlength; with different degrees of strength,
aceording to the areas of their ends.

Let there be two rods of equal length; if the areas of their ends are re-
spectively 6 and 3 square inches, the one will bear tyice as great o weight

sonts itself? What is the second advantage of using machinery? How is this exem-
plified in the ease of the farmer? How, in the case ofthe porter? What is the third
advantage gained by tising machinery ?. Tllustrate this in the case of 8 horse, 1In the
case of steam, Inboth of these cases, what does the machinery merely do? 199, What
limit is there to the power of ail machinery? Why do machines often fail, though
small models of them swork well 2 Show how nature recognizes a limit of size. How
is it that fish can' move, though muchlarger and heavier than land animals? 200. What
fmportant question is presented in Practical Mechanics? ‘What is the first prinéiple
laid down respecting rods and beams?  Give an example, When'a r.od Is verylong,
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without breaking as the other. This law applies, no matter what the shaypa
of the rods may be.

2. When a very long rod is suspended vertically, its
upper part, having to support more of the weight of the
rod than any other, is the most liable to break.

3. The strength of a horizontal heam supported at each
end diminishes as the square of its length inereases.

If two beams fhus placed are respectively 6 feet and 3 feet long, the
strength of the shorter will be to-that of the longer as the square of 6 to the
square of 3,—that is, as'36't0 9, or 4 to 1.

4, A horizontal heam supported at each end, is most
easily broken by pressure or a suspended weight in the
middle, and increases in strength as either end is ap-
proached.  If) therefore, a beam of uniform strength is re-
quired, it should gradually taper from the middle towards
the ends.

5. A given quantity of material has more strength when
disposed in the form of a hollow cylinder than in any other
form that can be given it. Nature constantly uses hollow
eylinders in the animal creation, as in bones and the tubes
of feathers; and the artisan, imitating nature, employs it
in many cases where strength and lightness are to be com-
bined.

EXAMPLES FOR PRACTICE.
. (Ses §8183,184.) What is the horse-power of a steam-engine that can do

1,650,000 units of work in a minufe?

. What is the horse-power of an engine that can raise 2,876 pounds 1,000
feet in-a mimufe?
. What is the horse-power of an engine'that can'raise 1,000 pounds 2,376
feet in-a minute?
. A fire-engine can throw 220 pounds of water to & height of 75 feet every
minute; what is its horse-power ?
A cubic foot of water weighs 62/, pounds. How many horse-powers are

required to raise 200 cubic feet of water every minunte from a mine 132

feet deep ?

what part of it is most likely to break? What law is given respecting the strength of
a horizontal beam supported at each end? Give an example. In what part is a Lor-
izontsl beam supported at each end most easily Lroken by pressure? What shapo
gives a beam uniform strength? In what form must s given quantity of material bo
disposed, to haye the most strength?

»
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. A locomotive draws a train of cars, the resistance of which (caused by
friction, &e.) is equivalent to raising 1,000 pounds, 15 miles an hour;
what iz its horse-power ?

[(Find how many fect the locomotive draws the train in a minute, and thén

proveed as before.]

7. How many pounds canan engine of 10 horse-powers raise in an hour from
a mine 100 feet deep?

. A certain man has strength equivalent to */; of one horse-power; how
many pounds can he draw up in a minute from a pit 25 feet deep?

. (See 8139, Fourth Law.) If the friction of a train of cars weighing 50 {ons;

“on a level railroad, be equivalent to 4 weight of 500 pounds, what will be
the friction of a train weighing 25 tons? of one weighing 100 tons? of
one weighing 60 tons?

10, (See §8195,196.) € can just draw 75 pounds of coal a minuie outof a
mine, With the aid of & system of pulleys, he can raise 225 pounds ata
time; the friction being equivalent to 75 pounds, how many minutes
will he be in raising the load?

[Zn praciical questions of this kind, the friction must be added to the resist-

arce.]

11, With a certain machine, one man ean doas much as eight men without
the machine. Allowing the friction of the machine to be equal to one-
fourth of the resistance, how much longer will he be in doing a certain
amount of work than they?

. (82 § 200.) [Thearea of arectangular surface s found by multiplying
1t length by s breadih ; that of a triangle, by multiplying half its base
by s perpendicular height.] Which will support the greater weight
without breaking, a joist whose section is 4 inches long by 5 broad, or one
of the same kind of wood, 3 inches by 8?

. Which, when suspended, will bear the greater weight without breaking,
a square rod'of iron whose end is 8 inches by 8, or a rod whose cross sec-
tion is a triangle with a base of 6 inches and a perpendicular height of 22

14, Two rods.of copper, of equal length and uniform thickness; have ends re~
spectively 4 inches by 2, and 17 inches by half an inch. - Which, when
suspended, will support the greater weight?

15. Twehorizontal heams of the same material, breadth, and thickness, sup-
ported at botl ends, are respectively 2 and 14 feet long, Which is the
stronger of the two, and how many times ?
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CHAPTER VIIL
MECHANICS (CONTINUED).

THE MECHANICAL POWERS.

Numerovs and varied as machines are, they are all
combinations of six Simple Mechanical Powers, known as
the Le'-ver, the Wheel and Axle, the: Pulley, the Inclined
Plane, the Wedge, and the Screw. " These we shall con-
sider in turn.

The Lever.

201. A Leverisan inflexible bar, capable of being moved
about a fixed point, called the Fulerum,

The lever is the simplest of the mechanical powers. Its properties were
known as far back as the time of Aristotle; 350 years B. ¢. Archimedes, a
bundred years later, was the first to explain them fully.

202, Kixps or Lever.—In the lever three things are to
be considered; the fulcrum, or point of support, the weight,
and the power. Two of these are at the ends of the bar,
while the other is at some point between them. According
to their relative position, we have three kinds of levers:—

A TLever of the First Kind is
one in which the fulerum is be-
tween the power and the weight;
as in Fig. 85, where I represents
the fulerum, P the power, and W
the weight.

A Lever of the Second Kind is one in which the weight
is between the power and the falerum j as in Fig. 86.

Of what are all machines combinations? Name the six Simple Mechanical Pow-
ers, 201. What is & Lever? How does the leyer compare with the other mechan.
jeal powers? How longago was it known? 202. Tn the lever, how many things are
to be considered? According to their relativo position, how many kinds of levers
aro there ? What is a Lever of the First Kind ? What is a Lever of the Second Kind?

A Lever of the Third Kind is one in which the power is
between the weight and the fulerum j as in Fig. 87,

203, Levers or THE FirsT Kixp.—Inlevers of the first
kind, the relative position of the three important points is
POWER FULCRUM WEIGHT OR WEIGHT FULCRUM POWER.

Fig. 88 shows one of the common-
est forms in which this kind of lever ap-
pears,—the crow-bar. The power is
applied at the handle. The weightis at
the other end, and consists of something
tobe moved. The fulerum is a stone on
which the crow-bar rests. Using an in-
strument in this way is called prying. TIE OROW-BAR.

904. The nearer the fulerumis to the weight the greater
the advantage gained, and consequently the greater the
space that P will have to pass through in moving W a given
distance. This principle is stated in the following

Law.— With levers of the first kind, intensity of force
28 gained, and time 18 lost, in proportion as the distance
between the power and the fulerwin exceeds the distance be-
tween the weight and the fulerum.

Thus, in Fig. 88, if the distance from P o T be five times as great as that
from W to F, a pressure of 10 pounds at P will just counterbalance a weight
of 50 pounds @t W, and will therefore move anything under 50 pounds;

while, for every inch that W is moved upward, P will have to move five
inches downward.

The distance through which the power must pass, to move a weight vast-
ly greater than itself, becomes an important matter in practical applications
of the lever. When Archimedes saw the immense power that could be ex-

‘What is a Lever of the Third Kind ? 203. In levers of the first kind, what is the rel-
atiye position of the three important points? @ive a familiar example of a8 lever of
the first kind, and show iis operation. 204 What is the law of levers of the first
kind? Iliustrate this with Fig. 88. Whatis sometimes an important matter in prac-




96 MECHANICS.

erted with this instrument, he declaved that with a place to stand on he could
move the earth itself. He did not say how far he would have to travel to do
this, in consequence of the great disproportion between his strength and the
earth’s bulk. Allowing that he had a place to stand on and a lever strong
enough, and could pull its long arm with a force of 30 pounds through two
miles every hour, it would have taken him, working ten hours a day, over
one hundred thousand millions of years to move the earth a single inch!

205. The Balance—When bodies of equal weight are

supported. by the arms of a lever, they will balanee each

Fig, 89, other when placed at equal distances

= © from the fulerum, as in Fig. 89, They
. are then said to be in equilibrium.

e

Fig. 90. On this principle the com-
mon Balance, represented in
Tig.' 90, is constructed. A
beam is poised on the top of
a pillar, so ‘as to be exactly
horizontal. From each end
of the beam, at equeal dis-
tances from the falerum, a
pan is suspended by means
of cords. The object to be
weighed is placed in one of
these pans, and the weights
in the other.

When great aceuracy is
required, the beam is. bal-
anced on a steel knifo-sdge;
: the friction being thus les-
sened, it turns more easily. A balance capable of weighing ten pounds has
been made so sensitive as to turnwith the thousandth part of a grain.

208. The balance weighs correctly only when the ‘arms of the beam are
exactly equal. Hence dishonest tradesmen sometimes defraud those svith
whom they-deal by throwing the fulerum a liftle nearer one end of the beam
than the other. When buying, they place the commodity to be weighed in
the seale attached to the short arm; and, when selling, in the other, thus
making double gains. To prove a balance, weigh an article first in one scale
and then in the other ; if there is any difference iu the weight, the balance is
not trae,

THE BALAXNCE,

tical applications of the lever? Bhow this in the supposed ease of Archimedes
205. When are two bodies of equal weight, supported by the arms of a lever, sald to
be'in equilibrium? What is constructed on this principle? Describe the Balanes,
When great accuracy is required, how is the beam ‘balanced? How sensitive has a
balance been made? 206, When does the balanes weigh correctly ?  How do dishon-
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The: true, weight of a body may be determined, with a false balance,
by placing it in either scale, balancing it with shot or sand, and then remov-
ing the hody and replacing it with weights till equilibrium is established.
This is called double weighing. Tt must give the true weight; for whatever
error is madein the first weighing is corrected in the sécond.

207. The. Steelyard—When bodies of unequal weight
are supported by the arms of a lever, they will balance each
other whenever the weight of the one multiplied into its
distance from. the fulerum, is equal to the weight of the
other multiplied into its distance from the fulerum.

In Fig. 91, let the distance WE be Tig. 91.
one inch aud PF three inches. The Bad P
oy

weight of the one body, 30 pounds, mul- ' '
10

tipliedinto its distance from the fulerum,
1, gives 80 ; the weight of the other, 10 5

pounds, multiplied into its distance from the fulerum, 3, gives 30. These
products being equal, the bodies will balance each other.

208. On this principle the Steelyard. is econstructed.
The Steelyard is a kind of balance, which, though not so
sensitive as the one described above, answers very well for
heavy bodies, and is conveniently carried, as it requires but
a single weight, and may be held in the hand or suspended
anywhere,

Fig. 09 represents the steelyard.
It is alever of unequal arms ; from
the shorter' of which the article to
be weighed is suspended, either di-
rectly orin a seale-pan, while a con-
stantweightis‘'moved on the longer
arm from notch to notch till equilib-
rium s, established.. The number
al-the notch on which the weight
then rests, shows the required weight in pounds. Thus; 13 pounds is the
weight of the sugar-loaf in the Figure. The proper distances for the notches
are found in the first place by experiments with known weights in the scale-
pan.

To enable the steelyard toweigh still heavier objects without mereasing

THE STEELYARD.

est tradesmen sometimes defrand those with whom they deal?. How may a balauce

be proved? How mny the true weight of a body be determined with a false balance ?

What is this process called? 207. When will bodies of unequal weight snpported by

the arms of & lever be in equilibrium? Ilustrate this with Fig. 01. 208 What fs

constructed on this principle? Describe the Steelyard, and the mode of weighing

Withit. How are the proper distances for the notches found in the first place? With
2
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the length of its beam, it is often provided with an additional hook, hanging
in an opposite direction from'the other hook and nearer the point fromyvhich
the article to be weighed is suspended. ‘When the instrument is supported
by this hook, & new fulerum is formed, and the weight is shown by a new
row of notches adapted toit. The greater the difference of length between
the arms of a steelyard, the greater the number of pounds that it can weigh.

209. When more than two bodies are supported on the
arms of a lever, if theweight of each be multiplied by its
distance from the fulerum, the lever will be in equilibrium
(that is, the bodies will balance each other) when the sums
of the products on the two sides of the fulerum are equal.

Thus, in Fig. 98 equilibrium

is maintained, because theprod-

2 §  uets of the weights on one side

l | into their distances, added to-

@ ) @ s) gether, equal the sum of the
products on the other:—

2

weights  distanees aeights  distances
% X 2 X 1

80 R 2 P 3 18
4 X 3
Sum of products, 20 Stm of products, 20
910, Practical Applications—Familiar examples of
levers of the first kind are found in the scissors and pimcers
the rivet connecting the two parts being the fulerum, the
fingers the power, and the thing to be cut or grasped the
weight. A poker introduced between the bars of a grate
and allowed to rest.on one of them, that purchase may be
obtained for stirring the fire, is a lever of the first kind. So
is the handle of a common pump.
@ Fig. 04. When children teeter on a hoard
2 A balanced on a wooden horse, they use
%\' : :% a lever of the first kind. According
2 to the principles of the lever, if one is
heavier than the other, to preserve the
balanee, he must sit nearer the fulerum, as shown in Fig, 94,

what are some stcelyards provided, and for what purpesa? What steelysrds weigh
the greatest number of pounds? 900, If more than two bodies are supported on the
arms of o lever, when will they balance each-other? Apply this principle in Fig. 83,
910, Give some familiar examples of levers of the first kind. 'When children tecter
on 4 board, what kind of lever do they uso? If one i heavier than the other, whers

BENT AND- COMPOUND LEVERS, 99

211, Bent Levers—Sometimes the arms of a lever are
bent, instead of straight. In that case the same principles
hold good,'only that the arms of the lever are estimated,
not by their actual length, but by the perpendicular dis-
tance from thg fulerum to the line of direction in which the
power and weight respectively act.

As an illustration of bent levers of the first kind,
we may take the truck used for moving heavy arti-
cles, represented in Fig, 95. The axis on which the
wheels turn represents the falerum ; the weight is ap-
plied at W, and the power at P. The clawed side of
a hammer, used in drawing ount nails, is also a bent
lever, The fixed point onwhich the head of the ham-
mer rests is the fulerum; the friction of the nail is
the weight ; and the power is applied at the exirem-
ity of the handle.

212. Compound Levers—Simple le-
vers of the first kind may be combined
into Compound Levers.

213. In compound levers, equilibrium is established when
the power, multiplied by the first arms of all the levers, is

equal to the weight multiplied by the last arms of all the
levers,

THE TRUCK.

Fig. 06,

&

A GOMPOUND LEVER.

Thus, in Fig. 96, which represents a' compound lever formed of three sim-
ple ones, let the long arm of each lever be three times the length of its short
arm; then 1 pound at P will balance 27 pounds at W, because

1 pound X 33X 3 X 3=27 pounds X1 X1X 1.

214, Levers oF tae Szcoxp Kixp.—In levers of the
second kind, the relative position is

must he sit ‘iu preserve the balance? 211 What is meant by a bent lever? How are
ths arms of a bent lever estimated? Give some familiar examples of bent levers.
212. How may simple levers of the first kind be combined? 213. When isequilib-

tinm established in a componnd lever? Tiustrate this with Fig. 96. 214, In leyers
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POWER WEIGHT FULCRUM OR FULCRUM WEIGHT: POWER.
Fiz o7 Fig. 97 shows how the eroyw-bar may
Qi be used as a lever of the second kind.
The power is applied at the handle; the
fulerum is at the other end, and the
weight to be moved is between them,
915. The nearer the weight
iy to the fulerum the greater
the advantage gained, and con-
sequently the greater the space
that P will have to pass through
in moving W a given distance, This prineiple is stated in
the following i i ey
Law.— With levers of the second kind, intensity of joree
is gained, and time s lost, in proportion as the distance

between the power and the fulerum exceeds the distance

between, the weight and the fulcrum.

Thus, in Fig, 97, if the distance PF be five times as great as W F, a pres-
sure of 10 pounds at P will counterbalance a weight of 50 pounfl§ at W, and
move any thing under 50 pounds; while, for-every inch that W is moved, P
will have to move five inches in the same direction.

916. Practical Applications—The

common chipping-knife, used by apothe-

caries, and represented in Fig. 98,is a

: familiar illustration of levers of the sec-

e onmrersa-xse, ond kind, The knife is fastened at one

end, F, which thus becomes the fulerum the hand is ap-

plied, as the power, at the other end, P; and the substapce

to be cut is the resistance, or weight, between them, L ut-

crackers and lemon-squeezers work on the same principle,
and are levers of the second kind.

* A door turned on its hinges, and an oar used in rowing,

"are also examples of this kind of Jever. In the former case,
the hinge is the fulerum ; the hand applied at the knob is
the power; and the weight of the door, which may be re-

of tha seeond kind, what is the relative position of the three important points? How
mmay the crow-bar be used asa lever of the second kind ¢ 215. What 1:, the l:x)v of levers
of the second kind? Apply this in Fig. 97. 216. What familiar articlos will serye a8
illustrations of levers of the second kind? Show how a door turned on its hlf:ges is

LEVERS OF THE THIRD KIND. 101

garded as concentrated in its centre of gravity somewhere
between the two, is the resistance. In the latter case, the
point at which the oar enters the water is the fulerum ; the
rower’s hand is the power; and the weight of the boat,
acting at the row-lock, is the resistance. According to the
law laid down in § 215, the further from the row-lock we
grasp the oar, the more easily we overcome the resistance
and produce motion,

217. Two persons carrying aweight suspended from a stick between them,
use a double lever of the second kind. Power is applied at each end, and
each end in furn becomes the fulcrum to the other, the weight resting on
some intermediate point. The relation of the power at.one end to the weight
is governed by the same law as that of the power at the otherend; and there-
fore the weight, to beidivided equally, must be suspended from the middle of
the stick. If it is not so suspended, the man who is nearer the weight car-
ries more than the other in proportion as he is nedrer.

Thus, let a 12-pound weight, W, be suspended Fig. 99.
from a barthrec fect long; af a distance of one foot 4
from A and two feet from B. Then A will carry @w
two-thirds of the weight, and B one-third, On
this principle, when it is desired that one of ‘the horses harnessed to a car-
riage should draw more fhan the other, it isnecessary only to make the arm
of the whiffle-tree to which he is attached proportionally shorter.

Fig. 100 shows how & weight may be equally
distributed between three persons. B, being »
twice as far from Eas D is; bears one-thirdof the A: ,l
weight, W'; while A and C, at' the extremities @W~
of the equal-armed lever ADC, bear equal portions of the remaining two-
thirds, or one-third each. i

& Tig. 100.

B

218. Levers oF THE Tmirp Kinp.—In Je-  Tig 10L
vers of the third kind, the relative position is
FULCRUM POWER WEIGHT OR WEIGHT POWER FULCRUM.

The forceps, represented in Fig. 101, is a lever of the
third kind. The two'sides unite at one end to form the ful-
erum; the article to be grasped is the weight; and the fin-
gers, applied between the two, constitute the power.

219. Levers of the third kind, unlike those
before deseribed, involve a mechanical disad-

alever of the second kind. Show how an oar acts as a lever of the second kind,

217. When two persons carry a weight suspended from a stick betsyeen them, what
kind of a lever do they nse?  Where is the fulerum? To be equally divided, where
must the weight bo suspended? If the weight does not hang from the middle of the
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vantage ; that is, to produce equilibrium, the power must
always be greater than the weight.

ZLaw.— With levers of the third kind, intensity of force
is lost, and time is gained, in proportion as the distance
From the weight to the fulerum xceeds the distance Jrom
the power to the fulerum.

Thus, in Fig. 101, if ¥ W be three times as great as TP, it will require a
power of three pounds at P to counterbalance o resistance of one pound af
W. Tevers of this class, therefore, are never used when great poyer is re-
quired, but only when a slight resistance is to be oyercome with great ra-
pidity.

290, Practical Applications—The sugar-tongs, which
resembles in shape the forceps above described, is a familiar
example of the third kind of lever. So is the fire-tongs;
and hence the difficulty of raising heayy pieces of coal with
this instrument, particularly when the hand is applied near
the rivet or fulecrum.

The sheep-shears is another lever of the third kind, admirably adapted to
the work it performs ; because the wool, being flexible, has to be cut rapidly,
while it does not require any great degree of force.

A door becomes a lever of the third kind when one attempts to move it by
pushing at the edge near the hinges. The mechanical disadvantage is shown
hy the great strength required to move it when the power is there applied.
So, wheu a painter attempts to raise a ladder lyingon the ground with its
hottom against a wall, by lifting the top and walking under i grasping round
after round in suceession, lie experiences great difficulty as he approaches
the bottom, because the ladder, when he passes its centre of gravity, becomes
alever of the third kind.

Fig, 102, , Nature uses levers of the
third kind in the hones of

animals. The fore-arm of a

man, represented in Fig.

HUMAS ABM AXD IASD, 102,will serve as an example,

stick, which man will earry tha more ? Ilustrate this with Fig. 99, How may one
of the Horses harnessed to a carriage be made to draw more than the other? Iow
may a weight be equally distributed between three persons? 218 In levers of the
third kind, whatis the position of the three important points? What instroment ia
an example of the third kind of leyers? 219, To produee equilibrium in the third kind
of levers, what is necessary # State the law for levers of the third kind. Hiustrata
this with Fiz. 101, 220. 'What common articles ara Iéyers of the third kind? What
is snid of the shecp-shears? When does a' door become a lever of the third kind?

THE WHEEL AND AXLE. 103

The fulerum, F, is at the etbow-joint ; the biceps musele, deseending from
the upper part of the arm and inserted near the elbow at P, operates as: the
power; while the weight, W, rests on the hand. If the distance FW he 15
times as great as FP, it will take a power of 15 pounds at P o counterbal-
auce one pound af W; and when the arm is extended, the disadvantage is
still greaier, in consequence of the muscle's not acting perpendicularly to the
bone, but obliquely. : !

This accounts’ for the difficulty of holding out a heayy weight at arm’s
length, In proportion: as power is lost, howeyer, guickness of motion is
gained; a very slight contraction of the muscle moves the hand through a
comparatively large space with great rapidity. Here, as in all the works of
ereation, the wisdom of Providence is shown in exactly adapting the part fo
the purpose for which it is designed. With so many external agents at his
command, man does not need any great strength of his own; guickness of
motion is much more necessary to him, and this the structure of his arm
ensures.

The Wheel and Axle.

221. The Wheel and Axle is the second of the simple
mechanical powers. It consists of a Wheel attached to a
cylinder, or Axle, in such a way that when set in motion
they revolve around the same axis,

222, In the simplest form of the wheel and axle, the
power is applied to a rope passmg round the wheel, while
the aveight is attached to another
rope passing round the axle.

This form'of the machine is shown in Fig, 103.
CD is a frame; B is the wheel; A is the axle,
attached to the frame at its extremities E and ¥
by gudgeons, or iron pins, on which it turns, P
18 the power, and W is the weight.

223. The wheel and axle is simply
a revolving lever of the first kind,
One application of the lever can nob
move a body any great distance ; but,
by means of the wheel and axle, the
action of ithe lever is continued unin. 755 WHERL AXD AXLE.

Fig. 103,

TUnder what cirenmstances does a ladder becomo a lever of the third kind? In what
does Nature use levers of the third kind? Show, by Fig. 102, how the fore-arm isa
lever, and point out the relation between power and weight,  How is the wisdom of
Proyidence shown, in making the arm such a lover? 221. What is the second sim-
ple mechanical power 2 Of what does the Wheel and Axle consist? 222. Tn the sim-
plest form of this machine, how is the power applied, end how the weight? Ilus-
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terruptedly. This machine has therefore been called /e
perpetual or endless lever.

994, The wheel and axle must turn ronnd their common axis in the same
time. In-each revolution, a length of rope equal to the wheel's circumfer-
ence is pulled down from the wheel, while only as much rope is yound round
the axle as is equdl to the axle’s circumference. There is, therefore, a loss
of time, greater or less according as the circumference of the wheel exceeds
that of the axle; but, by the law of Mechanics already stated, there must be
a corresponding gain of power.

Viewing the wheel and axle as a leverof the first kind, we have the cir-
cumhference of the whesl for the long arm, and that of the axle for the short
arm. If the diameters of the wheel and the axle are given instead of their
circumferences, they may be taken for the two arms; and so with the radi,
if they are given. In practice, an allowance of 10 per cent. of the weight
must be made for the stiffness of the ropes and the friction of the gudgeons.
—From thesa principles is deduced the folloying law :—

225, Law or Tae WHEEL AND Axrn.— With the wheel
and azle, intensity of force is gained, and time i3 lost, in
proportion as the circumference of the wheel excecds that of
the axle.

Thus, in Fig, 103, if the circumference of the wheel B is five feet and that
of the axle A one foot, a power of 40 pounds af P will counterbalance a weight
of 200 pounds at W, and of course lifi any thing under 200 pounds.

296. DirrereNT Forus.—The wheel and axle i3 exten-
sively used, and assumes a variety of forms.

Fig.d Instead of having a rope attached to it, th¢
wheel is often proyided with projecting pins, as
shown in Fig. 104, to which the hand is directly
applied. This form ‘of the machine is used in
the pilot-houses of steamboats for moving the
rudder. - Iu caleulating: the advantage in this
case, instead of the circumference of the wheel
we must take the circamference of the circle
described by the point to which the hand is ap-
plied.

A still more common form, much used in drawing water from ‘wells and
loaded buckets from mines, is shown in; Fig. 105, Instead ofia wheel, wo

trate this with Fig 103, 223. What has the wheel and axle been called, and why?
224, Explain the operation of the wheel and asle, and show how great the lossof time
and gain of power will be.  Viewing the wheel and axle a5 a love er, what is the long
arm? Whatis the shortarm? W lm besides the circumference, may be taken ag
the arms of thelever? What allowance must be made inpractice? 225. State the law
of ‘the wheel and axle. Illustrate this law with Fig, 103, 220. Describe the form of

CAPSTAN AND TWINDLASS.

have here a Winek, orhandle, attached to the axle. Fig. 105,
In this case, to calculate the advantage gained, we 2
must compare the circle described by the extrem-
ity of the handle (shown in the Figure by a dotted
line) with the circumference of the axle;

Fiz. 106, Fig. 106 shows a

g Beon. third form of the

wheel and axle.
Here the axle A is
vertical, instead of horizontal. A bar insert-
ed in jts head, at the extremity of which the
hand is applied, takes the place of the:wheel.
If the circumference of A is 8 feet and the
circle deseribed by P is 12 feet, a power of 1
pound af P will counterbalance a weight of 4
pounds at W.

227. The Capstan.—The Capstan (see Fig. 107) is a fa-
miliar example of this form of the wheel :md axle. Itis
used by sailors for warping vessels up to a
doek, raising anchors, &c. ; and consists of a = e
massive piece of timber, round which a rope “4HE=
passes. This is surmounted by a cireular head, ,7)",-5."\
perforated with holes, into which, when the in-

Fig. 107.

TR\
strument i3 to be used, strong bars, called T CAPSTAN.
handspikes, are inserted. Several men may work at each
handspike, pushing it before them as they walk round the
capstan. The handspikes act on the principle of the lever.
The longer they are, therefore, the more easily the men
overcome the resistance, but the further they have to walk
in doing it.
228. The Windlass—This is a similar form of the wheel

and axle, used on shipboard for various purposes.

The windlass is not vertical, like the capstan, but horizontal or parallel

to the deck. Itis around piece of timber, supported at each end, and per-
forated with rows of holes. Pushing against handspikes inserted in these

the wheel and axle used in the pilot-houses of steamboats. Tn calculating the advan-
tage in this case, what must we substitute for the circumference of the wheel? De-
scribe the form of tho machine used in drawing water from wells. How is the ad-
vantage ascerfained in this case? Deseribe a third form of the wheel and axle,
exhibited in Fig, 106, 227. What machine is 8 familiar example of this third form?
Forwhat is the Capstan used ¢ Of what does it consist? How is it worked? How do
the handspikes act? 223 What similar instrument is often substituted for the cap-
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boles, the boatmen turn the barrel of the windlass halfway over. It is held
there by a suitable. apparatus, till the handspikes are removed and put in a
new row of holes, when the process is repeated. The windlass acis on the
same principle as the capstan, but is less convenient, on account of the man-
ner in which the force is applied, and the necessity of removing the hand-
spikes to new holes from fime to time.

229. Wheels enter largely into machinery. The modes
of connecting them will be considered hereafter.

The Pulley.

230. The Pulley is the third of the simple mechanical
Fig. 108. powers. It consists of a wheel with a
grooved circumference, over which a rope
passes, and an axis or pin, round which
the wheel may be made to turn. The
ends of the axis are fixed in a frame
called a block.
Fig. 108 gives aview of the pulley. A represents
the block, B the axis, and C the wheel. Round the
groove in the wheel passes a rope, at one end of

which the power acts, while the weight is attached
THE PULLEY. 1o the other.

231. Erxps or Purimy,—Pulleys are of two kinds,—
Fixed and Movable.
232, Fized Pulleys—A Fixed Pulley is
one that has a fixed block. '

Fig. 109 represents a fixed pulley. The block is at-
tached fo a projecting beam. P is the power, and W the
weight.  For everyinch that P descends, W ascends' the
same distance. There is; therefore, no loss of time, and no
gain in intensity of force. One pound af P will just conn-
terbalance one pound at W.

233. In this rule, as well as all the others pertaining
to ihe Mechanical Powers, it must be remembered that
friction 15 not taken intp account. In/the case of ‘the pul-
ley, in consequence of the stiffness of the rope and the

e friu:tinn of the pin, an allowance of 20 per cent. of the
weight, and often more, must be made in practice.

stan? How does the Windlass differ from the capstan? Of what does the windlass
consist? How is it worked? What makes it less convenient than the capstan?
220. What is sald of wheels? 230, What is the third simple mechanical power? OF
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234, Though no power is gained with the fixed pulley,
it is frequently used to change the direction of motion.
The sailor, instead of\climbing the mast to hoist his sails,
stands on deck, and by pulling on a rope attached to a
pulley raises them with far less difficulty. With equal ad-
vantage the builder uses a fixed pulley in raising huge
blocks of stone or marble, and the porter in hoist- H
ing heavy hoxes to the lofts of a warehouse. *fvw\

235. With two fixed pulleys, horizontal motion
may be changed into vertical ; horses are thus en-
abled to hoist weights, as shown in Fig. 84.

236. Fig. 110 shows how a person may raise
himself from the ground, or let himself down from
a height, by means of a fixed pulley. In lofty
buildings an apparatus of this kind is somefimes
rigged near a window, to furnish means of eseape rms rs-
in ease of fire, el

237. Movable Pulleys—A Movable Pulley  Fig. 111, 3
is one that has a movable block, ?

Fig, 111 represents & movable pulley. A is the wheel.
One end of the rope is fastened to @ snpport at D, while
the power is applied to the other at P,

238. To raise the weight a given distance with the
movable, pulley, the hand must he raised twice that dis-

Tig. 112, tance. Time, therefore, being lostin the

proportion of 2 to 1, the intensity of the
forceis doubled. A power of one pound
at P will counterbalance two pounds at
W, and raise anything under two pounds.

239. A movable pulley is
seldom used alone, If is gen- “OVARLETULLET
erally combined with a fixed pulley, as shown
in Fig. 112. No additional power is thus

what does the Pulley consist? What s the Block? Point ont the parts of the pul-
ley in Fig. 108. 231, How many kinds of pulleys are there? 232 Whatisa Fixed
Pulley ? - Point out the parts in the Figure. What is the gain with this pulley?
238, What allowance must be made for friction in the ecase of thepulley? 284 If no
power is gained by the uge of the fixed pulley,why is it nsed¥ Give examples.
225. How mny horizontal motion be changed into vertical # - 236, What does Fig. 110
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Tiz 13..  omined; on the contrary, there is a loss, the
friction of two pulleys being double that of one.
But this loss is more than counterbalanced by
the greater convenience of pulling downward.

240. When a high degree of force is required, several moy-
able dnd fixed pulleys may be combined, as represented in
Fig. 113. A and B are fixed pulleys; C and D are movable
ones, from the block of which the weight W is suspended.
One end of the rope is attached to the lower extremity of the
fixedl block, F; to'the other end the power is applied, after the
rope has passed in succession over each of the four pulleys.

To-move W aninch with this combination, each length of
rope must be shortened an iach, and therefore P must move
a3 many inches as there are lengths of rope. Since there are
twa lengths of rope for edch movable pulley, we may lay down
thefollowing lawy :—

241, Law of Movable Pulleys— With moy-
able pulleys, a power will balance @ weight as many times
greater than itself as twice the number of movable pulleys
employed.

In Tig. 113, a. power of 1 pound sill balance ‘a weight of 4 pounds. If
three movable pulleys were used, 1 pound at P would balance 6 pounds at W;
if four were used, 8 pounds, &ec. Friction, however, nullifies much of this
gain,

242, Whites Pulley—To lessen the friction, when a
number of pulleys are required, the wheels are made to
turn on the same axis. This is effected by having but one
block for all the upper pulleys, and one for the lower;
grooves being cut in each, to take the place of separate
wheels: The friction in each block is thus reduced to that
of a single wheel. . This system is called, from its inventor,
White’s Pulley.

Fig. 114 gives a front and a side view of White's Pulley. Ais the fixed

show ?  For what is an apparalus of this kind sometimes used? 237, What is a Moy-

237,
able Pulley - Deseribe it with  Fig. 111 238, To move a weighta given distancs
with 2 moyable pulley, how far must the power travel? What, then,is the Inw of
this machine ? 239. With what is a movable pulley generally combined? What is
gained by this combination? 240 Deseribe the combination of moyable and fixed pul-
loys represented in Tig. 118, 241. What is  the law of movable palleys? Apply this
law in the case of the pulley represented in Fig. 113: By what is much of this gain

nullified ? 242, When a number of pulleys are required, how is the friction lesscnad ?
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block, with grooves of different sizes representing the separate wheels. B is
the movable block, similarly prepared. A single rope is used, which is
fastened at one end to the smallest fixed
pulley, and acied on by the power at the
other. Here again, if friction is Ieft out of
account, the power will counterbalance a
weight as many times greater than itself as
twice the number of movable pulleys. In
Fig. 114 there are six movable pulleys;
consequently, with a pressure of 1 ponnd
at P, equilibrium will be established when
W is twice six, or 12, pounds.

® Fig. 114,

243. Fig. 115 shows another
system of movable pulleys, each
of which has a separate rope of
its own attached at one end to a
fixed support.

Fig. 115. To raise the low-

est pulley, A, and the

weight  suspended

from it one inch, two

inches of ifs rope

must be pulled up.

This is done by pull- WHITE'S PULLEY.

ing up twice 2, or 4, inches of B's rope; and this, in
turn, by pulling up twice 4, or 8, inches of C's Tope.
P, therefore, must deseend S inches, to raise W.oneinch.
If there were four movable pulleys, P would have to de-
scend 16 inches to raise W one inch; if 5, 82 inches, and
50 on,—P’s distance doubling for each new pulley add-
ed. Hence, with this combination, #%s powerbalances a
weight us many times greater than tself as 2raised to the
power denated by the number of movable pulleys.

4 244, The pulley is so cheap and conve-
nient that it is much used in its simple forms. In com-
plicated systems, more than half the advantage is lost by
frietion and the stiffness of the Topes ;. and consequently
such systems are used only when immense weights are to
be raised.

What pulley is constrncted on this principle? Describe White's Palley. With
White's Pulley, what is the gain? 243, Describe tho system of pulleys represented in
Fiz, 115, Explain its operation. Whatis the gain with this system? 244, Whatis
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_The Inclined Plane.

245, The Inclined Plane is the fourth of the simple me-
chanical powers. It is a plane surface, inclined to the ho-
rizon at any angle. Every road not perfectly level is an
inclined plane.

Fig, 116 A D,in Fig. 116, is aninclined plane,
of which- AC is the length, AB the
height, and B C the base. In theory,
an inclined plane is perfectly smooth
and hard. No'such surface, however,
exists; and, therefore, in estimating
the advantage of this'machine for prac-
tical purposes, allowance must be made for friction, according to the irregu-
larity or softness of the surface.

248, When a body'is moyed over a horizontal surface, its weight is sup-
ported, and the resistance of the air and friction are 'all that have to be over-
come. When a body is lifted perpendicularly, there ‘is no friction, buf we
must overcome the whole weight and the resistance of the air. When a hody
is drawn up an inclined plane, the resistance of the air, friction, and & por-
tion of the weight must be overcome,—more or less of the weight being sup-
ported, according to the inclination of the plane. It is, therefore, harder to
move & bodyup an inclined plane than over a level surface, as we know

by dragging & wagon up hill; but i is easier than to lift it to the same
height.

THE INCLINED PLANE,

Y : ALY ; :
247 Law, — With an inclined plane, intensity of foree
i8 gained, and time is lost, in proportion as its length ex-
ceeds s height.

Fig 117, Thus, in Fig. 117, et the length of
the plane AB be 12 feet, and its height
4 feet; then 1 pound at P will counter-
balance 3 pounds' at W.

With a given height, the longer the
plane the easier it is to raise an object
upon it. Hence, on steep mountains,
the road is not carried from the bottom

said of the pulley in its simpleforms? What is said of complicated systams of pul-
loys? 245, What is the fourth simple mechanical power? What is the ix;élinerl I‘hl:w ?
For what must allowance be made, in estimating the advantage of the inclined ‘l:me'
and why? 246. As regards the resistance to be overcome, :how the dlr}’crencpc h“:
tween moving & body over s horizontal surface, lifting if, :‘m«] drawing it upan ib-
r}incnl plane, 247. What is the law.of the inclined plane? Illustrate bthis l!\\\' \vi?h
Fig. 117. How is the road up s steep mountain frequently made, and whyk? How
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directly to the top, but winds round the sides, Instinct feaches o horse this
prineiple; for, if left to himself in ascending a hill, he"does not go siraight
up, but moves in & zigzag course from one side of the road to the other; thus
taking more time, but making the ascent easier.

948. Practical Applications—When hogsheads or
heavy boxes are to be raised into carts or pulled up a pair
of stairs, the work is facilitated by laying long planks, or
skids, in such a way as to form an inclined plane. A piece
of board is similarly placed, if a carriage or wheelbarrow
has to be raised over a high curb-stone—The marine rail-
way, on which ships of immense weight are drawn out of
the water, to be repaired, is one of the most useful appli--
cations of this machine.

249. The inelined plane was known to the ancients. It
is supposed that the Egyptians used it in raising the huge
blocks of stone employed in the construction of their pyra-
mids,

250. Law of Bodies rolling down an Inelined Plane.—
When bodies are allowed to roll down an inclined plane,
they have a uniformly aceelerated motion, and attain the
same velocity by the time they reach the bottom that they
would have if dropped perpendicularly from the starting
point.

A ball dropped from a height of 641/; feet, when it strikes the ground, has
a velacity of 641/; feet in 8 second. IF it svere allowed to roll from the same
height, down an inclined surface a mile long, perfectly smooth and hard, it
would have the same velocity on reaching the bottom. The shorter the plane,
the less timeit would take for its descent and the sooner it would acquire the
veloeifyin question.

951. When the perpendicular height is considerable, objects rolling or
sliding down an inclined plane acquire, near the botfom, a prodigious veloci-
ty. A remarkable instance of this was exhibited at a slide near Lake Lucerne,
Switzerland, down which fir-trees were allowed to descend, from the top of &
mountain. The slidewas about eight mileslong ; and, though the descent was
but 300 feet to'a mile and the road was often circuitous, the trees ywent tearing
along with frightful speed, performing the whole distance in six minutes,

does a horse ascending a hill digplay his instinct? 248, In whatfamiliar cases is the
inclined plane used? What is one of the most nseful applications of this machine?
249, By whom is the inclined plane thought fo have been used in ancient times?
950. What is the Iaw of bodies rolling down an inclined plane? Ilustrate this.
251, When do bodies sliding down an inclined plane a¢quire a prodigious velocity ?
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: The Wedge.

252. The Wedge is the fifth of the simple mechanical
powers, If appears in two forms, according to the use for
which it is designed.

253. Frrsr Kixo or 'Wepee.—In its first form, the
wedge is simply a solid and movable. inclined plane. It is
’usod for vaising great weights a short distance, and follows
the law of the inclined plane; that is, the power counterbal-
ances o weight as many times greater than iiself as the
height of the wedge s contained in itslength.

Fig 118, Fig. 118 shoys how the wedge may be used
for raising weighis. WD is a pillar, so fixed
that it can not move, except perpendicularly
upward. A B is a wedge resting on its base.
The sharp edge being brought near the ex-
tremity of the pillar, power is appliedto’ ihe
side BC. W must rise, as it can not-move in
any other direction. By driving the wedge
under to €, the pillar is raised the distance
BC.

A more common_mode of raising bodies
with this machine is shown in Fig. 110. A and
B are similar wedges. Simultancous blows
are given them at A and B in opposite direc-
tions with heavy mallets, and the weight W is
slowly raised. The same power must be ap-
plied to each as if it acted alone. Twice as
much power, therefore, is required as when
but one W‘edge i3 used, but the weight is raised twice as high in a given time,
] 254, Thus applied, the wedge is an efficient and useful machine. It raises
immense Wweights; though to no great distance. With its aid, ships are
bro.ught up'on the dry dock; and houses thrown out of line by-the sinking of
f.hcu‘ foundations are restored to the perpendicular. Wedges are also u:‘scd
in ext’mcting oil from seeds. The seeds are placed between immovable tim-
bers, in bags that allos the liquid, as it is pressed out, to ooze through. Be-
fwocu the bags are then inserted wedges, which are gradually driven in. ' So
Intense is their pressurve that every particle of oil is extracted, aud the seeds
when faken ont, are found mashed together, info a dense solid mass. :

What instance of this is mentionod ? 252, What is the fifth mechanical power? In
how 111:\11)" forms does the wedge appear? 253, Describe the first kind of wedge,
For what is it used? What law doesit follow? Deseribe the operation’of this sZrt
of wedge with Fig, 118, What is the more common mode of raising bodics with this
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. 935, Familiar Applications.—Chisels and other tools sloped, or chamyered,
as it is called, on only one side, are familiar examples of this sort of wedge.
The longer the chanifered part in proportion fo its thickness, the more easily
the chisel overcomes the resistance of the wood into which'it is driven,

256. Secoxp Kixp or Wepge—The second kind of
wedge (see Fig. 120) has the shape of two inclined planes
united at their bases, It is used for
splitting timber and rending rocks
in quarries.

The resistance overcome by the wedge, when
thus used, is the cohesion of the substance to be
split. As long as the wedge is merely pressed
against this substance, little or nothing is effected ; but, when driven tn with
blows, it becomes a highly useful instrument. When once foreed in, it is
prevented from receding by the friction of the wood against its sides. Thus
évery blow begins to act where the preceding blow left off acting.

257, Advantage gained.—The exact advantage gained
by this sort of wedge when driven in by blows, can not be
computed. The percussion gives such a shoek to the par-
ticles that they open a little in advance of the wedge, as
shown in Fig. 120, and readily allow it to enter.

The only law we ecan lay down is this: — With a given
thickness, the longer a wedge is, the more easily it pene-
trates. .

258, Familiar Applications—XKnife and razor blades,
the heads of axes and hatchets, nails,~and all cutting in-
struments chamfered on both sides, are examples of this
kind of wedge. Pins and needles may be looked upon as
wedges with an_infinite number of sides. In all these, the
longer the instrument in proportion to its thickness, the
greater the advantage gained.

9259. In secking to increase the advantage of the wedge by lengthening it,
care must be taken not to make it too long. A slender tool will answer for

THE WEDGE,

maching? What is 8aid of the power in this case? 254 For what is the first kind of
wedge used ? Describo the mode of extracting juices from seeds. 255. What tools
are examples of this kind of wedge? On what does the easa with which thoy over-
come the resistance depend? 256, Describe the second kind of wedge, For what is
it used? What sort of power must be applied to the wedge, when thus used? What
prevents the wedge from receding? 237, What i3 said of the advantage gained by
the wedge? What is the only law that can be laid down for this machine? 258. Men-
tion some familiar examples of the second kind of wedge. 259, In the case of the
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soft substances, but not for hard, A carpenter’s chisel, for instance, whose
chamfered edges make an angle of 30 degrees, swould soon break if used on

iron.  When this metal is to be cut, the edges should make an angle of 60
degrees, and for copper at least 80.

The Screw.

260, The screw is the sixth and last of the simple me-
chanical powers. It consists of a cylinder with a spiral
iz a1, Tidge and-groove winding alternately round it in

parallel curyes. - The portions of the ridge passing
successively from one side of the cylinderto the
other are called the Threads of the screy.

Fig. 121 represents a screw, If we conld nnwind fhe threads
from the eylinder,:commencing at the end A, we should have a
continuous wedge,  The back of this wedge is applied to the cyl-
inder; and on its thickness depends the distance between the
threads of the screw.

261. Kixps or ScrEw.—Serews are of two
_kinds:—
1, The Exterior or Convex'Screw; represented in Fig.

121, inwhich the ridge and groove are on the out-
side of the eylinder.

2, The Interior or Concave Serew, in which the ridge
and groove are on what may be regarded as the
inside surface ofa cylinder.

These two forms are used together, and are generally
called the Serew and the Nut.  Every screw must have a
nut grooved in such a way as to receive its ridge.

262. Advantage gained—~The power is ‘applied at the
head of the screw. The resistance is'to be overcome by
pressure produced at its other end. Every time the screw
18- twrned once round in the nut, it advances as far as the
distance betaveen two of its threads, and compresses to that

wedge, what must be avoided? What difference is thers between o carpenter’s chisel
and one suitable for iron and copper? 260. What is the sixth mochanical [v\)‘»\'(grt1
«Of what does the Screw consist?  What is meant by the Threads of the screw ¢ If
we could unwind the threads from the cylinder, what would they form? 261 iIow
many kinds of serews are there? Name and déscribe each. How are these two. forms
of tho screw used, and what are they generally called? 962, With the screw, How

THE SCREW, 115

extent any fixed object against which it is directed. Witk
the screw, therefore, the power produces a pressure as many
times greater than itselfy as the circumference of the head
is greater than the distance between the threads.

Here, again, however, friction lessens the ef-
fect; and, to gain greater power, alever is gen-
erally combined with the screw. The mode of
doing this is shown in Fig. 122, in which 8 is
the screw and L the lever.

In calenlating the advantage in this case, in-
stead of the circumference of the head take.the
circle described by the point of theleverat which
the hand is applied. In Fig. 122, let the distance
hetween the threads be 1 inch and the dotted
circle 100 inches; then (friction being left out
of account) a power of 1 pound at the extremity
of the lever will produce a pressure of 100 pounds
at the lower end of the screw.

963. Book-BINDER'S PRESS.
—The Book-binder’s Press, rep-
resented in Fig, 123, exhibits
one of the most useful and con-

. - T
venient modes of applying the =
SCrew.

S 9 is a serew, playing in a station-
ary nutin the head of the press. At-
tached to the screw near its bottom are
{wwo bars at right angles to each other,
at the extremities of which the hand is
applied when the press is to be worked.
Still greater leverage is obtained by ap-
plying the power at the end of a bar, P,
introduced successively into holesin the
extremities of the cross-picces, as in
working the windlass. Afall or platen,
B B, is attached to the screw, in such & )
way that it does not turn as the serety revolyes; but must rise or descend with
it. Befween this fall and the bed of the press, D, the books to be pressed are

BOOK-BINDER'S PRESS.

great a pressure does the power produce? In practice, what lessens the effect? Mow
is greater power obtainod? When o leveris combined with the serew, how mny we
find the advantage gained? Iiustrate this with Fig. 122, 263. What machine ex-
hibits s useful application of the screw? Describe the book-binder's press. How is
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p.lnced. H?re again; to obtain the advantage, divide the circumference of the
circle described by P, by the distance between the threads. ’

264, Bcrews, applied in this or some similar ‘way, are
GX[C‘I.ISH'G]‘V'US.O(]. when a great and continued pressure is
1eqmre.d. within a small space. Cotton is compressed into
bales, juices are extracted from fruit, coins are stamped,
and houses are raised from their foundations, with the aid
of the screw.

ORS o ap - no3 1

_265. Hunrer’s Screw.—Wheh intense pressure i3 re-
quired, the! threads of the 'serew have to be so close to-
%r‘ether that they are necessarily thin and liable to break.
o prevent, this, an ingenious contrivance, called after its
inventor Hunter’s Serew, is used,

Hunter’s Screw : i
it <o ﬂ» . ew consists of two serews, working one
] heother, in such a way that as the larger descends
the smaller ascends, though not quite so far. The differ-
ence between the réspective distances of the threads in the
two scre\\'sv(.ictcrmmes how far on the whole the serew ad-
Eances. With Hunter’s Screw, therefore, the power pro-

uces a pressure as ms: i ; itself;
lma s;:u'c as many .tu,nes greater than itself, as the
g 124, difference between the respective
distances of the threadsin the two
screws is: contained in the circle
described by the power.

A is the larger screw, BW the smaller
one. CD is thelever by which it is worked,
fm(l EF the stationary nut. The pressure
is produced at W. If the threads of tha
larger screw are 1 inch apar, and those of
the smaller 3/, of an inch, the difference is
Y/iof aninch. Then, if the extremities of the
lever desgribe a circle of 100 inches, the ad-
vantage will be equal to 100 divided by 3/

4 % f 1 y .
s HUNTER'S SCREW. ; or.400; that is, a power of 1 pound npplié:i
either end of the lever will produce a ptessure of 400 pounds at W,

the advantage gained by this machine to be caleulsted ? 284, For what purposes ar
Q o/s ‘s :
:lr:]:vb usedi :rba. When great pressure is required, what difficulty attands the us:
e screw? To remedy: this, what ingenious contrivance i
: L } Y ance Is used? Deseribe Hun-
ter'’s Screw. With this serew, how great a pressure does & given power produca ?
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By making the threads of the two screws nearly the same distance apart,
an immense power is obtained without diminishing the size and strength of
the threads. The action of the screw is of course proportionally slow, time
being always lost as power is gained.

266. Tare Express Screw.—Instead of working in a
nut, a screw is sometimes made to act on teeth cut i the
circumference of 3 wheel. In this Fig. 125,
case, the only motion of the serew  n
is round its axis. The winch being .5
turned, the threads of the screw
cateh the teeth of the wheel and
move it forward, As fast as one
tooth passes out of reach, another
is caught ; and, the motion being
thus continuous, the machine is
called the Endless Screw. Its op-
eration will be understood from
Fig. 125, where it is combined
with a wheel and axle for the purpose of lifting a weight.

THE ENDLESS SOREW.

EXAMPLES FOR PRACTICE.

1. (See§204) A leverof the first kind is 20 inches in length: the long arm
is 15 inches; the short arm, 5. How great a powerwill balance a weight
of 112 pounds ? With the same lever; how great aweight' will a power
of 50 pounds balance ?

9; A farmer, in forcing @ stump from the ground, uses & crow-bar 6 feet long,
which he rests on a'stone five feet from the end where his hand is ap-
plied. The resistance of the stump is equal toa weight of 500 pounds ;
how great a pressure must he exert, to move it?

3. A man weighing 180 pounds, and a boy of 60 pounds, are teetering on a
board 12 feet long. That they may balance each other, how near'must
the man sit o the horse on which the board rests?

4, A man whose strength enables him {0 use n pressure of 120 pounds, wishes
to move a rock weighing 600 pounds with a lever of the first kind, What
must be the comparative length'of the arms of the lever?

If with his nnaided strength he conld move 120 pounds thirty feet in
oneé minute, how long will it take him to move the rock with the lever
the same distance ?

Tllustrate this with Fig. 124. How may an immense power be gained with Hunter's
Screw? 268. Describe the Endless Screw and its mode of operation. With Whatis
it combined for lifting weights?
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5. (See §207.) The short.arm of a steelyard is 2 inches long ; at its.end a 10-
pound weight is suspended. Hoyw great a weight must be attached to
the other-end to balance it, the length of the steelyard being one foot ?

. (S2¢§213.) There is a compound lever formed of two simple ones, the first
arms of which are 10 inches each, and the short arms 2 inches each. How
great a weight at the extremity of the last short arm will be supported
by a power of 1 pound at the other end?

. (See'§215.) ‘A lever of the second kind is 20 inches long; the weight is 5
inches from the fulerum. How great a power must be applied, to balance
a'weight of 112 pounds ?

. With'the same: lever as in the Iust sum, how great a weight will a power
of 50 pounds balance 2

L Ais rowing with! an oar 8 feet long, and has his row-lock 2 feet from his
hand; B rowswith an eight-foot oar, and his row-lock is 1 foot from his
hand. If they strike the sater with an equal length of oar, which ex-
erts the greater power on the hoat?

. (See §217.) A man and a boy, at opposite ends of a bar 5 feet long, are
carrying-a 150-pound weight suspended. befsveen them. . The boy can
carry but 80, pounds; how far from his end must the weight hang, to
give him that portion of it, and the man the rest?

. Three men are bearing a weight suspended from a barin the mannershoyn
in Fig. 100" The single man at one end is/twice as strong as each of the
two atthe otherend. How must the weight be placed (the bar being 4
feet long), that each may bear'a part proportioned to his strength?

. (822.§219.) A lever of the third kind is 20 inches long ; the poweris 5
inches from the foleram. How great must it be, to balance a weight of
112 pounds?

- A pair'of pincers is/6'inches Iong. ' Hosw great a force must be applied,
2'inches from the'top, to overcome a resistance of 3 cunces?

. The distance of 'a man's hand “from his elbow is 16 inches. The biceps
muscle is inserted in his fore-arm 2 inches from the elbow. With: how
great power must the musele act to sustain a weight of 56 pounds in the
extended hand ?

. (8ez §225.) The circumference of a wheel is 8 feet; that of its axle, 16
inches. The weight, including friction, is 60'pounds; how great & pow-
er will be required to raise it'?

. The pilot-wheel of a boat is'3 feet in diameter; the axle is4 inches. The
resistance of the rudder is 180 pounds, to which one-tenth of itself must
be added for friction, &e. How great a power must be applied to the
wheel, to move the rudder ?

. An axle one foof i circumference, fitted with a winch that describes a
circle of 6 feet, is used for drawing water from a well. How greata power
will it take to move 60 pounds of water, allowing one:tenth for fiction?

. Four men are drawing in an anchor that weighs 1,000 pounds, with a
capstan. The barrel of the capstan has a radius of 6 inches. The circle
described by the handspikes has a radius of 5 feet. How great a pres-
sure must each of the four men exert, to move the anchor?
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. (See §232.) With afixed pulley, how great a power will it fake to hoist

a weight of 50 pounds, 20 percent., or one-fifth, being added for frietion ?

. (See §238.) With a movable puiley, how great a power will it take to

hoist a Weight of 50 pounds, twenty per cent. being allowed for friction ?

21, (Sex §230.) With a fixed and a movable pulley, how great a power will

it fake to hoist & weight of 50 pounds, 40 per cent., or twe-fifths, being
allowed for friction?

. (See'§ 241.) With two fixed and two movable pulleys, how great a power

«will it take to hoist & weight of 50 pounds, 60 percent., or three-fifths,
being allowed for friction ?

. (See § 242.) How great a power will it take to hoist a weight of 100 pounds

with one of White’s Pulleys having five grooves in each block, 85 per
cent., or seven-twentieths, being allowed for friction ?

24. (Ses § 243.) With a system of six movable pulleys, having each its own

rope, and arranged as shown.in Fig. 115, how great a weight (including
friction) will & power of 20 pounds raise?

. With a similar system of five movable pulleys, how great a power will it

take to balance a weight of 64 pounds, to which the friction of the pul-
leys adds 50 per cent.; or one-half of itself ?—.dns. 3 pounds.

(64432 =98 95 —39 9682 = § Answer.]

. (Ses §247.) How great a power will be required to balance a weight of

40 pounds (friction included), on an inclined plane, whose length is 8
times its height?

. (See §253.) A weight of 1,500 pounds is to be raised with a wedge 60

inches long and 1Zinches high atitshead. How great: must the power be?

. A builder desires to raise a weight of 200 pounds with two similar wedges,

as shown in Fig. 122. Each wedge is 3 feet long and 9 inches through
at the head. How great a power must be applied to each?

. A weight 0f 1,020 pounds is to be lifted 11/, feet. The greatest power

that can be applied is 255 ponnds. Give the dimensions of the wedge.

. (iSes § 257.) Of two wedges 4 inches thick at the head and respectively 6

and § inches long, which can be driven into a log the more easily?
Which will break the sooner; bath being made of the same material 7

. (See§ 262.) How great a pressure (including friction) will be exerted by

a power of 15 pounds applied to a serew whose head is 1inch incircum-
ference, and whose threads are one-eighth of an inch apart?

. A'book-binder has & press, with a screw whose threads are one-third of an

inch apart, and anut.worked by alever which describes a circle of § feet.
How great a pressure will a power of 5 pounds applied at the end of the
lever produce, the loss by friction being equivalent to 240 pounds?

Sée §265.) How great a pressure is produced by a power of 1 pound
with one of Hunter's Serews, worked by a lever which deseribes a eircle
of 75 inches; the fthreads of the larger screw being half an inch apart
and those of the smaller one-third of an inch, 83!/; per cent., or one-third,
of the pressure being deducted for friction? »
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CHAPTER IX,
MECHANICS (CONTINUED).

WHEELWORK.—CLOCK. AND WATCHWORK.,

267. Arr machines, however complicated, are combina-
tlons of the six simple mechanical powers deseribed in the
last chapter.  The chief objects in combining them are to
gain a sufficient degree of power, and to give such a direc-
tion to the motion as will make the machinery do the work
required.

Wheelwork.,

268. The wheel enters more largely into machinery than
any other of the Mechanical Powers.

269. Several wheels combined in one machine are ealled
a Train,

270. In a train of two wheels; the one that imparts the
motion is called the Driver; the one that receives it, the
Follower,

271. MopEs or Coxnecriox.—There are three ways in
which motion may be transmitted from one wheel to an-
other:—1, By the friction of their circumferences, 2, By
a band. ' 3, By teeth on their outér rim,

272. Friction of the Circumferences—One wheel may
move another by rubbing on. its circumference,. or outer
rim. The wheels are so placed that their vims touch, and
one of them is set in motion, The circumference of -each

207. Of what are all machines combinations? What are the chile

: f objects in com-
bining them ¢

268. Which of the mechanical powers enters most largely into ma-
chinery ? 269, What s meant by a Train of wheels? 270. In g train of two wheels,
which i3 the Driver? Which, the Follower? 271. In how many sways may motion
be transmitted from one wheel to another? Mention them. .272.'How 'm:u' one
wheel be made to move another by rubbing on its circumference? What is tlio ad-
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having been previously roughened, friction prevents the
moving wheel from slipping over the one at rest, and mo-
tion is imparted to the latter. Wheels thus connected
work regularly and with little noise, but will not answer
when a great resistance is to be overcome, and hence are
not much used.

273. Bands—One wheel may be made to move an-
other by means of a band passed round both circumfer-
ences, Such a band is known as a Wrapping Connector.
It is also called an Endless Band, because, its ends being
Joined, we never seem to reach them, though the motion is
continuous in the same direction. The band must be
stretched so tight that its friction on the wheels may be
greater than the resistance to be overcome,

Fig. 126 shows how wheels are connected by an Fig. 126.
endless band. If the folloyer is to turn in the same
direction as the driver, the band is passed over it
without erossing, as in A; ifin the opposite direction,
the band is crossed, as in B.

274. The bands used for this purpose are generally
made of leather, or gutta percha [pert-sha]. The
wheels may be far apart, if necessary; and on this
aceount; as well as because a great amount of power
may thus be transmitted, the wrapping connector is
much used. Themotion impartedis exceedingly reg-
ular, any little inequalities being corrected by the
stretching of the band.

275. Fig. 127 shows the different forms given fo
the circumférences of wheels, in order that the band
may not slip off A’s circumference is concave, or
hollows towards the centre, svith a rim on each side.
B'sis the same, with a row of pins down the centre.
Q's circumference 1s even across, with a rim on each
side. D has no rim, but bulges out in the centre, so
that when the band tends {o approach one sideit is
pulled back by the tightening on the other,

P00 G0S

vantage, andiwhat the disadvantage, of this mode of connection? 273, What is a
Wrapping Connector? WWhat other name is given to it, and why? How tight must
the band bo? Tn passing from the driver to the follower, when is the band crossed,
and when not? 274, Of what are endless bands usually made? By what advantages
is theiruse attended? What renders the motion imparted by wrapping connectors
exceedingly regular? 275, Describe the different forms given to the ciroumferences
of wheels on which & wrapping conncctor is fo act, 276, What is the third way in

6
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Fig. 198. 9%76. Teeth.—One wheel may be made to

NAN .
> M%A move another by means of teeth on the circum-

? ference of each. A toothed wheel is shown in
k_, «:‘f Iw 398

2477. Small toothed wheels comblmd with

large ones are callul Pinions, and their teeth Leaves.
278. Two or more wheels connected by teeth are called
.Gearing. When so arranged that the teeth work in each
other, they are said to be n gear; and when not, out of

gear.

Fig.129. Figure 129 shows a
—Wln,.c“ fmin c:1f wheels and pin-
JV g ions in gear. To find
5 5 =72 how greataweight will
be balanced by a given
power with such a
frain, muliiply the poy-
er successively by the
number of teeth on the
wheels, and divide by
the product of the num-
ber of teeth on the pin-
ions, Tor instance, in
Fig. 129, lef the fivst large wheel haye 18 teeth, the second 18, the third 27,
and the fourth 27 ; ‘and let each pinion have 9 teeth. Then (leaving friction
out’of acconnt) a power of 2 ponnds will balance a weight of 72 pounds. For

il%

TRAIN OP WHEELS AND PINIONS.

29X 18 X 18 X 27 X 27 = 472392
9IXIXI X9 = 6561
472392 divided by 6561 = 72

279. Kixps oF Toorsep WaEELs, — There are three
kinds'of toothed wheels ; wiz., Spur-wheels, Crown-wheels,
and Bevel-wheels.

280. Spuravheels—Spur-wheels have their teeth per-
pendicular to their axes, as shown in Fig. 129.

The teeth are either made in one pieee with the rim, or

which one wheel may be made to move another? 277, What are Pinions? What
arg the teeth of pinions called? 278, What is Gearing? When are wheels said to be
tn gear? When are theysaidto be owl ¢f gear? What docs Fig. 120 represent?
With such a train, how do yon find how great a weight will be balanced by a given
power? Give an example, 279, How many kinds of toothed wheels are there?
Namo thom. 280, Describe Bpur-wheels. How are the teeth mande? What are
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consist of separate pieces set into the rim, In the latter
case, they are called Cogs.
In mills, Cog-wheels are gen-

erally nsed with Trundles, or Lan-
terns, as represented in Fig. 130.

A is a large cog-wheel.: B is a trundle,
consisting of two parallel discs and an inter-
vening space traversed by round pins called
Staves, so arranged as to receive the cogs of
the other wheel.

Mill-wheels are generally made of cast-
iron; butthey are found to work most smooth-
Iy when one of them has wooden instead of
iron teeth. Wooden teeth are therefore often
setin the larger one, which is then called a
Mortice-wheel. C04-WHEEL AND TRUNDLE.

981. Crown-wheels.,— Crown-wheels have their teeth
parallel to their axes.

Fig. 132,

CROWN-WHEEL AND PINION. HAND-MILL.

Fig. 131 represents the contrate-wheel and pinion of a watch. B, whose
teeth run the same way as its axis, is a crown-wheel. A, whose teeth are.at
right angles to its axis,4s a spur-wheel.

Fig, 132 shows how a crown-wheel worked by a winch is combined with
a trundle in & hand-millused in Germany and Northern Europe. The crown-
wheel moves vertically, but it communicates a horizontal motion to thetrun-
dle, which in turn imparts it to the mill-stone,

282. Bevelwheels,—Bevel-wheels are wheels whose teeth

Cogs? In mills; with what are cog-wheels generally used? Describe a Trundle
Of what are mill-wheels generally made? Whatis said of their Teeth? Whatis a
Mortice-wheel ? 281, Describe Crown-wheels. What does Fig. 131 represent? De-
scribe he hand-mill reprosented in Fig. 132, 282. What aro Bevel-wheals What
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form any other angle with
theiraxes thana right angle.
A pair of beyel-wheels
in gear are shown in Fig.
33.
283. Rack axp Pix-
10N—Circular motion is
converted into rectilinear
(that is, motion in a straight
line) by means of the rack BEVEL-WHEELS,
and pinion, represented in Fig. 134,  As
the pinion A revolves, its teeth work in
Fiz 184, those of the rack

E:"""qa B €, moving it for-
A - . N
a ward in a straight line.
LAV .
NS TEVANO 284, Forar-Hayer.—A toothed
EACK AND PINION,
wheel may produce an alternate up-and-
down motion, as in the case of the Forge-
hammer, represented in Fig. 135.

Fig. 185.

The wheel is so placed that its teeth successively

I l l:] come in-contact with thehandle of the hammen, swhich

turns on a pivot, ~As the wheel revolves, & long
tooth carries the lower end of the handle down and
raises‘its head. As soon as the tooth releases the handle, the head of the
hammer falls on the anvil by its own weight. A new tooth then comes into
play, and the operatiog is fepeated.

THE FORGE-IAMMER,

285, Cranks—The Crank is much used in machinery
for converting cireular motion into rectilinear, or rectilinear
Tie. 136, into cireular. . It has different forms, but is

P i generally made by bending the axle in the
|| | way represented in Fig, 136. As the wheel
to which it is attached turns, the erank A
also reyolves, and causes the rod B, with
which it is connected, to move alternately
up and down.

THE CRANK,

does Fig. 133 represent? 283, How may cireilar motion be converted into rectilin-
ear?  Describe the working of the Rack and Pinfon. 234 What kind of motion docs
& toothed wheel produce in the case of the forge-hammer? Explain the working of
tho forge-hammer, 285, For what is tho Crank used? Describe ifs usual form, and
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The point at which the rod stands at right angles to the
axle (as in the Figure) is called the Dead-point. Two dead-
points oceur in each revolution. When at either, the crank
loses its power for the instant; but the impetus carries it
along, and as soon as the dead-pointis passed it again be-
gins to act.

286, Another form of the crank is exhib- Fig. 137

ited in Fig. 187, which shows how & wheel is

moved by a treadle-board worked by the foot.
A is the treadle; B C isa eord passed round
the pulley D, and attached to the erank E,
which is connected with the axle of the wheel
F. When the foot bears the treadle-hoard
down, the end of the crank is raised to its
highest point. Here it would remain if the
foot' were kept on the board ; but, the foot
being remoyed, the impetus of the wheel carries the crank round again to its
lowest point, raising inturn the end of the treadle-board: The foot is now
applied again with the same effect as' before, and continuous motion is thus
imparted to the wheel.

287, Fry-warets.—The motion of machinery must be
even and regular. Both power and resistance must there-
fore act uniformly; if either inereases too rapidly, the sud-
den strain is apt to break some part of the works. To
prevent this, the fly-wheel 18 used.

The fly-wheel appears in various forms, but generally
consists of a heavy iron hoop with bars meeting in the cen-
tre. It is setin motion by the machinery, and by reason
of its weight acquires so great a momentum that irregu-
larities either'in power or resistance, unless long continued,
have but little effect, If, for instance, the power ceases to
act for a moment, or the resistance suddenly increases or
diminishes, the great momentum of the fly prevents the
motion of the machinery from varying to any great extent.

288, The fly-wheel also accumnulates power, and thus enables a machine
to overcome a greater resistance than it could otherwise do. The poywer,

CRANK AND TREADLE,

explain its operation. 'What is meant by the Dead-point of the crank? What is said
of the crank at its dead-point ? ‘What does Fig. 187 represent¢ Explain the op-
eration of the crank and treadle. 237. For what'is the Fly-wheel used? Of swhat
does it generally consist? Explain how the fly-wheel prevents irrégularities of mo-
tion. 288, Tor what other purpose is the fiy-wheel used? How docs the fiy-whael
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allowed to act on the fly alone for a short time, gives it an immense momen-
tum; and this momentum directly: aids the power, when the machine is ap-
plied to the required work,

Clock and Watich Work.

989, One of the commonest and most ingenious appli-
cations of wheelwork is exhibited in elocks and watches.

990. Hisrory.—The advantages of combining wheels
and pinions were partially known as far back as the time
of Archimedes ; yet they were comparatively little used in
machinery, and not at all for the measurement of time.

Instead of clocks and watches, consisting of trains of wheels, the ancients
used the sun-dial, and clep®sy-dra or water-clock. The former indicated the
hour by the position of the shadow cast by a style, or pin, on a metallic plate;
the latier, by the flow of water from a vessel with a small hole in the bottom.
The dial was of course useless at night; and neither it nor the clepsydra,
however carefully regulated, could measure time with any great degree of
aCCuUracy.

Even Alfred the Great, 985 years after Christ, had no suitable instrument
for measuring fime. To tell the passing hours, he used wax candles twelve
inches long and of uniform thickness; six of which lasted about a day. Marks
on the surface at equal intervals denoted hours and their subdivisions, each
inch of candle that burned showing that about twenty minutes had passed.
To prevent currents of air from making his eandles burn irregularly, he en-

c¢losed them in cases of thin, transparent horn,—and hence the origin of the
lantern.

291. Clocks moved by weights were known to the Sar-
acens as early as the eleventh century. The first made in
England (about 1288 A. p.) was considered so great a work
that a high dignitary was appointed to take care of it, and
paid for so doing from the public treasury. The usefulnesy
of clocks was greatly increased by 'the application of the
pendulum, which was made about the middle of the seven-
teenth century.

~Watches seem to have been first made in the six-

aid the power? 289, In-what do we find one‘of the most ingenious applications of
wheel-work ? 290, What is 3aid of the knowledge of wheel-work possessed by the
ancients? What did the ancients use for the measurement of time? How did the
sun-dial indicate the honr? How, the clepsydra? Thatis said of the accaracy of
these instrnments? How did Alfred the Great measure time? What was the nrigin
of the lantern? 291. When were clocks moved by weights first made by the Sara-
cens? When was the first made in England? How was this clock regzrd;'d ? What

CLOCE. AND WATCH WORK, 127

teenth century, though it is not known who was their in-
ventor. For atime they were quite imperfect, requiring to
be wound twice a day, and having neither second nor min-
ute hand. The addition of the hair-spring to the balance,
by Dr. Hooke, in 1658, was the first great improvement,
Others have since been devised; and chronometers (as the
best watches, manufactured for astronomers and naviga-
tors, are called) are now made so perfect as not to deviate
a minute in six months, even when exposed to great varia-
tions of temperature.

292. Crock-work.—In clocks, except such as are moved
by springs similarly to watches, the moving power is a
weight; to which, when wound up, gravity gives a constant
downward tendency. In its effort to descend, it sefs in
motion a train of wheels and pinions; and they move the
hands which indicate the hours and minutes on the face.

The motion of the wheels, though caused by
the weight, is regulated by the pendulumand an
apparatus called the Escapement, shown in Fig.
138. Theeruich ABC moves with the pendu-
lam. As the latter vibrates, the palléls B, C, are
alternately raised far enongh to let one tooth of
the scape-whesl pass, its motion at other times
being checked by the entrance of one ofithe
pallets hetween the teeth. Hence, though the
weight is wound up, the clock does not go-iill
the pendulum is set in motion. If the pendu-
Jum and escapement are removed, the weight
runs downunchecked, turning the various wheels ZRE B EAE 2
with great rapidity. . The motion of the wheels is thus made uniform by the
pendulum’; and by.shortening orlengthening it we can make the clock go
fester or slower.

293. WaTcE-woRK.—In a watch, there i8 no room for
a weight or pendulum ; hence a spring, called the main-

greatly inoreased the usefulnessof clocks? Whenwere satches first made? What
was the eharacter of those first constructed? What was the first great improye-
ment? What is'said of the chronometers made ot the prosentday? 202, Whatis the
moving power in clocks? Mow does theeight sct the clock in motion? How 8
the motion:of the whesls regulated? Explain, with Fig. 138, how the Escapement
regulates the motion. If the penduinm and eseapement are remoyed, what is the
eonsequence 2 How is the clock made to go fastor or sloyer? 203, Ina watch, what
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epring, is substituted for the former as a moving power,
while the balance and hair-spring take the place of the lat-
ter as a regulator.
The main-spring is either fixed to an axle capable of revolving, as shown
@ O in Fig. 140, oris contained within a hollow barrel, connected by a chain
¥ith a conical axfe, called the fusee, represented in Fig. 139. A is the barrel,
Fig. 189 within which and out of sight is the
. main-spring, having one end attached to
the inner surface of the barrel, and the
othier fastened {0 a fixed axle passing
through' (he barrel. B is the fusee.
R The watch is wound up with a key,
applied to the square projecting from
the fusce. By furning the square the chain is drawn off from the barrel and
wound round the fusce.  The barrel is thus turned till the spring in the in-
side is tightly coiled.  This spring, by reason of its elasticity, tends to un-
coil, and in 50 doing moves the barrel round, drawing off the chain from the
fusee, and winding it again around the barrel. The fusee is thus turned, and
carries with it the first wheel of the train, svhich imparts motion to.all the
rest.  When the spring has uncoiled itself, the chain, being entirely wound
round the barrel, ceases to move the fusee, and all the wheels come to rest.
The watch is then said 70 7un down.
The reason of the peculiar shape of the fuses'is this, The power of the
Epring is proportioned to the tightness with which it is coiled, and hence is
greatest when the wateh is first' wound,

The ¢hain is consequently then
made o act on the smallest part of the fusee ; ‘because, the nearer to the axis
the force is‘applied, the Tess its power of producing motion. As the spring
gradually uncoils, its power is. weakened and it is made fo act on r

a larger
part of the fusee.

By thus adjusting the size of the fusee to the varying
Power of the spring, a uniform effect is secured.

294. An escapement similar to that used in clocks connects the moving
power with the balance. To the latter, also, & very fine spiral spring is at-
tached, which is fastened at its ofher end to a fixed support. The watch is
rcgtflatcd by shortening or lengthening this spring, the balance heing made
to yibrate faster or slower accordingly, \

295. The works of an ordinary watch are shown in Fie.
140, For convenience of inspection, they are arranged in
a line, and the distance between the two plates, and _also
between the upper plate and the face; is increased,

takes the place of the weizht, and what of the pendolum?

< What two ways are there
of fixing the: main-spring? Explain Fig 130, Howis fh

s : e walch wound up? Ex-
p.‘um the working of the fusee. When doesthe watceh run down, and why does motion
then cease? What is the reason of the peculiar shape of the fusea ? 23'4. What con-
hocts the moying power with the balance? What is attached to the balance? HHow

WATCH-WORK. 129

OP is the main-spring, attached
to its axle, without a fusee. The un-
coiling of the spring carries the axle
round, and with it the great wheel N.
N works in the pinion &, and by turn-
ing it turns algo the cenfre-wlheel M on
the same axis, so called from beingin
the centre of the
watch, M turns
the pinion & and
the third wheel
L, which in furn
works in the pin-
ion ¢ and causes
thesecond or con-
trate-wheel R, on
the same axis,
to revolve. R worksin the pinion 2 and carries round the balance or crown
wheel C, which is on the same axis with it. 2

The saw-like teeth of the balance-wheel are checked'(as in the case of the
escapement of a clock) by the palicis p, p, which are projecting pins on the
verge of the balance A.  The kair-spring, fastened at one endto a fixed sup-
port, and at the other io the balanece, may be shortened by the curb or #eg-
ulator, 1f the watch goes oo slow, or lengthened if it goes too fast, thus con-
trolling the motion of the balance and consequently that of the other wheels.

206. The force of the main-spring is so adjusted as fo make the great
wheel N revolve once in four hours. The spring generally turns it seven or
eight times round before it is uncoiled, so that with one winding the watch
rans twenty-eight or thirty-two hours. The great wheel N has forty-eight
teeth, the pinion @ but twelve; so that ¢ and the centre-wheel M revolveonce
every hour, and their axle, carried through to the face, bears the minute-
hand.

Between the face and the upper plate is a train of pinions and wheels con-
nected with the axle of the centre-wheel. They are so adjusted that the wheel
V' revolves once in twelve hours: 'V carries the hour-hand. It is atfached
to a hollow axle; through which the axle of the centre-wheel passes to carry
the minufe-hand.

WORES OF A WATCH.

297, Thus we see that the works of asvatch are nothing
more than an ingenious combination of wheels, moved by a
spring and regulated by a balance.. The arrangement of the

isthe watch regulated? 295, What does Fig. 140 represent? With the aid of Tig.
140, deseribe the works of a watch and their mode of operation. Hew is therwatch
regulated? 206, How great a force is generally given to the main-spring? How
long does the watch run with one,winding? Explain the arrangement of the minute-
hand. Explain that of tho hour-hand. 297, Of what, as we have secn, do the works

. 6%
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wheels and pinions is such, that there is a constant increase
of velocity and a corresponding loss of power. ‘The great
wheel, which begins the train, revolves once in four honrs;
the balance, which closes it, revolves in one-fifth of a sec-
ond ; but. the force of the spring becomes so attenuated
by the time it reaches the balance, that the slightest addi-
tional resistance there, a particle of dust or even a thicken-
ing of the oil used to prevent friction, deranges, and may
stop, the action of the whole,

CHAPTER X,

MECHANICS (CONTINUED).

HYDROSTATICS.

298. Hyprosrarics and Hydraulies are branches of Me-
chanies that treat of liquids.

Hydrostatics is the science that treats of liquids at rest.

Hydraulies is the science that treats of liquidsin mo-
tion, and the machineg in which they are applied.

299. The principles of Hydrostaties and Hydraulics are
equally true of all liquids; but it is in water, which is the
commonest liquid, that we most frequently see them ex-
hibited.

Water abounds on the earil’s surface. If covers more than two-thirds of
th;] globe, and constitutes three-fourths of the substance of plants and ani-
mnais.

800. Narure oF Liquins.—Liquids differ from solids in
having but little cohesion.

-

of a wateh' consist ? What f5 said of the arrangement of the wheels and pinions?
‘What is the comparative velocity of the great wheel and the balance? What is said
of the foree of the spring by the time if reaches the balance?

298 ‘What sciences treat of liguids? Whatis Hydrostatics ? What is Hydraulics?
200. 'What is said of the principles of hydrostatics and hydraulics? Ho\.v much of
the globeis coyered with water? How much of the substancs of plants and gnimals
sonsists of water? 800. In what respect do liquids diffor from solids? What shows

NATURE OF LIQUIDS. 131

(ohesion is not entirely wanting in liquids, as is proved by their parti-
cles’ forming in drops; butit is so weak as to be easily overcome., Thick
and sticky liquids, like oil and molasses, have a greater degree of cohesion
than thin ones, like water and alcohol.

301. Liquids were long thought to be incompressible,
but experiment has proved the reverse. Submitted to a
pressure of 15,000 pounds to the square inch, a liquid loses
one-twenty-fourth of its bulk. "Were the ocean at any point
a hundred miles deep, the pressure of the water above on
that at the bottom would reduce it to less than half its
proper volume.

502, To distinguish them from the gases, liquids are

_ often called non-elastic fluids ; yet they are not devoid of

elasticity.

To prove this, after compressing a body of water, remove the pressure,
and it will resnme its former bulk. Again, if o knife-blade be brought in
contact sith a drop of water hanging from a surface; the drop may be elon-
gated by slowly drawing away the blade; but it immediately returns fo its
original shape, if the blade is entirely removed without detaching the drop
from the surface.

Law of Hydrostatics.
803. Water at rest always finds its level.

No matter what the size or shape of a body of water may be, its surface
has the same level throughout; thatis, it-is equally distant at every point from
the eavth's centre. - Accordingly, the surface of the ocean is spherical; and
this we know to be the casefrom always seeing the mastof a vessel approach-
ing in the distance before we see the hull. In small masses of liquids, no
convexity is perceptible; and we may consider their surfaces as perfectly flat.

304, The tea-pot affords us a familiar illnstration of this law. ~The tea
alays rises as high in the spout as in the body of the pot ; and, if the body
is higher than the spout, it will pour out from the latteravhen the pot is
filled.

So, et there be & number of vessels having communication af their bases,
as shown in Fig, 141. If water be poured into any of them, it will rise o

that cohesian is not entirely wanting in liquids? What liquids have the most cohe-
sion? 801 What is said respecting the compressibility of liguids? If the ocean wero
s hundred miles deep, what would be the consequence of the pressure? 803. What
are liquids often called, to distinguish them from gases? Is the name striefly correct?
Frove that liquids are elastic? $03. What is the great lnw of Hydrostatics? What
do we mean, when e sy that a body of water lias the same level thronghout? What
wort of a surface must the ocean haye? What evidence is there of this?* FHow may
we reaurd the syrfaces of small hodies of liquids? 804, Show how the tea-pot illus-
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wheels and pinions is such, that there is a constant increase
of velocity and a corresponding loss of power. ‘The great
wheel, which begins the train, revolves once in four honrs;
the balance, which closes it, revolves in one-fifth of a sec-
ond ; but. the force of the spring becomes so attenuated
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than thin ones, like water and alcohol.

301. Liquids were long thought to be incompressible,
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one-twenty-fourth of its bulk. "Were the ocean at any point
a hundred miles deep, the pressure of the water above on
that at the bottom would reduce it to less than half its
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502, To distinguish them from the gases, liquids are
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To prove this, after compressing a body of water, remove the pressure,
and it will resnme its former bulk. Again, if o knife-blade be brought in
contact sith a drop of water hanging from a surface; the drop may be elon-
gated by slowly drawing away the blade; but it immediately returns fo its
original shape, if the blade is entirely removed without detaching the drop
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the eavth's centre. - Accordingly, the surface of the ocean is spherical; and
this we know to be the casefrom always seeing the mastof a vessel approach-
ing in the distance before we see the hull. In small masses of liquids, no
convexity is perceptible; and we may consider their surfaces as perfectly flat.
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Fig. 141 the same level in all,
no matter how they
may differ in shape or
size. In like manner,
if there be subterra-
neons connection be-
tween a river affected
by the tide and pools
/ near its banks; the wa-
[“;i,”\”'[‘ A ) ter in: the pools: will
WA GRILL R RN rise and fall simulta-

neously with thatin thie river.

305, We take advantage of this law in supplying cities
with water from elevated ponds or streams. The water
may be conveyed in pipes any distance, may be carried be-
neath deep ravines or the beds of rivers, and when released
from the pipe at any point will rise to the level from which
1t started.

<
o S‘m‘i‘ NN
et R

Thus, in Fig. 142, the pond A is made to supply the house D with water
by means of pipes carried down into the valley, under the stream B and over
the bridge €. In the house it will reach the level of the pond from which it
was taken, shown by the dotted'line.

Fountains formed by tapping the pipe at any point, rise, theoretically, to
the same level, as seen in the plate, but are prevented from gnite reaching
it by the resistance of the air and the check which the ascending stream retr
ceives from the falling drops.

: 306. The ancient Romans appear to have known that water conducted
in pipes will find its level; yet so difficult did they find it to make water-

trates this law. Tllustrate it with Fiz. 141, Mow dops this law apply in the case of
pools connected with tide-water? 305, T
spplicd ? Illustrate this with Fig.
the pipe rise? 808, How did the

o what practical purpose is this principle
. 142, Tlow high'will fonntains formed by tapping
ancient Romans convey their supplies of water?

T ] B ——— et i e
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tight joints, that, instead of employing pipes, they conveyed their water
through vast level aqueducts, bridging at an immense expense such'rayines
and valleys as lay in their course, In modern times, iron pipes laid beneath
the surface, however much it may be depressed, accomplish the same object
with much less cost, the water always rising to its original level when al-
lowed to do so. The lower the pipes are sunk, the stronger they should be;
for the upward pressure of the water, tending to resume its level, increases
in proportion to the depth.

307. Artesian Wells—It is on this principle, also, that
Artesian Wells are made. They are so called from the
province of Artois [afr-twahk'], in France, the first district
of Europe where they were extensively introduced, though
known to the Chinese for centuries,

The ounter crust of the earth consists of different strats, or layers; some
of which (rock and clay, for instance) are impervious to water, and others
not (such as gravel and chalk). If a stratum which allows water to flow
through it is enclosed, after leaving the surface, between two impervious
layers, and thus descends fo a lower level, the water received by this stratum
at the surface, unable to pass out above or below, collects in it throughout its
whole length. Let an opening then be made at any pointinto this reservoir
through the impervious stratum above, and the water will at once rise to
find its level.

Such openings are Arfesian wells. They have been carried in some cases
athird of a mile below the surface ; and so abundant is their supply of water
that a single well of thiskind at Paris has been computed to yield 14,000,000
gallons daily. The elevated end may be several hundred miles distant; it
matters not how far. It is thought thatthe deserts of Arabia and Africa
might be supplied with water, and thus rendered habitable, by means of Ar-
tesian wells.

808. Springs—Springs have a similar origin, The rain
drunk up by the earth’s surface gradually sinks, till it
reaches an impervious stratum. Along this it runs, receiy-
ing additions as it goes, till it finds vent in' some natural
opening. '

In ordinary wells, the water does not rise to the earth’s surface, because
it does not come from an elevated stratum.

Why did they not emplay pipes'? What precantion must be taken, in consequence
of the upward pressure of the water? 807. What wells are made on this principle ?
Why are Artesian Wells so called? Explain their working. How low have they
been carried ?  How much water does thewell at Paris supply ? How far off may
the elevated ond of the sfratum be? What is thought respecting the deserts of Ara.
bia and Afrieag 303 Explain the origin of springs. Why does not the water rise in
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309. Zocks~We are enabled to run canals through un-
eyen tracts by taking advantage of the fact that water al-
ways finds its level. If the bottom of the canal were not of
a uniform grade, the water would run towards the lower end
and inundate the surrounding country. When, therefore,
the ground is uneven, the canal is built in sections, each level
in itself, but of a different grade from the one next to it,
with which it is connected by a compartment called a Lock,

Fig, 143,
D B

Let AB represent a canal, the upper section of which, A, is fifteen feet
higher than the lower section B. A boat is passed from one to the other by
means of the lock C, which communicates with eithersection, as may be de-
sived, by openingsliding valves in the lock-gates D, E. When a boat is going
down, the gaie E is closed and D 48 opened till the water in the lock assumes
the sanie level asin A. - The hoat is then brought into the lock; the gate D is
closed and E is opened. The water, gradually sinking in the lock, bears the
boat along with if till it reaches the same level as in B. In going up, the op-
eration is reversed. The hoat having passed from Biinto the lock; E is closed
and D opened. The water rushes in o find its level, and the boat is raized
till it stands at the same height as the water in A.

310. The Spirit Level—The Spirit Level, an instru-
ment; much used by surveyors, masons, and others, operates
Fig 144 on this same principle, It consists
of a glass tube (see Fig. 144) near-
ly filled with “colored alcohol, just
enough air being allowed to remain
in it to form a bubble. The tube is then closed, and fixed
in a wooden or metallic case.

THE SPIRIT LEVEL.

On being applied to a surface, if the latter is perfectly level, the air-bub-
ble:will rest midway of the tube, in its highest point which has heen found

ordinary wells? 809. How are wa enablod to run eanals throngh uneven' tractsof
tountry 7 With'the aid of Fig. 143, show the workings of a Lock. 810 What is the
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by previous experiment and marked. If the bubble rests in any-other place,
it shows that one end of the tube is higher than the other, and consequently
that the surface on which it rests is not level, :

The tube is sometinies made of a different form, and nearly filled with wa-
ter instead of alcohol ; the instrament is then known as the Water Level.

Pressure of Ligmids.

311. Fmst Law.—Liquids, subjected to pressure, trans-
mit it undiminished in all directions.

Solids transmit pressure only in the line in which it i-a
exerted ; liquids transmit it in every direction. This is
proved by experiment.

Tn Fig. 145, A represents a glass vessel of water, to the
rieck of which a piston, B, is tightly fitted. Tubes are
inserted at intervals through orifices in the sides. Asthe
piston is driven down, the pressure is felt alike at all points
of the vessel, as is_shown by the flow of the water from
the tubes. {

Tig. 145.

812. Secoxp Law.—Liquids, influcnced
by gravity alone, press iwall directions.

Bore a hole in the hottom of a pail filled with water;
the yater rushes out—this proves its downjvard pressure.

Bore a hole in the side of the same pail: the water
rushes ont—this proves its lateral pressure.

Bore a hole in the bottom of a boat; thejvater rushes
in—this shows its‘upward pressure.

313, Turrp Law.—The presswre of liquids in every di-
rection s proportioned to their depth.

The downward pressure of liquids increases with their depth. ~To prove
this, take four tubes of equal diameter, and over one end of each tie a piece
of very thin india rubber. Fill them with water to different heights, say 5,
10, 20, and 30 inches. The india rubber will be distended the most in the
one containing the greatest depth of liquid.

The lateral pressure of liquids increases with their depth. Hence dams

Spirit Tevel? Of what does it consist?  How: is fhe spirit level used? Whatis the
Water Level? 811, What is the first 1aw relating to the pressure of liquids? Whatis
the difference between solids and liguids in this respect? Illostrate this law with
Tix 145, 312, What is the second law relating to the pressure of liquids? Prove the
downward pressureof liguids. Prove their lateral pressure: Prove their upward 1\1‘0&5-
sure; 513, What is the third law relating to the pressure of liquids? What experi-
ment proves that the downyard pressura of liquids is proportioned to their depth?
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and sea-walls should increase in strength towards their bases. On the same
principle, barrels holding liquids should be more securely hooped at bottom
than at top.
The upward pressure of liquids increases with their
depth, This is shown by the experiment represented in
Fig.148. A B is an open tube, gromnd perfectly smooth on
the lower end. € is a plate of lead attached to a string.
Pass the string through the tube, and with it keep the lead
plate close against the ground end; then introduce the
whole into a deep vessel of water. When it has descended
an‘inch or two, Iet go the string, and the lead will sink. Let
it go mear the bottom: of the vessel, and, as shown in the
Figure, the lead will be supported by the water. The up-
ward pressure has therefore inereased ywith the depth.
314, At great depths the pressure of water becomes im-
mense; neither divers nor fish can endure it, Strong glass
bottles, empty and tightly corked, are often let down with cords ai sea, and
thie pressure is gonerally sufficient to break them at a depth of 60 feet. If
| the bottle does not break, either the cork is driven in or water
Hig. 147, enters through its pores. The hardest wood, sunk to a great
] depth, has its pores so thoroughly filled jvith water as to become
incapable of rising. Hence, when a ship goes down at sea, hor
timbers are never seen again.

815. This law leads to wonderful results, Ef
fects almost incredible may be produced by an in-
significant body of liquid so disposed as to have
considerable depth.

We may, for example, burst a stout caskwith & few ounces of
water. Having filled the cask with water and inserted in its top
a long tube communicating with the inside, we may force the

staves asunder, however tightly hooped, by simply pouring wa-
ter into the tube.

316. Similar effects are often produced in nature. Let D (see

Fig. 148) be a mass of rock through which runs a long crevice,

A B, communicating ywith C, a large cayity

and having no outlet. When a shower fills the creviee, so great

8 pressure may be generated as to rend the rock in fragments. It isin this

belos, full of water,

way that many of the great convulsions of nature are produced.

What should be the strongest part of dams; sea-walls,

scribe the experiment which
with their depth,

and barrels,—and why? De-
proves that the ‘upward pressnre of liguids increases
. 814. What is said of the pressure of water at great depths? What
experiment is often made with strong glass bottles?  What is the effect of this pres-
sure on ' wood sunk to a great depth? 815, How may wonderful effects he produced
by an insignificant body of liquid? How, for cxample, may a cask bo burst?
816. What similar effect is produced fn nature? 817, What is meant by the Hydro-
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317. Hydrostatic
Paradox—PFPressure
being proportioned
todepth alone, avery
small quantity of li-
quidmay balance any
quantity, however
great. This prinei-
ple is called the Hy-
drostatic ~ Paradox. 7 ) :
Improbable as it appears at first, its truth is proved in va-
rious ways.

InTFig. 149; let A be a vessel holding 50 gallons,
and B a tube of the same height, communicating with
A, and haying a capacity of one gallon. Water poured
in either rises to the same height in both. When both
are full, the pressure of the one gallonin the tube must
be as great as that of the 50 gallons in the vessel ; oth-
erwise, the latter would foree its way into the tube and
cause the water there to overflow.

318. Rule for finding the Pressure on
the-Bottom of @ Vessel.—To find the pres-
sure of a body of liquid on the bottom of
the vessel containing it, multiply its height into the area
of the vessel’s bottom.

According to this rule, different
guantities of lignid may produce equal
pressure. In Fig. 150, let A, B, and C
be three vessels haying equal bases,
and containing the same depth, though
different quantities, of liguid ; then the
pressure on their bottoms will be equal.

319. Hydrostatic Bellows.— Interesting experiments
may be performed with the Hydrostatic' Bellows, repre-
sented in Fig. 151.

static Paradox? Prove the truth of the paradox with the apparatus re%)r(‘fenlcli in
Fig. 149. 818, What is the rule for finding the pressure of a Lml_‘: of liguid on the
bottom of tho vessel contfaining it? Explain how different quantities of lignid may
produce equal pressure. 819, Describe the Hydrostatic Bellows, and the experiment
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Fig: 151. A mefallic pipe, about four feet long, is serewed into a water-
v tight apartment, formed of two circular pieces of board fastened

together with a broad leather band. Asyater is poured into the
pipe, the fop of the bellows rises, and with such force as to lift
heavy weights placed wpon it. 'When both pipe and bellows are
full; the Tatter will support from three to four hundred pounds.
It matters not how small the bore of the pipe may be ; the pres-
sure depends solely on its height.

of the same prineiple is made in Bramah’s Hydro-
static (or Hydraulic) Press, exhibited in Fig. 152.
i E B represents a forcing-pump, worked by the lever A.  This
instrament, which is fully described on page 188, consists of a
piston working within a small tube to which it is tightly fitied,
and which descends, as shown by the dotted liacs,'into a
cistern in the bottom of the frame of the press. ¥ G is a tube
connect-

ing T B Tig. 152,
with the ;
large cyl-
inder C,
to which
2 is fitted
HYDROSTATIC BELLOWS. a smaller
wronght-
iron cylinder D, free to move up
and'down within if. D has a plat-
en, H H, attached to it, betwecn
which and the top of the frame,
the cotton, hay, cloth, or other
substance to be pressed, is placed.
To work the press, raise the
Iong arm of the lever A. Water
i8 by this means drawyn up from
the cistern into the tube B ; and,
when A is lowered and the piston
thus made to descend, being pre-
vented from returning to the cis-
tern by a valve which closes, it is
forced through the tube T G into
the lower part of the cylinder C. D heing thus driven up and with it the
platen, whatever is confined between the latter and the top of the frame is

HYDROSTATIO PRESS.

]\crform(t-] with it. How great a weight will it support? 820, Deseribe the Hydrostatic
Press, with the Figure. How is it worked? How great pressure may be obfained

320. Hydrostatic Press—A useful application
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subjected to pressure, greater or less according. to the gquantity of water
forced into C.

With the Hydrostatic Press any degree of pressure
may be obtained that is not too great for the strength of
the materials employed. The machine is extensively used,
not only for pressing, but also for extracting stumps, test-
ing cables, and raising vessels out of water.

Specific Gravity.

321, If we weigh a cubic inch of water, and then the
same bulk, or volume, of silver, and of cork, we find the
silver heavier than the water, and the cork lighter. Ifwe
proceed to compare the weights of various other substances,
taking a cubic inch of each, we shall find that they all differ
more or less. To express the comparative weight of differ-
ent, substances, the term Specific Grayity is used.

322. The Specific Gravity of a substance is the weight
of a given bulk of it compared with the weight of an equal
bulk of some other substance taken as a standard. The
standard employed is distilled water at the temperature of
60 degrees.

A standard of this kind must be invariable. Hence the temperature of
the water is fixed; for at a higher degree of heat it would become rarer,—
and at-alower degree, denser. Distilled water is taken, because it 1is pure;
the intermixture of vegetable and mineral matter in’spring and yiver water
affects their density, and makes them unfit for a standard.

A cubic inch of silyer weighs 10/, {imes as much as a cubic inch of wa-
ter; accordingly, the specific grayity of water being 1, that of silver is 104/
A cubic inch of cork weighs 2440 a8 much as the same bulk of water; the
specific grayity of cork, therefore, is set down ati24/ye or .24, y

393, Fluids that do not mix, when brought together,
arrange themselves in the order of their specific gravities,
the heaviest at the bottom. Thus, if mercury, water, and
oil be thrown into a tumbler, the mercury will settle at the

with the hydrostatic press? Forwhat is this machine nsed ? 821, If we weigh equal
bulks of different substances, what dowe find? Whattermis nsed to express the
comparative weight of different substances? $22. What is Specific Gravity ? What
is taken as o standard? Why is the temperature of the water fixed? Why is dis-
tilled water taken? Whatis the specific gravity of silver, and why ? What is the
specific gravity of cork, and why? 823. How do flnids that do notmix, when brought
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bottom, because its specific gravity is greatest ; next will
come the water; and on top, the oil, which is the lightest
of the three.

Cream rises on milk, because its specific gravity is less than that of milk.
For the same reason, the oily particles of soup float on the top.

The negroes in the West Indies take advantage of this law of specific
gravity. When they want tosteal rum-out of a cask, they introduce throngh
the hole in its top the neck of u hottle filled with water. The water descends
on account of its greatef weight, and rum takes its place in the botile.

824, Gases, like liquids, differ in their specific gravity. Smoke rises, be-
cause it'is lighter than air.  Hydrogen is so much inferior to air in specific
gravity, that it not only ¥ises itself, but also carries up a loaded halloon.
Carbonic acid gas, on the other hand, is somewhat heavier than air; itis
therefore found at the bottom of wells and mines, where ifs poisonous prop-
erties sometimes proye fatal to those who descend.

325, If'a solid floats on a liquid, like cork on water, its
specific gravity is less than that of the liquid ; if it sinks,
like lead, its specific gravity is greater. - If solid and liquid
have the same specific gravity, the solid will remain sta-
tionary at any depth at wlhich it is placed, without rising
or sinking.

That 2 solid may float, it is not essential that, in a compact mass, it weigh
less than wlike bulk of the liquid. A solid may therefore float or sink in
the same liquid, according to the form it is made to assume. A cubi¢ inch
of ironweighs 71/, times as much as a like bulk of water, and will therefore
sink in-the Jatter; buf, if bedten out into a vessel containing more than 71/,
cubie inches, this same iron'will float; because then it is lighter than an equal
buik of water, TIf ison this principle that iron ships float.

826. A floating =olid displaces its own
weight of liquid.

To prove this, fill the vessel A with water up to the
opening B. Drop in a hall of wood.. Asit becomes
partially immersed, it raises the water and causes it to
flow through B. Catch the water thus displaced; and
it will be found to weigh exactly the same as the ball.

327. A body immersed in water is

together, arrange themselves? Give an example. Why does cream rise on milk?
What use do the negroes in the West Indies make of this prineciple? 824 What is
said of the specifie gravity of gases? Why does smoke rise? How does hydrogzen
compare with air in specific gravity? Carbonic neid? 825, When will a solid float
on o liquid, when sink, and when remain stationary without rising orsinking? How
may 4 solid which in ‘& compact mass is heayler than water, be made to float?
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buoyed up, and loses as much weight as the water it dis-
places weighs.

A boy can bring up from the bottom of a pond & heavy stone which he
could not lift on land. In'raising a bucket from a well, we find it become
heavier the moment it leaves the waier. In each case, the weight of the ob-
ject, while in the yyater, is diminished by its upyard pressure.

That the weight thus lost equals Fig. 154

that of the water displaced, is shown

with the apparatus represented in Fig. ?l

154 Trom one side of a balance sus-
pend a solid cylinder B, and on the same
seale place a hollow cylinder A, which
just contains the other. Balance the
whole with a weight C in the opposite
scale. If, now, we immerse B, still sus-
pended, in a vessel of water, C will be
found to outweigh AB, but the differ-
ence is exactly made up by filling A with
water; and as A _just holds B, it is evi-
dent that it holds as much water as B dis-
places,

328, Sercrric Graviry oF Liqums.—The specific grav-
ity of a body is simply its weight compared with that of a
like bulk of water. Hence the specific gravity of a liquid
may be easily obtained in the following way : Fill a glass
vessel, whose weight is known, with water up to a certain
mark, and weigh it ; subtract the weight of the vessel, and
you have the weight of the water alone. Then fill the ves-
sel to the same height with the liquid in question, weigh it
again, and subtract the weight of the vessel as before. To
find the specific gravity of the liquid, divide its weight by
that of the water.

A flask that will hold 1,000 grains of water, called the Thousand Grain
Bottle, is often used for this purpose. A glass stopper, with a narrow open-
ing ranning lengthwise through it, is fitted to the neck. The flask being
filled, this stopper is inserted; as it descends, it forces out the excess of
liguid through its npehing, and thus always ensuresthe same volume of lignid

Give an example. 826. How much liguid does a floating solid displace? Proye this
with Fig. 158. 827. How much weight does & body immersad in water lose? Give
some familiar examples of this loss of weight. Prove, with the apparatus represented
in Fig. 154, that the weight lost equals that of the water displaced. 828. How may
the specific gravity of a lignid be obtained? What is the Thoussnd Graia Bottle?
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inside, A flask containing 1,000 grains of water will hold 13,568 grains of
mercury and 792 grains of alcohol ; dividing according to the rule, we find
the specific gravity of mercury to be 13.568, aud that of alcohol .792

329, The Hydrometer—The specific gravity of liquids

may also be determined by the Hydrometer. This instru-
ment_consists of a hollow ball, C, from which
rises a graduated scale, A ; while to its lower
side is attached a solid ball, B, of sufficient
weight to keep the instrument in a vertical po-
sition,

To find the specific gravity of anyliquid, place the hydrom-
eter in it. The rarer the lignid, the farther it descends; and
{he fizure on the scale at the point'where it meets the surface,
is noted. A table accompanies the instrument, yhich tells the
specific gravity of a liquid when the height to which it rises
on the seale is known.

The hydrometer is used by dealers in spirits, oils, and
chemicals, fo test their strength. The height to which the
pure article rises on the scale being known, any different re-
sult when = liquid is tested, indicates adulteration.

330. Seecrric Graviry oF Sorms.— The
TOE NYDROM- d 2 1o .

FTER. simplest way of finding the specific gravity of a
solid would be to take a certain bulk of it (say a cubie inch
or cubic foot), ascertain its weight, and divide it by the
weight of a like bulk of water. It is so difficult, however,
to obtain any given bulk exactly, that other methods have
to be resorted to.

331, If the solid sinks in water, weigh it first in air, and
then in water by means of a balance prepared for the pur-
pose, Divide its weight in air by the weight it losesin
water, and the quotient will be its specific gravity.

This is the same thing as dividing the weight of the solid by that of an
equal bulk of water, forwe have already seen that a solid yeighed in a liquid
loses a3 much weight as the liquid it displaces weighs.

How many grains.of mereury will such « flask hold? Of alcohol? What, then, is
the specific gravity of mercury and aleohol? 320. What instrument is used for ob-
taining the specific gravity of liquids? Describe the Hydrometer. How isthe spe-
cific gravity obtained with this instrument? By whom is the hydrometer chiefly
used? How does it indicate adulteration? 330. What would be the simplest mode

of finding the specific grayity of s solid? What difficulty stands in the wayf-

231, How may we find the specific gravity of a solid that sinks in water? Give an
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A piece of platinum weighs 22 grains in air, and 21 in water. Dividing
22, the weightin air, by 1, the loss of weight in water, we get 22 for the spe-
cific gravity of platinum.

332, To find the specific gravity of a solid that floats on
water, attach to it some body heavy enough to sink it.
Weigh the two, thus attached, in air and in water ; and by
subtraction find their loss of weight in water. In the same
way, find how much weight the heavy body alone loses in
water. Subtract this from the loss sustained by the two,
and you get the weight of a volume of water equal to the
body under examination. Divide the body’s weight in air
by this remainder, and you have its specific gravity.

Erampls. Required the specific grayity of a piece of elm wood weighing
2 ounces. Aftach fo it 4 ounces of lead.

The combined solids weigh inair2 4+ 4 = 8  ounces.
In water we find them to weigh ......... 3.15 ounces.
Loss of the combined solids in water, 2.85 ounces.

The lead alone weighs in air...oeeienrsase 4  ounces.
The lead alone weighs in water 3.65 ounces.

Loss of the lead inyyater, .25 ounce.

Weight of a volume of water equal to the wood, 2.85 — .35 = 2.50
Specific gravity of elm wood, 2 +2.50 = .8

333. Seecrric GraviTY OF GasEs.—The specific gravity
of gagesis found by a process similar to that employed for
liquids. Air is taken for the standard. A glass flask fur-
nished with ‘a stop-cock is weighed when full of air; and
again when exhausted by means of an air-pump ; the differ-
ence hetween these weights is the weight of a flask-full of
air, The flask is then filled with the gas in question, and
againweighed ; this weight, less that of the exhausted flask,
is the weight of a flask-full of the gas. Divide the weight
of the gas by that of the air, and the quotient is the spe-
cifie gravity required.

334, Tanres or Sercrric GrAvizres—The following

example, 832, How may we find the specific gravity of a solid that floats on water?
Find the specific gravity of a piece of elm wood weighing 2 ounces. 833. What is
taken for a standard in estimating the specific gravity of gases? How may the spe
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tables give the specific gravity of some of the most mmpor-
tant substances:—

Sreciric GrAVITY OF SOLIDS AND Liquins.—Standard, Distilled Water, 1

Tridivan .... 23.000 | Iron, cast 207 930
Platinum...122:06¢ | Theearth .10 | Livingmen.. .891
Gold: . Socote ! Diamond . e...- 3:536 | Cork .24!2
Mercury, ... 13.568 | Parian Marble .. Human blood 1.045
Léad.. . vs, 11445 | Anthracite coal.. 1,800 | Milk 1030
Silver Bituminous coal. 1.250 | Sea water ..+ 1-02‘5
Copper; cast' 8788 | Lignum vite.... 133 Olive oil .... .915
MinLyee.sos  7.985 | Oak.; o vasilve 2870 | Aleohol

Sprerric Gravaty or Gases.—Standard, Air, 1.
Hydriodic Acid
Carbonie Acid

Oxygen oysoea. e S LR

Nitrogen
Hydrogen \....... v save 0.069

335. By examining the-above tables; it yill be found that solids generally
have a greater specific gravity than liquids, and liquids than gases. Among
s0lids, the ‘metals are the heaviest.

The heaviest known substance is the metal iridium, which, bulk for bulk,
Weighs 93 times as much as water. The lightest substanceis hydrogen gas.
It would take about 12,000 cubic fect of hydrogen to weigh as muchas one
cubic foot of water. ) 1

Sea-water, being impregnated with salts, is somewhat heavier than n'tfsh
water. It is therefore more buoyant ; andthis every swimmer that has mc.zd
it knows. /A vessel passing from fresh water to the sea, draws less water in
the latter, that is, does not sink to so great a depth. 2

338, Wateris 828 times heavier than air; that is, it would take 328 cubie
inches of air toweigh as muchas 1 cubic inch of water. Hence, by confin-
ing airin tight chambers in different parts of life-boats, they are made so
buoyant that they can not sink even swhen filled with water. Life-preseryers
act on the same i)rinciple. The air confined in them, being 828 fimes lighter

ciﬁc.gr:wit}' of zases be found ? 834 [Questions on the Tables,—Which is the densest
of the metals? Which is the densest of liguids? Will the wood called lignum vit@
float in water? What liquid will it float in? Which sweighs more, a cubie foot of
water or the same bulk of ice? In which would a boat sink deepest, olive bil, slco-
hol, or sea~water? Could a man swim inaleohol? Would a balloon rise most easily
in hydrogen, carbonic acid, or atr? Would a balloon filled with oxygen rise in air?]
335, How do solids, as a genaral thing, compare with liquids in specific gravity ¢ How
do gases compare with liquids? Among solids, what elass of bodies are heaviest?
What is the heaviest known substanca? How does its weight compare with that of
water? What is the lightest substance? How many cubie feet of hydrogzen would
it take toweigh as much as one cubic foot of water? How does sea-water comparo
with frash water in specific gravity? Inwhichis it easier to swim? In which docs
8 vessel draw less water? 886, How does air compare with water in specific gravity ?
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than the same bulk of water, helps to keep up the bodies toswhich they may
be attached. Many species of fish are provided with bladders, which they
can fill with air or exhaust at pleasure ; they are thus able to increase or di-
minish their specific gravity instantaneously, and to rise or sink accordingly.

337. The specific gravity of living men is set down at .891, or less than 9,
of that of water. The human body, therefore, will float; and, if the head is
thrown baek so as to bring the mouth uppermost, there isno danger of drown-
ing, even in the case of those who can not swim. If the air is expelled from
the lungs, and water takes its place, the specific gravity is increased; conse-
quently the bodies of drowned persons sink. After remaining under water
for a jme, they again float; this is owing to the generation of light gases
within them, by which their specific gravity is lessened.

338. If we know the specific gravity of a body, we can
easily find how much any given bulk of it weighs. A cubie
foot of water is found to weigh 1,000 ounces, or 821 pounds
avoirdupois ; the weight of a cubic foot of any given sub-

. - g -
stance will, therefore, be equal to 621 pounds multiplied by
its specific gravity.

Frample. Required the weight of a cubie foot of zold. The table makes
the specific gravity of gold 19.558. Multiplying this into 62.5, we get
1209.875 pounds for the weight required,

339. Two solids of equal bulk will displace equal quan-
tities of a liquid in which they are immersed; but two sol-
ids of equal weight will not do so, unless their specific gray-
ity is the same. This principle has been applied in testing
the purity of the precious metals.

If, for instance, we wish fo find whether o piece of silver is pure, we put
it in a vessel even full of water, and catch what overflows: we do-the same
with an equal weight of what is known to be pure silyer. If equal quantities
of water are displaced, the article tested is pure, for it has the same specific
gravity as pure silver; but if not, if is adulterated.

340, The fact above stated was discovered and first applied by Archime-
des. Hiero, king of Syracuse, having purchased a golden crown and sus-
peefing the purity of the metal, asked the philosopher to test it, without in-
Jury toits costly workmanship. Tn vain Avchimedes tried to solye the prob-

On what prineiple are life-boats and life-preseryers constencted? How are fish ena-
bled to'rise or sinkat pledsure? 837, How docs the body of & living man compare
with water in specific gravity? What follows, as regards danger of drowning? Why
do the bodies of drowned persons at first sink, and afterwardsrise 838 If we know
the specifie gravity of a body, how may we find the sweight of any given bulkcof it ?
Give an example. 3839, When will two solids immersed in a liguid displace equal
quantities? To what has this principle been applied? How, for example, may woe
find whether s piece of silver is pure? 840. By whom was this principle discoyered ?
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Jem; iill one day, when bathing, he obssryed, that, as more and more-of his
body became submerged, the water rose proportionally higher and higher in
the vessel. It at ounce occurred to him that any body of equal weight and
exactly the same density, buf no oiker, would cause an equal rise of the liquid ;
and here was a clue to the solution of the problem that had troubled him.
Naked as he was, he rushed home from the bath, shouting © Heurcka /" I
have found it/ “He'immediately procuréd a quantity of pure gold equal in
weight to the crown; and 4 like Weight of pure silver. Then successively
plunging the gold, the silver, and the crown, in a vessel brim-full of swater,
he caught and weighed the liquid displaced in each case. Finding that the
crown displaced more than the gold and less than the silyer, he inferrgd that
it was neither pure gold nor pure silver, but & mixture of the two. Archi-
medes afterwards investigated the subject further, and discovered the leading
principles connected with specifie gravity.

Capillary Attraction,

= 341, If oneend of a fine glass tube be placed in a ves-
gel of water, the other end being left open, the water will
rise in the tube above its level. The force that causes the
water to rise is known as Capillary Attraction. It is so
called from the Latin word ,capillus, a hair, because it is
most strikingly exhibited in tubes as fine as a hair,

A liquid will not rise by capillary attraction in tubes
that exceed one-fifteenth of an inch in diameter.

342, Cavse—The rise of liguids in capillary tubes is
owing, it is thought, to the attraction of the inner surface
of the solid. In proof of this, we find that the surface of
the liquid in the tube is concave, being raised where it
comes in contact with the sides of the tube.

Fig. 136, The same t.hing is seen whop a
glass plate, C, is placed perpendicu-
larly in water, AB: the surface, in-

* stead of maintaining the same level
throughout, rises near the glass on
both sides, as represented by the
dotted lines.

The above experiment seems 0
show that the attraction of glass for water is sufficiently great to overcome

Relate the circumstances. 841, What is Capillary Attraction? Why isitso called?
What is the limit of size for capillary tubes? 842, To what is the rise of a liquid'in
espillary tubes owing? What proof is there of this? When s glass plato i3 placed
perpendiculsrly in water; what may be observed? What doesthis experiment show ?
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the gravity of the latter.. It is, also; greater than the cohesion subsisting
between the particles of water; for, if the glass be removed, some of the
liguid will be found adhering to its surface,—that is, it will be wet.

343, This attraction, however, does not exist between
all solids and liquids ; on the contrary, we sometimes find
as decided a repulsion.

Let the glass plate, for instance, in the last experiment, be greased, and
the water, now acted on by a repelling force, instead of being elevated near
the sides, will: be depressed, as Fig. 167
shown by the dotted lines in Tig. ’
157. A similar appearance is pre- =
sented when a glass plate is plunged
into a dish of mercury. When this 27
repulsion exists, the liquid does nof:
wet the solid; when the glass plate
is drawn out of the mercury, nota
particle of the liquid adheres to it.

The repulsion just mentioned may be so great as to prevent a solid from
sinking in a liquid lighter than itself. A fine needle smeared with grease, if
carefully laid in a horizontal position on the surface of still water, will re-
main floating there. Itis thus that insects are able o walk on water; the
repulsion‘between their feet and the liguid prevents them from sinking or
even hecoming wet.

~

844, Fammiar Exanpres—Examples of capillary at-
traction meet us on all sides.

If one end of a towel be left in a basin of water, the
part outside soon becomes wet, the liquid being drawn up
through its minute fibres, The same thing happens if a
picee of sponge; of bread; or of sugar, remains in contact
with a liquid; the pores of the substance acting like capil-
lary tubes. Blotting paper drinks up ink on the same
pringiple.

The common lamp affords a good illustration of capillary attraction. The
oil or burning-fluid is drawn up through the fibres of the wick fast enough

_ to support the flame. There is a limit, however, beyond which capillary at-

traction does not act; and, therefore, if the oil gets low, the lamp grows
dim and finally goes out.. To allow & free passage to the oil, the little tubes

848. What sometimes takes the place of this attraction betwean solid and liquid sur-
faces? Givean example. When a glass plate is plunged into s dish of mercury, what
phenomenonis presented? "What is sometimes the consequence of this repulsion?
Give an example. Hoy is it that insects walk on water? 344 How may capillary
attraction be illustrated with a towel and a piece of bread or sugar? How is the flame
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must be kept clear; and, as impurities gather in them from the ascending
liquid, the wick must be changed from time to fime. i

Capillary attractionis strikingly exhibited in wood._ W*x%ter is drawn.up
into its pores, distending them, and causing a perceptible increase of size.
This expansion is turned to practical account in the sonth of France. A
large cylinder of free-stone, several feet in length, has circular grooyes made
at infervals in its surface. Into these grooves are driven wedges <'>f d'ry
wood, which are then kept wet with water. As thewood absorbs u.m liquid,
it gradually expands, till it rends. the solid.cylinder into rough mill-stones,
which require but little Tabor to fit them for market. { )

It i§ capillary attraction that/renders the banks of streams so produf:tn'e;
the water drawn in through the pores of theearth, fertilizes thfz adjacent
parts. - On the same principle; a-potted plant may be supplied with the ne-
cessary moisture by filling the saucer in which it stands with water. Houses
are rendered damp by the absorption of external moistare, the pores of the
brick or stone, of which the walls are built, acting as capillary tubes.

345. Taws or Carmnary ArTrAcTION.—Different li-
quids rise to different heights in tubes of the same size.
Ether, for example, rises about one-half, and sulphuric acid
only one-third, as high as water.

The same liquid always rises 1o the same height in a
tube of given size ; and this height is proportioned to the
Jineness of the bore. Im a tube 137 of an inch in diameter,
water rises 5% inches,

Tz 155, Tig. 159,

846, Tig. 158 represents six tubes of
different bore, communicating at the bot-
tom with a vessel containing colored ywa-
ter. The water rises according to the fineness of the bore, standing highest
in the smallest tube. !

of a lamp supplied with fuel ? How is capillary attraction exhibited in wood ? What
useis made of this principle in France? What is the effect of capillary attraction on
the banks of streams? How may a potted plant be supplied with moisture? How
sro houses made damp? 845, What is the law of capillary attraction, as regards dif~

.
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347, The same principle is illustrated with two glass plates (see Fig. 159),
joinediat one end and slightly diverging so as to form an angle of about
two degrees.  Letthe plates rest in colored water to the depth of an inch, and
the lignid will rise befween them, reaching the greatest height where the
surfaces are nearest together, and thus forming the curve called the hy-per’-
bo-la.

848, InTerEsTING Facrs—If a capillary tube capable
of raising water four inches be broken off at three, there
will be no overflow, as might be expected. The water will
rise three inches to the top of the tube, and there stop.
But it will be supplied as fast as evaporation takes place.
Hence, to prevent waste in a spitjt lamp, an extinguisher
13 put over the wick when it is not burning.

1t is a remarkable fact that no evaporation takes place unless the liquid
reaches ¢ke top of the capillary tube. Tubescontaining as much water as they
could hold under the influence of eapillary attraction, have been hung in the
sun for months, yithout losing any part of their contents by evaporation.

349. Froar~e Bovies—Motion is produced in bodies
floating near each other, by a force resembling capillary
attraction. This may be shown with two balls, as repre-
sented in Figs. 160, 161, 162.

A.and B are cork balls, capable of being wet Fig. 160,
with water. When they are brought close to-
gether, the attraction of their surfaces raises the

- water around them ; the eolumn that separates

them becomes thinnér and thinner, till at last
they touch.

C and D are similar balls, greased so that
they can not be wet. In'this case, the surface
of the surrounding water is repelled, forming
little hollows in which they rest. Since there
is not'enough liquid between them to balance
the pressure from without, the balls again ap-
proach each ofher.

ferent liqnids? - Give an example. TWhat is the law for'the same liquid in a tube of
givensize? How high'does waterrise ina tube1/, 5o of an ineh in diameter? 846, What
does Fig 153 represent? 347T. Describe the experiment with two glass plates.
348. What fact is stated respecting a capillary tube broken offat the top? Why is it
necessary.to put an extinguisher on a spirit-lamp? What fact is stated respecting
evaporation from capillary tubes? 849, How arc floating hodies affected by a forca
resembling eapillary attraction? What, for example, is the cffect on cork balls capa-
ble of being wet? On balls greased so that they can not be wat? On balls, one of
N
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E and F are a pair of similar balls, one of
which, E, can be ywet; while the other, F, can
not. The water, attracted by B, rises around if,
whereas around F it is depressed. If these balls
are placed near together, F, being repelled from
the wall of water around E, will recede from it.

350, Exposwose axp Exosmose—Two peculiar results

of capillary attraction, known as Endosmose and Exosmose,
remain to be mentioned. :

Endosmose is the inward motion of a fluid, through a
membranous or porous substance, into a vessel containing
a different fluid. Exosmose is the outward motion of the
contained fluid through the same substance.

Fill a vessel with alcohol, tie over the top a bladder that has been soaked
in water, and immerse the yhole in water. In afew hours it will be found
that water has passed into. the vessel through the bladder, and that aleohol
has passed out into thewater. The former movement is called Endosmose ;
the latter, Exosmose. The inward current is stronger than the ‘outward one.
Water passes in faster than alcohol escapes; and consequently the bladder
soon becomes puffed out. All membranons and porous substances, such as
india rubber, plaster of paris, wood, &c., permit the passage of these cur-
rents, which are owing to capillary attraction.

851, Endosmose and exosmose are exhibited in the case
of gases, as well as liquids.

If a phial full of air; with a piece of thin bladder tied over its mouth, be
placed in a jar of carbonic acid gas, the laiter will force its way into the
phial while air will pass out. Here, again, the inward current is the stronger;
the bladder is puffed out, and finally bursts. :

The facility with which gases thus passin and out throngh porous sub-
stances is proportioned to their rarity, Hydrogen, the rarest of known
bodies, exhibits these movements in iheir greatest perfection. This is. the
reason why the rese balloons, recently so popular‘as toys, lose their buoy-
ancy in o fewdays. They are made of thin india rubber, and filled with hy-
drogen. When allowed fo remain in the air, endosmose and exosmose take
place. Iydrogen passes out through the pores of the rubber, and air takes
its place. The balloon gradually becomes less buoyant, ceases to rise, and at
last, as it loses more of its hydrogen, is carried to the ground by the weight
of the india rubber.

which can be wet and the other not? 850, What is Endosmose? What is Exosmose?
Show how endosmose and exosmose operate. Through what sort of substances do
they take place? 351, What, besides liguids, are affected by these movements?
Give an example. What gases most readily pass in and out through porous sub-
stancos? What gas exhibits endosmose and exosmose most distinctly ? What Is the
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352. The skin being porous, a liquid with which it re-
mains in contact will find its way through by endosmose
and be absorbed by the body. If a drop of the powerful
poison called prussic acid be placed on the arm, a suffi-
cient quantity to cause death will thus be taken into the
system,

353. Endosmose antl exosmose enter largely into the
operations of nature. They cause the ascent and descent
of sap in trees and vines. The inside of living plants con-
sists of minute cells, containing fluids of different densities.
These fluids are constantly passing in and out through the
porous’ walls which separate them, under the influence of
exosmose and endosmose, modified by the vital action at
the same time going on.

EXAMPLES FOR PRACTICE,

. (S22§328.) A phial weighing 4 ounces when empty, weighs 6 ounces when
filled with water, and 7 ywhen filled with nitric acid. Required, the spe-
cific gravity of the acid.—4ns. 1.5.

. A vessel filled with ether ‘weighs 13.575 ounces ; filled with water, 15
ounces; when empty, 19 ounces, What isthe specific gravity of ether?

. An empfy jar weighs 7.5 poundsy filled with sulphuric acid, it weighs
12,1125 pounds; and filled with water, 10 pounds. Find the specific
gravity of sulphuric acid. -

. A Thousand Grain Bottle is found to hold 870 grains of oil of turpentine,
and 1,036 grains of oil of cloves. What is the specific gravity of these
oils ?

In which would a cork ball sink the deeper?

. (See §331.) A piece of crown-glass weighs 5 ounces in the air, and 8'in
water. 'What is its specific gravity ?—adns. 2.5.

. A beef-bone weighs 2.5 ounces in water, and 6.6 ounces in air. Whatis
its'specific gravity?

. What is'the specific gravity of a piece of ivory, which weighs 16 ounces
in air, and loses 8%/, ounces when weighed in water?

. (T solve the next two sums, sce § 332 and Example. In cach case, we may
suppose a pound (16 ounees) of lead, weighing 1456 ounces in water, to be
wsed for sinking the solid.)

A piece of wax weighs 8 ounces; when it is fastened to'a pound of

effect of these movements onrose balioons? 852, What is their effect, when a liquid
is placed onthe skin'? Give an example. 853. What is the effect of endosmose and

exosmose in trees nnd vines?
.




152 HYDRAULICS,

lead, the whole weighs in water 13.712 ounces. What is the specific
gravity of the wax?—Ans. .9, \

9. Fastening a piece of ash to a pound of lead, I find their weight in water
to be 12.76 ounces. The ash alone weighs 10 ounces in the air. What
13 itg specific gravity ?

10. (See §383.) A glass flask, with the air exhausted, weighs 4 ounces ; filled
with air, it weighs 4.25 ounces; and filled with cy-an’-o-gen,; 4.45125 oz
What'is the specific gravity of cyanogen ?—.ns. 1.805.

11. A flask full of chlorine weighs 11.222 ounces, Filled with air, it weighs
10.5 oz., and swhen the air is drawn ont, 10 oz, Required, the specific
gravity of chlorine.

2. ‘According to the answers of the last two sums, in which would a balloon
rise most easily, air, eyanogen, or chlorine?

+ (See § 336.) How many cubic feet of air would it take to weigh as much
as 4 cubic feet of water?

. (Sez § 338, and Table.) How mmch would & cubic foot of gold weigh?
Hoswy much, the same bulk of silver ?

. What would be the weight of 4 cubic feet of Parian marble?

. What is-the weight of a block of anthracite coal, 6 feet long, 4 feet wide,
and 3 feet high? (70 find the number of cubic fect inthe block, mulliply
the length, breadth, and thickness together.)

Suppose a room 10 feet high, long, and wide, to be filled with gold, what
would the gold weigh? '

CHAPTER XI.

MECHANICS (CONTINUED).

HYDRAULICS,

354. HyprAvLIcs treats of liquids in motion, whether
issuing from orifices or running in pipes and the beds of
streams, It shows how water is applied asa moving power,
and describes the machines used for raising liquids.

355. FLOW OF LIQUIDS THROUGH ORIFICES.—Ifan orifice
be made ini the side or bottom of a vessel containing a liquid,
the latter will escape through it. The particles of liquid
near the orifice are forced out by the pressure of those
above,

FLOW OF LIQUIDS THROUGH ORIFICES, 153

356. Velocity.—The velocity of a stream flowing through
an orifice depends on the distance of the latter below the
surface of the liquid, being equal to the velocity which a
body would acquire in falling that distance.

If, for instance, in a reservoir full of water, three orifices be made at
depths of 16/,,, 641/5, and 1443/, feet, the liquid (leaving friction, &c., out of
account) will issue from them with velocities of 32!/;, 641/;, and 961/, feet per
second, because such, as we have found, wounld be the velocity of abody fall-
ing through the different distances first named.

The distances above mentioned are to each other as 1, 4, §; the velocities
are to each other as the square roots of these numbers, 1, 2, 3. Consequent-
ly, the velocities of streams 4ssuing from different orifices in the same vessel
are to cach other asthe square roots of their respective distances below the sur-
Sace of the higuid. TFriction, however, and other causes, produce more or
less deviation from this rule.

357. As long as the liquid is kept at the same height in
the vessel, it issues from a given orifice with the same ve-
logity; but, if the vessel is not replenished, as the liquid
gets lower, the pressure diminishes, and the velocity of the
stream diminishes withit. It takes twice aslong to empty
an unreplenished vessel through a given orifice, as it would
for the same quantity of water to escape if the liquid were
kept at its original level.

358. The Clepsydra—Among the anecients, time was
measured by the flow of water through an orifice, in an in-
strument called the Clepsydra, or Water-clock. It consist-
ed of a transparent vessel with a hole in the bottom that
would empty it in a certain time. A scale on the side of
the vessel indicated, by figures at different levels, the num-
ber of hours which it took the liquid to reach them suc-
cessively in its descent. As the discharge was most rapid
when the vessel was full, the divisions were of course longest
at the top of the scale.

The clepsydra:was necessarily inaccurate, inasmuch as the flow of the

354, Of what does Hydraulics treat? 3835, What causes a lignid to flow through
an orifice in the vessel containing it? 856. On what does the velocity with which &
stream issues from an orifice depend? Give an example. What is the Iaw for the
velocities of streams issning trom different orifices in the same vessel? 857, What
difference does it make, as regards the velocity of a stream through an orifice, whether
the vessel is kept replenished or not? 858. What did the ancients use for measuring
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lead, the whole weighs in water 13.712 ounces. What is the specific
gravity of the wax?—Ans. .9, \

9. Fastening a piece of ash to a pound of lead, I find their weight in water
to be 12.76 ounces. The ash alone weighs 10 ounces in the air. What
13 itg specific gravity ?

10. (See §383.) A glass flask, with the air exhausted, weighs 4 ounces ; filled
with air, it weighs 4.25 ounces; and filled with cy-an’-o-gen,; 4.45125 oz
What'is the specific gravity of cyanogen ?—.ns. 1.805.

11. A flask full of chlorine weighs 11.222 ounces, Filled with air, it weighs
10.5 oz., and swhen the air is drawn ont, 10 oz, Required, the specific
gravity of chlorine.

2. ‘According to the answers of the last two sums, in which would a balloon
rise most easily, air, eyanogen, or chlorine?

+ (See § 336.) How many cubic feet of air would it take to weigh as much
as 4 cubic feet of water?

. (Sez § 338, and Table.) How mmch would & cubic foot of gold weigh?
Hoswy much, the same bulk of silver ?

. What would be the weight of 4 cubic feet of Parian marble?

. What is-the weight of a block of anthracite coal, 6 feet long, 4 feet wide,
and 3 feet high? (70 find the number of cubic fect inthe block, mulliply
the length, breadth, and thickness together.)

Suppose a room 10 feet high, long, and wide, to be filled with gold, what
would the gold weigh? '
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streams, It shows how water is applied asa moving power,
and describes the machines used for raising liquids.

355. FLOW OF LIQUIDS THROUGH ORIFICES.—Ifan orifice
be made ini the side or bottom of a vessel containing a liquid,
the latter will escape through it. The particles of liquid
near the orifice are forced out by the pressure of those
above,
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356. Velocity.—The velocity of a stream flowing through
an orifice depends on the distance of the latter below the
surface of the liquid, being equal to the velocity which a
body would acquire in falling that distance.

If, for instance, in a reservoir full of water, three orifices be made at
depths of 16/,,, 641/5, and 1443/, feet, the liquid (leaving friction, &c., out of
account) will issue from them with velocities of 32!/;, 641/;, and 961/, feet per
second, because such, as we have found, wounld be the velocity of abody fall-
ing through the different distances first named.

The distances above mentioned are to each other as 1, 4, §; the velocities
are to each other as the square roots of these numbers, 1, 2, 3. Consequent-
ly, the velocities of streams 4ssuing from different orifices in the same vessel
are to cach other asthe square roots of their respective distances below the sur-
Sace of the higuid. TFriction, however, and other causes, produce more or
less deviation from this rule.

357. As long as the liquid is kept at the same height in
the vessel, it issues from a given orifice with the same ve-
logity; but, if the vessel is not replenished, as the liquid
gets lower, the pressure diminishes, and the velocity of the
stream diminishes withit. It takes twice aslong to empty
an unreplenished vessel through a given orifice, as it would
for the same quantity of water to escape if the liquid were
kept at its original level.

358. The Clepsydra—Among the anecients, time was
measured by the flow of water through an orifice, in an in-
strument called the Clepsydra, or Water-clock. It consist-
ed of a transparent vessel with a hole in the bottom that
would empty it in a certain time. A scale on the side of
the vessel indicated, by figures at different levels, the num-
ber of hours which it took the liquid to reach them suc-
cessively in its descent. As the discharge was most rapid
when the vessel was full, the divisions were of course longest
at the top of the scale.

The clepsydra:was necessarily inaccurate, inasmuch as the flow of the

354, Of what does Hydraulics treat? 3835, What causes a lignid to flow through
an orifice in the vessel containing it? 856. On what does the velocity with which &
stream issues from an orifice depend? Give an example. What is the Iaw for the
velocities of streams issning trom different orifices in the same vessel? 857, What
difference does it make, as regards the velocity of a stream through an orifice, whether
the vessel is kept replenished or not? 858. What did the ancients use for measuring
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water varied in rapidity according to iis temperature and the density of the
atmosphere.  Yet it answered for general purposes; indeed, it was the only
instrument used for measuring small intervals of fime in astronomical ob-
servations.

359. Course of Streams flowing jfrom Orifices—A
liquid issuing from an orifice descends in the same line as
a projectile (see § 127). The curve described is called a
parabola. In a given vessel, a stream will spout to the
greatest horizontal distance, from an orifice midway be-
tween the surface and the bottom of the liquid. Streams
flowing through orifices equally removed from this central
one, will spout to the same distance.

Fig. 163 In Fig. 163, if the orifice B he midway between
the surface and the bottom of the liquid, the stream
passing through it will spout to the greatest dis-
tance; and if A and Cbe equi-distant from B, the
streams passing through them will reach the same
point.

360. Volume discharged—To find
the volume of liquid discharged in a

given time from an orifice in a vessel
that is kept replenished, multiply the area of the orifice by
the velocity of ‘the stream per second, and this product by
the number of seconds.
No allowance is here made for friction; in practice,
therefore, the discharge is less than would appear from
this rule.

Zrample. How much water will be discharged from an orifice of 2 square
inches in 5 seconds, the velocity of the stream heing 10 inchesin a second,
and the vessel being kept replenished ?—.ne. 2 X 10 X 5 = 100 cubic inches.

361. The quantity discharged through a given orifice
in a given time differs in the case of different liquids. Al-
cohol, for instance, flows more slowly than water, and mer-

time? Describe the clepsydra. What rendered the clepsydra inacenrate? 850, What
curve does a stream issuing from an orifice deseribe? At what part of a vessel will a
. Stream from an orifice spont to the greatest distance? What is sald of streams equal-
ly removed from the: central one? Exemplify these principlés with Fig. 163,
860. What is the rule for finding the volame of liquid discharged from an orifice in o
given time?  What causes deviations from this rule in practice? Give an exsmple,
861. What is said of the quantity discharged in the ease of different lignids? Give an
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cury more rapidly ; the discharge of alcohol will therefore
be less, and that of mercury greater, than the discharge
of water.

362. A circular orifice of given area discharges more
liguid in a given time than one of any other shape. This is
because a circle is the smallest line that can enclose a given
space ; in passing through a circular orifice; therefore, the
liquid comes in contact with a less extent of solid surface,
and is less retarded by friction.

863. The volume discharged through an orifice in a given time may be
increased by heating the liquid. Heaf lessens its cohesion, and enables it fo
flow more rapidly.

864. The discharge may also be increased by fitting a short tube, or Ad-
Jutage, to the orifice. The minute currents of the particles are thus prevent-
ed from obstructing each otherin the act of passing ont. The best shape for
such a tube is that of a bell with the large
end out, as shown at A in Fig. 164, When
such a tube is used, the:discharge in ngiven
time is increased one-half; and there is a
still greater gain if the bottom of the ves-
sel is rounded outward to meet the tube, B
as at B in Fig, 165.

If, however, the tube extends into the
vessel, as at C in Fig. 166, instead of increasing the discharge, it obstructs
and diminishes it.

Tiz 164  Fiz 165,  Fig 160

365. BFEow oF LIQUIDS IN PIPES AND THE BEDS OF
sTrEAMS,—The frietion of water against the sides of pipes
in which it is conveyed, retards its velocity and diminishes
the quantity discharged.

When the distance is great, or there are sndden turn-
ings, allowanee must be made for friction by inereasing the
size of the pipes, or the quantity discharged will fall far
below what is required. If, for instance, leaving friction
out of account, pipes 6 inches in diameter would yield the
desired supply, nine-inch pipes would be none too large to
use.

example. 3862. With a given area, what shape must an orifice have, to discharge the
most lignid? Why is this? 808. How may the volume discharged be increased ?
864 What other mode of increasing the dischargeis there? Describe the kinds of
adjutage mentioned in the text, and state the.effect of each. 865. Whatisthe effect
of friction on the flow of liquids? How great an allowance should be made for fric-
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366. Rivers—The friction of a stream against its banks
and bottom materially retards its motion. Hence the ve-
locity of a river is always less near its banks than towards
the centre, and near the bottom than at the surface.

The windings of a stream also lessen its velocity. Were
it not for their numerous beénds, many large rivers would
flow se rapidly that they could not be navigated.

367. The velocity of a stream depends much on the slope of its hed. A
river with but few bends, and a fall of three inches o the mile, moves at the
rate of about three miles an hour. As the slope inecreases, the velocity rap-
idly inereases also; and a fall of three feet in a mile gives theimpetuosity ot
a torrent.

Sometimes the bed of a river has a considerable fall at first, and then be-
comes comparatively level. In such cases, the impetus of the water keeps
it in motion af a rate proportioned to its volume. The fall of the Amazon,
in the last 700 miles of its course, is only 12 feet.

368. The quantity of water discharged by a stream de-
pends on its size and velocity. In large rivers, it is almost
incredible. The discharge of the Mississippi is estimated
at twelve billions of cubic feet every minute, and that of

the Amazon isnearly four times as great.
869. Waves—Waves are caused by the action of wind
on a liquid surface. As the particles ofa liquid move freely
- among each other, the unduldtions produced directly by
the wind extend along the surfice to a great distance, far-
ther than the wind itself.

The wind is enabled to take hold, as it were, of the water, and produce
waves, by the friction at the surface. This friction may be diminished, just
as in the case of machinery, by covering the surface with oil. The wind
then slips overit, and the yvater becomes comparatively calm. It is said
that boats haye been enabled to get through a dangerous surf'in safety, by
emptying barrels of oil upon it.

870. Waves appear to moye forward, but in deep water they only move

.
tion? '366. Where has the water.of a river the Jeast yvelocity, and why ? What effect
have the windingsof a stream on its velocity? 867, On what does the velocity of a
stream chiefly depend? How great a velocity does a fall of three inches in'a mile
prodnce? How: great s fall produces the velocity of a torrent? How great a fall has
the bed of the Amazon nearits month? 'What keeps its waters in motion? 363, On
what does the quantity of water discharged by a stream depend? How greatis the
discharge of the Mississippi? Of the Amazon? 869, By what are waves caused?
What cnables the wind to produce waves? How may a rough sea be calmed?

WAVES, 157

np-and down, A floating body, after rising and falling with successive waves,
when the sea becomes calm is found in the same spot as before, I, how-
ever, shoals or rocks interfere with the undulations, an onward motion is
produced, and breakers are formed. Waves are always found breaking on a
rocky shore, whatever way the wind may blow,

371. Waves do not generally exceed 20 feet in height,
—that is, do not rise more than 10 feet above, and sink
more than 10 feet below, the usual level of the sea. They
sometimes, however, attain a hejoht of 40 feet. Vast and
mighty as they are, their effects are confined to the surface,
never extending to the great body of the ocean. The se-
verest gales are not felt at a depth of 200 feet.

872. Tides—In the ocean, and the bays, rivers, &e.,
communicating with it, there is an alternate rise and fall
of water, each lasting about six hours. These movements
are called Tides, When rising, the tide is said ¢o Jlow ;
when falling, ¢0 €bb.

378. Tides are caused chiefly by the attraction of the moon. This body,
when opposite any given part of the earth, attracts the water at that part
most strongly towards itself, and causes high tide. At the same time it is
high fide at the opposite point of the globe, because the moon, attracting the
mass of the earth more strongly than the more distant water on its surface,
draws the former, as it were, away from the latter. These elevations are
accompanied with corresponding depressions, or low: tides, at other points,

The sun, a? attracts the wateron the earth's surface; butnot so strongly
as the moon, M'consequence of its vast distance. When sun and moon act
in the same direction, which happens at every new and fu moon, the tides
are highest, and are called Spring-tides. When sun and moon act in oppo-
site directions, the tides'are lowest, and are called Neap-tides.

874, The height of the tide is affected by prevailing
winds, the shape of adjacent coasts, and other circum-
stances ;' accordingly, it is different in different places. At
St. Helena, the rise of water is only 3 feet; in parts of the
British Channel, it is 60. “The highest tides known are in
the Bay of Fundy, where they attain a height of 70 feet.

370. How do waves appear fo move? IHow do they really move? What proof is
there of this? What is the effect of shoals or rocks? 871 What is the height of
waves? How far below the surface do they extend? 872 What are Tides? 873, By
what aro tides caused? What, besides the moon, attracts the water? What are
Spring-tides, and how are they caused? What ate Neap-tides, and when do they
ecenr? 874 ]}y what circumstances is the beight of tides affected? How great is
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This makes the average rise one foot every five minutes,—
so rapid a flow that animals® feeding on the shore are some-
times overtaken and drowned.

375. WaArER-wHEELS,—Running water is exceedingly
useful as amoving power. Made to act on wheels, it canses
them to revolve by its momentum, turns the shafts or axles
connected with them, and thus sets machinery of various
kinds in motion.

. .

The wheels moved by water-power are of four kinds;
the Undershot, the Ovyershot, the Breast-wheel, and the
Turbine.

Fig. 167. 876. Tae Usperszor WHEEL
i5 represented in Fig. 167. A
wheel, A B, attached to an axle,
0, has a number of jlbat-boards,
¢, d, ¢, 1, fitted info its rim, at
right' angles, and at egual dis-
tances from each other. The
whole is hungin such a way that
the lowest float-hoard, ¢, is im-
mersed in running water, MN.
The current, striking against
several float-hoards, which are
more or less submerged, carries

the wheel around.
The stream id§ften conduct-
B S ed to the ywheel through a nar-
- row passage called a Race; and
its power is sometimes increased by giving the race a slight inclination (see
Figure). In other cases, the water is made to strike the wheel immediately
ofter issuing from the bottom of a dam, with a high degree of velocity pro-
duced by the preasure of a large body of water. Yet, unger the most favor-
able circumstances, as the weig/t of the water does not act on the wheel, but
only the force of the current, no more than one-fourth of the moving powex

can be made available,

377. Tur Oversmor WHEEL is represented in Fig. 168. Tt consists of a
wheel, A B, attached 10 an axle, 0, and haying a number of buckets, ¢,d, &,f,
on its rim, at equal distances. A stream'is conducted through a race, G H,

the rise at Si. Helena? In'the British Chaffnel? In the Bay of Fundy? 875. How
is running water turned to account? Name the fourkinds of water-wheels, 376. De-
geribe the Undershot Wheel. How is the stream often conducted to the wheel ?
How is its power increased? In other cases, howis.a high degree of velocity pro-
duced? Iow much of the moving powercan be made available with this wheel?

WATER-~WHEELS,

and made to fall on
the wheel from above.
The weight of the wa-
ter and the force with
which it descends
cause the wheel to re-
volve. Another buck-
et is brought under
the stream, which in
its tarn is filled, and 2
new one is presented.

As the wheel turns,
the descending buck-
ets gradually lose their
water, so that by the
time they commence 2
rising they are entire-
ly empty. As the de-
scending buckets contain more or less water and the ascending ones contain
none, the wheel is kept revolving; and the weight of the stream, as well as
its velocity, being turned to account, three-fourths of the moving power is
saved.

378, In ToE BrEAST- Fig. 189,
WHEEL, shown in Fig, 169,
there is a similar arrange-
mentofapartments on the
rim. Thewater isreceived
half way up, or still higher
iu the High Brest-wheel
commonly used in this
country ; and its weightis
thus mdde available. This
wheel ranks between the
Overshot and the Under-
shot in efficiency, saving
three-fifths of the moving
POWer. .
879, Tm TURBL\'E, a THE BREAST-WHERL,
section of which is represented in Fig. 170, instead of being vertical, like'the
wheels just described, is horizontal. Tt consists of a wheel, A B, divided into
a number of apariments, ¢, 4, ¢, 7, by curved partitions. To the innerrim
of the wheel is fitted a fixed eylinder; G H, divided into apartments corre-
sponding with those of the wheel, but running in the opposite direction,

THE OVEESHOT WHEEL,

77. Deseribe the Overshot Wheel. Explain its operation. How much of the moving
power does it utilize?- 878, In the Breast-wheel, howis the water received? How
much of the moving power is utilized? 879. Describe the Turbine. Explain its
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This fixed cylinder is connected with the
base of an upright tube, J K, through the
middle of which runs another tube, I.

The water whichi is to set the machinery
in motion enters J K, runs through the
apartmenis of GH, is discharged by them
into the corresponding apartments of the
wheel, and pasfes out into a course pro-
vided for its escape. It strikes the parti-
tions nearly at right angles, and with great
force in consequence of the pressure of
the lignid in the tube. The wheel is thus
made to revolve; and a shaft connected
with it from below and passing through
the inner tube I, communicates the motion to machinery above. Wherever
there is a fall of water, turbines are found very useful. They have been
known to utilize, or turn to account, four-fifths of the motive power,—more
than is saved by any other wheel.

380. Prorursion or BoArs.—The wheels of steamboats
are not turned by running water, like those described above,
but by machinery worked by steam. As they strike the
water, the latter reacts on them; and the boats are forced
forward or backward, according to the direction in which
their wheels turn: Paddles on their rim enable the wheels
to strike the water more forcibly.

As the paddles des¢end and ascend, they have to over-
come a considerable resistance in a vertical direction, which
retards their motion ; it is only when they are vertical in
the water that their full effect is felt. The rolling of the
boat, also, often interferes with their action, burying them
too deep or raising them entirely out of water. These dis-
advantages have led some to prefer a submerged serew to
the paddle-wheel. The screw is placed in the stern; and
vessels moved by its means are called Screw Propellers.

'381. The resistance which a vessel encounters in passing
through water depends on its shape. The narrower the
vessel and the sharper its proav; the more readily it pene-

THE TURBINE.

operation. How much of the moving power have turbines been known to utilize?
880, How-are steamboats moved? What disadvantage do the paddles labor under?
Whatis snbstitnted in some vessels for the paddle-wheel? What is a vessel moved
by s scraw called? 881, On what does the resistance & moving vessel encounters from
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trates the water, on the principle of the wedge. Too great
narrowness, on the other hand, is dangerous in boats that
navigate stormy waters, and does not allow sufficient room
for freight. To determine the shape that best combines
speed, safety, and capacity, is the work of the ship-builder.
It is a difficult problem, and one that is perhaps not yet
solved, though great advances have been made of late years
in naval architecture.

382. BarkEr’s Miur.—An ingenious hydraulic machine,
called Barker’s Mill, and represented in Fig. 171, remains
to be deseribed.

A is an npright hollow cylinder, turning freely Fig. 171
on a vertical axis. Through its lower end runs a :
horizontal tube, B C, communicating internally with
the cylinder. On opposite sides of this fube, at its
extremities, are two small openings. A continuous
stoeam is introduced, through the pipe DE, into the
funnel at the top of the cylinder A. "It runs down
into the cross-tube B(; and, if there were no op-
portunity of escape, it would there rest, pressing
equally in every direction. The moment, however,
that thetwo holes in the ends are opened, the wa-
ter runs through ; and the pressure at the holes be-
ing thus removed, while that on the opposite sides
remains undiminished, the tube is forced round in
the direction of the pressure, that is, in anopposite
direction fo the jets of water. The cylinder A turns
with the tube, and thus motion is communicated to

the mill-stone S: H is a hopper, which feeds the
mill with grain.

383. MacumNes For Rasia WATER, BAEKEE'S MILE:
It is often desirable to raise water from a lower to'a
higher level. "Well-sweeps, acting on the principle of the
lever, are used for this purpose, as is also the wheel and
axle in a variety of forms. But, when a large supply is re-
quired, other machines, worked with less expense of time
and. labor, are employed. Seme of these involve the prin-
ciples of Pneumatics, and will be treated under that head.

the water depend? What is the advantage, and what the disadvantage, of narrow-
ness and sharpness of prow ? 382. Describe Barker's Mill; and its moda of operation,
$83. What machines are used for raising water? 354 What is one of the simplest
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Those that belong exclusively to Hydraulics are descrifed
below.

384, Archimedes’ Serew—The Screw of Archimedes,
called after the philosopher that invented it, is one of the
simplest machines for raising water, It consists of a tube
wound spirally round a solid cylinder, as represented in
Fig. 172.

Fig. 172. To work the machine, let
one end of the tube, €, rest
just below the surface of the
water, The cylinder, A B,
must be inclined at an angle
of about 85 degrees, and be
fastened at the lower-end in
such a way as to revolye
freely when turned by the
handle, H. When the cylin-
der is furned, the open end
of the tube, C, scoops up
some of the water. When
it has got half way round,
the point D is lower than the

end (, and the water descends to D by the force of gravity. Another half-
revolution brings the point Elower than D, and again the water descends.
This is continned till the water is discharged at the upper end. As new wa-
fer is_constantly scooped up, there will be a continuous flow as long as the
handle is turned,—Archimedes’ Screw operates only at short distances,

385. The Chain Pump—The Chain Pump is much
used for raising water. The principle it involves. is also
applied in dredging-machines, for cleaning out the channels
of rivers.

This machine (see Fig. 178) consists of 2 eontinuous chain, to which eir-
cular plates; ¢, 4, ¢, f; &c., are attached at equal distances. The plates are
of such a sizg as exactly to fit the cylinder G H, the lower end of which restg
in the water. The chain passes over the two wheels, I, J; to the upper one
of which, I, a handle is attached, When the handle is turned, the chain is
set in motion. The plates, ascending through' G H, carry up water before
them, ywhich has no opportunity of escaping till it reaches the opening K.

machines for raising water? Of what does Archimedes' Serew consist? Describe its
mode of operation. At what distances does Archimedes' screw operate? 835, What
machine i3 much used for raising water? What other application is made of the
principle it involves? Describs the Chain Pump, and its mode of operating.

THE HYDRAULIC

There it is discharged,.ns long as the Fig. 173,
handle is turned.

386. The Hydraulic Ram.
—The Hydraulic Ram was in-
vented in France, in 1796. It
raises water by suecessive im-
pulses, which have been com-
pared to the butting of a ram,
and hence its name. The re-
quisite power is gained by mo-
mentarily stopping a stream in

_its course, and causing its mo-

mentum to act in an upward
direction.

Fig. 174 represents a simple form of
the Hydraulic Ram. To a stream orres-
eryoir at A, is adapted an inclined pipe, =¥ T (-
B, through which the water that works LIMERRER"
the ram is conveyed. Near the lower = < e
end of the pipe B rises an air-chamber,
D, with which an upright pipe, F, is con-
nected. The passage connecting B with
the air-chamber is commanded by a valye
opening upward. At the extremity of
the pipe B is another valye, E, opening
downward, and made just heavy enough
to fall when the water in B is at rest.
Fig: 174 The play of the valve E makes the machine self-
acting. Suppose the pipe B to be filled from the res-
ervoir; the valve I opens by its weight, and allows
some of the water to escape. Soon, however, the
water acquires momen-
tum enough to raise the
valve and close the open-
ing. The stream isthus
suddenly stopped, and
the pipe would be in
danger of bursting from
the shock were it not for
the valve in the air-chamber D, which is at once foreed upward, and allows

THE CHAIN PUMP.

THE IYDRAULIC RAM,

$86. When and where was the Hydraulic Ram invented® Why is it so called?
How is the requisits power gained in the ram? Deseribe the hydraulic ram, and
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gome of the water o enter. The air in D is at first condensed by the pressure
of the waler thus admitted ; but, immediately expanding by reason of its elas-
ticity, it drives the water into F, for the closing of the valve prevents it from
returning o B. By this time the waterin B is again at rest, the valve E
opens, and the whole process is repeated.

By successive impulses the water may be raised in I o a great height, A
descent of four or five feet from the reservoir is sufficient. Care must be
takeno have the valve E just heavy endhigh to fall when B is at rest, and
not so heavy as to prevent it from readily rising as the momentum of the
stream increases, The pipe B must also be' of such length that the water,
When arrested in its course, may not be thrown back on the reservoir.

387, Hydraulic Rams afford a cheap and convenient
means of raising water in-small quantities to great heights,
wherever there is a spring or brook having a slight cleva-
tion.  They are used for a variety of purposes, and partic-

ularly when a supply of water is needed for agricultural
operations.

EXAMPLES FOR PRACTICE,

B Friction 18 left out of account in these examples.

« (See § 356, rule in italics.) Two streams issue from different orifices in the
same vessel with velocities that are to each otheras 1 to 6. How many
times farther from the surface is the one than the other?

. Thestream A runs from an orifice in a vessel three times as fast a8 the
stream B.. How do their distances below the surface of the liquid com-
pare?

8. In a vat full of beer there are two orifices of equal size; one 9 inches be-
low the surface, and the other 25. How does the velocity of the latter
compare with that of the former?

. There are'three apertures in a reservonr of water, 1, 4, and 16 feet below
the surface,  With what comparative velocity will their streams floy ?

+ A stream flows from an aperture in a vessel at the rate of 4 foet it a sec-
ond. ' I'wish to'have another stream from the same vessel with a velo-
city of 16 foet per second.  How much farther below the surface than the
first must it be?

. (See §350.) A vat full of ale, 3 feet high, has four apertures in it, 3, 12,18,
and 24 inches respectively from the top. Through which will the liquid
spout to the greatest horizontal distance? Which'nexi? Which next?

. (iSee § 360.) How much water will be discharged every minute from an
orifice of 3 square inches, the stream flowing at the rafe of 5 feet in a
second, and the vessel being kept replenished ?

its mode of operating. How.great s descent is required? What precautions are
pecessary? 287, Imawhat case may hydraulic rams be nsed with advantago?

EXAMPLES FOR PRACTICE. 165

How much will be discharged every minute from another orifice in
the same vessel, equally large, but situated four times as far below the
surface of the liquid?

* 8 A stream flows from-a hole in the bottom of a vessel with a velocity of 6

feet in & second. The hole has an area of 5 square inches, and the ves-
sel is emptied in 15 seconds. How much water does the \;ess«.:'l hold?

9. {Ses §576.) A stream having a momentum equivale.nt t0 100 umt's of‘ work
is applied to an Undershot Wheel; how many units of work will it per-
form ?— Ans. 25. .

(See § 877,) How many units of workwill it perform, if applied to an Over-
shot Wheel ?

(See § 878.) How many, if applied {0 a Brens‘t-wheel?

(See § 879.) How many, if applied to a Turbine?

CHAPTER XII.

PNEUMATICS.

388. PNrmunmATics is the science that treats of air and the
other elastic fluids, their properties, and the machines in
which they are applied. - :

389. DivisioN or Erastic Frums—The elastic fluids
are divided into two classes :— :

I. Gasgs, or such as retain their elastic form nnder ordi-
nary circumstances. Some of the gases, under a
high degree of pressure, assume a liquid form ; as,
carbonic acid and chlorine; others, such as oxy-
gen and nitrogen, can not be converted into liquids
by any known process.

II, Varors, or elastic finids produced by heat from
liguids and solids. - 'When cooled down, they re-
sume the liquid or solid form. Steam, the vapor
of water, is an example. :

390. All gases and vapors have the same properties.

288, What is Pnenmatics? 337, Into what two classes are elastic fluids divided?
What are gases? What difference is there in the gases? What aro vapors? $90. In
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nary circumstances. Some of the gases, under a
high degree of pressure, assume a liquid form ; as,
carbonic acid and chlorine; others, such as oxy-
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by any known process.

II, Varors, or elastic finids produced by heat from
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sume the liquid or solid form. Steam, the vapor
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288, What is Pnenmatics? 337, Into what two classes are elastic fluids divided?
What are gases? What difference is there in the gases? What aro vapors? $90. In
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The principles of Pneumatics, therefore, relate to all alike,
though they are most frequently exhibited and applied in

the case of air, with which we have far more to do than-

with any other elastic fluid.
Air,.

391. Airis the elastic fluid that we breathe. It sur-
rounds the earth to a distance of about fifty miles from its
surface, and forms whatis called the Atmosphere. It exists
in every substance, entering the minutest pores.

392. Vacvums.—Air may be removed from a vessel with
an instrument called the Air-pump. A Vacuum is then said
to be produced. Vacuums sometimes Tesult from natural
causes; but they last only for an instant, as the surround-
ing air at once rushes in to fill them. Hence the old phi-
losophers used to say, Nature abhors o vacuum.

393. ProrerTins oF Arr.—Air can not be seen, but it

Fig, 175, can be felt by moving the hand
rapidly through it. Tt isthere-
fore material, and has all the
essential properties of matter.

894. Air is impenetrable,

895. The Diving-bell.—The impen-
etrability of air is shown by the Diving-
bell, represented in Fig. 175. ACisa
large iron vessel, shaped somewhat like
an inverted tumbler, and attached to a
chain, by which it is let down in the
water. As the vessel descends, the ain
in it is condensed by the upsvard pres-
sure of the liquid, and water enters.
The lowerit gets, the more the air
is compressed, and the greater the
amount of water admitted. The im-
penetrability ‘of the. air, however,
keeps the greater part of the bell

THE DIVING-BELL,

what are the principles of Pneumstics most frequently exhibited, and why?
891, What is Air? How far does it extend from the earth's surfce ? What does it
constitute? 392 Whatis & Vacuum? What did the old philosophers say, and why ¢
893. What proves the air to bomaterial 7 594, What apparatus shows the impenetra-
bility of air? 895, Describe the Diving-bell, Explain how doscents are made with

PROPERTIES OF AIR. 167

elear of water, so that several persons may descend in it to the bottom of
the sea,

As fast as the airis vitiated by the breath, it is let off by a stop-cock,
while fresh airis supplied from above by a condensing syringe, through the
pipe B. Air may be thus forced down in sufficient quantities 1o expel the
water altogether from the bell, so that the divers can move about without
difficulty on the hottom of the sea. If air were not impenetrable, the bell
would be filled with yater, and the divers drowned. :

When the diving-bell was invented, is not known. History makes no
mention of it before the sixteenth century. At that time, we are told, two
Greeks, in the presence of the emperor Charles V. and several thousand spec-
tators, let themselves down under water, at Toledo in Spain, in a large in-
verted ketlle, and rose again without being wef. In 1665, a kind of bell was
employed off the Hebrides, for the purpose of recovering the treasure lost
in several ships belonging to the Invincible Armada. From that time to the
present, various improvements have been made in the diving-bell; and it is
now extensively used for clearing out harbors, laying the foundation of sub-
marine walls, and recovering articles lost by shipwreck,

396. Air is compressible.

This is proved with the diving-bell. If the air  Fiz. 176.
were not compressible, no waterwould enter the s
bell as it descended.

897. Air is elastic.

This also may be shown with the diving-
bell. When, on its descent, water has entered,
on account of the air’s being compressed, let the
bell be raised, and the air will resume its origi=.
nal bulk, expelling the water.

Bottle Tmps.—The compressibility and elasticity of air may
be exhibited in an amusing way with the apparatus represent-
edin Fig. 176. In a vessel nearly foll of water are placed sev-
eral small balloons, or hollow figares of men, &c., made of col-
ored glass, and called Bottle Tmps, Each figure has a litile
hole in the bottom, and is of such specific gravity that it will
Just float in water. A piece of thin india rubber is tied over
the mouth of the vessel, s0 as 1o cut off communication with
the external air. Now press on the india rubber cover, The T
water at once transmits the pressure to the air in the hollow figures, This
air is condensed, water enters, the specific grayity of the fizuresis increased,

it. What is the first mention made of the diving-bell in history ? i 1665, for what
DUrpose was it nsed? For what is it now extensively used? 896, How does the
diving-bell proye air to be compressible? 3897 How does it proye air to be elastic?
What properties In air do the Bottls Imps illustrate ! Deseribe the bottle imps, and

.
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and they descend, On removing the fingers from the cover, the air, by rea-
som of its elasticity, resumes its original bulk, and the figures rise." By thus
playing on the india rubber, the fignres may be made to dance up and down.

398. Mariotte's Law—The elastic fluids are the most
easily compressed of all substances. The greater the pres-
sure to which they aresubjected, the less space they oceupy,
and the greater their density. A body of air \\-'lucl.l under
a certain pressure occupies & cubic foot, under twice that
pressure will be condensed into half a cubic foot; under
three times that pressure, into one-third of a cubic foot, doe.
This principle, variously stated, is called, from its diseoy-
erer, Mariotte’s Law. :

The more the elastic fluids are compressed, the greater
is their resistance to the pressure. Hence, their elastic force
inereases with their density.

399. The Air-gun—By subjecting’ a body of air to/a great pressure, we
may increase its elastic force sufficiently to produce wonderful effects. 'I“he
Air-gun is an example. It consists of a strong metallic vessel, into which
air is forced till it is in a state of high condensation.  The vessel is then at-
tached to a barrel like that of an-ordinary gun, to the bottom of which & bul-
let is fitted. Pulling a trigger opens a valve, the condensed air rushes forth,
and drives the bullet out with great force, :

One supply of condensed air is sufficient for several discharges, though
each js tveaker than the preceding one. The labor required for condensing
the air prevents this instrument from being much used ; but as it makes less
noise, when. discharged, then the ordinary gun, it is sometimes employed by
assassins.

400, Air has weight,

Weigh a flask full of air, and then weigh the same flask
with the air exhausted., The difference indicates the weight
of the air contained.

401, Experiments show the weight of 100 cubic inches of air to beabout
80, grains. This makes it 828 times lighter than water. Ithas been com-
puted that the weight of the whole atmosphere surrounding the earth is equal
to that of a globe of lead 60 miles in diameter.

explain the principle on which they dance up and down. 898, What substances are
the most easily compressed ¥ What is Marlotte’s Law ? To what s the elastic force
of gases and vapors proportioned # 899, How may a body of air be made to: producs
wonderful effects? What instrument proves this? Describe the Air-gun, and ifs
operation. ‘Why is not tha air-gun used more? By whom is it sometimes employed ?
400, Prove that air hasweight. 401. What Is the weight of 100 cubiic inches of air?

ATMOSPHERIC PRESSURE.

Atmospheric Pressure.

402, The particles of air, like those of the other elastic
fluids, mutually repel each other. The atmosphere would
therefore spread out into space, and become exceedingly
rare, if it were not for the attraction of the earth. This
prevents it from extending more than fifty miles from the
surfice, and gives it weight.

403, Since air has weight, it exerts a pressure on all
terrestrial bodies. This is known as Atmospherie Pressure.
The pressure on any given body is equal to the weight of
the column of air resting upon it, and therefore  ry. 177,
varies according to its size.

404, ExprrneNts.—The pressure of the
atmosphere is proved by experiments.

Birperiment 1.—Take a common syringe, represented in
Tig. 177, and lef the piston, P, rest on the hottom of the bar-
rel. TInsert the nozzle, O, in avessel of water, and raise the
piston. The water enters through 0, and follows the piston,
as shown in the Figure,

What causes the water to rise? The piston, being air-
tight, as it is drawn up, leaves a vacuum. behind it; and the
pressure of the atmosphere on the water in the vessel drives
it into' the barrel through O. If the piston does not fit the
barrel tightly enough to exclude the air above, no water
enters, because the pressure of the air from without is then
counterbalanced by that from within the barrel.

Zrp. 2.—Take a small tube, close one end with the
finger, fill it ywith water, and carefully invert it, as
shown in Fig. 178, 'The water is kept in'the tube by
atmospherie pressure, Remoye the finger, and the
downward pressure of the atmosphere, which was” be-
fora cut off, will counterbalance the upward pressure,
and the water will fall by its own weight.

p- 5.—Fill o wine-glass with water, and cover the
mouth with a piece of stiff paper. = Place the hand over
the paper, and invert the glass. On carefully removing

What is the weight of the whole atmosphere? 402, What prevents the atmosphere
from spreading out into space? 403, What i§ Atmospheric Pressuré? What causes
atmospheric pressurg? To what is the atmospheric pressurc on any gigen body
equal? 404 Describe the experiment with the syringe that proves thcs]*ssuro of
the atmosphiere.. What will prevent the water from rising in the syringe? Describe
o]
o
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the hand, the water will be found to remain in the plass, supported there by
atmospheric pressure.
Tig. 179 Erp. 4—When we raise the top board,
A, of a common bellows (see Fig. 179), the
valve B'in the lower board opens, This is
because a vacuum is formed within the bel-
lows, and the atmospheric pressure forces
THE BELLOWS, the valve up and drivesin & portion of the
external air.

The same principle is involved in the act of breathing, The cells‘in the
lungs are expanded by muscnlar action, 8 vacuum is thus formed, and the
pressure of the atmosphere drives in the oufer air through the nose or mouth.
In a few seconds the muscles contract, and the same air; laden with impuri-
ties received from the blood in the lungs, is.expelled.

Fig. 180, 405. The Sucker, a play-thing used by
boys, shows the force of atmospheric pres-
sure. It consists of a circular piece of
leather with a string attached to the mid-
dle. The leather, being first wet so that it
may adapt itself to the surface, is pressed
firmly upon a flat stone. The string is then
gently pulled, so as to form a vaguwm be-
tween the leather and the stone. On this,
the atmospheric pressure from above, not
being counterbalanced from beneath, acts
on the leather with such foree that a stone
of great weight may be lifted without the sucker’s becom-
ing detached. If a hole is made in the leather, air rushes
in, the pressure from above is counterbalanced, and the
stone falls by its own weight.

When flies walk on a.ceiling, their feet act like suckers. Vacuums are
formed beneath them, and they are sustained by atmospheric pressure, Itis
in the samé way that the shell-fish called limpets fasten themselves to rocks.

405. Supported by the pressure of the atmosphere below, while it is cut
off from that above, a liquid will not flow from the tap of a barrel unless a
small opening is made in the top. As soon as this is done, airis admitted,

THE SUCKER,

the experiment with a small tube that proves the pressore of the etmosphere.. How
muy water be supported in s wine-glass by atmospheric pressyre? How is the pres-
sure of the stmosphere exhibited with a common bellows? How dowe breathe ?
405, Ex#in the prineiple involved in the Sueker. How are flies able to walk-on a
eeiling? 406, Why, when & barrel is tapped, wmust a hole be made in the top?

| nt great elevations, where this pressure would necessarily be less,
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the upward pressure is counterbalanced, and the liquid flows continucusly.
On the same principle, a small hole is made in the lid of a tea-pot.

407. Tar Baroyerer.—The pressure of the atmosphere
differs at different times and different places. To measure
it, an instrument called the Barometer is used.

The barometer was invented about the middle of the
seventeenth century. It was the result of a celebrated ex-
periment performed by Torricelli [to-re-chel-le], the friend
and pupil of Galileo.

408. Zorricellian Experiment.—Theé Duke of Tuseany, having dug a well
of great depth, and tried toraise water from it with an ordinary pump, found
to his surprise that the water would not rise more than 32 feet. Galileo, to
whom the fact was referred, was unable to explain it; but shortly before his
death he requested Torricelli to investigate the subject. Torricelli,
suspecting that the water was raised and supported by atmospheric
pressure, proceeded fo test the truth of his opinion by experiment-
ing with a column of mercury. Mercury is nearly 14 times as heavy
as water; if, therefore; atmospheric pressure supported a:column
of water 32 feet high, it wounld support a column of merenry only
about one-fourteenth of that height, or 28 inches. Accordingly, he
procured a tube 3 feet long, sealed at one end ; and haying filled it
with mercury, and stopped the open end with his finger, he invert-
ed the tube in'a vessel of mercury, as shown in Fig. 181. ¥Whenhe
removed his finger, the mercury fell, and finally settled, as he had
supposed it wonld, at a beight of about 28 inches; leaving a yacoum
in the upper part of the fube. This is the famous Torricellian Vac-
aum.

Torricelli did not live to follow up his discovery ; butthe French
philosopher, Pascal, succeeded him ywith a variety of ingenious ex-
periments, Tf occurred to Pascal that, if the columns of water and
mereury were supported by the pressure of the atmosphere, then

Fig. 181,

~

the height of the columns supported would also be less. He tried
the experiment on a mountain in Auvergne [o-varn’]. At the foot
of the mountain, the mercury stood at 28 inches; at the top, it was
below 25; and at intervening distances it stood between the two.
This proved beyond doubt that the atmosphere exerted a pressure,
and that this pressure varied according to the distance above the
level of the sea. Perceiving how valuable such an instrament would be for

407, What is the Batrometer? When was it invented? Of what was it the result?
403, Relate the circumstances that first directed attention to the subject. Give an
sccount of Torricelli's experiment. What is meant by the Torricellian Vacunm?
Who followed up Torricelli's discovory? Give an account of Paseal's experiment,
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measuring heights, Pascal soon constructed a Barometer, consisting of a tube
and vessel of mercury so attached as to be conveniently carried.

409. Hinds of Baromeiers—There are several kinds
of barometers. The simplest consists of Torricelli’s tube
and vessel of mercury, with a graduated scale attached to
the upper part.. The mercury never rises above 31 inches,
and seldom falls below 27. ~ The scale is theréfore applied

Fig. 182 only to that part of the tube which lies
between these limits.
The Wheel Barometer is exhibited
in Fig. 18

Here the tube, instead of resting in a vessel of
mercury, is bent npward at its lower extremity.
A float, I, is supported by the mercury in the short
arm of the tube. Tothis float is attached a thread,
which passes over thepulley P, and is attached to
the ball W. When the mercury falls in the long
arm of the tube, it must rise in the short arm, and
with it rises the float ¥. The thread turns the
pulley P, and this'moves the index I, which is so
arranged as to traverse the graduated scale S'S

410. The Barometer as a Weather-
guide—The barometer shows that the
pressure of the atmosphere at any
given place is different at different
times. This is because the air is con-
stantly varying in density, on account
of a greater or less intermixture of for-
eign substances. 'When the air is
densest, the mercury stands highest,
and we generally have clear weather;
but, when the air is rarefied, the mer-

e wiess sarowerzz.  cury falls, and rain not unfrequently
follows: ' Hence, the barometer has heen nsed for prediet-

What did it prove ? 409. Of what does the simplest kind of barometer consist? To
what part of the tube is the scale confined, and why ? Describe the Wheel Barom-
etor; and its mode of operation. 410. What does the barometer show with respectfo
the pressure of the atmosphere?. What occasions this difference? When the air is
densost, what generally follows? When it is rarefled, what follows? In view of this,
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ing changes of weather; and the words FAIR, CHANGE, RATN,
are placed at different points on the scale, to indicate the
weather which may be expected when the mereury reaches
either of those levels.

411. The only reliable indications, however, afforded by the barometer
are changes in the level of the mercury. No regard should be paid to the
particular pointat which it stands at any given time; we should merely ask,
is it rising or falling 2 The following rules generally hold good:—

1. After much dry weather, if the mercury falls steadily, rain will ensue,
though it may not hegin for several days. The longer it is in com-
ing, the longerit will last.

After much wet weather, if the mercury, standing below its medium
height, rises steadily, fine weather will ensue, though it may not be-
gin forseveral days. Thelongerit isin coming, the longer it will last.

. A sudden fall of the barometer, in spring or fall, indicates wind ; in
very hot weather, a thunder-storm ; in yiater, a change of wind, and
rain of snow according to the temperature.

4. Sudden changes of the mercury indicate violent changes of the weather,
but not permanent ones.

5. A rise of mercury in autumn, after much wet and windy weather, indi-
cates the approach of cold.

12. At sea, the barometer may be relied on with tole-
rnble certainty, and it is therefore exceedingly useful to
navigators. Violent and frequent changes in the mercury
almost invariably precede a sudden storm. Warned in
time, the prudent mariner furls his sails, and thus escapes
the fury of the hurricane which would lm'e proved f'ltal to
his eraft had it struck her unprepared.

Dr. Arnott gives the following account of his preservation at sea throngh
the warning of the barometer :—*“ It was in a southern latitude; the sun
had just setavith placid appearance, closing o beautiful afternoon’; andthe
usnal mirth of the evening watch was proceeding, when the captain’s order
came to prepare with all haste for a storm : the barometer had begun to fall
with appalling rapidity. As yet the oldest sailors had not perceived even a
threatening in the sky, and were surprised at the extent and hurry of the
preparation; butthe required preparations were not completed, when'a more
awful hurricane burst upon them than'the most experienced had ever braved.

to what nse has the barometer been applied? 411, What are the only reliable indi-
catiogs afforded by the barometer? What does a steady fall of mereury in the ba-
rometer after much dry weather indicate? - What does arise of mercury after much
wet weather indicate? What docs n sudden fall indicate at the different seasons?
‘What do sudden changes indicate ¥ What doés a rise of mercary in autumn indicate ?
€12, 'What is said of the barometer at sea? Relate the cirenmstancesof Dr, Arnott's
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Nothing conld withstand it; the sails, already furled and closely bound to
the yards, were riven away in tatters; even the bare yards and masts were
in great part disabled, and at one time the whole rigging had nearly fallen
by the board. In that awful night, but for the litile tube of mercury which
had given the warning, neither the strength of the noble ship nor the skill
and energies of the commander could have saved one man to tell the tale.”

413. DENsITY 0F THE AIR AT DIFFERENT LEvELS—The
lowest parts of the atmosphere are the densest, as they

Fig. 159, haye the greatest quanti-
. ty of air pressing on them
from above,

414. At the level of
the sea, the pressure of
the atmosphere on every
square inch of surface is
15 pounds. The body of
a man of ordinary size has
a surface of about 2,000
squareinches, andis there-
fore subjected tothe enor-
mous pressure of 80,000
pounds. 'We do not feel
this pressure, because it is
counterbalanced by that
of the air within our
hodies.

415. The higher we go
above the level of the sea,
the Jess is the pressure of
the atmosphere and the
rarer the air, At an ele-
vation of 18 miles, the
L ﬁfﬁiﬁiﬁf’}’jﬁ «Zfr’/;r Iif;'malayas. mercury would fall to 1
s i L iy inch, — that is, the air

8. Highest Peak of the Andes.
4. Mount Mitchell, N. Carolina, abovethat point is so rare,

preservation at sea by means of the barometer. 413, What parts of the stinosphere
are densest, and why ? 414. How great is the pressure of the atmosphere at the level
of the sea? Ilow great s the pressure on the body of a man of ordinary size? Why

DENSITY OF AIR AT DIFFERENT LEVELS. 175

that a column of it 30 miles high weighs no more than an -
equal column of mereury 1 inch in height.

The shading in Fig. 188 shows the gradual increase in the density of the
air as the surface of the earth is approached. The figuresin the left margin
represent the height of the atinosphere in miles; those on the right, the cor-
responding height, ininches; at which the mercury stands in the barometer.
On the top of Mount Mitchell and Mount Washington, the most elevated peaks
in the United States east of the Mississippi, somewhat over a mile high, it
stands at 24 inches; on the highest peaks of the Himalayas and Andes, which
are about five miles high, at no more than 12,

416. The rarity of the air is painfully felt by those who
ascend to great heights on mountains, The pressure of the
external air being *diminished, that which is in the body
expands, the delicate blood-vessels burst, the skin eracks,
and blood issues from the nose and ears. Among the Andes,
the Indians are subject to a malady called 2efa, which is
caused by the rarity of the air. The head aches violently,
its veins are swollen, the extremities grow cold, and breath-
ing becomes difficult.

Effect of Heat on Air.
41%7. Airis rarefied by heat.

Throw some burning paper into a wine-glass, and before the flame goes
out place your hand over thetop. The:glass will be found to adhere fo yonr
hand: This is becaunse the heat rarefies the air within, and thus expels’ most
of it before the top is covered. The pressure of the external air, not being
counterbalanced by any pressure from within, fastens the glass and hand
together.

418. Cupping-glasses are made to draw on this principle. Incisions hay-
ing been made in the skin, the sides of the glass are:moistened with aleohol,
and flame is applied. . While the alcoholis burning, the glass is inverted on
the skin. ~The pressure of theairin the body, no longer counterbalanced by
the external pressure, causes a flow of blood into the cup.

419. Heated air, being lighter than that which surrounds

do we nof feel this, pressure? 413, What is said of the air,'as we ascend aboyve the
sea-level 7 How wonld the mercury sfand at aheight of 18 miles? What does Flig.
183 show ? How does the mercury in the barometer stand on the topof Mount
Mitchell? On the tops of the Himalayas? 416. What sensations are experienced
by persons who aseend to great heights on mouutains? Descrive the symptoms of
the peta. 417. What is the effect of heat onair? How may the rarefaction of air
by heat be shown? 41S. Explain the operation of cupping-glasses. 419, Why does
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it ascends till it reaches a region of the atmosphere as rare
as itself.

This is the reason why smoke rises. So, when a fire is kindled in a grate,
a draft is productd in the chimney. The air near the fire is ravefied and as-
cends. A vacuum is thus formed for the instant; cold air rushes in to fill it;
this in turn is heated and rises, and thus there is a constant passage of hot
air up throngh the chimney,

To show the ascent of hot air, take a circular
picce of paper; as represented in Fig. 184, and,
commencing at any point of the onter edge, as
A, cut in the direction of the dotted line. Sup-
port it from beneath at B on a piece of wire, and
it will hang down, resembling in shape the
threads of'a cork-serew.' If the paper thus sus-
pended be held overahotstove, it will be carried
rapidly ronnd by the-ascending currents of heat-
ed air,

420. Barrooxs—By observing the rise of smoke, Ste-
phen and Joseph Montgolfier [mon-golfe-a'], paper-manu-
facturers in France, were led in 1782 to the invention of

" balloons. The following year, they exhibited their invention
to the public. '

Fig, 184,

An.immense bag of lirien lined with paper was prepared, and brought di-
reetly overa fire of chopped straw.: In o few minutes, the balloon was filled
with rarefied air and released from its fastenings. It rose about a mile, re-
mained suspended ten minutes; and reached the ground a mile and a half
from-the place of its ascent. The same year, two persons ascended to a
height of 3,000 feet in the basket of a smoke balloon, and came down in safety.

On the 1st of January, 1784, a successful ascent was
made in 3 balloon inflated with hydrogen. This gas is now
generally used for the purpose, on account of its superior
buoyaney.: Eyven-when badly prepared, it has but one-sixth
of the weight of air, and is three times as light as Montgol-
fier’s mixture of heated air.and smoke,

421, Balloons have not as yet been turned to any practical use, from the
fact that they are completely at the merey of the wind; no way of steeting
them having been devised. A theory has lately been put forth, however,
that ab-a certain height of the atmosphere currents are alwhys setting from

heated airrise? Explain how the kindling of a fire causes a draft in s chimney. How
may the ascent of hot air be shown? 420, By whom and when were balloons.invcnt-
ed? Deseribo the Montgolfiers' balloon, and its ascent. When was the first success-
ful ascent made in a balloon inflated with hydrogen? Whyis hydrogen now nsed for
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west to east; if this be so, aérial voyages may be made with tolerable cer-
tainty, af least in one direction. The theory in questiow’ has been in part
confirmed by a balloon voyage (the most remarkable on record) made July 1,
1859. Four persons started from St. Louis, and in 19 hours, 40 minutes, land-
ed in Jefferson Co., N. Y., near Lake Ontario,—having travelled about 1,000
miles, at a rate exceeding that of the fasfest railroad tram.

492, Long before the invention of balloons, attempts were made o navi-
gate the air.. At different periods not long after the Christian era, adventur-
ous men launched themselyes from the tops of high buildings, and with
different sorts of apparatus which they had prepared moved a short distance
through the air. Mechanical contrivances resembling wings were more than
once resorted to; but several who tried them met with serious accidents,
and it was at last proved that wings sufficiently large to support a man in
the air would be too heavy for him to move.

The Air-pump.

423, The Air-pump is an instrument °~  Tie.185
used for removing the air from a vessel
called a Receiver. Receivers are made of
glass, and are usually of the shape repre-
sented in Fig. 185.

424, INVENTION OF THE AIR-PUMP.—

The air-pump was invented 1654 A.Dp., by
Otto Guericke [ga@'-re-ka], burgomaster of e
Magdeburg, Germany.

Guericke’s first Affempt-to obtain a vacuum was made
with a barrel full of water. Having closed it tightly, he
applied a pump to the lower part and commenced drawing
off the water. Could he have done this and kept the air
ont, a vacuum would have been formed ; but he had not
proceeded far, when the air from without began {o force
its way with a loud noise through the seams of the barrel.
To remedy the difficulty, Guericke substituted a metallic
globe for his barrel of water, and the experiment was then
successful.

inflating balloons? 421. Why have not balloons been tarned to practical use? What
remarkable voyage has lately been made? 422, Give an gccount of the early at-
tempts to navigate thealr, 423, What is the Air-pump? Ofwhat are receivers made ?
424. By whom and when was the air-pump invented? Givesn account of Guericke's
first attompt to obtain a vacuum, How did he finally succeed? Describe Gue-
8*
-
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Great improvemenisthave been made on the rude air-pump employed by
Guericke; yet, imperfect as his instrument was, it produced results of deep
interest to the learned men of that day. His most famouns experiment was
performed before the Emperor of Germany and his court. Tiwo bollow me-

Fig. 186, tallic hemispheres of great size were prepared, fitting each

other so closely asto form an air-tight globe. From this
globe the airwas removed with the pump, and a stop-cock
prevented any new air from entering. Fifteen horses
were then harnessed to-each hemisphere ; but their united
stréngth was unable to effect a separation, so tightly were
the two parts held together by atmospheric pressure. On
turning the stop-cock and reddmitiing the air, they fell
asunder by their own weight.

425, This experiment is often repeated at the present
day, on-a small scale. The Magdeburg hemispheres, as they
are called from Guericke's native city, are represented in
Fig. 186. They are fixed to the plate of an air-pump, in-
stead of a receiver; and on exhausting the air they are

wagpesvne — Pressed together so fightly that two men can not pull them
HEMISPHERES,  apart.

426. SINGLE-BARRELLED AIR-PUMP.—A single-barrelled
: air-pump 1is repre-

sented in Fig, 187.

A is a receiver with

its edge carefully

ground, resting ona

% plate near the centre

of the stand, In

this plate there is a

hole leading into a

pipe. beneath, which ¢

connects the receiv-
er with the barrel B.

The lower part
of the barrel is rep-
resented ascut away
in the figure, in or-
der to show the interior. A piston is tightly fitted to it,
containing a valve opening upward, and connected with a

T

I

THE SIXGLE-BARRELLED AiR-PUMP.

ricke's faimous experiment befors the Emperor of Germany. 425. Describe the ex-
periment with the Magdeburg hemispheres. 426. Describe the single-barrelled air-
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handle, by which it may be worked up and down., At the
base of the barrel there is another valve, also opening up-
ward.
497, Operation.—The plate having been carefully dusted and rubbed ywith

a little oil, the receiver is placed on if, and the piston is drawn up. A vac-
upm is thus formed in the lower part of the cylinder, and the air in'the re-
ceiver, by reason of its elasticity; pushes up the lower valye and enters the
barrel. The piston is now in turn driven down; the pressure at once closes
the lower valve, while the resistance of the air in the barrel opens the valve
in the piston. Through the latter the air passes ouf, and by the time the
piston has reached the botiom, it has all escaped. The piston is then again
raised, and the whole operation is repeated,—a barrel-full of air being drawn
out from the receiver as often as the piston ascends, and expelled from the
barrel as it descends. At last the air in the receiver becomes go rave that it
has not sufficient elasticity to open the valve at the base of the barrel. After
this the exhaustion can not be carried any further. A perfect vacuum, there-
fore, is not produced ; but the air is rarefied to such a degree that we speak
of it as such.

428. DoUBLE-BAR-
RELLED AIR-PUMP.—
The double-barrelled
air-pump (see Fig,
188) acts on the same
principleasthe above,
but exhausts the air
more quickly in con-
sequence of having
two barrels and pis-
tons. A section of
the instrument is rep- TNE DOUBLE-BARRELLED ATR-PUMP,
sented in Fig. 189, from which its working will be readily
understood.

A and B are the barrels, in which the pistons, C, D, work
up and down, Each piston is connected with a rack, E, F,
the teeth of which work in the cog-wheel G, turned by
the handle M. When C is raised, D is lowered; and
when C is lowered, D is raised. HT is the passage which

pump, as represonfed in Fig. 187, Describe the interior of the barrel 42T. H(?w
does the single-barrelled afr-pnmp operato ? 428, How does the double-barrelled air-
pump differ from the single-barrelled? Déscribe the operation of the double-bar-
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connects the bar-
rels with the re-
ceiver J,. K is a
stop-cock by which
the connection may
be cut off. L is a
tube resting at one
end in a small ves-
sel of mercury, and
at the other con-

: 4 nected with the re-
g - iver. This tube
i /,; R

is called a barome-

ter gange,, As the air in the receiver is rarefied, the external
atmospheric: pressure on the mercury in the vessel causes
1t to rise in' the tube; the degree of rarefaction is there-
fore shown by the position of the mercury.

429. EXPERIMENTS WITH THE AIR-PUMP.—With the air-
pump and different pieces of apparatus which accompany
it, may be performed a variety of experiments, illustrating
the properties of air.

Fi 430. The Hand-glass—The Hand-glass (Fig. 190)
Mg, 190, 3 \ = 3 y

152 receiver open at both.ends. Set the large end

on the plate of the air-pump, and place the hand

flatoupon the top. As soon as the pump is worked,

the pressure of the atmosphere is felt. When the

airis exhausted, the hand can hardly be removed

from the glass; on reiidmitting the air through a

stop-cock, it is raised without difficulty. The ex-

| pansion of the air in the palm of the hand is shown

THE HAND-GE.ASS, by the redness-of the flesh, and its pufling out while

over the exhausted glass.
431, Tha Apple-cutter.—The Apple-catter (Fig. 191) is a metallic cylinder
with a sharp upper edge. Anapple that fits it closely having been placed
on its top, the airis exhausted. The pressure of the atmosphere forces:the

apple down on the sharp edge; the middle part.is cut out and falls inside of
the vessel.

relled air-pump, with the aid of Fig. 180. 'What is the usesf the baromoter gauge ?
430. What is the Hand-glass? Describe the experiment with the hand-glass, What
rauses the redness of the hand? 431, What is tho Apple-cutter? Describe the ex,

EXPERIMENTS WITH THE AIR-PUMP,

432. The Bladder-glass—Over the large
end of the hand-glass tie a wet bladder, as
shown in Fig. 192.. When the bladder has
become dry, place the open endon the plate,
and exhaust the air from the glass, The
pressure of the atmosphere, unsupported
from within, soon bursts the bladder with a
loud noise. If & piece of thin india rubber

p be subsfituted for the bladder, it will be 7us BravpER-
TiE sppre- Qrawn in and distended, till it covers near- SRSy

CUTTER, ly the whole inside of the glass.

438, The Lungs-glass—The Lungs-glass (Fig. 193) illus- Fig. 193,
trates the elasticity of air. Ttis a small glass globe with ;
a metallic stopper. Through this stopper passes a tube,
to the lower part of which a bladder is tied. ‘Thewhole is
placed under a receiver, and the air exhausted. The air
in the Lladder, communicating through the fube with the
receiver, is gradually.rarefied. The air around'it in the

Fig. 194. glass, having nogeommunication
with the receiver, remains of the
same density. Owing to its pres-
sure, the bladder becomes shrivelled
when the receiver is exhansted;
but, on the readmission of the air, it resumes ils former
dimensions. This movement, regularly repeated, re-
sembles theaction of the lungs in breathing, and hence
the name given to the apparatus.

434. Vacuum Fountain—Fig. 194 represents a
tall glass receiver, terminating at the bottom in ame.
tallic cap, through which a tube passes. This tube is
furnished with a stop-cock, and a serew, by means of
which it may be fastened to the plate-of anair-pump.
A jet communicating with the tube rises into the Te-
ceiver. Screw this apparatus tothe plate of the pump,
exhaust the air, and ‘close the stop-cock. Then un-
screw ihe whole; place the lower end of the tube in a
vessel of water, and open the stop-cock. The pres-
sure of the atmosphere will force the water up through
the tube aud jet into the vacuum, forming a beautiful
miniature fountain,

Another mode of producing a vacuum fountain is

VACUUM POUNTAIN.  with the apparatus shown in Fig. 195. It consists of

THE LUNGS-GLASS,

periment with the apple-cutter, 432, How is.the experiment with the bladder-glass
performed? 433 What does the Lungs-glass illustrate 7 What doesit consist of'? De-
gerlbe the experiment. Why is the lungs-glasssocalled? 434 What does Fig. 104rep-
resent? How is the yacaum fountain produced ? - Dezeribe another mods of producing
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Fig. 105, o glass vessel with an air-tight stopper, through which a
tube extends almost to the bottom. The vessel, nearly filled
with water, is placed under a fall receiver, and the air ex-
hausted. The elasticity of the air within the wessel, not be-
ing counterbalanced by any pressure from without, forces the
water through the tube in the form of a fountain.

435. Bottle Imps.—The hottle imps, deseribed in § 307,
may be made4o dance up and down in a jar of wafer in an
exhausted receiver. Thesé figures are hollow and contain

gir. When the receiver is exhausted, the pressure on' the surface of the

water being removed, the air in the figures expands and drives out some of

the water. . This diminishes' their specific gravity, and causes them to
rise, When the airis reidmitted; the pressure is restored,
the air in the figures is compressed, water enters, their
specific gravity is increased, and they sink.

436. The Mercury Shower.—On an open-mouthed re-
ceiver, D, place the cup A, inthe hottom of which is a plug
of oak wood; B, projecting downward about two inches.
Pt some mercugy in A, and set the saucer C heneath the
oaken plag. Exhaust the airfrom D, and the mercury
will soon be forced by atmospheric pressure through the
pores of the oak, and fall into the saucer in a silvery
shower.

437. The Weighi-lifter.—This is an apparatus with
which the pressure of tHe atmosphere is made fo lift a

heavy weight (see Fig. 197). " A is a cylinder ‘attached to a frame, firmly sup-
ported by threelegs. - On the hottom of the cylinder rests a closely fitting
piston, to which the platform F is attached. A tube, B C, conneets the in-
terior of the cylinder with the plate E of the pump D. When the airis ex-
hausted from A, the pressure of the atmosphere raises the piston, together
with the platform and its contents, the whole length of the cylinder. Atmos-
pheric pressure: being 15 pounds to the square inch, the number of pounds
that can belifted by a given cylinder may be found by multiplying its area
expressed in inches by 15.

438. Tt has been proposed to fransmit mails between distant points; by
atmospheric pressure, on the principle of the weight-lifter. A strong me-
tallic tube, perfectly smooth on the inside, would have to be laid between
the places, and a piston tightly fitted to it. Large air-pumps, worked by
steam, would be placed at both ends of the tube. The mail being attached
to the piston at one end. of the line, the pumps at the other yyould be set:in
motion. A partial vacuum would be produced, and atmospheric pressure
would drive the piston through'the tube at a rate estimated at 500 miles an

& yacuum fountain. 485. How may bottle imps be made to dance up and down in a
jar of water? Explain the principle. 436. How is the merenry shower produced ?
437, What is the Weight-lifter? Describe it, and its mode of operating.  How many
pounds will & given cylinder lift? 485. To what has it Been proposed to apply this

EXPERIMENTS WITH THE AIR-PUMP,

Fig. 197.

B %

“hour. Such is the theory; whether it can be practically applied, remains fe

be proved.
430, Facuum Bell.—This apparatus is intended Tig. 198,
to shoy that air is essential to the production of O
sound. A bell is so fixed under a receiver that it s
can be rung by pushing down a sliding-rod which
passes through the top. When rung before the re-
ceiver is exhausted, the bell is distinctly heard; -
but, when the air is withdrawn, it is almost inandi-
ble. If a perfect vacuum could be produced, it would
not be heard at all.
440, Freezing Apparaius.—Water may be frozen
in & vacuum, with the apparatus shown in Fig. 199.
; Having placed the lignid
in a shallow vessel over a
hasin contaimiing strong
sulphuric acid, set the
whole under a receiver
and exhaustthe air. Un-
der the diminished pres-

Fig. 199,

principle? Give the theory of the process. 489, What is the apparatus known as the
vacunm bell intended to show? Dascribe the sxperiment. 440, Describe the fraez-
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sure, the water is rapidly converted into vapor, which is as rapidly absorbed
by the acid. The continued evaporation cools the water to such a degree
that it is finally covered with ice.

441, Miscellancous Erperiments.—In o vacnum, boiling commences at a
much lower temperature than in the air. This is shown by placing some
hot water under a receiver and exhausting the air. The pressure of the at-
mosphere being removed from its surface, the water soon boils; but it comes
to rest the moment that airis readmitted. For the same reason, water boils
ata lower temperature on the top of a mountain than at its base, as has often
been observed by travellers.

442, If beeris placed under a receiver and'the air exhausted, it begins fo
foam. This is owing to the elasticity of the earbonic acid in the liquid, rush-
ing out to fill 'the vacuum, If the air is readmitted, the beer resumes its
usual appearance.

443, A shrivelled apple‘in an'exhausted receiver is puffed out to its full
size by the expansion of the air within.

444, If a vessel of water containing a piece of wood, a vegetable, or al-
most any solid substance; is placed under a receiver, and the air is exhaust-
ed, minute globules of aircan be seen forming on the surface of the solid,
and sometimes even hubbling up through the water.  This provesthe poros-
ity of solids and the presence of air in their pores. ]

445. A lighted candle in an exhansted receiver is extinguished, and the
smoke falls because it is heavier than the rarvefied air. If a mouse, rabbit, or
other living creature, is placed under a receiverand the air is drawn off; it
immediately shows signs of distress, and soon dies.

446, These experiments show that air is everywhere
present, and is essential to life and combustion. In a vac-

uum, animals die, vegetation ceases, and sound can ot be
produced.

The Condenser.

447, The Condenser (Fig. 200) is an instrument used
for forcing a large quantity of air into a given vessel.

Like the single-barrelled air-pump, the condenser con-
sists of a cylinder, A, with a valve at its base, V, and a pis-
ton, P, which also contains a valve, tightly fitted to it.

ing apparatns, and the experiment withit. 441 At what temperature does boiling
commence in a vacuum, compared with that st which it commences in the air?
How is this shown? What is said of the boiling of water on the top of a mountain?
442, 'What plienomenon is presented when beer is placed under a receiver and the sir
exhansted? 443, When o shrivelled apple is so placed? 444 How is the presence
of air in the pores of solids proved with theair-pump? 445 How is it shown with
the sir-pump that air is necessary to combustion and animal lifa? 447, What is the
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Instead of opening upward, however, as in the  Fis 20

air-pump, these valves open downward. ‘5‘{1@
448. Operation.—The condenser having been Gt

screwed to any strong vessel in which it is desired B i
to condense air, the handle is worked np and
down. A vacuum being produced below the pis-
ton, as it ascends, its valve is opened and air
rushesin; while the valve in the eylinderis closed
by the pressure of the air in the vessel. When
the piston descends, its valve is closed by the
pressure of the air in the eylinder, while the other
valve opens and allows this air to be driven into the vessel.
With every ascent of the piston, therefore, the cylinder is
filled with air, and with every descent Fig. 201,
this eylinder-full of air is forced into
the vessel.

Air i3 condensed in the chamber of
the air-gun (described in § 399) by the
use of this instrument.

440, Erperiment.—An interesting experiment
may be performed with the condenser and the ap-
paratus represented in Fig. 201. Adsa globe half
full of water, with a tube, B, reaching nearly to the
bottom, and extending upward through an air-tight
cap till it terminates in a screw just above the stop-
cock D. The condenser, having been screwed on,
18 worked {ill a large quantity of airis forced into
A. The stop-cock is then closed, the condenser is
unserewed, and a jet-pipe, €, is'put on in' its place.
The stop-cock is now opened, when the pressure of
the condensed air, being greater than ihat of the
atmosphere, forces the waterin A up through the
jet, making a beautifal fountain.—This experiment
shows that the elasticity of air is increased by
condensing it.

Pneumatic and Hydranlic Machines,
450. Tae SremoN.—The Siphon, represented in Fig.

Condenser? Deseribe it. 445, How does the condenser operate? 449, Deseribe an
experiment with the condenser and the apparatus represented in Fig. 201, 450. What
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202, is a simple instrument for drawing off liquids from a
higher to a lower level. It is nothing more than a bent
tube, with one leg longer than the other.

Fig. 202 To use the siphon, fill itwith some liquid and then inverf
4202, 5 ; . 5 ]

it, stopping the long end with the finger, and setting the shorf

one in the liguid to be drawn off. Remove the finger, and the

7

pressure of the atmosphere is counterbalanced by its down-
ward pressure on the surface of the liquid to be drawn off, and
the liquid in the tube will therefore flow in the direction of its
greatest weight. ' As it flows, a vacuum is formed in the tube,
and fresh liquid is constantly forced up into the short leg.
The flow continues till the liguid falls below the extremity of
the short leg.

451. Some siphons; like that in the fignre, have an addi-
tional tube, open at the upper end and at the lower communi-
cating with the long leg. ' This saves the trouble of turning
M the siphon, every time it is used, to fill it with liquid ; for,
il Tl SR T long leg being stopped with the finger and the mouth-ap-
plied fo this additional tube, the liquid may by suction readily be made to
fill both legs.

452, Taxratvs’s Cop.—Fig. 203 represents Tantalus's

Cup, which-is simply a goblet containing a siphon, theshort

Tig 208, leg of which reaches nearly to the bottom,

/7] while its long leg passes through the bottom
and extends below. The siphon is concealed
by a figure, which seems to be trying to
drink. Water is poured in; but, the mo-
ment it reaches thelips of the figure; it ve-
cedes, because just then it passes the turn
of the siphon and begins to be discharged
helow.

TANTALUS'S CUP, 453. Tag Lirrive-puae.—The Lifting-
pump was invented by Ctesibius [¢¢-sib"-e-us], who flourished
at Alexandria, in Egypt, 250 B.c. Though the son of a
barber and brought up to his father’s calling, he attained
distinction by his mechanical abilities. Several ingenious

isthe Siphon ? Hoyw isit used? Explain the principle on which it works. 451, What
improvement is attached tosome siphons? 422, Desoribe Tantalus's Cup, and the
prineiple on which it works. 453. Who inyvented the Lifting-pnmp 2~ What is said
of Ctesibius? 454, Of what does the lifting-pump consist? 455, Describe its mods

liquid will commenca flowing from the long end. The upward:
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contrivances for raising water are attributed to this philos-
opher, besides the clepsydra already described.

454. The common Lifting-pump is rep-
resented in Fig. 204. It consists of a cyl-

inder, B C, to which is fitted the air-tight
piston G, containing a valye opening up-
ward. ‘A is called the suction-pipe; it
must be long enough to reach the water
that is to be raised. In the top of the
suction-pipe is the valve H, opening upward
into the cylinder. Eis a handle, by which
the piston may be worked. F is a spout,
from which the water is discharged.

455. Operation.—To work the pump; raise the. pis-
fon. As it ascends, it leaves a vacunm behind it, and
the water under the pressure of the atmosphere rushes
up through A, opens H, and fills the cylinder BC. The
piston, having reached the top, is now forced back.
Its downward pressure at once closes theyalve H, so
that the water can not return into the suction-pipe ; but
the valye in the piston opens, and through it the water
rushes aboye the piston. When the piston has reached
the bottom of the cylinder, it is again raised; its valve
being noy elosed by the downward pressure, the water
is lifted by the piston info the reservoir D, whence it is
discharged by the spout. ‘Meanwhile, the second time
the piston rises, a vacuum is formed below it as before,
and the whole operation is repeated. THE LIFTING-PUMP.

456. Thus we see that water is raised in pumps by at-
mospherie pressure. The air will support a column of wa-
ter from 32 to 34 feet high. To this elevation, therefore,
water ean be raised with the lifting-pump; for greater dis-
tances, the forcing-pump must be used.

457, Tar Forcing-pusp.—The Forcing-pump, after rais-
ing a liquid through its suction-pipe, does not discharge it
from a spout above, but by the pressure of the returning
piston drives it through an opening in the side below. The

of operation. 456. By what agency is$vater raised in pumps? How high a colomn
will atmospheric pressure support? To raise water to a greater height, what must
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liquid is thus forced, either directly or by means of the

pressure of condensed air, to a greater hewht than it could
otherwise attain,

458. Fig. 205 represents one form of Tig. 205,
the forcing-pump. It has a cylinder, pis-
ton,and suction-pipe, like thchfung pump
just described; but there is no valve in
the piston. _\enr the hottom of the cylin-
der enters the pipe M, which communi-
cateswith the air-chamber K, by the valye
P, opening upward. - The tube T, open at
the bottom and terminating at the upper
end in 4 jet, passes through the air-tight
top of the chamber K, and extends nearly
to its bottom.

459, Operation.—To work the forcing-
pump, raise the piston. A vacnum is
formed; and water, from the reservoir
below; rushes through the suction-pipe,
opens H, and fills the cylinder. The pis-
ton is pow pushed back, when H at once
closes. The water in the cylinder is foreed
into M, raises P, and'enters the chamber
K. The water'in K soon rises above the
mouth of the tube I, and begins to con-
dense the air in'the upper part of the chamber. The higher
ihe water rises in K, the more the air is condensed, and its
clasticity increases in proportion. Its pressure, therefore,
soon becomes-greater than that of the atmosphere, and drives
out the liquid through the jet.

Some forcing-pumps have no air-chamber, but.drive out
the liquid by the direct pressure of the descending piston. In
that case, the discharge is by successive impulses; but, when

: 4 : THE FOROING'
made from an air-chamber, it is continuous. PUMP.

460. ToEe Fire-encixe.—The Fire-engine is a combina-
tion of two forcing pumps, with a common air-chamber
and suction-pipe, Its operation will be understood from
Fig. 206.

The pistons, @, D, are attached to a-working-beam; A'B, turning on the

be used? 457, What is the principle on which the Forcing-pump acts? 458, De-
seribe the form of forcing-pump represented in Fig. 205, 459, Explain its operation.
When' thiere is no air-chamber, how does the forcing-pump: drive out the Jiguid?
460, Of what does the Fire-engine consist? Describe its operation with Fig. 208.

THE FIRE-ENGINE.,

pivot K, so thatone rises as the other
descends, They are driven up and
down by brakes attached to the beam
and worked by & number of men on
each side. T isthe suction-pipe. H
is the air-chamber; and Il a pipe ris-
ing from it, to which a flexible leather
hose is attached, 50 that the stream
can be turned in any direction. The
piston D in Fig. 206 is ascending, fol-
lowed by astream of water from the
reservoir below, the valve I leading
into the air-chamber being eclosed.
The piston C, on the other hand, is
descending; its lower valve is closed,
and the water drawn into the cylinder
during its previous ascent, is now being forced into H, through the open
valve J.

461, The fire-engine is one of the most powerful forms of the forcing-
pump, since wateris being constantly forced into the air-chamber by one of
the pistons, and the air is violently compressed. With a good engine, a
stream can be thrown more than 100 feet high.

462. Tor CENTRIFUGAL e 207,
Poae.—The Centrifugal Pump
(Fig. 207) is an instrument
for raising water by the com-
bined effeet of the centrifugal
force and atmospheric pres-
sure.
It consists of a vertieal
axle, AB, and one or more
tubes, C, C, fastened to ' it, = |
extending into a reservoir of | /[N .‘ T
water below, and branching
off towards the top so as to
bring their mouths over the *{w} nmm.i

< . 7 A
circular ‘trough D.  E is' a w l’l',e

I mm H
llfu' i

|)|v

«('lh“"‘ it

i
h/ il lih ',,n
spout fox discharging the wa- THE CENTRIFUGAL PUMP.

!
il

461. What is said of the power of the fire-engine?® How high can astream be thrown
with a good engine? 482, What forces are brought to bear in the Centrifugal Pamp?
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ter from the trough. Near the top and bottom of each
tube is a valve opening upward.

463, Operation.—When the pump is to be worked, the tubes are filled
with water, which is prevented from escaping by the lower valves. A rotary
motion is then communicated to the tubes by means of a handle attached t.o
the axle. The centrifugal force at once acts on the water within, causing it
to open the valves and rush forth from the mouths of the tubes. As it as-
cends, a yacuum is left behind'it, into which water is driven by atmospheric
pressure from the reservoir below. Streams are thus kept pouring into the
trough as long as the rofary motion is continued.

A large centrifugal pump, worked by steam, has raised no less than 1,800
gallons a minuteto a considerable height.

464, T Stoaracn Puyve,—The Stomach Pump is an
instrument for injecting a liquid into the stomach of a poi-
soned person  and withdrawing it, without removing the
apparatus. The stomach is thus rinsed out, and life is often

Fig. 208,

THE STOMACH PUMP,
Fig. 208 represents the stomach pump. A syringe, A,
is screwed into a cylindrical hox, B, where it communicates
with a short metallic tube, ‘This tub® leads on either side

into a bulb, which is connected with a tube of india rubber. °

Each bulb contains a movable circular valve of metal, which
fits either extremity, and may be made to close either by
raising the opposite side of the instrument.

Operation.—To work the pump, turn the syringe so as to depress C and
elevate D ; and then introduce the tube F into the patient’s stomach, and E
into. a basin of warm water. The metallic valves fall to the lowest partof

Of what does the centrifogal pump consist? 463. What is its mode of operation?
‘What has been effected with a large centrifogal pump worked by steam? 464, For
what is the Stomach Pamp used ? Describe its parts. How s it worked ?
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their respective bulbs, which brings them directly opposite where they are in
the Figure. Now draw out the handle of the syringe, A vacuum is pro-
duced; and the warm water, under atmospheric pressure, rushes up to fill
it; all communication with F being eut off by the valve. The syringe being
thus charged, the handle is pressed back, and the water, prevented from re-
turning into E by the valve, is forced through F into the stomach. Without
removing the india rubber tube from the stomach, now turn the instrument,
50'as to raise the side ¢ and depress D, as shown in the Figure. The metal-
lic-valves are thus thrown fo the opposite extremities of their bulbs, and by
working the syringe with them in this position, the contents of the stomach
are drawn off ‘and discharged into the basin. The syringe is thus always
charged throngh the depressed tube and emptied through the elevated one.

465. The consideration of the steam-engine, the great-
est of pneumatic machines, is deferred till we shall have
treated of the mode of generating steam by heat, a subject
which belongs to Pyronomies,

EXAMPLES FOR PRACTICE,

1, (Ses § 398.) Under a pressure of one atmosphere, a body of oxygen fills 24
cubic inches, and its specific gravityis1.111. What space will it ocenpy,
and what will be its specific gravity, under a pressure of three atmos-
pheres?

. Some hydrogen, by a pressure of 20 pounds to the square inch, is forced
into a space of one 'eubic foot. How great a pressure will compress it
into halfa cubic foof, and how will its density then compare with what
it was before?

. Into what space must we compress 10 eubic inches of air, to double its
elastic force?

. (See §401.) What is the weight of 600 cubic inches of air? What is the
weight of the same bulk of water?

.- A vessel, full of air, weighs 1,081 grains; exhausted, it weighs but 1,000
grains. How many cubic.inches does it contain ?

. (See §414) Whatiis the dgwnward atmospheric pressure'on the roof of o
house containing 115,200 square inches? What is the upward atmos-
pheric pressure on the same roof?

- What amount of atmosphericpréssure is supported by a boy whose body
containg 1,000 square inches of surface ?

. (See §408.) When the mercury in the barometer stands at 29 inches, at
what height will a column of water be supported by the atmosphere ?

[Solution.—The specific gravity of water is 13 that of mereury, 13.568.
A column of water will be supported at the height of 29X 18.568 inches. |

9. When the atmosphere supports a column of water $2 feet high, how high
a column of mereury wall it support? '

10. (See Fig. 183.) How far above the earth’s surface would the mercury
stand only two inches high in the barometer ?
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CHAPTER XIII.

PYRONOMICS.

486. Pyroxonrcs is the science that treats of heat.

Nature of Heat.

467. Heat is the sensation experienced on approaching
a warm body. S

The invisible agent that produces this sensation is also
called Heat. Another name for it is Calor'-ie.

468, Cold is the opposite of heat. It is not a positive
agent, but merely implies a greater or less deficieney of
heat. There is heat in all substaneces; but in those which
we call cold, it exists in an inferior degree.

469. There are two kinds of heat; Free, or Sensible,
and Latent.

Free or Sensible Heat is heat that can be felt. Latent
Heat is heat that can notbe felt. The heat of a fire is Eree,
or Sensible ; the heat in ice is Latent.

470. The Temperature of a body is the amount of sen-
sible heat that it contains.

We can not always judge correctly of a body’s temperature by the sensa-
tion it produces when we touch it. In the same room, for instance, are o
bar of iron and a piece of cloth; they must be of the same temperature; but
the iron is cold to the touch while the cloth is not. This is because the iron
carries off the heat more rapidly from the part that touches it. So, if one
hand be cold and the other warm, a substance which to the former seems
hot, ta the latter may appear just the xeverse.  Our sensations, therefore; are
not proper criterions by which to judge ofa body's temperature,

468. What is Pyronomics? 4067, What Is Tleat? What other signification has the
term fiea? ‘What other name is there for it in this sense? 485, What is Cold?
469. How many kinds of leat are there? What is Free or Sensible Meat? What is
Tatent Heat? Give examples 470, What is the Temperature of a body ? Canwe,
Jjudge of a body's temperature by the sensation it produces when we touch it? State
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471. What heat is, we do not know.

Some think that it is not a material substance, but results from the vibra-
tions of the particles of bodies. Others helieye it to be an exceedingly sub-
tile substance, whose particles repel each other, and thus give it a tendency
to diffuse itself, while they have a strong affinity for otlier matter. This sub-
stance, they think, enters into every body, and keeps its particles from com-
ing into absolute contact. As long as'it remains at rest, it may be latent ;
but, when a colder body approaches, there is a tendency to equalize the tem-
perature ; a series of vibrations are produced in the subtile atmosphere around
each particle, and the heat yyhich was before latent becomes sensible,

Heat seems to be closely connected with light. The one is generally ac-
companied by the other; and to some extent, as will appear hereafter, they
are governed by the same laws.

472. Heat has no weight,

Balance a piece of red-hofiron with weights in « sensitive pair of seales;
the same weights will exactly balance it when it has become cold. Heat,
therefore, must be imponderable; orthe loss of s0 much of it would ocea-
sion a perceptible difference in the weight of the iron. So, ifa piece of ice

is balanced and then allowed to melf, the water formed will weigh precisely
the same as the ice,

Souirces of Heat.

478. The principal Sourees of Heat are four in number:
—the Sun, Chemical Action, Mechanical Action, and Elec-
tricity.

474, TaE Svx, A SOURCE oF HEAT.—The Sun is the great
source of heat, as well as light, to the earth.

What the sun is composed of, that it has thus for thousands of years
poured forth undiminished supplies of heat; astronomers can not determine.
Some think that the whole of its immense mass is heated to such a degree as
to make it luminous, Accordiug to others, the great body of the &un is not
luminous, but ifs surface is covered with flames from which rays of heat and
light are constantly emitted. In either case, it is hard to expldin' how com-
bustion can be continued so long withont exhausting the material by which
it is supported.

475. The heat at the sun’s surface is supposed to be
more intense than any with whieh we are acquainted. By

some fucts to prove this, 471. What s heat? What do some think it results from ?
What do others believe it to be 2 How do the latter account for its being sometimes
Jatent and sometimes sensible? With swhat is heat connected? 472, What is tho
weight of heat? Prove this. 473. What are the principal sources of heat ? 474. What
Is the great source of heat to the earth? What two theories haye been advanced to
account for the sun’s heat? 475, How great i the heat at the sun's surface supposed

9
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the time it reaches us, modified by the immense distance it
has traversed, it is just sufficient to warm the earth into
fertility.

The sun does not heat all parts of the earth alike. This is because its
rays strike some portions perpendicularly and others obliguely. The per-
péndicular rays are absorbed more than the obligue ones, and therefore pro-
duce a greater degree of heat in' the parts on which they strike. For the
Smme reason, it is hotter about noon than any other time of day, the sun
being then more directly overhead.

The variety of productionsin different/partsof the earth isowing to the
difference in the amount of heat received from the gun. The trees and plants
of the tropies are quite different: from those of the temperate regions, and
these again are unlike those of cold climates. In the farnorth and south, so
litile heat is received that vegetation entirely ceases.

Fig. 200; " 476. The sun’s heat may be increased
'!"1 e u‘ I\

il
\\!

’l"l"'% - by collecting a number of its rays into
I l l Hl” il one point called a Focus. This may be
W Il i t ‘ done with a conyex lens, or glass of the
"M. |LU shape represented in qu. 209. With
]H AN such’a lens, three feet in diameter, the
metals have been melted.

A similar effect may be produced with concave
mirrors, so arranged as to reflect the rays that sivike
them to one and the same focus, When the Romans
were besieging Syracuse, 213 B.c., Archimedes is
said to have used a number of metallic mirrors with
such effect as to set fire to their fleet. The experi-
ment has been repeated in' modern times, Bufion;
with a combination of 168 mirrors, showed that

tarred planks could be set on fire at o distance of 150 feef, and that at.60 feet
silver conld be fased.

477, Heat below the Earth's Surface.
even when it falls perpendicularly on the s.urface, does not
penetrate into the earth farther than 100 feet. Beyond
this depth, all the heat that is felt, comes, not from the
sun, but from the interior of the earth.

tobe? Whyisit less intense when if reaches us? Why docs not the sun heat all
parts of the earth alike ¢ To what is the variety of productions in different parts of the
earth owing? 476, How may the sun’s heat be increased? In what other way maya
similar effect be produced? What did Archimedes accomplish with a number of me-
tallic mirrors? Give an account of Buffon's experiment, 477, What is the greatest
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As we descend below the earth’s surface, the temperature increases about
one degree for every 45 feet. At this rate, water would boil at a depth of
less than two miles; and at 125 miles all known' substances would be melted.
1t is thought, therefore, that the great mass of the interior of the earth is in
a state of fusion. The discharge of melted earthy matter, called Zava, during
the eruption of voleanoes, goes to prove this; while the hot springs in differ-
ent parts of the world (particnlarly numerous in Iceland) show that a high
temperature prevails atnovery great depth. At the surface this internal
heat is not perceptible, because the outer crust of the earth is a bad conductor.

8. CHEMICAL ACTION, A SOURCE OF HEAT.— W hen, by
combining #wo or more substances, we produce a new sub-
stance totally different in its properties from either, we say
that Chemical Action has taken place. Such action is al-
ways accompanied with an increase of temperature, If,
for instance, we mix equal quantities of sulphuric acid and
water, chemical action takes place, a new substance is
formed, and heat is given out. The heat produced by chem-
ical action is sometimes sufficient toignite inflammable sub-
stances. Thus a drop of sulphuric acid will set fire to a_
mixture of sugar and chlorate of potassa.

479, Combustion.—Oneof the commonest processes in
which ehemical action is exhibited, is Combustion, or Burn-
ing. This is the great source of .n'tmcul heat, as the sun
is of natural heat.

Combustion is nothing more than a chemical union of the oxygen of the
air with the'combustible body or some of its elements. Tatent heat is given
out, by which the gases or vapors produced are rendered luminous; and
hence what we call Flame, - The rise:of temperature is proportioned to the
rapidity yith which the chemical union fakes place; and this depends in a
greal measure on the amount of oxygen supplied.

If we wishi to makea fire hotter, we have only to bring more air in con-
tact with the fuel: This may be done with a bellows, or in-the case of grates
with a blower. To fill the yacuum produced by the ascent of the heated air
through the chimney, cold air must enter; by puiting on the blower, we pre-

distance t0 which the sun's heat penetrates? Beyond this depth, whencads the heat
derived? Descending below the earth's sarface; at what rate doesthe temperatura
increase? At what depth would water boil? How grest would the temperature be
st a depth of 125 miles? In what state is the interior of the earth supposed to be?
What phenomens suppoft this opinion? 478, When does Chemical Action take place?
With what i5 chemical action always accompanied ? ‘Giye an examplé, 479) In what
eommon processis chemical action exhibited? What is Combustion? What is the
cause of flame? To whatis the rise of tamperatur proportioned? What mustbe
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vent it from entering anywhere except at the bottom of the grate, and cause
what does entex to pass through the ignited coals, thus increasing their sup-
ply of oxygen.

480. Animal Heat.—To Chemical Action is attributable
Animal or Vital Heat,—that is, the heat generated in all
organic beings that pessess life.

Different living creatures have different degrees of ani-
mal heat. Birds have the most; beasts come next; then
fish and insects. In the same class of animals, however, the
amount of vital heat is nearly uniform ; and under ordinary
circumstances it remains the same, whether the surround-
ing medium be warm or cold. Other things being equal,
the heat of the human body is as great in winter as in sum-
mer, in the frigid as in ‘the torrid zone. We do mnot feel
equally hot, to be sure; but, as already explained, we must
not judge of temperature by our feelings.

481, Animal heatis prodnced by a process similar to combustion. When
we breathe, air is taken into the lungs, where it comes in contact with par-
ticles of carbon contained in the blood. This carbon unites chemically with
the oxygen of the air inhaled, and; asin the case of combustion, latent heat
18.evolved. The heat is less than that produced by combustion, because the
particles of carbon are extremely small.

As in combustion, whatever increases the supply of oxygen inereases the
snimal heat. Running or bedily exertion of any kind makes us hetter, be-
cause it quickens the circulation of the blood, obliges us to breathe faster,
and thus brings more air (and consequently more oxygen) into the lungs.

432. The carbon consumed comes from the food we eat. Greasy food gen-
erates it most plentifully. In winter, therefore, when we need an abundance
of ‘carbon, we eat meat more freely than in summer, when we seek to reduce
our vital beat as much as possible. So, the inhabitants of cold regions con-
sume more greasy food than those of warmer climafes. The Esquimaux
thrive on fish-oil and'seals’ fat, which to the people of' the fropies would be
neither palatable nor wholesome.

483, MEuECHANICAL ACTION, A SOURCE OF HEAT.—Mechan-

done, if we wish to make a fire hotter? 480, What is Animal or Vital heat? To

what i8 it attributable # What is said'of animal heat in different living creatnres?
In the same class of animals? Does it differ in different seasons? 481, How is ani-
mal heat produced# Why 15 it less than the heat produced by combustion How ia
animal heat increased? Give examples. 432, Hoyw is the carbon consumed, pro-
duced? What sort of food generates cirbon most plentifally ?  What follows, with re-
speot to our diet at different seasons?* How does the diet of the inhabitants of cold
_ Tegions compare with that of trepical natlons? 483, What is the third source of heat?
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ical Action is a familiar source of heat. Under this head
are embraced Friction or Rubbing, and Percussion or Strik-
ing. By compressing the particles of a body, mechanical
action forces out its latent heat and makes it sensible,

484, Heat from Friction—Touch a row-lock, in which
an oar has been rapidly plying, or a gimlet that has just
been vigorously worked, and you will feel the heat pro-
duced by friction. Rub a metallic button to and fro on a
dry board, and you will soon make it so hot that you can
not bear your finger on it. By drawing a match across a
rough surface, you develop heat enough to ignite it. By
rubbing two pieces of ice together, in a freezing tempera-
ture, latent heat is liberated in sufficient quantitics to melt
them.

Machinery has been ignited by the rubbing of its parts on each ‘other.
Savages kindle a fire by rubbing two dry sticks violently together. In bor-
inga brass cannon, immersed in water by way of experiment, sufficient heat
has ‘been generated to boil the water in two hours and a half. The fric-

tion of fwo large iron plates has even been employed as a practical source
of heat.

Tt is to be observed that in' all the above cases heat is produced by the
friction of solids. The friction of fuids is insufficient to generate heat.

485. Heat from Percussion—By striking flint and steel
together, we: develop sufficient heat to ignite the minute
fragments broken off, and produce sparks. In like manner,
the hammer of a gun, descending on a percussion-cap, sets
fire to the fulminating mixture of which the cap is made,

A nail may be made red-hot by hammering it rapidiyon an anyil. Be-
fore lucifer matches were invented, Blacksmiths used to ignife snlphur
matches and kindle their forge-fires with a nail hammered to a red heat.

By violent and quick compression, enough heat can be set free from air
to ignite finder. Thisis done with the Fire Syringe (see Fig. 210). In the
extremity of the piston is a small cavity, in which some tinder is placed,
When the piston is driven rapidly down, the air in the barrel is compressed,

Whatare included under this head? How is it that mechanical action produces heat?
434, State some familiar eases in which heat is produced by friction. What is some-
times the effect of friction on machinery? How do savages kindle their fires? How
great & heat has been produced by boring a brass cannon? How has friction been
torned to'practical use? What is sald of the friction of fluids? 4S5 Give some
familiar examples of the production of heat by percussion. How did blacksmiths
formerly kindle their forge-fires? Describe the Fire-syringe, and the experiment
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latent heat is evolved, and on withdrawing the piston the tin-
der will be found ignited.

If a body is compressed by violent percussion more than
once, the heat produced is less each fime, until at last all the
latent heat is forced out, and it may be strock or hammered
without ‘any material increase of temperature. Iron, when
thus deprived of its latent heat, becomes stiffand britile. ‘The
metals generally lose their ductility, and can not be df’nwn ouf
into wire till their latent heat is restored by subjeeting them
1o the action of fire,

486, ELECTRICITY, A SOURCE OF HEAT.—The
passage of electricity is sometimes attended with
intense heat. 'Lightning, for instance, sets fire
to trees and houses, and melts metallic bodies
that it strikes. The heat produced by the gal-
vanie battery ignites or fuses every known sub-

TIE FIRE stance.
SYRINGE:

Piffusion of Heat.

487. Heat tends to diffuse itself equally among bodies
of different temperature.- So strong is this tendeney, that,
unless fresh supplies are received, the hottest body soon be-
comes cool, in consequence of parting with its heat to sur-
rounding objects cooler than itself.

488. Heat is diffused in three ways:—

1. By Coxpucrion, when it passes from one particle of

“a body to another in contact withit. If one end
of a poker is placed in a fire, the other becomes
heated by Conduction. ., :

2. By Coxvecrion, when it is' conveyed by the actual

motion of some of the particles of a body. When
a pot of water is placed over a fire; the particles
at the bottom are first heated, and ascend, carry-
ing heat with them and diffusing it by Convec-
tion,

performed withit. What is found, when a body is violently struck more than once?
What change is produced in iron thus treated ? In the metals generally ¥ - 486. What
is the fourth source of heat? Give examples. 487. What is the tendency of heat?
488, In how many ways is heat diffused? Name, describe, and give an example of
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3. By Rapration, when it passes from one body to an-
other not in contact with it, leaping over the in-
tervening space. A joint of meat, placed before
the fire, is roasted by Radiated Heat.

489. ConpucrioN.—Some substances allow heat to pass
freely throngh their particles; others do not. The former
are called Conductors of heat ; the latter, Bad Conductors,
or Non-conductors.

As a general rule, dense solids are conductors of heat;
porous and fibrous solids, as well as liquids, gases, and va-
pors, are bad conductors.

490. The Conductometer.—The metals Tig, 211,
are all good conductors of heat, but some
are better than others. This is shown by
the Conductometer, represented in Fig.
211,

The conductometer consists of a circular plate of
brass, in the outer edge of which are inserted rods of
different metals, of the same size and length, each hav-
ing a small cavity in iis extremity for holding a piece
of phosphorus. When the plate isbrought over the
flame of a lamp, the heat passes along the different rods
and ignites the picces of phosphorus, but not all at the
same time,  I¥first reaches the end of the rod that is the best conductor ;
and thus the order in which the pieces of phosphorus take fire indicates the
order in which the metals that the rods are made of rank as.conductors of
heat.

491.. Conducting Power of different Substances—Gold
is the best conductor among the metals. The conducting
power of gold being seti down at 1,000, that of some other
comron substances compares with it as folloyws:—

THE CONDUCTOMETER.

Platinum .... 981 374
Silver....... 973 i 363
Copper 808 i 304

Platinum and silver, it will be seen, -are nearly as good conductors as gold.

each. 489, What are Conductors of heat? What are Bad Conductors, or Non-con-
ductors? As a general rule, what substances are good conductors of heat, and what
not? 490. How do the metals rank in conducting power? Deseribe the Con=
ductometer, and its mode of opeération. 491. Among the metals; what is the best
vonductor? The next? Themnext? Which is the better, iron or lead? How may
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A silver spoon containing water, with a piece of muslin wrapped smoothly
around it, may be held in the'flame of a lamp till the water boils without the
muslin’s burning, so rapidly does the metal carry off the heat.

402, Wood is a bad conductor of heat. A log blazing at one end may be
handled ‘at theother without inconvenience. Hence metallic tea-pots, sauce-
pauns, &c., are often provided with wooden handles. Dense wood aud coal
are better conductors.than  porous wood. This is one reason why they are
harder to kindle; they condact the heat away before a sufiicient amount is
collected in them to produce combustion:. Earthen-ware of all kinds ranks
far below the metals in conducting power.

493. Fibrons: substances; like wool, hair, and fur, are bad conductors.
The finer and closer their fibres, the less their conducting power. Thus we
see why Providence has clothed the animals of cold climates with & shaggy
covering, from which those of the tropics are free; and why the coats of
many animals in temperate regions change with the seasons, being closer and
longer in winter, thinner and shorter in sammer,

494, The best non-conductors among solids are straw, saw-dust, pow-
dered charcoal, and plaster of paris. Recourse is had to these articles when
itis desired to protect an object from extremes of temperature. Straw is
bound round tender plants ‘in winter, to prevent their warmth. from-heing
drawn off.. It is also used for thatching the roofs of honses, preventing the
external beaf from entering in summer, and the heat within from being with-
drawn in winter. Ice shipped to warm climates is packed in saw-dust, to
keep out the heat of the atmosphere.  For the same reason, the hollow apart-
ments that constifute the sides of refrigerators ave filled with powdered char-
coal, Plaster of paris is used for filling in the sides of fire-proof ‘safes. So
impervious to heat does it render them that they may be exposed to flames
for hours without injury to the papers within.

495. If we bare our feet, and place one of them on a
carpet and the other on oil-cloth, the latter feels much
colder than the former. This is not because. the oil-cloth
is eolder than the earpet, for being in the same room their
temperature must be the same ; but oil-cloth is a good con-
ductor, whereas carpet is not. . A good conductor, brought
in contact with the body, carries off our animal heat and
makes us feel cold. A bad conductor, on the other hand,
prevents our animal heat from escaping. Hence the differ-

the conducting power of silver be proved? 402, Why are metallic tea-pots often pro-
vided with wooden handles? Why is dense wood kard to kindle? How does earthen-
ware rank in conducting power? 493, How do fibrous substances rank? As re-
gards the conts of animals, how is the goodness of Providence shown? 404, What
are the best solid non-conductors? For what are these substances severally used, and
what {8 the effect in each case? 495, If we bare our feet, and place one on ' carpet
and the other on oil-cloth, what do we feel? Explain the reason of this, Of the
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ence of warmth in different kinds of clothing. = That fabrie
feels the warinest, which is the worst conductor.

Of the materials used for clothing, wool is the worst conductor and linen
the best; cotton and silk rank between the two. Linen is therefore the most
comfortable fabric for summer clothing, and woollen for winter. A linen
under-garment is cooler than a silk or muslin one, and these in turn are
much cooler than flannel.

486.. The heat of our hodies is generally greater than that of the atmos-
phere surrounding them, If we were placed in an atmosphere warmer than
our bodies, woollen would: be the coolest dress that could be worn, because,
being a bad conductor, it would not transmit the external heat. Hence fire-
men- and others exposed to a high degree of heat, always wear flannel.
Hence, also, a blanket is wrapped ronnd ice, to keep it from melting.

497, Conducting Power of Liquids—Liquids (except
merecury, which is a metal) are very bad conductors of heat.
This may be shown by several experiments.

Freeze some water in the hottom of a tube, Fig. 212,
and on the ice pour spme more water. Tnclining
the tabe, apply the flame of a lamp to theliquid
till it boils. The ice remains for a long time un-
melted.  If mercury is used instead of water, the
ice begins fo melt almost immediately on the ap-
plication of heat.

Again, in a funnel-shaped glass vessel (repre-
sented in Fig. 212) fix a thermometer, or instru-
ment for measnring heat, with its bulb uppermost.
Cover the bulb with water to the depth of half an
inch; then pour on some ether, and set fire to it.
The burning of the ether generates a great heat;
yet the thermometer; only half an inch below it,
indicates little or no increase of temperature,

498, Conducting Power of Gases
and. Vapors—Gases and vapors are
still worse conductors of heat than liquids. The less their
specific gravity, the less appears to be their conducting
power.

499, Air is one of the worst conductors known. If we

materials used for clothing, which is the worst conductor? Which, the best? How
do cotton and silk rank'? What fabric, then, is the most appropriate for summer
wear, and what for winter? 496. Why do firemen wear flannel? Why is & blanket,
wrapped round ice? 497. How do lignids rank in conducting power? Prove that
water is a bad conductor. Prove it by an experiment with the apparatus represent-
od In Fig. 212, 498 Tow do gases and vapors rank in conducting power? 409, What

g*
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could keep a body of air perfectly still, it would take a long
time for heat applied to one portion of it to be transmitted
throughout the whole.

In summer, when there is no breeze, we feel oppressively warm, because
the air does not carry off the heat generated within us. Fanning cools us,
becanse it drives off the air heated by contact with our bodies and brings up
a fresh'supply, which, after withdrawing more or less heat, is in turn driven
away. In this case it will be observed that the heat is carried off by convec-
tion, and not by conduction. If aiv were good conductor, it would soon
take so much heat from animals and plants that their vital action could not
make up the deficiency, and they would be chilled to death,

Qlosed cellars are cooler"than the surrounding air in' summer, and warm-
er in winter. If airwere a good conductor, this wounld not be the case. As
it is, the doors being kept closed,-currents of air are excluded; and, since
beat passes very slowly from particle to parficle, extremes of temperature
without are not felt within.

Tt is the air in fibrous and porous solids that makes them bad conductors.
Drive out this air by compression, and you increase their conducting power.
Let wool, or cotton, for instauce, be twisted into rolls, and i will carry off
heat faster than it did when loose. Accordingly, clothing that allows some
air to remain in contact with the bodyis warmen than that which fits very
tight. So, double sashes and doubledoors, confining a body of non-con-
ducting air, protect apartments from extremes of heat and cold.

500. The uses of air as anon-conductor are seen in the operations of na-
ture. Filling the pores and interstices in the bark of plants, it protects the
tender parts within from sudden falls of temperature. In cold climates, vege-
tation is forther protected by snow, which, owing to the air imprisoned
among its particles;is & very bad conductor. A mantle of snow on a field
has very much the same effect that a covering of wool would have. Hence
we are told in Scripture that God  giveth snow like wool”.—The Esquimaux
shield themselves from the excessive cold of their climafe in hufs of snow.

501. CoxvucrioN.—Fluids, as we have just seen, are
bad conductors, but they are readily hegted by convection.
Heat being applied beneath, the lower particles become
expanded and rarefied. They therefore ascend, carrying
up their heat, while cooler and heavier particles from above

is said of the conducting power ofair? Why do we feel oppressively warm in sum-
mer, when there isno breeze? What is the effect of fanning? If air were s good
conductor, what would be the consequence to animals and plants? Why are closed
cellars exempt from extremes of temperature? ‘What makes fibrous and porous sol-
ids bnd conductors? Prove thjs. Compare the warith of loose clothing with that
which fits very tight. On what principle do double sashes operate? 500, Show the
1ses of air a8 a non-conductor in the economy of nature. What'is the effect of snow ?
What use is made of it by tho Esquimaux? 501. How are fluids readily heated?
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take their place. This process is repeated fill heat is dif-
fused thronghout the whole,—not conducted from one sta-
tionary particle to another, but actually conveyed by the
particles receiving it.

The process of convection is exhibited when water is set over a fire to
boil. The particles soon begin to move, as may be shown by throwing in
some powdered amber, which is seen to rise and descend, more and more
rapidly as the temperature increases. Heat is thus diffused throughout the
whole body of liquid, till ebullition, or boiling, commences.

502. In cooling, this process is reversed. The particles at the top yield
their heat to the air in contact with them. Being thus made heavier, they
descend, while warmer and lighter particles take their place. The greater
the surface exposed to the air, the sooner the liquid loses its heat; hence we
pour-our tea into a saucer, to cool it.

503. To heat a body of liguid by convection, the five must be applied be-
neath. A pot of water can not be made to boil by a fire kindled on its lid.
The particles at the top may be heated, but they will remain there on ‘ac-
count of their superior lightness, and there will be no diffusion of heat.

504, Thin liquids, like avater, ave heated and cooled more quickly than
thick ones, like tar, because their particles move more freely among them-
selves, and thus diffuse heat more readily. 3

505. Heat is diffused through gases and vapors, as
through liquids, by conveetion. Heated air, like heated
water, ascends, carrying its heat with it. Consequently, to
make the temperature of a room uniform, a fire-place should
be set as near the floor as possible—With the same tem-
perature, we feel colder on a windy day than on a still'one ;
because the heat is more rapidly withdrawn from our bodies
by the fresh currents of air constantly brought in contact
with them.

506. Solids ean not be heated by conveetion, because
their particles cohere.

507. Raprarion.—A body notin contact with the source
of heat can not be heated by conduction or convection. If
it receives heat, it is by a third process, called Radiation.

Deseriba the operation.’ In what familiar processis conveetion exhibited? Describe
the process of boiling,  502. Describe the process of cooling. 503, To heat & liquid,
where must the fire be applied? Why can not.a pot of water be made to boil by a jire
kindled on itslid? 504 What kind of liquids sre heated and cooled most quickly ?
Why? 505. What, besides liquids, are heated by convestion? Where should a fires
place be set, and why ? *'Why do.we fecl colder on a windy day than on 4 still ono ?
506. Can solids be heatad by convection? Why not? 507. What bodies are heated
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If we place our hands under a fire in a grate, we at once feel a sensation
of hieat. This heat can not reach our hands by conduetion, for air is a bad
conductor,—nor by convection, for heated currents ascend. It is transmitted
in rays sent forth from the fire through the intervening space. Heat thus
diffused is called Radiant Heat. All the heat that we receive from the sun,
and much of that fromfire, is radiant heat.

508. All substances. radiate heat, but not equally well.
Much depends on the character of the surface. Rough and
dull surfaces radiate better than smooth and bright ones.

Lamp-black is the best radiator known. Rating its ra-
diating power at 100, that of crown-glassis 90 ; black lead,
75; tarnished lead, 45 ; clean lead, 19 ; bright metals gen-
erally, 12. The radiating power of metals is increased by
seratching their surface, or letting them become tarnished.

509. A heated body confined in a covered vessel parts with ifs heat more
or less rapidly according to the radiating power of the Vessel containing if.
For tea-pots, therefore, bright silver is preferable to earthen-ware, because it
15 a worse radiator and keeps the tea warm for a longer time, Stoves, on
the contrary, should be made of a good radiator, so that the heat of the fire
may be freely diffused. Cast-iron is better for this purpose than sheet-iron,
because its surface is rough; the radiating power of both is increased by
rubbing in black lead. When heat is to'be conveyed from one room to an-
other, a pipe should he used of bright tin, which is'a bad radiator and pre-
vents the escape of heaf by the way.

The atmosphere receiyes its heat, not dircetly from fhe sun, but by radia-
tion from the earth ; hence, as we ascend from the eartl’s surface, the heat
diminishes.

510. Law of Radiant Heat.—Radiant heat diminishes
wn intensity as the square of the distance from the radiating
body increases.

A body 10 feet-from 2 fire will receive from it only 1,4, of the heat that a
body 1 foot from it receives.

511. Radiant heat, striking different bodies, is reflected

by radiation?  What is heat diffused. by radiation called? = Give s familiar examplo
of radiantheat, "508. By what is a body’s radiating power sffeeted? 'What sarfaces
radiste heat the best? What is the best known radiator? Rating the radiating
power of lamp-black at 100, what is that of crown-glass? Black lead? Tarniched
lead? Cleanlead? Bright metals generally? How may the radiating power of the
metaly be increased ? 509, Why is brizht silver preferable to cx\x'tixen:\;'arc for tea-
pots? Qf what should stoves be made? When heat is to be conveyed from one room
to another, what should be employed? Why? How does the atmosphere receive
its heat? What follows? 510, State the law of radiant heat. Give an example.
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by some, absorbed by others, and transmitted by a third
class.

512. Reflection of Radiant Heat—Radiant heat is re-
flected by polished and light-colored surfaces. Polished
gold reflects about three-fourths of the radiant heat it re-

ceives, and looking-glass about one-fifth ; whereas metallic

surfaces blackened refiect only one-twentieth.

513, White and light-colored clothes are worn in summer, because they
reflect heat. For the same reason, it is harder to heat water in a new tin ves-
sel than in one that has been blackened over the fire.

514. The reflection of radiant heat may be illustrated with the apparatus

represented in Fig. 213, A and B are concave metallic mirrors, highly pol-

Tig. 218,

ished. TIn the focusiof A is placed a red-het ball €. This ball radiates heat
in all directions, and some of its rays sirike the mirror A, from which they
are reflected in parallel lines to B. By B they are again reflected and brought
to a foens af D, where a thermometer indicates a rise of temperature, Suffi-
cient heat may thus be concentrated at D to set fire to phosphorus or gun-
powder.

515. When radiant heat is reflected by a plane surfice,
the angle of reflection (see § 96) is always equal to the an-
gle of incidence. If it strikes the surface perpendicularly,
it is reflected perpendicularly, back to the radiating body.
If'the line inwhich it approaches the surface forms an angle

S11. When radiant heat strikes different bodies, what becomes of it? 512, By ywhat
surfaces is radiant heat reflacted? What portion doss polished gold reflect? Look-
ing-glass? Metallic surfaces blackened? 513, Why ara light-colored clothes worn in
summer? In what sort of a vessel is it hardest to hest water? 514. Illustrate the
reflection of radiant heat with Fiz. 213. How much hoat may be ¢oncentrated with
thisepparatus? 515. When radiznt heat is roflected, to what is the angle of reflection
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with the perpendicular, it glances off at an equal angle on
the other side.

516. Absorption of Radiant Heat—Radiant heat is
absorbed by dull and dark-colored surfaces. Good reflec-
tors are had absorbents and radiators; bad reflectors are
good absorbents and radiators.

Of the colors, black is the best absorbent of heat, and
violet the next best; white is the worst; and yellow next to
the worst.

Lay two pieces of cloth, one white and the other black, on a snow-bank,
in the sunshine. Under the black piece, which absorbs the heat that strikes
it, the snow melts rapidly ; notsounder the white cloth, for by it the heat is
reflected. Dark-colored clothing is therefore best adapted to winter.

Dark monuld absorbs the sun's heat; hence one cause of its fertility.
White sand reflects the hotrays; hence it burns our faces when we walk
over itin summer.. Hoar-frost remains longer in the morning on light than
dark substances: this is because light colors veflect the sun’s heat, while
dark colors absorb it, and thus melt the hoar-frost, which is nothing more

than frozen dew.

517, TLransmission of Radiant Heat.—Transparent sub-
stances, or such as allowlight to pass through them, for
the most part transmit heat also. The sun’s rays, for in-
stance, falling on the atmosphere of the earth, which is a
transparent medium, are transmitted through it to objects
on the surface. More or less heat is absorbed in the act
of transmission.

518. Substances that transmit heat freely are called Di-
a-therma-nous. Those that absorb the greater part and
transmit little or none are called A-ther-ma-nous.

519. All transparent substances are not diathermanous.. Water, for ex-
ample, which offers but little obstruction to rays of light, intercepts nearly
all the heat that strikes it. Alum is another instance in point.

equal? 516 By what surfaces is radiant heat absorbed? What is said of good reflact-
ors? What; of bad reflectors? What color is the best absorbent of heat? What, the
next best?  ‘What color is the worst absorbent? ‘What, the next worst? Prove by
an experiment the difference in shsorbing power between white and black. Why is
dark-colored clothing best adapted to winter? What is the difference between dark
mould and white sand in absorbing power? Why does hoar-frost remain longer in
the morning on light than dark substances? 517. What substances, for the most part,
transmit heat? Give an example. 318, Whatare Diathermanous substances? What
arc Athermanous substances? 519. Name a transparent substance that is not dia-
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All diathermanous substances are not transparent. Quartz, thoughitmay
intercept light almost entirely, transmits heat quite freely.

As a general rule, the rarer transparent substances, such as gases and
vapors, transmit heat {he best: the denser ones, such as rock-crystal, trans-
mit it the least freely. The farther the rays have fo pass through a given
substance, the more heat is intercepted.

Effects of Heat.

520, The effects of heat are five in number : Expansion,
which changes the size of bodies ; Liquefaction and Vapor-
ization, which change their form; Incandescence, which
changes their color ; and Combustion, which changes their
nature,

521. ExpaxstoNn.—Heat expands bodies.

Insinuating itself between the particles of bodies, it-forces them asunder,
and thus makes them occupy a greater space. Heat, therefore, opposes co-
hesion. Solids, in which cohesion is strongest; expand the least under the
influence of heat; liquids, having less coliesion, expand more; gases and
vapors, in which cohesion is entirely wanting, expand the most. Heaf con-
verts solids into liquids, and liguids into gases and wapors, by weakening
their cohesion. - If turns ice, for example, into water, and water into steam.

522. Fapansion of Solids—All solids except clay are
expanded by heat ; but not equally. Of the metals, tin is
among those that expand most. Clay is contracted by bak-
ing, and ever afterwards remains 8o ; this is supposed to be
owing to a chemical change produced in it by heat.

The expansion of solids is illustrated with the apparatus represented in
Fig. 214. A brass hall is suspended from a pillar, fo which is also at-
tached a ring just large enough to let the ball pass through it at ordinary
temperatures. Heat the ball with a lamp placed beneath, and it will ex-
pand to such a degreethat it ean not pass through the ring, Let it cool, and
it will go through as before,

523. A sheet-iron stove in which a hot fire is quickly kindled or put
out, sometimes makes a cracking noise, in consequence of the rapid ex-

thermanons, Name s diathermanons substance thatis not transparent. Asa gen-
eral rule, what transparent substanees transmit heat the best, and what the worst?
520. State the effects of heat. 521. What is the first of these? How is it that heat
expands bodies? What foree does it oppose? Which expand the most under the
influence of heat, solids, liquids, or gases,—and why ? Into what docs heat convert
solids? Into what, liquids? 522, What solids are expanded by heat? What metal
is expanded more than most of the others ? What is the effect of heat on elay? Ii-
lustrate the expansion of solids with the apparatus ropresented in I'ig. 214. 523, Why
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Fig. 214, pansion or contraction of the metal. A blower

o placed on or taken from a hot fire produces a’sim-
ilar noise for the same reason. New furniture
standing in the sun or near a fire is apt to warp
and crack in consequence of the expansive effects
of heat.

When boiling water is poured into china cups
and glass vessels, they often crack. This is be-
cause the inner surface is expanded by heat,
while the outer is not, china-ware and glass be-
ing bad conductors.. The unequal expansion
cracks the vessel. Coldayater poured on a hot
glass or stove produces the same effect. On the
same principle, glass chimneys are apt to crack,
when brought foo suddenly over the flameof a
lamp or gas-burner. A cat'made in the bottom
with'a diamond allows an opportunity for expan-
sion; and prevents the chimney from breaking.

When a glass stopper becomes fastened in a botile, it may often be with.
drawn by placing the neck of the bottle/in warm water. The neck is ex.
panded before the heat reaches the stopper.

524, The force with which a body expands when heat-
ed and contracts when cooling, is very great. In iron
bridges, therefore, and other structures in which long bars
of metal are employed, there is danger of the parts’ sep-
arating, unless provision is made for the expansion caused
by a rise of temperature. The middle arch of an iron
bridge has been known to rise an inch in the summer of a
temperate cimate. So, when great lengths of iron pipe
are laid for conveying steam or hot water, sliding joints
must be used, or the apparatus will burst in consequence
of the expansion of the metal.

525. The fact that heat expands bedies and cold contracts them, is often
turned to practical account. Coopers, for instance, heat their iron hoops,
and while they are thus expanded put them on' casks which they just
fit. ~ As they cool, they contract and bind the staves tightly together. The

do a sheet-iron stoye and a blower sometimes make a cracking noise? What canses
new furniture to warp? What makes glass vessels erack when boiling water is poured
into them? ‘When are glass chimneys apt tocrack? How may their éracking be
prevented? When a glass stopper becomes fastened in a bottle, how may it be with-
drawn? 524 What is said of the foree with which bodies expand aud contract?
What precautions must be taken in consequence? 525, What practical use is made
of the fact that heat expands bodies and cold contracts them? What ingenious appli-
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wheel-wright fastens the tive, or outer rim of iron, on his wheel in the
same Way.

The contraction of iron, when cooling, has been ingeniously used for
drawing together the walls of buildings that have bulged out and threaten
to fall. Several holes are made opposite to each other in the walls, into
which are introduced stout bars of iron, projecting on both sides and termi-
nating at esch end in a screw. To each screw a nut is fitted. The bars are
then heated by lamps placed beneath, and when they have expanded the
nuts are serewed up close to the walls. As the bars cool, they gradually con-
tract, and with such force as to bring the walls back to a perpendicular po-
sition.

526, Fapansion of Liquids—Liquids, when heated,
expand mmuch more than solids, but not all alike. Thus
water, raised from its freezing-point to the temperature at
which it boils, has its bulk inecreased one-twenty-second ;
alcohol, between the same limits, inereases one-ninth,

The higher the temperature, the greater the rate at
which liquids expand.

527. In proportion as heat expands liquids, it rarefies
them, the same quantity of matter being made to occupy
a larger space. This fact is shown in the process of boil-
ing, described in § 501.

=£oQ T e ratures e Can kable

528. Water at certain temperatures forms a remarkable
exception to the general law that liquids are expanded by
heat and eontracted by cold. Asit cools down from the
boiling-peint, it contracts, and consequently Inecreases in
density, till it reaches 39 degrees, or 7 degrees above its
freezing-point. Below this temperature, 1t expands.

The expansion of water in freezing is proved every winter by the burst-
ing of pipes, pitchers, &c., containing if.” The force with which it expands
is tremendous. An dron plug weighing three pounds and closing a bomb-
shell filled with water, has been thrown 15 feet by the freezing and expansion
of the liquid within. Tmmense masses of rock are sometimes split off by the
freezing of water which has insinuated itself into minute fissures,

The expansion and consequent ‘ravefaction of water in freezing, afford a

cation hins been made of the contraction of iron when cooling? Give an acconnt of
the process. 526. Tow does the expansion of heated liguids compare with that of
solids? Compars the expansion of water with that of alcohol. ‘On what does therato
at which liguids expand depend ? 537, Besides expanding liquids, what does heat.do
to them? 523, What exception is there to the law thatliquids ave contracted by
cold? How is theexpansion of water in freezing proved? What cases are cited, to
show the great foree with which water oxpands in freezing? How does the expansion
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striking proof of the goodness of Providence. The great body of a large
mass of water never becomes cold enough to freeze; it freezes only on the
top, where it comes in contact with very cold air.  As it is, the ice formed
on the surface remains there on account of its superior ravity, and protects
the water below and ihe fish that inhabit it from further cold. If water con-
tinued to confract and increase in density as it approached the freezing-point,
the ice first formed would sink; the fresh surface exposed to the air would
in its turn freeze, and another layer of ice would sink; and this would go on
till even in a mild winter every body of wateravould be converted into a solid
mass, and all living things therein destroyed.

429, Iron, zine, and several other metals, when cooling down from a melt-
ed 10 a solid state, expand like freezing water. - This is because the particles
assume a crystalline: arrangement, by which greater interstices are left be-
tween them.

530. Hepansion of Gases and Vapors—Aériform bodies
expand equally under a given increase of temperature, At
the boiling-point of water, their bulk is one-third greater
than at the freezing-point.

531. Fill a bladder with air, tie its neck, and place it before a fire; the
heat will soon-expand the confined air to such’a degree as to burst the
bladder.

The popping of grains of corn, the bursting open of chestnuts when
roasting, and the crackling of burning wood, are caused by the expansion
of the air within them. Porter-bottles have to be kept in a cool place in

summer, lest the heat expand the carbonic acid in the porter and break the
bottles.

532, LiquerActioN.—Heat melts solids. This process
18 called Liquefaction.

Some solids, such as wax and butter, require but little heat to melt them.
Others, Tike metals and stones, melt only at the highest temperatures that
can be produced. Such substances are called rr_'fl‘(u‘(;—.(»‘l/.

Eyen snbstances that are liquid at ordinary tcmpcr;\tures may be looked
upon as.melted solids, for they can be reduced by cold to the solid state.

. s S : St
a{f»s. When a solid is converted into a liquid, sensible
heat is absorbed. When a liquid is converted into a solid,

of svater in freezing exhibit the goodness of Providenca? 599, How do e aceount
for the expansion of several of tho metals, when cooling dovwn from & melted state ?

030, What is said of the expansion of aériform bodies? How great is the

) eirexpansi
when they are rai iy

: sed from the freezing-point to the boiling-point of water? 531. How
may we illustrate the expansion of air by heat with a bl:x(i(lnr? What f-nnili;xr ;\"zm~
ples.are given of the expansion of air by heat? 532. What is Lirpwfm'-tion" i\:l)qt
differénce is there in solids, as regards their capability of being melled’? H- .

e OW. may
substancos that are liquid at ordinary temperature s

s be looked upon? 533. By what
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latent heat is given out. This is another merciful provision,
for thus extremes of temperature and their effects are mod-
ified.

When a solid is rapidly melted, so much heat is absorbed by the liquid
that intense cold is produced. Thisis the prineiple on which freezing mix-
tures operate. Ice cream, for instance, is frozen with a mixture of salt and
snow or pounded ice; the latter is' rapidly melted, and so much heat is ab-
sorbed in the process that the cream is brought to a solid form.

534. VarorizatioN—Heat converts liquids into vapors.
-This process is called Vaporization.
Heat, applied to asolid, first expands it, then melis it, and finally turns it
into vapor. Some solids pass af once into vapor, withount becoming liquids.
535. A great degree of heat is not essential to vapori-
zation. At ordinary temperatures, wherever a surfice of
water is in contact with the air, vapor is formed. This pro-
cess is known as Spontaneous Evaporation. By its means
the atmosphere becomes charged with moisture, and clouds
and dew are formed. The drier the air, and the more it is
agitated, so as to bring fresh currents in contact with the
liquid, the more rapidly does evaporation take place.

536. A drop of water let fall on a cold iron moistens its sarface; let fall
on a very hot iron, it hisses and runs off without leaving any trace of moist-
ure. In the latter case, the water does not touch theiron at all, butis sep-
arated from it by a thin layer of vapor into which part of the drop is con-
verted by the heat radiated from the iron. Laundresses iry-their irons in
this way, to see if they are hot enongh for use. On the same winciple, jug-
glers plunge their hands into melted metal with impunity, by first wetting
them. The moisture on their hands is converted into vapor, which keeps the
seething metal from their skin.

537. When vapor is formed, sensible heat is absorbed,
and cold is produced.

Hence when the skin is moistened with a volatile liquid (that is, one that
readily passes into vapor) like alcohol, a sensation of cold is soon expe-
rienced. So, 2 shower or water sprinkled on the floor cools the airin sum-

mereifal provisions are extremes of temperature modifiel? On what principle do
freezing mixtures operate? 534 What is Vaporization? What dre the successive
effects of heat on solids? 535, What is Spontaneous Evaporation? What are the
effects of evaporation on the earth’s surfiee? To what is the rapidity of evaporation
proportioned ? 536. Explain the principle on which laundresses try their irons
What use do jugglers make of this principle? 537. With what phenomens is the
formation of vapor accompanied ? Give some examples of ¢cold produced by the for-




212 PYRONOMICS,
mer.—Green wood does not make so hot & fire as dry,

moisture it contains is converted into vapor, a |
1s absorbed and carried off,

because, when the
arge amount of sensible heat

538. CoNpEnsaTioN.—The turning of vapor back into a
liquid state is called Condensation,

539 Distillation—Sote substances are converted into
vapor at lower temperatures than others, This fact is
taken advantage of in Distillation,

Distillation is the process of separating one substance
from another DLy evaporating and then condensing it. If
was known to the Arabians at an early date. Fig. 215
represents a Still, or apparatus for distilling.

Fig. 215,

A BTILL,

540, A is a doiler, resting on a farnace. In its head, B, is inserted a pipe,
b ¢, which enters the worm-tub; R, and there terminates in a worm. represcutec‘i
by the dotted lines. The substance to be distilled having been i)laced in the
boiler and a fire kindled beneath, VAPOr s00n rises.
pipe b¢, it enters the worm, in which it is to be con
surrounded with cold water, with which: the vat
soon cooled down into a liquid form, and i

Passing through the
densed. The worm is
i8 filled, and the vapor.is
ssnes from the lower extremity of

mation of yapor. Which makes the hotter fire, gree
538, What i5 meant by the Condensation of vapor?
what fact is the process based ? Y

n wood or dry;—and why.?
539, What is Distillation? On
To whom was distillation early known? What is
sn spparatus for distilling called? 540. With the aid of Fig. ‘31.’3, describe the still,
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the worm, falling into a vessel prepared {o receive it. To condense the va-
por, the water in the vat must be kept cold. For this purpose, a stream is
kept. flowing into it through the pipe pp, while a similar stream of water
partially warmed by the hot vapor as constantly escapes at g. By this pro-
cess water may be obtained perfectly pure, as the earthy matter dissolved in
it is not converted into vapor, but remains behind in the boiler. With a
similar apparatus, spirituous liguors are distilled from grain.

541. INCANDESCENCE.— W hen a body is raised to-a cer-
tain very high temperature, it begins to emit light as well
as heat. This state is called Incandescence, or Glowing
Heat.

An incandescent body becomes successively dull red,
bright red, yellow, and white. All solids and liquids, not
previously converted into vapor by heat, become incan-
descent. The temperature at which incandescence com-
mences is the same for all bodies, and may be set down at
977 degrees of Fahrenheit’s Thermometer (see § 544).

Instruments for measuring Heat.

542. The expansion of bodies by heat furnishes us the
means of measuring changes of temperature. = Liquids,
which are easily affected, are used for measuring variations
in moderate temperatures. Solids, which require a higher
degree of heat to expand them perceptibly, are used for
measuring yariations in elevated temperatures. Hence we
have two instruments, the Thermometer and the Pyrom-
eter.

543, Tur ToeryoyeTER.—The Thermometer is an in-
strument in which' a liquid,; usually mercury, is employed
for measuring variations that ocenr in moderate tempera-
tures.

The thermometer (see Fig. 216) consists of a tube closed at one end and
terminating in a bulb at the other. The bulb and part of the fube eontain

mercury, aboye svhich is a wacuum, all air having (been excluded before the
tap of the tube was)closed. Expanded by lieat, the mercury rises in the

and its mode of operation. 541. What is Incandescence? What colors mark the
successive stages of incandescence? What substances become incandescent? At
what temperatora does incandescence commence? 549, What means have we of
measuring changes of temperature? In what cases are liquidsused? In what, sol-
ids? Name the instraments used for measuring changes of temperature. 548, What
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tube ; ‘when the temperature falls, the mereary, contracling,
falls also. The tube is fixed in a stand or case, and has a
graduated scale beside it for measuring the rise and fall of the
mercury. This scale is formed in thefollowing way :—The ther-
mometer is brought into contact with melting ice, and the point
at which the mercury stands is marked. It is next plunged
in boiling water, and the point to which the mercury rises is
also marked. - The interval is then divided into a number of
equal spaces, called degress,

544, As the thermometer does not indicate
the amount of heat in a body, but merely its
changes of temperature, the number of degrees
into which the interval between the freezing and
the boiling mark is divided is arbitrary. Three
different divisions are in use: Fahrenheit’s, in
the United States, Great Britaih, and Holland ;
Reaumur’s [ro"murz], in Spain and parts of Ger-
many; and the Centigrade, the most convenient
of the three, in France, Sweden, &e.

In Fahrenheit’s scale the freezing-point is called 82, the
boiling-point, 212 ; when, therefore,, the mercury stands at 0,
or zero, it-is 32 degrees below the freezing-point. In Reau-
mur's scale the freezing-point is called 0, the boiling-poeint 80.
In the Centigrade the freczing-pointis 0, the boiling-point 100.
: When degrees of the thermometer are mentioned, it is nsual
e TrER- | to indicate the scale referred to by the letters F., R, or C., as
MOMETER.  the case may be. Thus40° F. means 40 degrees on Fahren-

heit's scale; 15° R., 15 degrees on Reaumur's scale, &e. In this country,
when no seale is mentioned, Fahrenheit's is meant.

545. Imperfect thermometers were in use at the beginning of the seven-
feenth century. | Tt is uncertain/swhether the honor of their invention belongs
to Sanctorio, an Italian physician,—Drebbel, a Duich peasant,—or Galileo,
Various liquids have been tried; the astronomer Roemer was the first to use
mereury, the advantages of which are such that it has superseded all others.

546. The Differential Thermometer.—This instrument,

i5 the Thermometer? Of what does it consist ? How is the'scalo of the thermome-
ter formed? 544 Whatis said of the number of degrees into which the scale is dic
vided? Name the three principal scales, snd tell where each is used. What are the
freezing-point and the boiling-point respectively called in Fahrenheit's scale ? What,
in Reaumur's scale ? In the Centigrade scale ! How are the different scales indi-
cated? 545 When were thermometers first nsed ? To whom does the honor of their
invention belong? What liquid has superseded all others in the thermometer? Who

THE DIFFERENTIAL THERMOMETER.

represented in Fig. 217, measures minute dif-
ferences of temperature.

1t consists of a long glass tube, bent twice at right an-
gles, somewhat in the form of the letter U. One arm is
furnished with a seale of 100 degrees, and each terminafes
in a bulb. The tube contains a small quantity of sulphu-
ric acid, colored red, and so disposed that when both
bulbs are of the same temperature it stands at 0 on'the
scale. Let either bulb be heated ever so little more than
the other, and the expansion of the air within will drive
the lignid down and cause it to ascend the opposite arm to
a distance measured by the scale. Ordinary changes of
temperature do not affect the instrument, becanse both
bulbs are acted on alike,

547. Tae PyroyuzreEr.—The Pyrometer
(see Fig, 218) is used for measuring variations
in elevated temperatures, and comparing the
expansive power of different metals for a
given degree of heat.

Tig. 218,

THE DIFFERENTIAL
THEEMOMETER,

A metal baris fixed
in an upright at one
end by means of a
screw, and left free to
expand at the other.
It there touches a pin
projecting from a rod
which rests against an
opposite upright, in a

THE PYROMETER. circular sopport at

each side. This rod

terminates at one end in an arm bent at right angles, which is connected by

a cord'and pulley with an index traversing a scale marked with degrees.
Near its extremity is a ball, the weight of which, under ordinary circum- .

stances, keeps the index at the highest point of the scale. When lamps are

placed beneath and the bar expands, it pushes against the pin, turns the rod

first used it? 546. For what is the Differential Thermometer employed? Deseribe
the différential thermometer, and its operation. 547. For what is the Pyrometer
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more or less around, and thus raises the arm containing the ball and moves
the index along the scale. The relative degree of heat applied to the bar is
thus indicated. By keeping the heat the same, and using rods of different
metals, we can ascertain their relative expansive power.

Specific Heat.

548, Put a pound of water and a pound of olive oil in
two similar vessels, and apply heat. It will take twice as
long to raise the water to a given temperature as it will the
oil. Tet them cool, and the water will be twice as long in
parting with its heat as the oil. “Water, therefore, must
receive twice as much heat as olive oil in reaching a given
temperature.

The relative amount of heat which a body receives in
reaching a given temperature is called its Specific Heat, or
its Capacity for Heat.

549. In estimating the specific heat of bodies, that of water is taken as a
standard. Reckoning the specific heat of water as:1, that of iron is about
i), and mercury only 14y, As a general thing, the densest bodies have the
least speeific heat ; solids haye less than liquids, and liquids less than gases
and wapors.

350. As the elastic fluids expand, they are rarefied, and their specific heat
becomes greater,—that js, it requires more lieat to raise them to a given tem-
perature. ' Thisis'one reason why the upper regions of the atmosphere are
colder than the lower, as is found by those who ascend mountains,

Steam.

551, GENERATION OF Stmay—Water is rapidly turned
into steam at its boiling-point, which in an open vessel at
the level of the seais 212° . After it/ commences boiling,
water can not be raised to any higher temperature, because
all the heat subsequently applied is absorbed by the steam
and passes off with it.

used? Deseribe the Pyrometer. 548, How isit proved that water must recaive twice
s much heat asolive oil in reaching a given temperature? What is meant by Spe-
cific Heat? 549, In estimating the specific heat of bodies, what is taken asa stand-
ard? What is the specific heat of iron? Of mercury? Asa general thing, what
bodies have the least specific heat? 550. Under what circumstances is the specific
heat of elastic fluids increased? What fact is thus explained? 551, How is steam
generated? Why ean not water, after it commences boiling, bo raised toany hizher
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If the water is in a close vessel, the steam first formed,
being confined, presses on the water and prevents it from
boiling as soon as before. It may now be raised to a more
elevated temperature, for heat is not withdrawn by the
formation of steam till it reaches a higher point.

552, Steam has the same temperature as the water from
which it is formed, the heat absorbed in the process of for-
mation becoming latent. When 1t is generated from wa-
ter in an open vessel, its temperature is 212°; in a confined
vessel it will be higher, according to the pressure on the
surface of the water.

553. Steam is colorless and invisible. When cooled by
contact with the atmosphere, it begins to turn back into a

liquid state, and assumes a grey mist-like appearance. Look

at the spout of a tea-kettle full of boiling water, For half
an inch from the extremity nothing can be seen; beyond
that, the steam, cooling and beginning to Fig. 219,
condense, becomes visible.

594. The generation and properties of steam may
be understood from Fig. 219. A B represents the in-
side of a fall glass tube, the section of which has an
area of one square inch. The tube is closed at its
lower end, and contains a cubic inch of water, D, and
resting on ita tightly-fitting piston, C. A cord, fast-
ened to the piston, is carried round the wheel E, and
attached to theweight . Fis made just heavy enough
to counterbalance the piston and its friction against
the tube. Suppose a thermometer to be placed in
the water, and apply heat at the bottom of the tube.
As soon as the thermometer indicates a temperature
of 212°, the piston begins to rise, leaving a space ‘ap-
parently empty between it and the water. The fire
continues to impart heat to the water, but the mer-
cury in the thermometer remains stationary at 212°;
the piston keeps rising, and the water begios fo di-
mipish, « If the process were continued and the tube :
were long ‘enough, the piston would at last reach a D

temperature? TUnder what circomstances may water be raised to a higher tempera-

ture than 212°2 552. What is the temperature of steam # 553, What is the eolor of

steam ? Explain the mist-like appearance a short distance from the spout of a boiling

tea-kettle, 554 With the aid of Fig, 219, show the process of generating steam, and
10
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height of nearly 1,700 inches, by which time the water would entirely disap-
pear. If the tube were then weighed, though nothing could be seen in it but
the pisfon, it would be fonnd to have exactly the same weight as at first.
The water would simply be converted into steam, and thus increased’in vol-
ume 1,700 times. The piston, with the pressure of the atmosphere on it
(which is 15 pounds, the avea of the piston being one squareinch), would be
raised 1,700 inches. v

All the tine steam is forming, a aniform amount of heat is applied to the
tube, | Asthe mercury in the thermometer rises no higher than 212°, it is
evident that the heat imparted after it reaches that point is absorhed by the
steam and becomes latent. To determine the amount of this latent heat, we
must compare the time required fo raise the water from the freezing to the
boiling point yith the time that elapses from the commencement of boiling
till the water disappears. We shall find that the latter interval is 5/, times
as great as the former ; and; since from the freezing-point (32°) to the boiling-
point (218%) i3 180, we conclude that the amount of heat absorbed is 5ty
times 180°%, or nearly 1,000 degrees, That is, the heat applied would have
raised the yyater {0 a temperature of nearly 1,000% if it could have remained
in the liquid state.

955, If, besides the pressureof the atmosphere on'P, a weight of 15 pounds
were placed on it, it would be said to have a pressure of fwo atmospheres.
Steam, in this case, would not commence forming till the water reached a
temperature of 251/, degrees ; and, when the whole was evaporated, the pis-
ton syould stand only about half as high as before. ‘Under a pressure of three
atmospheres, the piston would be raised about one-third as high, &e.; the
mechanical force developed in the evaporation of a given quantity of water
remaining nearly the same. This force, for a cubic inch of water, is suffi-
cient to raise a ton a foot high,

556. Steam has a high degree of elasticity and expansi-
bility. Under a pressure of two atmospheres, or 30 pounds
tothe square inch, it would raise the piston in the aboye
experiment about 850 inches; if 15 pounds were removed
from the piston, the expansive force of the steam would
drive it up 850 inches farther.

557, CoNDENSATION OF STEAM.—Steam retains its form
only as long as it retains the latent heat absorbed. The

deseribe some of its properties. When water i3 converted into steam, how many
times s its volume increased? Hoyw is this proved with the apparatus just de-
seribed?” Prove that heat becomes latent in the steam. How can the smomnt of
Iatent heat be determined? 555, When is steam said to have a pressure of two at-
mospheres? Ilow hizh would the piston then be raised ¥ How high would the piston
be raised under a pressure of three atmospheres? How great is the mechanical foree
developed in evaporating 8 cubic inch of water? 536. Prove the expansibility of
Weam, 557, How long does steam retain its form? Whenis it condensed? Show
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moment it is forced to part with this heat, it is turned back
into the liquid form, or condensed.

Tn the above experiment, after the piston has been raised 1,7 OQin_chcs, let
the fire be removed, and cold water be applied to the surface of the tube.
The latent heat will be abstracted, and the steam will be condensed and form
once more & cubic inch of water at the bottom of the tulv)e. As the steam
condenses, successive vacuums, are produced; and‘ the piston, forced df)\&'ll
by the pressure of the atmosphere, descends, and finally rests on the water

5.4 st.
o ;;yﬁ;z\plyiug heat again, the process may be repcatcd, An up-An.nd-down
motion may in this way be communicated to the piston i and th.c piston may
be connected with machinery, which will thus be set in mf)txou by the f‘l'
ternate evaporation of water and condensation of steam. .Thls was the prin-
ciple of the Atmospheric Engine, which was once extensively used, but has
now been superseded.

The Steam-Engine.

558. Hero's Excine—Steam and some of its proper-
ties appear to have been known to the ancie;nts centuries
before the Christian era. Hero, of Alexandria, \\'l}o flour-
ished about 200 years B.c., has left us a desc?iptxon. of a
steam-engine by which machinery could be set in motion.

Fig. 220 represents Hero's
engine. A hollow metallic
globe is supported by pivots,
and provided yvith a number
of jets equally distant from
the pivots, and bent at right
angles near their outer end.
As soon as steam is infroduced
into the globe, it issues yio-
lently from the month of each
jet, while on the opposite side
of each if presses without be-
ing able to escape. This un-
balanced pressure makes ihe
globe revolve. Machinery may
be set in motion by means of a band connected with this apparatus.

550. Hero's was a simple rotatory engine. No use was made of it for

MERO'S BTEAM-ENGINE.

how it may be condensed in the above experiment. What follows the condcng}tion
of the steam? How may an up-and-down ‘motion be communicated to the piston?
What engine was constructed on this principle? 558. How long ago “:xs ste'am
‘known? Who hasleft us a description of a steam-engine? Dascribe Hero's engine,
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2,000 years; but the principle involved has been revived, and is applied ia
rotatory engines at the present day.

560. Dr GArAY’s Excine—In 1543, a Spaniard, by the
name of De Garay, undertook to propel a vessel of 200 tons
in the harbor of Barcelona by the force of steam. He kept
his machinery a secret, but it was observed that a boiler
and two wheels constituted the principal part of his appa-
ratus, The experiment succeeded. The vessel moved
three miles an hour, and was turned or stopped at pleasure;
but the Emperor Charles V., by whose order the trial was
made, never followed the matter up, and De Garay and his
invention were forgotten.

561. ExciNes oF Dz Cavus AxD Braxoa.—In 1615, De
Caus, a French mathematician, devised an apparatus by
‘which water could be raised in a tube through the agency
of steam. A few years afterwards, an Ttalian physician,
named Branca, ground his drugs by means of a wheel set
I motion by steam. The steam was led from a close ves-
sel, in which it was prepared, and discharged against flanges
on the rim of'the wheel.

562. TaE Marquis or Worcestir’s Excive—The Mar-
quis of Worcester, by many regarded as the inventor of the
steam-engine, greatly improved on the imperfect attempts
of those who had preceded him.

Some say that Worcester derived his ideas from De Caus. Others claim
that his invention was purely original, and the result of reflections fo which
hewas led during his imprisonment in the Tower of London, in 1658, for
plotting against the government of Cromyvell. Observing how the stean kept
moving thelid of the potin which he was cooking his dinner, he could not
help thinking that this power could be turned to a variety of uscfal purposes,
and set about devising an enginé in which it might be applied to the raising
of water.

The Marquis of Worcester generated his steam in a boiler, and led it by
pipes fo two vessels communicating on one side with the reservoir from
which it wasto'be drawn, and on the other with the cistern into which it
was to be discharged.

839. What sort of an engine was Hero's, and what is said of it? 560, Give an account
of De Garay's engine, and the experiment made with it. 561. Give an account of Do
Caus's engine. Of Branca’s. 562 Whom do many regard as the inventor of the steatms
engine? What clatm has ho to the honor ? How washe led to refloct on the subject?
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563. PariN’s Exerne.—The next step was taken by Pa-
pin, who devised the mode of giving a piston an up-and-
down motion in a cylinder by alternately generating and
condensing steam below a piston.

564. SAVERY’S Exeive—Captain Thomas Savery, in
1698, constructed an engine superior to any before invent-
ed. Hewas led to investigate the subject by the following
occurrence, Having finished a flask of wine at a tavern, he
flung it on the fire, and called for a basin of water to wash
his hands, Some of the wine remained in the flask, and
steam soon began to issue from it. ~ Observing this, Savery
thonght that he would try the effect of inverting the flask
and plunging its mouth into the basin of cold water. No
sooner had he done this than the steam condensed, and the
water rushing into the flask nearly filled it. Confident that
he could advantageously apply this prineiple in machiuery,
Sayery rested not till he invented an engine which was em-
ployed with success in drawing off the water from mines.

565. The principle on which Savery’s engine

worked, may be understood from Fig. 221, Sis a

pipe connecting a boiler in which steam is generas

ted (and which does not appear in the Figure) with

a cylindrical vessel, C, called ¢kereceiver. Tis known

a8 the wnjection-pipe, and is used for throwing cold

water into the receiver to condense the steam. The

steam-pipe, S, and the injection-pipe, I, contain the

stop-cocks, G, B, which are moved by the common

handle, A, so arranged that when one is opened the

other:is closed. F is a pipe which descendsto the

reseryoir whence the water is to be drawn, and is

commanded by the valve V, opening upward. 'ED

is 4 pipe leading from the bottom of the receiver up

to the cistern, into which the wateris to be discharged. This pipe contains

the valve Q, opening upward. »
Operation.—To work the engine; open the stop-cock G, which of course

involves the shutting of B. The steam rushes'in through S, and fills the pe-

ceiver C, driving out the air through the valve Q. When C is full, shut G

How was the Marquis of Worcester's apparatus arranged ? 563. Who took the next
step? What was Papin's improvement? 584. Who constructed a superior engine in
10937 Relate the ciroumstances that led Savery to inyestigate the subject. 505, With
the aid of Fig. 221, describe the parts of Savery's engine. Explain its operation.
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and open B. Cold water at once enters through the injection-pipe and con:
denses the steam in €. A vacuum is thus formed, and the water in the res-
ervoir or mine, under the pressure of the atmosphere, forces open the valve
V, and rushes up through Finto G, till the receiver is nearly filled. G is then
opened and B closed; when the steam again enters through S, and by its
expansive force opens the valve Q, and drives the water up through ED into
the cistern,

566, NewcomeN’s ExgiNe—Savery’s engine was em-
. ployed only for raising watet; but Newcomen, an intelli-
gent blacksmith, extended its sphere of usefulness, by con-
necting a piston, worked up and down on Papin’s principle,
with a beam turning on a pivot, by means of which ma-
chinery of different kinds could be set in motion.

567, About this fime, also, the engine was made self-acting through the
ingenuity of Humphrey Potter, a lad employed to turn the stop-cocks  Pre-
ferring play to. this monotonous labor, he contrived to fasten cords m the
beam to the handle of the stop-cocks, in such a way that the latier were
opened and closed ati the proper times, while he was away, enjoying himself
with bis companions. His device was after a time found out, and saved so
much labor that it was at once adopted as an essential part of the machine.

568. Warr’s Excize—The genius of James Wath
brought the steam-engine to such perfection that but Little
improvement has since been made in it. Gifted with re-
markable mathematical powers and a reflective mind, he
commenced his experiments in 1763. Having been em-
ployed to repair one of Newcomen’s engines, he soon per-
ceived that there was a great loss in consequence of haying
every time to cool down the receiver from a high degree
of heat before the steam ‘could be condensed. This diffi-
culty he remedied by providing a separate chamber ealled
@ condenser, to which the steam was conveyed and in which
it was condensed. He also made the movement of the pis-
ton more prompt and effective by introducin o steam into the
cylifder alternately above and below it. The Double-
acting Condensing Steam-engine, asimproved by Watt, and

966, What was the only purpose for which Savery’s engine was employed? Who ex-
tended its usefulness, and how ? B67. Give an account of Humphrey Potter's im-
proyement, and the circumstances under which it was devised. 568 Who bronght
the steam-engine to comparative perfection? When did Watt commenee his oxp;:‘r-
fments? What disadvantage did he perceive that Newcomen's engines labored un.
dor? How did he remedy the diffieulty 2. What other improvement did he make?

-
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now generally construeted for manufacturing establishments,
is represented in Fig. 222.

509, Deseription of the Parts—A is the cylindsr, in which the pision T
works. This piston is connected by the piston-rod R with the working-beam

{:J/i‘m.; [ 4\;,;1". ‘:,mi
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THE DOUBLE-AOTING CONDENSING STEAM-ENGINE.

YV W, which turns on a pivot, U. The other end of the working-beam, O,
imparfs a rotary motion to the heavy fly-wheel X Y, by meaus of the conneéct-
ing-rod P and the erank Q. The fly, as explained on page 125, regu]uu:*s the
mz)lion, and is directly connected with the machinery to be moved. Steam

669, Describe the parts of Watt's Double-ncting Condensing Engine. Show how the
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is conveyed to the eylinder A from the Zoiler (which is not seen in the fig’
ure), through the sfeam-pipe B, which is commanded by the throtile-valye C.
This valve is connected with the governor D, in such a way as to be opened
when the supply of steam is too small and closed when it is too great.

Communicating with the cylinder atits top and boftom on the left, are
twohollow steam-bores, B, E, each of which iz divided into three compartments
by two valves. 'F is called the wpper induction-valve, and opens or closes
communication between the steam-pipe and the upper part of the eylinder,
50 8s to admit or intercept & supply of stéam. @, called the upper exhaustion-
talyé, opensior closes’ communication between the upper part of the piston
and the condenssr K, so that the steam may either be allowed to escape info
the latter or confined in the cylinder. The lower induction-valve ¢, and the
lower exhaustion-valve £ stand in the same. relation to the lower part of the
cylinder, the former connecting it with the steam-pipe, and ihe Iatter with
the condenser K. 'These valves are connected by a system of levers with a
common handle, H; called & spanper, which is made to work at the proper in-
tervals by a pin projecting from the rod L, which is moved by the working-
beam. The spanner syorks so as to opeén and close the yalyes by pairs. When
it is pressed up, it opens Fand 7, and/closes & and 45 when pressed down,
it closes ¥ and f and opens G and ¢.

Below is the condensing apparatus, consisting of two cylinders, T and J,
immersed in a cjstern of cold water. A pipe, K, having an end like the fose
of a watering-pot, conveys water from the cistern to the cylinder I (the sup-
ply being regulated by a stop-cock), and thus condenses the steam yhich is
from time to fime admitted into I. The other cylinder, J, calied the atr=pump,
contains a piston with 2 valye in it opening upward, which works like the
bucket of a common pump, and draws off the surplus water that collecis at
the bottom of the eylinder Iinto the a2pper reservoir S. The hot-waterpump
M then conveys this water to the cistern. that'supplies the boiler. Tokeep
the water around the condensing apparatus at the right temperature, a fresh
supply is constantly introduced through the cold-water pump N ; which; like
the hot<water pumpand the air-pumpy is keptin operation by rods connected
with the working-heam.

570, Operation.—The working of the engine is 2s follows :—Let the piston
be at the top of the cylinder, and all the space below be filled with steam,
The upper induction-valve and the lower exhiaustion-valve:are then opened
by the spanner; while the upper exhaustion-valve and the lower induction-
valve are closed. By this megus steam is introduced above the piston, while
the steam beneath is drawn off into the condenser, where it is converted into
water.  The pressure of the steam above at once forces'the piston to!the hot-
tom of the cylinder. Just atthis moment the spanner is moved in the oppo-
site direction, and the valves that were before apened are closed, while those
that were previously closed are opened. The steam i3 now admitted beneath
the piston, and the sieam above is drawn off into the condenser and convert-
ed into water as before. While this action is going on, the cold-water pump

valyos work. Describe the condensing apparatus. 570. How is the engine worked?
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is constantly supplying the cistern in which the condenser isimmersed ; while
the air-pump is drawing off the hot water from the condenser to the upper
reservoir, whence it is conveyed by the hot-water pump to the cisté#n that
supplies the boiler. An up-and-down motion is thus communicated to the
piston, and by it to the working-beam, which causes the fly to revolve, and
moves the machinery with which it is connected.

571. The Governor—The Governor, an ingenious piece
of mechanism, by which the throttle-valve in the steam-
pipe is opened and closed, and the supply of steam regu-
lated as the machinery requires, is worthy of further de-
seription.

The governor and its
comnection with the throt-
tle-valve are represented in
Fig, 223. It consists of two
heavy balls of iron, E, E,
suspended by metallic arms
from the point e. At ethey
cross, forming & joint, and
are continued tof, f; where
they are attached by pivots
tootherbars, /%, f%. These
bars are joined to one end
of a lever, the other end of
which, H, is connected at
W with the handle of the
valve Z. The spindle DD, fo,which the balls are attached, turns with the
fiy-wheel, When the fly-wheel revolves very rapidly, the balls B'E, under
the influence of the centrifugal force, fly ont from the spindle, and with the
aid of the bars £'A, /' %, pull down the end of the lever g. 'The other'end, H,
is of conrse raised, and ywith it the handle of the valve Z, which is thus made
to close the mouth of the steam-pipe A and cut.off” the supply of steam., On
the other hand, when the motion of the fly diminishes, the centrifugal forcp
of the balls EE also diminishes, and they fall towards the spindle. The near-
er end of the levergis thus raised, while the end H is depressed. Thewalve
Z is by this means opened, and admits a full supply of steam. The governor
thus acts almost with human intelligence, now admitting, and now cutting
off the steam; just as is required.

572. The Boiler—The boiler igmade of thick wronght-
iron or copper plates, riveted as strongly as possible, so as
to resist the expansive force of the steam generated within.

THE GOVERNOE.

How are the cisterns supplied? 571. What is the Governor? Describe the gov-
ernor, and its connection with the throttle-valye. Show the workings of the goy-

10%




226 PYRONOMICS.

The fire is applied in an apartment beneath or within the
boileg called the Furnace.

Boilers are made of different shapes, but are generally
cylindrical, because this form is one of the strongest. Watt
made his concave on the bottom, in order to bring a greater
extent of sarface in contact with the flame.

573. The Safety Valve—The pressure on the boiler, in
consequence of the expansive force of steam, is immense.
If it isallowed to become too great, the boiler bursts, often
with fatal effects,  To prevent such catastrophes, a Safety
Valve is fixed in the upper part of the boiler, which is forced
open and allows some of the steam to escape whenever the
pressure exceeds a certain amount. A lever, with a weight
which slides to and fro on its arm, is attached to the valve ;
and the engineer, by placing the weight at different dis-
tances, can determine the amount of pressure which the
hoiler shall sustain before the valve will open.

574. Kzps or Excaryes.—Engines are divided into two
kinds, Low Pressure and High Pressure.

In the Low Pressure Engine, one form of which has been
described above, the steam is carried off and condensed ;
while in the High Pressure Engine it is allowed to escape
into a chimney, and thence into the open air. The latter,
having no condensing apparatus, is much the simpler in its
construction. It is noisy when in operation, in consequence
of the puffing sound made by the steam as it escapes.

575. As regards their use, engines may be divided into
three classes; Stationary Engines, employed in manufactur-
ing, Marine Engines, for propelling boats, and Locomotive
Engines, for drawing wheeled carriages.

576. Tur Locomorive ExciNe.—The Locomotive is a
high pressure engine. Theprinciple on which it works may
be understoed from Figg224.

ernor. 572 Of what is the hoiler made? Where is the fire applicd? What is the
usual shape of boilers? YWhat shape did Watt make his, and why ? 573. What is the
use of the Safety Valve? Howis it worked? 574 How are engines divided? What
constitutes the difference between Low Pressure and High Pressure Engines? Which
are the simpler? Which are the more noisy, and why? 575. As regards their use,

THE LOCOMOTIVE ENGINE.

LT i I

W 7 T L

The cylinder A in this engine is horizontal instead of vertical, and the pis-
ton works horizontally. B, the piston-rod, is connected by a crank, D, with
tho axle BEE of the wheels, F, F. The piston, moving alternately in and out
of the cylinder, with the aid of the crank causes the axle and wheels to re-
volye; and the wheels, by their friction on the rails, move forward the en-
gine and whatever may be attached to it. The heavy line represents t.he
position of the parts-when the piston is at the remote extremity of the cylin-
der; the dotted line shows their position, when the piston has reached the
otherend. Steam is first introduced on one side of the piston, and then on
the other, being allowed to eseape as soon as it has done its work,—that is,
driven the piston to the opposite extremity. The rest of the machinery con-
sists of arrangements for boiling the water, for regulating the admission of
steam into the cylinder and its discharge, for providing draught for the fire,
and for giving the driyer the means of starting and stopping the engine, and
reversing the direction of its motion.

5%77. History—Watt seems to have been the first fo
conceive the idea of propelling wheeled carriages by steam ;
but he was so engaged in perfecting the stationary engine
that he did not attempt to carry out his idea. William
Murdoch, in 1784, first:constructed a locomotive. - Though
little more than a toy, it worked successfully, and travelled .
so fast that on one occasion its inventor in vain tried to
keep pace with it.

Righteen years passed before any use was made of Mur-
doch’s invention ; at the end of that time, in 1802, Richard
Trevithick publicly exhibited a loeomotive engine, so con-

Into what three classes may engines be divided? 576. With Fig. 224, show the prin-
ciple on which the locomotive engine works, What does the rest of the machinery
consist of? BT7. Who first concelyed theidea of the locomotive engine? Who first
carried out the idea? What is said of Murdoch’s engine? Who exhibited an im-
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structed that it could be used for transporting cars. TIm-
portant modifications and improvements have sinee been
made, for many of which the world is indebted to George
Stephenson, who shares with Trevithick the honor of this
great invention.

’

EXAMPLES FOR PRACTICE.

. (Se6 § 510.) A joint of meat stands 2 feet from a fire, 2 fowl 4 feet; how
doesithe heat which strikes the former compare with that received by
the latter?

. How-does the heat which my finger receives from the blaze of a candle,
when held an inch from it, compare with what it receives when held a
foot, from it 2

. If we were but one-fifth of our present distance from the sun, how many
times as much heat would we receive from it?

- The planet Neptune is about 30 times as fur from the sun as the earth is;
how does its solar heat compare with ours ?

. To receive a certain amount of heat from a fire, an object is placed 3 feet
from it; to receive only one-fourth as much heat, how far from the fire
must it be placed 2

. (See§526.) A quantity of water at the freezing-point measures 22 gallons ;
how much will it measure when its temperature has' increased fo the
boiling-point?2

- I'have awessel which'holds 46 gallons ; how much water at a temperature
of 32° must T put'in it, to exactly fill the vessel when it boils?

What will be the increase in measure of 18 gallons of aleohol, when raised
from:32° to 21222 What will be the increase in weight?

. (See §554.) Under a pressure of one atniosphere, how many cubic inches
of steam will be generated from 2 cubic inchesof water? From 10 cubic
inches of water ? B

. If 3,400 cubic feet of steam (under a pressure of one atmosphere) be con-
densed, how much water will it make?

»(Ses §555.) Under a pressure of two atmospheres; about how many cubic
inches'of steam will two inches of water generate? How many, under
a pressure of three atmospheres ?

. About how many cubic inches of steam will be required, to raise 10 tons
10 feet high? If the steam were condensed, how many cubic inches of
water would it make?

proved locomotive in 18029 Who subsequently made important improvements in
the locomotive ?

CHAPTER XIV.

OPTICS.

578. Oprics is the science that treats of light and vision.

Nature of Light.

579. Light is an agent, by the action of which upon the
eye we are enabled to see.

Light is imponderable; for it moves with great velocity, and if it had

any weight, though it were ever so little, its striking force would be felt by

exery object with which it comes in contact. Yet it does not affect even the
most sensitive halance.

580. With respect to the nature of light, two theories
haye been advanced, the Corpuscular and the Undulatory.
581, Corpuscular Theory.—The Corpuscular Theory teaches that light
consists of extremely minute particles of matter, thrown off from luminous

bodies, which strike the eye and produce the sensation of light, just as par-
ticles thrown off by an odoriferous substance affect the organ of smell.  This

" theory, hield as long ago as the days of Pythagoras, was received by New-

ton ; but, failing to account for many of the facis more recently discovered
in connection with light, it has now but few supporters.

589, Undulatory Theory—Aecording to the Undulatory Theory, light is
produced by the undulations of an exceedingly subtile imponderable medi-
um, known as Ether; with which space is filled; just as sound is produced by
the vibrations of air. A luminous object millions of milés away eauses the
ether in contact with it to-move in minute waves, like the snrface of a pond
rippled by throwing in a stone. These undulations are transmitted with in-
conceivable rapidity, till they reach the eye, strike the sensitive membrane
that lines if; and produce the phenomena of vision, This theory, advanced
by Descartes [da-Zart'], but first definitely laid down by Huygens, explaing
mostof the phenomena of optics, and is now generally received.

578. What is Optics? 579, What is Light? How is it proved that light is impon-
derable? 0580. What two theories bave been advanced with respect to the nature of
light? 581 Btate the chief points of the Corpuscular Theory. By whom was it held ?
532, According to the Undulatory Theory, how is light prodnced? By whom was the
Undulatory Theory advanced? Which of these theories is now generally recelved 1
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structed that it could be used for transporting cars. TIm-
portant modifications and improvements have sinee been
made, for many of which the world is indebted to George
Stephenson, who shares with Trevithick the honor of this
great invention.

’

EXAMPLES FOR PRACTICE.

. (Se6 § 510.) A joint of meat stands 2 feet from a fire, 2 fowl 4 feet; how
doesithe heat which strikes the former compare with that received by
the latter?

. How-does the heat which my finger receives from the blaze of a candle,
when held an inch from it, compare with what it receives when held a
foot, from it 2

. If we were but one-fifth of our present distance from the sun, how many
times as much heat would we receive from it?

- The planet Neptune is about 30 times as fur from the sun as the earth is;
how does its solar heat compare with ours ?

. To receive a certain amount of heat from a fire, an object is placed 3 feet
from it; to receive only one-fourth as much heat, how far from the fire
must it be placed 2

. (See§526.) A quantity of water at the freezing-point measures 22 gallons ;
how much will it measure when its temperature has' increased fo the
boiling-point?2

- I'have awessel which'holds 46 gallons ; how much water at a temperature
of 32° must T put'in it, to exactly fill the vessel when it boils?

What will be the increase in measure of 18 gallons of aleohol, when raised
from:32° to 21222 What will be the increase in weight?

. (See §554.) Under a pressure of one atniosphere, how many cubic inches
of steam will be generated from 2 cubic inchesof water? From 10 cubic
inches of water ? B

. If 3,400 cubic feet of steam (under a pressure of one atmosphere) be con-
densed, how much water will it make?

»(Ses §555.) Under a pressure of two atmospheres; about how many cubic
inches'of steam will two inches of water generate? How many, under
a pressure of three atmospheres ?

. About how many cubic inches of steam will be required, to raise 10 tons
10 feet high? If the steam were condensed, how many cubic inches of
water would it make?

proved locomotive in 18029 Who subsequently made important improvements in
the locomotive ?

CHAPTER XIV.

OPTICS.

578. Oprics is the science that treats of light and vision.

Nature of Light.

579. Light is an agent, by the action of which upon the
eye we are enabled to see.

Light is imponderable; for it moves with great velocity, and if it had

any weight, though it were ever so little, its striking force would be felt by

exery object with which it comes in contact. Yet it does not affect even the
most sensitive halance.

580. With respect to the nature of light, two theories
haye been advanced, the Corpuscular and the Undulatory.
581, Corpuscular Theory.—The Corpuscular Theory teaches that light
consists of extremely minute particles of matter, thrown off from luminous

bodies, which strike the eye and produce the sensation of light, just as par-
ticles thrown off by an odoriferous substance affect the organ of smell.  This

" theory, hield as long ago as the days of Pythagoras, was received by New-

ton ; but, failing to account for many of the facis more recently discovered
in connection with light, it has now but few supporters.

589, Undulatory Theory—Aecording to the Undulatory Theory, light is
produced by the undulations of an exceedingly subtile imponderable medi-
um, known as Ether; with which space is filled; just as sound is produced by
the vibrations of air. A luminous object millions of milés away eauses the
ether in contact with it to-move in minute waves, like the snrface of a pond
rippled by throwing in a stone. These undulations are transmitted with in-
conceivable rapidity, till they reach the eye, strike the sensitive membrane
that lines if; and produce the phenomena of vision, This theory, advanced
by Descartes [da-Zart'], but first definitely laid down by Huygens, explaing
mostof the phenomena of optics, and is now generally received.

578. What is Optics? 579, What is Light? How is it proved that light is impon-
derable? 0580. What two theories bave been advanced with respect to the nature of
light? 581 Btate the chief points of the Corpuscular Theory. By whom was it held ?
532, According to the Undulatory Theory, how is light prodnced? By whom was the
Undulatory Theory advanced? Which of these theories is now generally recelved 1
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_ 58 Lays—Rays are single lines of light, the smallest
distinet parts into which light can be resolved.
Fig 225, Fig. 226. Fig.e2t.  Rays of light from the
= same body either move in
parallel lines, as in Fig.
225 3 or diverge, that is, sep-
@ arate from each other, as in
: 2 Fig. 226; or conperge, that
15, come together at a point called the Focus, as in Fig. 227,
A Beam of light is a collection of parallel rays.
A P?ncil of light is a collection of rays not p’amllel.
A Diverging Pencil is a collection of diverging rays.
A Convyerging Pencil is a collection of converging rays.

Division of Bodies.

584, SELP-LMINOUS AND NoN-LuMINOUS Bobizs—As
regards the production of light, bodies are divided into two
classes, Selfluminous and Non-luminous.

Selfluminous bodies are those which are seen by the
light that they themselves produce; as, the sun, the stars,
a lighted candle.

.Non-luminous bodies arethose that produce no light of
their own; but.are seen only by that of other bodies. The
moon is non-luminous, its light being borrowed from the
sun.  The furniture in a dark room is nonJuminous, being
invisible until the light of the sun, a lamp, or some otlter
luminous body, is admitted.

g Many non-luminous bodies,-when exposed to a heat of 977° F., become
incandescent, and grow brighter and brighter with every inerease of temper-

ature beyond that point, till they reach a white heat. 'This is a striking proof
of the conuection between light and heat.

585. TrANsPARENT, TRANSLUGENT, AND OPAQUE BoDIEs.

583, Whatare Rays ? How may rays move? Whatis a Beam oflight? What isa Pen-
el of light? What is a Diverging Pencil? Whatisa Con\'c-rgi;lz Pencil? 584, As
regards the production of light, how are bodies divided ? What are Self-luminouns
bodiés? What are Non-luminous bodies? Give examples. What striking proof
hayve we of the connection between light and heat? 535, As regards the (mnsfni.ﬁiun
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—As regards the transmission of light, bodies are divided
into three classes ; Transparent, Translucent, and Opaque.

Transparent bodies are such as allow light to pass freely
through them ; air, water, glass, are transparent.

Translucent bodies are such as allow light to pass through
them, but not freely; ground glass, thin horn, paper, are
translucent.

Opaque, bodies are such as do not allow light to pass
through them ; wood, stone, the metals, are opaque.

Transparent and opague are relative terms. No substance transmits
light without intercepting some by the way. It is computed that the sun’s
rays lose nearly one-fourth of their brillianey by passing through the earth’s
atmosphere ; and that, if this atmosphere extended fifteen times as far from
the surface as it noy does, we should receive no light at all from the sun,
but should be plunged in perpetual night. On the other hand, an opaque
substance, if made very thin, may become transparent. Gold leaf, for in-
stance, held in the sun’s rays, transmits a dull greenish light.

586. Mrpra.—By a Medium (plural, media) is meant
any substance through which a body or agent moves in
passing from one point to another. Airis the medium in
which birds fly ; water, the medium in which fish swim ;
ether, the medium in which the planets move. In connec-
tion with light, any substance through which it passes is a
medinm ; as air; water, glass, &e.

587. A Uniform Medium is one that is of the same
composition and density throughout.

Sources of Light.

588. The principal sources of light are nearly the same
as those of heat; viz., the Sun and Stars, Chemical Action,
Mechanical Action, Electricity, and Phosphorescence.

Most of our artificial light is produeed by chemical action, as exhibited in
the process of combustion (see §479). To thisis due the light of lamps, can-

of light, how are bodies divided? What are Transparent bodies? VWhat are Trans-
lucent bodies? What are Opaque bodies? What is said of the terms transparent
and opague! How much of their brilliancy do the sun’s rays lose in passing through
the atmosphere? What would be the consequence if the atmosphere extended af-
teen times as far as ot present? How may an opague substance’be made transparent?
536, What is 5 Mecdium? Give examples 557, What is a Uniform Medium?
589, Name the principal sources of light. How is most of our artificial light pre-
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dles; gas, fires, &c.—The mechanical action involyed in percussion is also &
source of light. Sparks are produced when flint and steel are struck vio-
lently together.—Lightning and the sparks given off from the electrical ma-
chine are examples of light produced by electricity.—Phosphorescent light is
unaccompanied with heat. If is seenin decayed wood, fire-flies, glow-worms,
and cerfain marine animals. Vast tracts of ocean are sometimes rendered
luminous by myriads of phosphorescent creatures.

589. THE SUN AND STARS, SOURCES OF 1IGHT.—The sun
has already been mentioned (§ 474) as the great natural
source of heat and light to the earth. Notwithstanding
the loss of some of its brightness in consequence of passing
through our atmosphere, its light is more intense than any
otber with which we are acquainted. The most dazzling
artificial lights ook like black specks, when held up be-
tween the eye and the sun, so much more” brilliant is the
Iatter. - It would require the concentrated brightness of
5,563 wax candles at the distance of a foot, to-equal the
light which we receive from the sun at a distance of
95,000,000 miles.

The fixed stars are the suns of other systems. Like our
sun, they are selfluminous, and therefore sources of light,
though unimportant to us as such by reason of their great
distance. The light we get from Sirius, one of the bright-
est of the fixed stars, is only one twenty-thousand-millionth
of what we receive from the sun, When the sun shines,
the stars are invisible, their light being lost in his superior
brightness.

The light of some of the stars is so faint, that it is entirely absorbed by

the atmosphere before it reaches the eye of an 6bserver at the level of the sea.

This is the reason ywhy more stars are visible from the top of a monntein than
from its base.

590. The moon and planets are non-luminous, receiving from the sun the

duced ?  Giye an example of light produced by mechanical action.. Of light pro-
duced by electrieity, What is the peenliarity of phosphoreseont light?  In what is
itsecon? 530. What is the great natural source of light to the earth ? How docs the
sun’s light compare with other lights with which we are acquainted? Prove this.
To how many wax-candles is the light received from the sun equal? What are the
fixed stars? What renders them unimportant to us, as sources of light? How doew
the light of Sirius compare with that of thesun? Why are the stars invisible in the
day-time? Why can mors stars be seen from the top of & mountain than from its
basa? 590. What heavenlybodies ara non-luminons ? - What follows with respect ta
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ligh#with which they shine. This light, reflected to the earth, is much inferior
in brightness to that received direcily from the sun. The lafter body, for
example, gives us 800,000 times as much light as the moon.

Propagation of Light.

591. DirecrioN.—ZLight radiates from every point of a
luminous surface in every direction.

The flame of a candle can be seen by thousands of persons at once, be-
cause a ray from the flame meets the eye of each. Within the immense space
belonging to the solar system, there is no point at which an observer can be
placed ywithout seeing the sun, provided no opaque body intervenes. Trom
the sun, therefore, and from every luminous body, an infinite number of rays
proceed.

592. In a uniform medivm, light is propagated in
straight lines. -« ;

Look through a straight tube at the sun, and you see it; not so, if you
look through a bent or curved tube. Place a hook betiveen your eye and &
gas-burner ; the latieris not visible, because, to reach youreye, thelight from
it would have to deviate from a straight line. Darken a room, and admit a
sunbeam through a small hole in a shutter. Its path, marked out by the
floating dust that it illaminates, is seen to be a straight line.

503. The rays proceeding in straight lines from different particles of a
luminous body cross at every point within the sphere of its illumination, but
withoutat all inferfering with each other; just as different forces may act
on an object, and each produce the same effect as if it acted alone, A dozen
candles will shine throngh a hole in the wall of a dark room, and each ywith
the same intensity and direction as if no other rays than its own traversed
the narrow passage. :

594, Verocrry.—Light travels with the enormous ve-
locity of 192,000 miles in a second. While you count one,
it goes eight times round the earth; it would take the swift-
est bird three weeks to fly once around it. TLight traverses
the space between the sun and the earth in about 8 min-
utes ; a cannon-ball would be seventeen years in going the
same distance.

their light?  How does the moon’s lizht compare with the sun's? 591, What is the
law for the divection of radiated lizht# Show the truth of this law in the case of &
candleand the sun. 592. In a uniform medinm, how is light propagated? Prove
this by some familiar experiments. 593, What is said of the rays proceeding in
straight lines from different particles of a luminous body ?  Illustrate this with can=
dles shining through ahole. 584 What isthe velocity of light? How does it com-
pare with that of the swiftest bird? With that of a cannon-ball? By whom was the
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The velocity of light was discovered accidentally, by Roemer, an eminent
Danish astronomer, when engaged in a series of observations on one of the
moons of the planet Jupiter. This moon, in a certain part of its path, be-
comes invisible to an observeron the earth; in consequence of getting be-
hind its planet. Knowing that the revolutions of the moon must be per-
formed in the same time, Roemer supposed that the intervals between these
invisible periods would of course be uniform. To his surprise, he found that
they differed a little every time; increasing for six months (at the expiration
of which, the icclipse was sixteen minutes later than at first), and then de-
creasing.atthe same rate for a similar period, till at the end of a year lis
found the interval precisely the same asat first. The conclusion was inevi-
table. The discrepancy was caused hy the difference in the earth’s distance.
If the first observation was made when the earth was at that point of her
orbit;which was nearest to Jupiter, six months’ afterwards she would be at
the mostidistant point; and the light from Jupiter’s moon, to reach the ob-
server's eye, would have to travel the whole distance across the orbit (about
190,000,000 miles) farther than before. Here was'the key to a grand discov-
ery. If light was sixteen minutes, or 960 seconds, in travelling 190,000,000
miles, it was easy to find how far it fravelled in one second.

595. INTENSITY AT DIFFERENT Distances.— 7Ve intensi-
ty of light diminishes according to the square of the dis-
tance jfrom the luminous body that produces it.

Let several objects be placed respectively 1 foot, 2 feet, 3 feet, &o., from a
luminous body'; they will then receive different degrees of light propértioncd
to each otheras 1, 1/, 1/ &o.—A planet twice as far from the sun as the
earth is, would reeeive from it only Y/y2s much light ; one three times as far,
Us-as much; one ten times as far, 1,4, as much.

Fig 925, 598, This is illustrated with Fig. 228, A
square card placed at A, a distance of 1 foof

from the candle, receives from.a given pointin

the flame a certain amountof light. 'This same

light, if not intercepted at A, goes on to B at a

distance of 2 feef; it there illuminates four

squares of the same size as fhe card, and has,

therefore, but one-fourth of its former intensity.
If allowed to proceed to C, 3 feet, it illuminates nine such squares, and hz-ls
but ene-ninth of its original intensity, &c.

Shadows.

597, Light falling on an opaque body is intercepted.

\'eloc.ity of light discovered ? State thic facts and reasoning by which Roemer arrived
nt~ thisdiscovery. 595. What s the law relating to the intensity of light at different
distances? @ive examples. 596, Illustrate this law with Fig, 223, 597, What s
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The darkness thus produced behind the opaque body is
called its Shadow.

5¢8. Shadows are not all equally datk. They may be more or less illu-
mined by reflected light or by rays from some luminous body that are nof
intercepted. Thus, if there are two lighted candles in different parts of a
room, the shadow cast by eitheris less dark than if it were burning alone.
Again, the brighter the light that produces a shadow, the darker it appears
by contrast. Hence, to compare the infensity of different lights, observe the
shadows respeciively cast at equal distances; the one that throws ihe dark-
st shadow is the brightest light.

599. When the luminous body is larger than the opaque
body it shines on, the latter throws a shadow smaller than
itself; and this shadow diminishes according to the dis-
tance of the surface on which it is thrown.

In Fig. 229, let A be a luminons, and
B an opague, body. B's shadow, no mat-
ter how near the surface on which it is
thrown, must be smaller than B itself;
and, as the surface is removed from B, the
shadow diminishes, till'it is reduced to a point at C.

If, on the contrary, the opaque body is the larger of the
two, it throws a shadow greater than itself; and this shad-
ow increases aceording to the distance of the surface on
which if is thrown.

600. Tuae Pexvysra.—Every luminous body has an in-
finite number of points, from each of which proceeds a pen-
cil of rays. When an opaque body is interposed, some of
the space behind it is cut off from all the rays of the lumi-
nous. body, and this constitutes the shadow proper. Part
f’f the space, howevyer, while it Fig 230,
is eut off from some of the rays,
is illumined by others; this is

called the Penumbra, g(’ i
&

In Fig, 230, let O P be the flame of & H
candle;and AB an opaque object placed he-
foreit. The space ABCD is not reached ENADOW AND PENUMDEA.

meant by s body’s Shadow? 593 Why are not all shadows equally dark? How
may we compare the intensity of different lights? 589. When doesa body throw a
ghadow smaller than itself? Illustrate this law with Fig. 220. When doesa body
throw a shadow larger than itself?. 600, What is meant by the Penumbra? How is
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by any ray from O P, andis therefore the Shadow of AB. The space AEQ,
whileit is cut off from the rays produced by thelower extremity of the flame,
is illumined by its upper extremity’; hence itis nowhere o dark as the shad-
ow; and becomes lighter and lighter as the line AE is approached. So the space
BDF is cut off from the rays produced by the upper part of the flame, but
receives fhose from the lower part, and is therefore partially illuminated.
The spaces'’ AGE; BDF, constitute the Penumbra, or imperfect shadoyw,
of AB.

Reflection of Light.

601. When light strikes an opague body, some of it is
absorbed, and some reflected, or thrown back into the me-
dium from which it came. According to the Undulatory
Theory, we should say that some of the undulations that
strike the opaque body are brought to rest, while others
are reproduced in the same medium with a different direc-
tion from what they had before.

The reflection of light is analogons to the reflected motion of an india
rubber ball thrown against a solid surface. It is' by the light irregularly re-
flected from their surfaces that all non-luminous bodies are seen.

Transparent ‘surfaces, as well as opaque, reflect some of the light that
strikes thém; otherwise, they would mnot bevisible. We see overhanging
objects mirrored in'a stream with great distinctness, because a portion of the
rays received from them are reflected by the water to our eyes.

602. That branch of Optics which treats of the laws
and principles of reflected light, is called CarorTrIcs.

603. Rays that strike a body are called Incident Rays.

604, Rerrecrive Power oF DIFFERENT SURFACES.—
Different surfaces reflect the light that strikes them in dif
ferent degrees. By none is the whole reflected.

If any surface were a perfect reflector,—that is, threw back all the light
that struck it,—the eye would fail to distingnish it. Looking at such a sur-
face, we should see nothing but images of the bodies that produced the
incident rays. If, for example, the moon reflected all the light it received,
it would have the appearance of another sun. It is because there is nota

itproduced? IMustrate the mode'in which the shadow and penumbra are produced,
with Fig. 230. 60L. When light strikes an opague body, what becomes of it? Fx-
press this aceording to the Undulatory Theory. To what is the reflection of light

analogous? How are non-luminous bodies seen? Is the reflection of lght con- -

fined to opaque surfices? Prove that it is mot. 602, What is Catoptries?
608, What is meant by Incident Rays? 604 What is said of the reflection of light
from different surfaces? Ifany surface were & perfect refloctor, what would be the
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perfect and regualar reflection that the non-luminous bodies which meet the
£ye every moment are visible.

Though incident light is never wholly reflected, yet from'some surfaces it
is thrown off with a high degree of regularity, and with its intensity dimie-
ished comparatively little. If, for instance, we look at a good plate-glass
mirror hung opposite to us at the endof & room, we can hardly persuade
ourselves that there is not another apartment beyond, the counterpart of the
one which we are in. The surface of the mirror is not seen at all, in conse-
quence of its great reflective power.

605. The proportion of incident light reflected depends
on two things :—1. The angle at which it strikes the sur-
face. 2. The character of the surface.

The more obliquely light strikes a surface, the greater
is the quantity reflected.

In Fig. 231, Iet C D be a surface of polished Fig. 231.
black marble. A and B are incident beams, A
with an intensity rated at 1,000. Let Bstrike
the marble at an.angleof 3 degrees;and a B
béam having an intensity of 600 will be re- ¢
fleeted. Let A striks it at an angle of 90 de-
grees, and the reflected beam will have an'intensity of only about 20.

Light-colored and polished surfaces refleet a much
greater proportion of incident light than dark and dull
ones. Here again the laws of light and heat agree,

A room with white walls is much lighter than one with black or dark-
colored walls. = A house painted some light color, or & dome covered ywith
polished tin, is more readily seen from a distance than a dark wall or an or-
dinary roof.

606. Mizrors.—The laws of reflected light are best in-
vestigated and explained with the aid of mirrors.

607. Mirrors are solids with regular and polished sur-
faces; having a high degree of reflective power. They are
made either of some metal susceptible of a high polish, such
as silver and steel, or of clear glass covered on the back
with silver or amixture of tin and mercury. A metallic
mirror i3 sometimes called aSpeculum (plural, specula).

eonsequence? What is'sald of the reflective power of some surfaces, such as a good
plate-glass mirror? 605, On what does the proportion of ineident light reflected de-
pend? At what angle s the most incident light reflected ¢ Illustrate this with Fig.
231, 'What sort of surfaces reflect the most incident light?' 606, With what are the
laws of reflected light best investigated? 607. What are Mirrors? - Of what are they
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From glass mirrors there are fwo reflections ; one from the surface fivst
struclk, the other from the back coated with mercury. Hence two imnges. of
an object before the mirror are presented, the distance between them being
equal to the thickness of the glass. But the image produced by llm. front
surface is always faint; and, when the back is well coated, the: other image
is 50 much superior that the faint one is entirely lost.

608. Kinds of Mirrors—As regards shape, mirrors are
divided into three classes ; Plane, Concave, and Convex.

A Plane Mirror (A B, in Fig. 232) is one that reflects
from a flat surface, like a common looking-glass.

A Coneaye Mirror (EF, in Fig. 233) is one that reflects
from a curved surface hollowing in like the inside of the
peel of an orange.

A Convex Mirror (CD, in Fig. 234) is one that reflects
from a curyed surface rounding out like the outside of an
orange.

A concave mirror polished on hoth sides becomes a convexmirror ywhen
its opposite side is presented to the incident rays.

609. GreaT Law oF RerLrcrep Ligar.—The law of
reflected light is like that of reflected motion :—7%e angle
of reflection is always equal to the angle of incidence. This*®
law holds good whether the reflecting surface is plane, con-
caye, or convex:

Fig. 282, Fig. 233. Fig. 934
P z »

/B

¢!

Figs. 239, 283, 284, illustrate this law. In each Figure, I represents the
incident ray, R the reflected ray, and P a perpendicular. IQP, the angle
which the incident ray makes with the perpendicular, is called the angle of
incidence. RQP, the angle which the reflected ray makes with the same
perpendicular, is the angle of reflection. From every surface, whatever its
form, the incident ray is thrown offin such a way as to make the angle of
reflection equal to'the angle of incidence.

made? WhatisaSpeculum? How many reflections are there from glass mirrors?
How are they produced? What is said of the images formed? 608, As rogards
shape, how are mirrors divided ¢ Whatis a Plane Mirror? What is a Concave Mir-
ror? Whatisa Convex Mirror? How may & concave mirror polished on both sides
be made a convex mirror? 609. State thelaw of reflected light. Illustrate this with
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&

610, From these Figures it is obvions that an object which wonld not
otherwise be visible can be seen by reflection from & mirror. Thus, let the
upper part of P Q represent an opaque screen, I an object on one side of if;
and R the eye of an observer on the other. T isnot visible to a person at R
looking directly al ii, on account of the interposition of the screen; but, as
the angle of reflection is always equal to the angle of incidence, it can be
seen from R by looking at the mirror.

611. Iaraces.—By the Image of an object is meant a
luminous picture of it formed by rays proceeding from its
different points. Animage is said to be inverted when it
represents its object as upside down,—that is, with its low-
est part uppermost.

Fig. 235.

Fig. 285 illustrates the formation of au image. R B represents a soldier
with a red eoat and blue trowsers standing in strong sunlight opposite
the white wall W. Let the shutters SS be thrown open, and not only the
light reflected from the person of the soldier, but also other rays, enter the
apartment, making its light a mixture of all colors, or white, in which the
red and the blue tinge of the dress are lost, and no mmage is formed. Now let
the shuttersSShe closed, leavingat A an exceedingly small aperture, through
which the rays reflected from the figure are allowed to reach the wall. As
light is propagated in straight lines, the ray R will strike the'wall at» B at
b,and Tat 7. The image will therefore be inverted ; and, as each ray retaing
its color, the coat will remain red and the trowsers blue. This experiment
confirms two principles already stated:—1. That every ray moves in 8
straight liney 2. That an infinite namber of rays may cross each other yyith-

out interfering yith the effect which each ywould separately have.

612. Images formed by apertures are always inverted.

the Figures, 610. What is obvious from these Figures? 611. What is meant by the

. Image of an object? When is an image said to be inverted? With Fig. 235, illus-

trate the formation of an image. What two principles does this experiment confirm #
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613. REruecTION FROM Praxe Mirrors—Plane mir-
rors do not alter the relative direction of incident rays. If
the incident rays are parallel, they will remain parallel aﬁ-c?r
reflection ; if divergent, they will continue to diverge; if
convergent; they will continue to converge. [

614. Objects seen in a plane mirror seem to lie in the
direction of the reflected rays that meet the eye, and to ’k.)e
as far behind the mirror as they really are in front of it.
These principles are illustrated with Fig. 236. o

¢ ‘oq A B is a plane mitror. €, D, are parallel rays siriking
G S its surface,. They are reflected in parallel lines to ¢, @;
and to an observer at those points will appear to come
from G, H, as far behind the mirror as €, D, are in front
of it. i

I is a diverging pencil. After reflection, its rays con-
tinue to diverge t0 ¢, 4, ¢; and {o an observer there th‘ey
appear to diverge in unbroken straight lines from the point
I, as far behind the mirror as I is before it.

F, F, F, represent converging rays. After reflection,
they continue to converge, and meet at the point 7. An
ohseryer atf would suppose them to come in unbroken
lines from J, J; J, as far behind the mirror as ¥, F, F, ave
in front of it. ‘ _

615, When we walk iowards a looking-glass, our image
geems to advance towards us; and when we recede from
jt, the image also recedes, The image always appears to be the same dis-
tance from the mirror that the object is. i

616. The angle of reflection being equal to the angle of
incidence; it follows that a person may see his whole figure
reflected from a mirror whose
length is but half his own height.

In Fig. 237, CD represents a
man standing before the mirror
AB. The incident ray from the
head C strikes the mirror perpen-
.dicularly, is reflected in the same line, and appears to come

Tig. 237,

612, What kind of images are formed by apertures? 613. What effect have plane

mirrors on the relative direction of incident rays? 614 How do objects Seel.l ina
plane mirror seem to lie? With Fig. 236, illastrate the refloction of parallel, diverg-
ing, and converging rays from a plane mirror. 615, When we approach and recede
from s looking-glass, what phenomans are presented? 616, How is it that a poxso!: -
¢an see his whole figure reflected from a mirror whose length is but half his height ?
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from E. The ray from his foot D strikes the mirror at B,
is reflected at an equal angle to his eye, and appears to
come in an unbroken line from F. The extremities of his
person being seen, the intermediate parts are also visible,
forming a complete image.

617. Images formed by Plane Mirrors—The size of
images formed by plane mirrors is not changed, except so
far as they seem smaller in consequence of their apparent
distance behind the mirror.

618. As theimage faces the opposite way from the ohject, if the mirror is
vertical (that is, perpendicular to the floor), the right side of the object will
be the left of the image, and the left side of the object the right of the image.
If a person stands before a mirror with a book in his right hand, the book
secms to be in the left hand of his image; and, if he brings the printed page

near the mirror, he can not read it, for the reflection turns about both letiers
and words, side for side,

Place the same plane‘mirror in a horizental pesition (that'is, lay it on the
floor with its face up), and the image, which before simply had its sides
transposed, now hecomes inverted, or scems to stand on its head. On the
same principle, a tree or other object reflected from the sarface of a pond, is

inverted.

619. Zhe Kalgidoscope—When an objeet is placed be-
tween two parallel plane mirrors, each produces an image
of its own,and reproduces the image reflected to it from
the other. 'This image of an image is again reflected by
each to the other, and thus a series of images is produced,
till the rays become so faint by successive reflections as to
be no longer discernible.

When the mirrors are placed at right angles to each
other, an object between them forms three images,—one
produced by each separately, and one by a twofold reflec-
tion from both. Placed so as to form with each other an
angle of 60 degrees, the two mirrors will produce five im-
ages; at 45 degrees, seven.

This prineiple is applied in the Kaleidoscope [%a-/i'-do-
seopel, a beautiful toy invented by Sir David Brewster.

61T; What is said of the size of images formed by plane mirrors? 618, If the mirror
is vertieal, how does the image differ from the object? How, if the mirroris horizon=
tal? 619. What takes place when an object is placed between two parallel plane
mirrors? How many images are formed when the mirrors are placed at right angles

11
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620. The kaleidoscope consists of two narrow strips of glass runnin%
lengthwise through a tube, and forming with each other an nn_glc qf 60 or 45
degrees, One end of the tube, to which the eye is to be applied, is covered
with clear glass. The other end terminates in & cell formed b)-' twp parallel
pieces of glass an eighth of an inch apart, the outer one of which is ground
to prevent external objects from marring the effect. This cell contains beads
or small pieces of glass of differént_colors, free to move among thc@xlves.
On applying an eye to the tube, we see the objects in the cell multxphcd i?_v
repeated reflections from the mirrors, and symmetrically urrangcd‘,\\'lth their
images, around a common centre, By shaking the tabe, we bring the ob-
jects into new relative positions, and have new combinations presented.

621. The Magic Perspective—By arranging four plane
mirrors as represented in Fig. 238,.a person is enabled to
see ‘an object by looking directly towards it, though an
opaque screen is interposed., !

A rectangular box is bent
Fig. 233, four times at right angles;
and in each of these angles
is placed w piece of looking-
glass, B, C, D, E, at such
an inclination that the inci-
dent ray may strikeit at an
angle of 45 degrees. Any
object opposite the apertnre
A is visible to an eye ap-
plied at the otherextremity, thongh an'opaque screen be placed befween the
arms of ihe instrument. The rays from the object first strike B at au angle
of 45 degrees, and are reflected at the same angle to @, thence to D, thence to
E, and finally 1o the obserser's eye. The inventor of this instrument recom-
mendad its use in time of war, for discovering an encmy’s movements withi-
out any exposure of the observer’s person. Itis more commonly used, how-
ever, by itinerant showmen, who for a penny allow the curious to read through
a brick.

622. Rerreerion Frox Coxcave Mirrors—In gen-
eral, the effect of concave mirrors is to make ineident rays
more convergent or less divergent. In most cases, the im-
ages they produce appear in front of them.

623. Parallel rays striking 2 concave mirror are made
to converge to a point called the Principal Focus. This

THE MAGIC PERSPECTIVE.

to each other? How many, when they form an angle of 60 degrees? Of45 degrees?
In what is this principle applied? 020. Describe the Kaleidoscope. 621, llo\\: xa a
person enabled to see an object by looking towards it though an opaque screen 1S in-
terposed? Deseribe the Magic Perspeetive. By whom is it commonly used?
622. What is the general effect of concave mirrors? What Is said of the images they
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point is half way between the surface of the mirror and the
centre of the sphere which the mirror would form if it were
extended with uniform curvature.

In Fig. 230, let A EB be a concaye mir- Fig. 289.
ror, forming part of the surface of a sphere,
of which C is the centre. The parallel rays
d, ¢, f; g, &y ave reflected to the principal fo-

cus I, midway between the surface and the
centre C.

Not only is light concentrated at the fo-
cus, but also heat, as we had occasion to
nofe in §478. Tinder, wood, or any other cembustible material, is readily
ignited, and with a combination of such mirrors the most intense heat can be
prodoced. Hence concave mirrors are sometimes called Burning Glasses.

624, Converging rays reflected from a concave mirror
are made to converge more.

625. Diverging rays reflected from concave mirrors are
differently affected according to the position of the point
from which they diverge.

626. Diverging rays starting from the principal focus
are made parallel. This is obvious from Fig. 239. The
rays diverging from F, after striking the mirror, are re-
flected in parallel lines to &, e, /5 ¢, /.

This pringiple is turned to account in light-houses. Thelight is placed in
the focus of a eoncave mirror, and ils rays are reflected in parallel lines from
every point of the mirror's surface. No image of the lightis produced, but
the whole surface of the mirror appears illuminated.

627. Diverging rays coming from a point between the
prineipal focus and the mirror, become less divergent after
reflection. An object in such a position forms an image
larger than itself, which seems to be situated behind the
mirror,

628. Diverging rays coming from a point between the

produce? *623. What effect has & concave miirror on parallel Tays that strike it?
Hovw is the principal focus situated 2 Tllustrate this effcet with Fig. 239, What are
concaye mirrors sometimes called, and why ¢ 624, What is the effect of concave mir-
rors on converging rays? 626, What is the effect of concave mirrors on diverging
rays starting from the prineipal focus? How is this principle turned to sccount?
627. What effect have concave mirrors on diverging rays coming froma point be-
tween the principal focus and the mirror? What kind of an image is formed?
€28 What effect have coneaye mirrors on rays diverging from a point between the
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principal focus and the centre, converge, after reflection,
to a focus on the other side of the centre. Aninverted
image will there be visible, suspended in the air. This im-
age is made more distinct, and its effect greatly increased,
by causing a cloud of thin bluish smoke to rise about the
spot from a chafing-dish placed beneath.

By concealing with screens the mirror, the object, and the light that illu-
mines it, and allowing the reflected Tays to pass through an aperture, we may
give the image all the appearance of reality. The obseryer beholds delicious
fruit hanging in the air without any visible support, and can hardly conyince
himself that it is & delusion, even when he tries to grasp it without success.
He seos a pail full of water standing bottom upward without spilling its
contents, and men with every semblance of life walking on their heads. It
was with apparatus of this kind that the pretended magicians of the Middle
Ages wronght many of their miracles, terrifying the uninitiated with sudden
apparitions of skulls, drawn sywords, skeletons, ghosts, &e.

629, Diverging rays coming from the centre are reflect-
ed by a concaye mirror back to the same point. Here, as
in all other cases, the angle of reflection is equal to the an-
gle of incidence. Striking the surface at right angles, they
are reflected at right angles back to the centre.

630. Diverging rays coming from a point beyond the
centre, after reflection by a concave mirror, converge to a
point on the other side of the centre. In this case, the im-
age is inverted and smaller than the object.

631. Rerrecrion By Coxvex Mirrors.—In general, the
effect of convex mirrors is to make incident rays more di-
vergent or less convergent. The images they produce, like
those of plane mirrors; seem to stand behind them, and are
generally smaller than the objects they represent.

632. Parallel rays striking a convex mirror are made to
diverge, as if they proceeded from a point on the opposite
gide of the mirror, called the Virtual Focus, This pointis

principal focns and the eentre? What sort of an image is formed ? How:is the imago
made more distinet? How may wonderful effects be produced with this mirror? By
whom was apparatus of this kind employed? 629. What is the effect of concave mir-
rors on diverging rars coming from the centre? 830, What is their effect on diverg-
ing rays coming from a point beyond the centre? In this case, what kind of an imnge
is produced? 631 What is the gencral effect of convex mirrors? What is said of
tie images thay produce? 632. What s the effect of & convex mirror on parallel
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half way betieen the mirror and the centre of the sphere
which the mirror would form, if it were extended with uni-
form curvature. -

In Fig. 240, let A B represent a
convex mirror forming part of the
surfuce of a sphere, of which Cisthe
centre. The parallel rays @, 4, ¢, 4, ¢,
diverge after reflection to f, 7, ¢, %, 2,
as if they had eome from the virtual
focus F on the other side of the mir-
ror. F ishalf way between the mir-
ror and its centre C.

I

633. Diverging rays fall-
ing on a convex mirror are made more divergent by reflec-
tion. Converging rays are made less convergent, in some
cases even becoming parallel.

Refraction of Light.

634. When light strikes a transparent body, some of it
1s reflected and makes the body visible. The rest enters
the body, and is partly absorbed and partly transmitted
through it. According to the undulatory theory, we should
say that some of the undulations that strike the transparent
body are reproduced in the same medinm with a change of
direction, while others are brought to rest within the body,
and others again are transmitted through it with certain
modifications.

We have treated of that portion of the light which is
reflected ; we must now look at that which enters'the trans-
parent body.

635. When a boy rowing a boat brings his oar info the water, it no longer
looks. straight, but broken at the point where it enters. The same appear-
ance is presented when he plunges a spoon or cane obliquely in a pail of wa-

ter. On taking out the oar, the spoon, and the cane, they look perfectly
straight again. It is evident, therefore, that the rays ¢oming from the parts

rays? Where does the virtual focos lie? Tllustrate the effect of convex mirrors on
parallel rays, with Fig. 240. 633. What is the effect of convex mirrors on diverging
rays? On converging rays? 034 When light strikes a transparent body, what be-
comes of it? Express this according to the Undulatory Theory. 635. Give some fa-
miliar examples which prove that rays are bent on passing from one medium to an¢
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immersed are turned from their course on enteridg the air, so that the points
from which they come appear to lie where they do not really lie.. Rays thus
turned from their course are said to bez¢fracted.

636. Refraction is that change of direction which a ray
of light experiences on passing obliquely from one medium
to.another,

For an example, see the ray A in Fig, 241, 1If there were no waler in the'
vessel, it would go on in a straight line to B; when the vessel is filled, it is
refracted to C.

637. That branch of Optics which treats of the laws and
principles of refracted light, is called Dioptries.

638, Rerractive Power oF Diprrent Mepra.—All
media do not have the same refractive power. Rays of
light falling from the air on water, alcohol, glass, and ice,
are turned from their course in different degrees by each.

A medium that has great refractive power is said to be
dense; one that has but little, is called rare. The terms
dense and rare, therefore, applied to media in Opties, have
a different meaning from that which they convey in other
departments of Natural Philosophy.

As a general rule, those media are the densest that have the greatest spe-
cific gravity ; and, of media having about the same specific gravity, the most
inflammable is the densest,  The following substances ave arranged accord-
ing to their refractive power, chromate of lead, a transparent solid, being the
densest :—Chromate of lead, diamond, phosphorus, sulphur; mother-of-pearl,
quartz, amber, plate-glass, olive oil, alcohol, water, ice, air, oxygen, hy-
drogen.

639. Laws or Rerracrep Licar—l1. In a uniform
medium, there is no refraction. It is only on passing jrom
one medium (or stratum of a medium) to another, that @
ray 8 turned from its course.

2. Only such rays as enter a medium obliquely are re-
[fracted,—not such as enter at right angles.

3. When a ray passes obliquely from a rarerito a denser

other. What term is applied to such rays? 036. Whint is Refraction? Illustrate this
definition with Fig. 241. 637. What is Dioptrics? 638, What is said of the refractive
power of different media? What 15 2 Dense Medium? What is a Rare Medium?
What i3 said of the meaning of the terms dense and rars in Opties? As a general
rile; what media are the densest? Mention some substances in the order of their
refractive power? 039, What is the first law of refracted light? The second? The
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medivwm, it 18 refraeted towards a line perpendicular io
the surface. In Fig. 241, let the ray A pass from air, a
rarver medium, into water, 2 denser medinm, and instead of
going on in a straight line to B, it will be Fig. 241,
refracted to €, nearer the perpendicular. A

4. When aray passes from a denser me- 2
divm 2nto @ rarer, it @8 vefracted from the
perpendicular. In Fig. 241, let the ray B
pass obliquely from water into air, and in-
stead of going on in a straight line to A, it
will be refracted to D, farther from the perpendicular.

640. An interesting experiment which every pupil may perform for him-
self, admirably illustrates refraction, and proves the last law to be true.
Place a coin on the bottom of an empty vessel (see Fig. 242,

Fig. 242), and fix the eye in such a position that —
it just misses seeing it on account of the vessel's

side coming between, Keep the eye there, and

let water be poured in; the coin will then become

visible; the rays from its sarface being refracted

80 as to meet the eye. The coin will appear to lie

at N, some distance aboye the bottom of the ves-

sel; beeanse the rays from it that last meet the eye, if continued in straight
lines, syould go on to that point.

The chauge caused by refraction in the apparent position of an object
often misleads persons standing on the bank of a sheet of water as to its
depth, Objectson the bottom seem to be several feet nearer the surface than
they are; and bathers, deceived by the appearance, venture heyond their
depth and are drowned.

641. AmaosPHERIC REFRAOTION.—Rays from the heav-
enly bodies, on entering our atmosphere obliquely from a
rarer medium, are refracted towards the perpendicular.
Hence we never see these bodies in . their real position, ex-
cept when they are directly over head. :

The sun is visible to us some time before he really rises aboye the horizon,
and remains visible at nightrafter he has sunk below it. We owe our twi-

light to successive reflections and refractions of his rays by atmospheric
strata of different densities, after'he has disappeared.

third? The fourth? Illustrate the third and the fourth law with Fig. 241, 840. What
interesting experiment illustrates refraction ? How are persons standing on the bank
of a sheet of water often decoived? 641. When do we see the heavenly bodies in
their real position® Why, at other times, do we not see them in their real position?
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642, - Mirage—Different strata of ¢he atmosphere differ
in their refractive power. Accordingly, rays from an ob-
ject below the horizon (that is, concealed from us by the

* roundness of the earth) may, under peculiar circumstances,
by successive refractions through different strata, be made
to-describe a curve to our eyes, and will in that case ap-
pear to come from a distant point in the air lying in the
direction of the line described by the ray as it entered the
eye. Such is the origin of the phenomenon called Mirage
[merahzh'].

Mirage is the appearance in the air of an erect or in-
verted image of some distant object which is itself invisible.
It is most frequently seen on the water, but has also ap-
peared to persons travelling through deserts, with such viv-
idness as to make them believe that they saw trees and
springs before them in the distance.

Mirage is sometimes remarkably distinct at sea. Captain Scoresby, on
one oceasion, in awhaling-ship, recognized his father's vessel, when distant
from him more than 30 miles (and consequently below the horizon), by its
inverted image in the airy though he did not previously knosw that it was
cruising in that part of the ocean. Another motable case occurred on the
coast of Sussex, England.  Clifis were distinctly seenin the airj and the
sailors, erowding to the beach; recognized different parts of the French shore,
distant from 40 to 50 miles.  These phenomena are comparatively frequent
in the Strait of Messina, and as-there exhibited have been called Fata Mor-
gana [ fal-tak mor-gak'-nak).

643. REFrACTION BY PRisMS AND LrNses,—Prisms and
lenses are much used in experimenting on light and in the
construction of optical instrnments.

= 644, Prisms.—A Prism (see Fig. 243)
- — 15 a solid piece of glass, having for its sides
\| three plane surfaces and forits ends two

A FREDL equal and parallel triangles.

645, Aray of light falling on a prism must pass through
two of its surfaces. If it strike both of them obliquely; it

To what do we owe our twilight? 642. Explain how an object below the horizon is
rendered visible. What phenomenon is thus prodaced? What is Mirage? Whers
is it:seen? What case of mirage is recorded by Captain Scoresby ? What other nota-
ble case is mentioned ¢ 'Where are these phenomena frequent? 643, What are much
wsed in experimenting on light? 644, What is s Prism? 845, What is the effoct of
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will be twice refracted ; if it strike one surface perpendic-

ularly and the other obliquely, it will be refracted but once.

In either case, the object from which it comes will appear

to lie in a position more or less removed from its real one.
Fig. 244 shows the refractive effect of a prism.

A ray from E, entering the prism ABC, from

air, a rarer medium, is refracted to D, and on

passing back into the rarer medium, at that point

is refracted to the eye. The object from which it

comes appears to lie at F, in the direction from

which the ray entered the eye, Had, there been

but one refraction, it would still have appeared elevated above its real posi-

iion, but not so much.

646. Lenses.—A lens is a transparent body which has
two polished surfaces, either both curved or one curved and
the other plane. The general effect of lenses is to refract
rays of light, and magnify or diminish objects seen through
them. They are generally made of glass; but in speeta-
elesrock erystal is sometimes used instead of glass, because
it is harder and less easily scratched.

647. Classes of Lenses—Lenses are divided info six
classes according to their shape. Fig. 245 shows these six
classes, The name of each is given on one side, and a de-
seription of it on the other.

Tig. 245.

Dovsie Coxvex LENa " Both sides convex.

PrLAX0-008VEX LENS. One side convex, the other plane.

MExi5CUS. G § One slde convex, the other concaye.
| Thickest in the middle.

DovusnLr Coxoavs Lexs. f Both sides concave.

PLANO-CONCAVE LENS. Ono side concave, the other plane,

CONCAVO-COXNVEX LuNS, b < { One side concaye, the other convex.
e~ | Of uniform thickness, or thickest at the
ends.

—
aprism ona ray of ligcht? Show this effect with Fig. 244, 046. What is a lens?
What is the general effect of lenses? Of what are they made? 647, Into how many
classes are lenses divided? Name them. Describe the Double Convex Lens. ‘The
Plano-convex. The Meniscus. The Double Concave  Lens, The Plano-concave,
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The first three of the aboye lenses, which are thickest in the middle, are
called Convex Lenses, and their effect is to make rays passing through them
incline more towards each other. The next fwo (the double concave and
plano-concave) which are thinnest in the middle, are called Concave Lenses,
and their effect is to make Tays passing through them incline farther from
each other.

The' concavo-convex lens, when its two surfaces are parallel (as in the
above Figure) does not change, the direction of rays passing through if, for
the convergent effect of the convex surfice:is nullified by the divergent effect
of the concave surface; When the convex surface has a greater curvature
than the coneave; this lens hecomes a meniscns,  When the concaye surface
has the greater curvature; it becomes & concave lens, and participates in the
properties of that class.

648. Refraction by Conver Lenses—The general effect
of convex lenses is threefold :—1. They make rays passing
through them incline more towards each other than before.
9. They enable us to see objects which are invisible to the
naked eye on account of their distance. 3. They magnify
objects seen through them.

649. A double convex lens of glass, with sides equally
conves, brings parallel rays passing through it to a foeus at
the centre of the sphere, of which the surface of the lens
first struck by the raysforms a parte This is shown in Fig.
946, Converging rays would be brought to a focus be-
tween the centre and the lens; diverging rays, on the other
side of the centre,

Fig. 246. Fig. 24T.

=

The Concavo-convex. What are the first three of these lenses eallad? What is their
effect? What are the double concave and the plano-concave lens called ?  What is
their effect? What is the effect of the concavo-conyex lens, when its two surfaces are
parallel? When the convex surface has a greater curvsture than the concave?
When the coneave surface has o greater cnrvature than the convex? 643, Whatis
tho genecral effect of convex lenses? 649. What is the effect of a double convex glass
lens on parallel rays passing throughit? On convorgingrays? On diverging rays?
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A plano-convex lens brings parallel rays to a focus at a
distance from the lens about equal to the diameter of the
sphere of which the convex surface of the lens forms a part.
This is shown in Fig. 247.

650. Convex lenses collect heat as well as light at their focus. Hence
they are sometimes ealled Burning Glasses. - Hold an old person’s eye-glass
in the sun-shine a short distance from your hand. Abright spot of light
marks the focus, and the heat at that point spon becomes too great to be
borne. All the rays that fall on the surface of the lens being concentrated
in this one point, the lizat at the focus &s as many times: gréater than the heat
of ordinary sun-light as the ave of the leng is greater than the area of the jfo-
cus.  If the avea of the lens be 100 square inches, and that of the focus 4 of
an ineh, the ordinary heat of the sun will be increased 400 times. )

851. The second effect of convex lenses follows from the
first, - Light, it will be remembered, diminishes in intensity
according to the square of the distance from the luminous
body; hence rays from exceedingly remote stars become
go faint by the time they reach the eye asnot to produce
the sensation of vision. A convex glass concentrates a great
number of these faint rays, and thus renders the distant
objeet visible to an eye placed at its focus.

652. The third effect of convex lenses is to magnify ob-
jects seen through them. Henge they are sometimes called
Magnifying Glasses. The glasses used by old persons, as
well as by engravers and others who have to deal with mi-
nute objects, are convex lenses.

653. Refraction by Concave Lenses.—The effects of
concave lenses are opposite to those of convex. 1. They
make rays passing through them incline farther from each
other. 2. They diminish objects seen through them.

654, All the above laws relating to prisms and lenses apply to rays pass-
ing into them from a rarer medium, such as air. If'they-come from a denser
medium, the results will be reversed,—convex lenses will have a diverging
and diminishing effect, while concave lenses will have a econyerging and
magnifying effect.

What is the effect of a plano-convex lens on parallel rays? 650. What are convex
fenses sometimes called, and why ? How may their concentration of heat be shown?
How does the heat at the focus compare with'that of ordinary sun-light? 651 Show
how o convex lens énablés us to see distant heavenly bodies that would otherwise be
invisible. 632 What'is the third effect of convex lenses? What are they sometimes
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655. Glasses with Parallel Surfaces.—When rays pass through a refracting
medium having parallel surfaces; they leave if, not exactly in the same line;
but in a direction parallel to that in which they entered it. The last refracs
tion nullifies the change of direction produced by the first. Hence we see
objects through a pane of window-glass very nearly in their real position. Ir-
regularities in the glass cause objects seen through it to look distorted.

656, The Multiplying Glass—If a plano-convex lens
have its convex surface ground into several flat surfaces, an
object seen through it will be multiplied as many times as
there are flat surfaces.

Fig. 248, In Fig. 245, A B represents a multiplying glass, and
D an object viewed through it.” ‘The ray D C, striking
both surfaces perpendicularly, reaches the eye without
refraction; but DI and D T, falling obliquely, suffer
two refractions, which bring them also to the eye at
the focus.  As objects are always seen in the direction
in which their rays enter the eye, three objecis like D
will be visible: one at D, in its real position; the
others, in the direction of the dotted lines, at G and HL.

SN s 657. DousLe RErrActioN. — Certain
GRALS; substances (chiefly minerals) have the prop-

erty of causing rays which pass through them to take two
distinet paths, and thus produce two images. This phe-
nomenon is called Double Refraction.

Fig. 249, A crystal of carbonate of lime,
commonly called Iceland Spar, is
one of the best substances for ex-
hibiting double refraction. Let it be
placed over-a piece of paper con-
taining lines, and each line will be
seen double, as shown in Fig, 249,
Keeping the same side on the
paper, and turning the crystal round
on its axis, we find that the double
lines continue parallel, but that the
. distance between them varies,—diminishing till they coincide, then increas-
ing; then diminishing till they coincide again, and then once more increas-

called in consequence? 653. What are the general effects of concave lenses? G54 In
what case do the above laws relating to prisms andlenses apply? Suppose the rays
puss into them from & denser mediam, what will be the result? 635, What effect has
a refracting medinm with parallel surfaces on incident rays? . How do we see objects
through g pane of window-glass? 656, How i3 the multiplying glass formed? How
many times is an object seen through it multiplied? Bhow this with Fig. 24S.
657. What is Double Refraction? How is it exhibited with Iceland spar? What phie-
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ing. During each revolution of the crystal, the lines will coincide twice. A
single pencil of rays is thus refracted into two distinct pencils, one of which,
following the usual law of refraction, is called the Ordinary Pencil, while the
other; deviating from that law, is called the Extraordinary Pencil.

Polarization of Light.

658. Light is said to be polarized, when, on being re-
flected or refracted by a surface which it strikes at a cer-
tain angle, it is absorbed by a similar surface perpendicular
to the former one, though it is reflected or trdnsmitted by
one forming any other angle with it.

Tet A and B (Fig. 250) be two tubes open at both
ends, and so adjusted to each other that B turns stiff-
ly within A. In each tube fix a piece of polished
glass, M, N, roughened and blackened on the back,
s0 as to form an angle of 83 degrees with the axis of
the tubes. Bring the instrument into such a position
that the light from a luminous body, falling on M, may be reflected along the
axis.and strike N. Now, keeping the tobe A stationary, turn within it the
tube B, carrying the reflector N. The reflection from N, if observed, will be
seen £0 keep varying in intensity. In the two positions in which N is paral-
lel to M, the reflection will be brightest; at the points midway between these,
—that is, when N is perpendicularto M,—there is no reflection at all. We
express this by saying that the light reflected from M is polarized.

659. The polarizing angle,—that is, the angle which the
incident ray must make with a perpendicular to the first
reflecting surface, in order to be polarized,—is different in

Fig. 250.

.the case of different substances. For glass, it is about 57

degrees.
660. If a polarized ray be received on a crystal of Ice-
land spar, there will be but a single refraction.

861, Light is polarized by reflection at a certain angle, as 4ve have just
seen ; by transmission through substances that haye the property of double
refraction,—throngh some imperfectly crystallized substances, such as agate,
mother-of-pearl, &e.,—and also through a sufficient number of unerystallized
plates. However produced, polarized light always has the same properties.
Its phenomena are striking; and seem to proye the truth of the undulatory

nomenaare presented as the crystal is turned aronnd? What are the-two pencils
presented to the eye called? 658, When is light said to be polarized? Tilustrate the
polarization of light with Fig. 230. 650. What is meant by the polarizing angle?
What is this angle in the case of glass? 66). If a polarized ray is received on & erys-
tal of Teeland spar, what follows? 661. Mention the different ways inwhich lightis
polarized.  What Is said of the properties and phenomena of polarized light, how-
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theory, 1Itis thought that the undulations of ether ordinarily take place in
planes perpendicular to the direction in which they are propagated; but
that, when light is polarized, they take place in planes parallel to this direc-
tion. At certain angles, the undulations, thus changed from theirusual di-
rection, are reproduced or transmitted by the second reflecting or refracting
gurface, and reach the eye; but, wheh the two surfaces form an angle of 90
degrees, they are stopped; and'the sensation of vision is not produced,

662. The mineral called Tourmaling [toor"-ma-leen] pos-
sesses the property of polarizing light in a high degree. It
is cub into pletes onetwentieth of an inch thick, which are
fixed between plates of glass for convenience of use. If we
look at the sun through sich a plate, we shall find that most
of the light is transmitted. Place a second plate behind
the first and parallel to it, and the light will still be trans-
mitted ; but turn the second plate so as to bring it at right
angles to the first, and no light will pass through.

663, Some erystals viewed by polarized light, exhibit systems of beautiful
rings, like those shown in Fig. 251. Plates of the mineral called Selenite,
Fig. 251,

b

bearing diffevent designs, placed so'as to be ‘seen by polarized light, display
the most gorgeous coloring, and may be made to undergo remarkable and
beautiful changes by causing one of the reflecting surfaces to revelve.

Chromatics.

664. Chromatics is that branch of Optics which treats
of colors.

cver it is produced? Explain the polarization of light accerding to the nundulatory
theory. 662. What mineral possesses the property of polarizing light in a high de-
gree? Howistourmaline prepared? What experiment may be performed with four-
maline plates? 683, What phenomena are seen when certain crystals are viewed
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665. Tae Sorar Sercrrvar—If a ray from the sun be
admitted into a dark room through a small aperture, it will
form a cireular spot of white light. on the surface receiving
it. But if, after entering the room, it be received on a
prism, as shown in Fig. 252, it will be decomposed into

Tig. 252,
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THE SOLAR SPECTRUM.

seven different colors. 'When made to fall on a white sur-
face, these seven colors are distinetly seen, covering an
oblong space, which is called the Solar Speetrum (plural,
spectra), They are known as the Primary Colors, and in
every spectrum they are arranged in the order shown in
the Figure. By combining the primary colors in different
proportions, other colors are produced.

The seven colors, it will be observed; do not, occupy
equal spaces of the spectrum. Violet covers the greatest
part, more than onedfifth of the whole; and orange the
least, less than one-thirteenth of the whole.

666. Ordinary sun-ight (and all white light) is therefore composed of
seven colors combined in different proportions. In further proof of this, we
may re-unite fhe seven primary colors of the spectrum, and we shall haye
simply a small circular spot of white light. To re-unite the colors, we may
receive the spectrum on a concave mirror or double convex lens, which brings
together at its focus the parts of the decomposed ray. Or, we miay receive
the spectrum on another prism placed in contact with the first, as shown
in Fig. 25%. " In either case, we have the same circnlar spot of white light
that would have been formed if the ray had not been decomposed at ail.

by polarized light? Wlhen plates of sclenite ‘are viewed by polarized light?
664. What is Chromatics? 683, Describe the solar spectrum, and the way in which
it is formed. Name the seven primary colors in order. How are the othericols
ors produced? Which color occupies most of the spectrum, and which the least?
686, Of what, then, is all white light composed? ~ What further proof have we
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‘We may produce wwhite light by combining the seven primary colors in
another way. Divide the surface of a circular card into seven parts propor-
tioned to each other as the spaces which the different colors occupy in the
spectrum, and paint them the corresponding shades. Then cause the card
to revolve rapidly. No separate color will be visible, but the whole card
will look white.

667. A prism decomposes white light into its seven component parts, be-
cause these parts are refracted differently, some more and some less, It will
be observed that red, which occupies the lowest part of the spectrum, is
turned from its course the least; orange, a little more; yellow, still more;
then green; then blue; then indigo ; while wiolet, which is at the top of the
spectrum, is refracted the most. The colors, therefore, have different de-
grees of refrangibility. This fact was discoyered by Sir Isaac Newton.

668. DirFERENCE oF COLOR, EXPLAINED.— According
to the Undulatory Theory, the color of light depends on
the size of the minute waves that produce it. The undula-
tions that excite in the eye the sensation of red light are
each ;5155 of an inch in breadth ; those that produce vio-
let, 55355 5 while the intermediate colors are produced by
undulations varying between these limits.

669. Color is not a property inherent in bodies, but in
the light that they reflect. A non-luminous body seems to
be whatever color it reflects to the eye.

An objeet lying in-green light, looks green; in red light, red, &c. This
is because green or red is the only light that falls upon it, and therefore it
can reflect no other {o the eye. A body seen by ordinary light looks green,
when it absorbs all or most of the other colors of the spectrum, and reflects
or transmits green alone.. Tt looks red when it absorbs the other colors, and
reflects or transmits red, &e. Itlooks white, when it does not decompose tho
light that falls on it, but reflects all the colors combined. It looks black,

when it absorbs nearly all the light that falls on if, and does not reflect any
particular color in preference to the rest.

570. What colors a substance absorbs and what it reflects, depends chiefly
on its structure. The particles of some bodies are so arranged as to have
a peculiar affinity for certain colors; these they absorb, reflecting the rest.

of this? How may wa re-unite the seven primary eolors? =~ What other mode is
there of doing this? 667. To what is it owing that a prism decomposes whita light
into its seven component parts? By whom was this fact discovered? 668, Ac-
cording to the Undulatory Theory, on what does the color of light depend? What
is the difference in the undulstions that respectively produce red and yviolet light?
669. In what is the property of color inlierent? Why does an object lying in green
light look green? When does an object seen by ordinary light look green? When
does it look white? When, black? 670. What is it that determines what colors &

COMPLEMENTARY COLORS. 257

Changes of color are caused by changes of structure. We may show this
by an experiment with a substance called iodide of mercury. This mineral
is ‘a bright scarlet; when heated and allowed to cool undisturbed, it be-
comes yellow; but, the moment the surface is scratehed, the particles re-
arrange themselves, and the color turns back to scarlet. Here the same
particles undergo a marked change of color by simply being made to assume
a different arrangement.

671. ComprLEMENTARY Corors.—Any two colors are
said to be Complementary, when, if combined in due pro-
portion, they will produce white. - Those colors are com-
plementary to each other which are distant half the length
of the spectrum ; as; =

Red and green, Orange and blue,
Yellow and violet, ‘White and black,

It is a curious fact that if we look intently at a bright object of any given
color and then close our eyes, we shall still see it, but tinged with the com-
plementary color. After gazing a few, moments at a bright fire, everything
we look af seems to have a greenish hue.  If we place a red wafer on a piece
of white paper and look af it intently, we shall soon see a circle of light green
playing around it. A blue wafer will have a similar circle of orange, and a
yellow wafer one of a yiolet tinge.

672. A color appears to the best advantage, when placed
beside its complementary color.

Thus redis set off by green; blue, by orange, &e.. A pale face appears
paler still when a black dress is worn.  On white paper, black ink is plainer
and pleasanter fo the éye than ink of any other color. In arranging bou-
quets, and selecting different articles of dress that are fo be worn together,
the effect of each individual color is heightened by bringing it in immediate
contrast with its complementary color.

673. ProrrrTIES OF THE SPECTRUM.—Every ray of or-
dinary sun-light appears to have three distinet properties
—1. Brightness. 2. Heaf. 3. Power of producing chem-
ical effects. This last property is called Actinism.

674. The chemical effects of sun-light are shown in various ways.. Phos-
phorus and nitrate of silver undergo a marked change when exposed to the

substance absorbs, and what it reflects? By what are changes of color caused?
Prove this with an experiment. 671. When are two colors said to be Complementa-
ry? Name four pairs of complementary colors. What curious fact is stated with
respect to complementary colors? Give examples, 672. When doesa color appear
to the best advantage? Give examples. 678. How many distinct properties has
every ray of ordinary sun-light? Name them. 674. Instance some of tho chemical
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solar rays. Daguerrcotypes and photographs are taken by means of the ac-
tion'of light on sensitive chemical preparations. Almost all the colored vege-
table juices, when exposed to sun-light, undergo a change of hue. Hydrogen
and chlorine, which may be mixed without danger in the dark, combine with
a Joud explosion in the light. Light, also, is essential to the chemical changes
which result in the healthy growth of plants. Hence plants kept in a dark
room become pale and sickly, A similar effect is produced on persons kept
away from the light of the sun. 3

675. Ordinary sundight combines these three properties,
but the seven colors into which it is decomposed by the
prism do not possess them alike. Brightness belongs par-
ticularly to" yellow ; heat, to red ;sactinism, to violet and
indigo.

An object that is bright yellow makes a more vivid impression on the eye
than one of any other color:  Hence soldiers dressed in yelloy are more dis-
tinct objects of aim to an enemy and more apt to be shot than those dressed
in dark green or gray.

The red portion of the spectrim has the most heat. This is shown by
placing the bulb of a thermometer successively in each of the colors of the
spectrum. It will be most’ affected by the red, but will show a still higher
temperature, if brought a short distance below thie red end of the specirum,
where no light falls_at all. This shows that!the ‘heat of a solar ray is re-
fracted as well as its light, butin a less.degree.

Actinism is strongest in violet and/indigo rays. If a seed be placed un-
der @ dark blue glass, so that all the light that sirikes 1t swill be tinged with
that color, it will germinate in one-fourth of the time thatit usually takes.
Placed under a' red glass, it will hardly germinate at all, because red, al-
though it contains more heat than the other colors, has little orno actinism.

676. Dark Lixgs v zaE Specrruat—If the solar spec-
trum be viewed through a telescope, a great number of
dark lines, parallel to each. other but differing in breadth,
will be seen crossing its surface. | Seven of thcse are par-
ticularly distinet, but with a powerful telescope as many
as 2,000 haye been counted.

The position of these lines is alyays the same in the solar spectrum;
but, when a ray of star-light is decomposed, their number and arrangement

effects of sun-light. 675. Do the seven primary colors possess these three properties
in equal degrees? To which docs brightness particularly belong? To which, heat?
To which, actinism? What follows from the peculiar brightness of yellow? How
is it proved that the red portion of the speetrum has the most heat? How dogs the
refraction of solar heat compare with that of solar light? Prove this. How may it
be shown that actinism is strongest in violet and indigo rays? 670. Describe the d-:xrk
\ines in the spectram. What is said of the lines fouad in spectra produced from stare
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are different, nor do they correspond in spectra formed by rays from different
stars. When rays produced by electricity or combustion are decomposed
with the prism, bright lines are found crossing the specirum instead of dark
ones,

677, DispErsiox or LicaT.—By the Dispersion of light
is meant the formation of a spectrum from a single ray.
Spectra formed by different refractive media are of differ-
ent lengths. Thus flint-glass forms a spectrum about twice
as 1011«* as crown-glass fmms, and four times as long as wa-
ter, Flint-glass is therefore said to have twice the disper-
sive power oi crown-glass; and four times that of water.

678. Acaromamic LExszs.—Lenses, like prisms, refract
light, and produce spectra. Rays passing through a con-
vex lens, therefore, instead of coming to a focus at a single
point, are more or less dlepcrwl, :md form colored ﬁum‘es
about the focus. This defect is called Chromatie Abu' ra-
tion. It was long a serious drawback in the use of optical
instruments ; but the difficulty is now remedied by com-
bining two lenses of such different materials that the dis-
persive power of the one may nullify that of the other.
Lenses combined on this principle are called Achromatie
Lenses.

Achkromatie means colorless, and the lenses are so called because they do
not fringe their images with the colors of the spectrum. A double convex
lens of crown glass may be united with a plano-concave lens of flint glass.
The latter corrects the chromatic aberration of the former, without entirely
nullifying its converging effect.

679. Tue Ranysow.—The Rainbow is an arch composed
of the seven primary colors, which is visible in the sky
when the sun shines during a shower, ~It appears in the
opposite quarter to the sun,—in the west in the morning,
and the east in the afternoon.

When the sun is in the Horizon, the rainbow is & circle; buf the lower
part of it is intercepted by the earth's surface, and therefore we do not gen-

lizht? 1Inspectra produced from the light of electricity or combustion ? 677. What
{s meant by the Dispersion of light? When are different media said to differ in dis-
persive power ? . What is Chromatic Aberration? How isit corrected? What
doas achromatic mean? Why are achromatic lenses so called? Iow may an achro-
wiatio lens be formed ? 679, What is the Rainbow? Where is it seen? What is the
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erally see more than & semi-cirele. From the mast-head of a vessel or the
top of’a mountain, more than a semi-cirele is visible,

630. The rainbow is' caused by the refraction and reflection of the sun's
rays by drops of falling rain. Each drop operateslike a prism; decomposing
the light that strikes it. The observer's eye is so placed as to receive but
one of the colors from-one drop, but from other drops it receives the other
colors, and thus has an arched spectram formed complete. As no two per-
£0ns occupy exactly the same SpOt, no two can see ex:lcﬂy the same bow.

681. Sometines two distinet bows are visible, one with-
in the other. The inner one, which is called the Primary
Bow, is the brighter of the two. The outer one is called
the Secondary Bow; the rays that form it undergo one
more reflection within the drop than those that form the
primary bow, and are therefore fainter. In the primary
bow, the arrangement of the colors is the same as in the
solar spectrum ; in the secondary bow, this order is re-
versed,

682. Whenever the air is filled with drops, and the sun shines on them at
a certain angle, rainbows are formed, which are visible to an observer in a

proper position.. Hence they are often seen in the spray of water-falls and
fountains,

653. Bows are somefimes similarly formed by moon-light, but they are
faint and rarely seen. When so formed, they are called Lunar Rainbows.
684. Havops.—Haloes are luminous or colored cireles
seen around the sun and moon under certain conditions of
the atmosphere. They are more frequently seen around
the moon, because the sun’s light is so intense that they are
lost in-its superior brightness. Haloes arise from the refrac-
tion and dispersion of light by small crystals of ice floating
in the higher regions of the atmosphere.

Yisiomn.

685. Tae Eye.—The eye is the organ with which we
see. Nothing more strikingly displays the wisdom of the

form of the rainbow ? 630. Explain the principle on which the rainbow is formed,
631, When two bows are formed, what is each called, and which is the brighter? In
what order are the colors arranged in the rainbow? 632, By what besides rain may
bows be produced? 683, What are Lunar Rainbows? What is said of them?
634, What are Haloes? Where are they most frequently seen? Hoyy are haloes pro-
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Creator than the nice adaptation of this wonderful instru-
ment to the purposes for which it is designed.

686. Parts of the Eye—The human eye is a spheroid,
about an inch in diameter, resting in a cavity below the
forehead, capable of being moved upward, downward, or
sidewise, by muscles attached to it behind. It consists of
ten parts :—

1. The Cornea. 6. The Vitreous Humor.
2. The Iuis. 7. The Ret'-dna.

3. The Pupil. 8. The Choroid Coat.

4, The Aqueous Humor. 9. The Sclerotic Coat.
5. The Crystalline Lens. 10. The Optic Nerve,

687. When we look at an eye as set in the head (see
Figure 253), we see but three of these parts: the Cornea
(7)5 the Iris (7); and the Pupil (3). F‘v 200
The Cornea is a transparent coat, cov- )
ering the whole front of the eye, and
more convex than the rest of the ball.

The Iris is the circular membranein the

middle of the cornea, according to the eolor of which we
say that the eye is blue or black, hazel or gray. The Pupil
is a cireular opening in the iris, through which light passes
into the interior of the eye. Fig. 254 Fig: 254,
represents a section of the eye. AAA

is the cornea, .II is the iris, and the

opening in the centre is the pupil. In

the following deseription reference is

made to this Figure.

On passing through the corea, a ray of light
enters the narrow apartment E, between the cor-
nen on one side and the iris and crystalline lens on the other. This is filled
with a transparent liqui@ reésembling water, and called the Aqueous Humor.
Traversing this, the ray next enters a transparent body, L, called from its
shape the Crystalline Lens. Behind this is the Vitreous Humor, D, a trans-

doced? 035, What is the eye? 636. Deseribe the eye. Of how many parts does it
consist? Name them. 687, Which of these parts do we see when we look atan eye
as setin the head? Whatis the Cornea? What is the Iris? What is the Pupil?
With the aid of Fig. 254, name and deseribe the various parts of the eye. By whatis
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parent fluid which fills the greater part of the globe of the eye, This humor
is eniclosed within the Retina, O 0 C, a delicate fibrous membrane resembling
net-syork, formed by the expansion of the optic nerve, on which every image
seen by the eye is formed. The Optic Nerve, O, passes through the back of
the eye to the brain, dnd conveys to that organ the impressions made on the
retina.

The retina is surrounded by another-coat called the Choroid, represented
in the Figure by a dotted line. The choroid coat is'lined on its inner sarface
with black coloring matter, to prevent any reflection of light from the inte.
rior of the eye. Outside of all is the Sclerotic Coat, BB B, a strong mem-
brane, to which the muscles that move the cye are attached. Itenvelopes the
whole ball except the portion in front covered by the cornea, which fits into
it just as the erystal of a watch fits into.the case.

688. Uses of the Different Parts—The outer coats of
the eye protect the delicate parts within, The cornea re-
flects some of the light that falls on it, and this gives the
eye its brilliancy. It transmits the greater part, however,
and uniteswith the agueous humor, the erystalline lens, and
the vitreous humor, in bringing the incident rays to a focus
and forming an image on the retina.

The iris intuitively regulates the supply of light admit-
ted into the eye, contracting and thus enlarging the pupil
in a faint light, expanding and thus diminishing it in a
strong one. These changes are not instantly made. Henee,
when we pass from a bright light into a room partially
darkened, we can hardly diseern anything till the pupil en-
larges, so that more rays are admitted. When we go from
a dark room into a bright light, the eye is pained, beeause
the pupil, which had expanded to the utmost to accommo-
date itself to the faint light, does not immediately contract;,
and more light is admitted than the sensitive membrane
can endure.

The pupils of cats, tigers, and animals generally that prowl at night for
prey, are capable of being expanded to such a degree as 10 admit one hun-
dred times as much light as when they are most contracted. Thay can there-
fore see as well by night as by day. The owl's pupil is excéedingly large;

the retina surrounded ? With what is the choroid coat lined? What i3 outside of
all? What are attached to the sclerotic coat? 6SS. What is the use of the outer
coats of the eye? Of the cornea? Which parts unite with the cornea in bringing
incident rays to afocus? What is the use of the iris? Give some familiar proofs that
the irls accommodates itself to the intensity of the light. What is said of the pupil
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in the day-time, even when contracted to the utmost, it admits so much light
that the bird is nearly blinded, and has fo remain stupidly on its roost.

689. Derrcrs oF Vision.—In a perfect eye, the rays
that enter are brought to a focus on the retina, and an im-
age is there formed. If the rays are not brought to a foeus
by the time they reach the retina, or come to a focus before
reaching it, no impression is made on the optic nerve or
communicated to the brain, and consequently no image
is seen.

Hence arise two defects of vision. "When the cornea is
too convex, distant objects form images in front of the ret-
ina, and are not seen; only such objects as are very near
the eye are visible, and hence persons with this defect of
vision are called near-sighted. "When, on the contrary, the
cornea is not convex enough, the rays are not brought to
a focus by the time they reach the retina, and no image is
seen. The eyes of old people generally labor under this
defect, in consequence of the waste of a portion of the vit-
reous and the aqneous humor, so that the erystalline lens
and the cornea fall in. This falling in is just what the near-
sighted person needs; accordingly it is often found that
those who are near-sighted in youth see perfectly well when
they grow old.

690. The two defects of vision mentioned aboye areremedied by the use

" of spectacles, which consist of lenses of different shapes placed in frames be-

fore the eyes. A near-sighted person uses glasses just concave enough to
nullify the too great convexity of his eye. ~An old person uses glasses with
sufficient convexity to make up the deficiency of his eye in that respect.

§91. Spectacles yere first used about the end of the thirteenth century.
Tt is supposed that the world is indebted to Roger Bacon for their inyention.
Before that time all near-sighted and most aged persons Tiad o remain in a
state of comparative blindness.

892. Though all other parts of the eye be perfect, if the optic nerve does
not perform its fanctions, blindness is the result. Images are formed on the
refina; but there is no communication with the brain, and no impression

of beasts that prowl at night? What is said of the owl’s pupil? 689, Where are im-
ages formed in a perfect eye? What will prevent an image from being scen? De-
geribe the two defects of vision arising from images’ not being formed on the retina.
690. How are these two defects of vision remedied? What sort of glasses does anear-
s sighted porson use? An old person? 601, When were spectacles first: used? By
! whom are they supposed to haye been invented? 692, If the optic nerve does not
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is produced. For amaurosis, or paralysis of the optic nerve, there is no
remedy.

693. Iaces rorMED ON THE RETINA.—Images are
formed on the retina, just as in a dark room, by light ad-
mitted through an aperture (see Fig. 235). In the latter
case, as we have already seen, the image is inverted, and it
follows that images formed on the retina must be inverted
also. - Why then do we see themin their natural position ?
This question it is hard to answer. The explanation com-
monly given is'this :—That we see all things inverted, and
have always done so; but, inasmuch as we know by expe-
rience that they are erect, the mind of itself, insensibly to
us, correets the delusion that the inversion would other-
wise produce. We haye no means of comparison; we see
nothing erect, t0 serve as a standard and prove the general
inyersion.

694, Another question is sometimes asked :—Since we have two eyes, and
two images are formed, one on each retina, why do we not see two images of
every object? The answer is, because both eyes ave inclined fo any given
object at nearly the same angle. Theimagés produced.on the retinas are very
nearly thesame. Theimpressions transmitted to the brain by the two branches
of the optic nerve are identical and simultancous, and but one perception is
the result, Ifwe press on one'of our eyes, so asito incline it towards an ob-
Jject at a different angle from the other, we seé two images.. Drunken men
often seedouble, becanse they lose control of the muscles of the eye, and do
not direct hoth éves towards a given object at the same angle,

695. Visvar Axere—The visual angle is the angle
formed by two lines' drawn from the eye to the extremitics

Fig. 255, of a given object.
f\i\é In Fig, 255, the vis-

— L T I ual ansle of the ar-

la —=> rowBAisBEA:
; 3

x —fa

*/é that of the arrow

2

CDisCED.

A given object

perform its functions, what is the consequence? 6€93. What kind of an image is
formed on the retina, and why? Since an inverted image is formed on the roting,
why do we sce objects in an erect position? 694 Since wo have tsvo eyes, why do
wenotsee two images of every object? How may we make two images visible ?
Why do drunken men oftén see double? 695, What is tho Visual Angle? Show the
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looks large or small, according to the visual angle that it
forms. Two equal arrows held up before the eye at differ-
ent distances, as in Fig. 255, form different visual angles,
and therefore seem to be of different size. If we measure
their apparent lengths with an interposed rod, we shall find
the nearer one 'to measure the distance a5, the farther one
only about half as much, ¢d. A small ohject placed near
the eye may form as great a visual angle as a very large
distant object, and may therefore entirely hide the latter
when interposed between it and the eye.

Accordingly, the nearer an object is brought to the eye, the larger it ap-
pears to be, and the farther it is removed the smaller it looks. When the
visual angle is less than /5, of @ degree, an object becomes invisible. A
bird flying from us grows smallér and smaller, ill its visual angle dimin-
ishes so that it can no longer be seen, and we say that i /ias gone out of sight.

696. In the case of familiar objects, experience prevents us from being
misled by their apparent size. Insensibly to ourselves, we make allowance
for their distance, of which we judge by the distinctness of their outline and
by inieryening objects. A man at work on a lofty steeple may not look more
than two feet high, yet we are in no danger of mistaking him for 2 dwarf, A
distant tree seems to'be no higher than a bush; but, if we see a horse foed-
ing beneath it, we intuitively compare the two, and arrive at a correct idea
of the tree’s size.

A white object can be distinguished at a greater distance than one of any
other color, and is visible twice as farwhen the sun shines direetly on it as
when simply illumined by ordinary light. An object is- brought out most
distinctly by a back-ground which contrasts strikingly with it in color.
Dark-colored eyes, for the most part, see farther than light ones; and those
who'are in the'habit of looking at remote ohjects, like sailors, can discern
minute bodies at distances which render them invisible to ordinary sight.

697. ApapratioN or THE EvE—One of the most re-
markable properties- of the eye is its power of adapting
itself to different intensities of light and different dis
tances. The pupil, by expanding and contracting, regu-
lates in a measure the supply of light ; still, the difference
of intensity in the light admitted to the eye under different

visual angles of the arrows in Fig. 955, On what docs the apparent size of an object

depend? Tiustrate this with the Figara. When does an object beecome inyisible?

When isa bird said £o o out of sight? 696, Inthe case of familiar objects, what pre-

vents us from being misled as to theirsize? Give some familiar examples. What

color must an object be, to be distinguished at the greatest distance? How is an ob-

ject most distinctly brought out? What is said of dark-colored eyes? 097 What is
12
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cireumstances is very great, We can read by the light of
the mocn and by that of the sun ; yet the latter is 800,000
times as intense as the former.

698. Again, the eye adapts itself to different distances,
If we look at a remote objeet through a telescope, we have
to pull out the tube to a certain length, atcording to the
distance, before we can see it to advantage. No such arti-
ficial adjustment is necessary with the eye. We look suc-
cessively at-objects 1, 5, 10, and 20 feet off'; and in each
case the eye instantly adapts itself to the distance, and we
see without an effort.

699. An object may move with such velocity that we
can not see it, as is the case with a cannon-ball. This is
because the image formed on the retina does not remain
sufficiently long to produce an impression. When an image
is once formed, it remains from one-sixth to one-third of a
second after the ohject has disappeared. Hence a burning
stick whirled rapidly round seems to form a circle of fire,
and a meteor or a flash of lightning, instead of appearing
in a succession of luminous points, produces a continuous
train of light in the heavens.

Optical Instruments.

700. Several of the more important optical instruments
remain to be deseribed. They are for the most part com-
binations of the different lenses and mirrors already men-
tioned.

701. Tae Cayera Onscora.—We have seen that, when
rays from an object brilliantly illuminated are admitted
throngh an aperture into a dark room, an inverted image
is formed. This image is apt to be indistinet. We may
give it a sharper outline by placing a double convex lens in
the aperture, and receiying the image on a white ground

ong of the most remarkable propertics of the eye? Give an example of the différ-
ence of intensity in the light admitted to the eye. 698. Show how the eye adapts
itself to different distances. 699. Why is it that an object moving with very great
velocity is not seen? When an {mage is once formed, how long does it remain after
the object has disappeared? Give examples. 700. Of what ars optical instruments
for the most part combinations? 701 What s meant by the Camera Obscura? How
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at its focus. Such an arrangement is called the Camera
Obscura, or dark chamber.

For practical purposes, the camera obscura must be
portable. A close box, painted black on the inside, is
therefore substituted for the darkened room. This instru-
ment, enables the draughtsman to sketch material objects
or natural seenery with great ease and accaracy, and is in-
dispensable to the daguerreotypist and photographer.

%02. Draughtsmar’s Camera—Fig. 258 i

represents the camera as used by draughis-
men. To he conveniently traced, the image
must be thrown on a horizontal surface, and
thisis effected by making the opening in the
top of the hox and receiving the rays on a
mirror, A, inclined at an ‘angle of forty-five
degrees. From this mirror they are reflect-
ed to a meniscus, B, swhich crosses the aper-
ture, and are by it refracted to the horizontal
garface, C D, where, on white paper placed to
reeeive it, is formed a distinet image, which
can be readily traced with a pencil. The up-
per part of the draughtsman's person is ad-
mitted through an opéning in the side of the
box, over which a dark curtain must be
drawn, 50 as to exclude all light except what enters from above.

Tig. 25T, 703. Daguerrestypist’s. Camera.—As used in
the process of taking daguerreotypes: and photo-
graphs, the camera has the form shown in Fig.

257. A is a brass sliding tube,
containing two achromatic dou-
ble convex lenses,which is drawn

DEAUGHTSMAN'S CAMERA,

T out far enough to
‘ ;'”I ‘ it bring the focus at
fit

|

e e the rightspot. The

l' - || IR image is received
on a piece of
ground glass, fit-
ted into a frame,
which slides in a
groove in the back
of the camera.
DAGUERREOTYPIST'S CAMERA. When a daguerre-

1s tho camera made portabla? By whom is the camera used? 702. Describe the
draughtsman’s eamera. 708, Describe the daguerreotypist’s camera. How isthe plate
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otypeis to be taken, the ground glass is withdrawn, and another frame, q,
containing a prepared plate; carefully shielded from the light, is introduced
in its place, A door in front of C is then raised, and the image formed by
the lenses is thus allowed to fall on the plate.

The plate is of copper, covered on one side with a thin sheet of silver,
which i5 rendered sensitive by.exposure to the vapor of iodine. The rays
transmitted throngh the camera, by tliat property inherent in them which
we haye called acfinismyin a few seconds produce a chemical effect on the
sensttive surface, and the plate is then removed to a dark room. No change
is visible on its surface; but; as soon as it'is exposed to the vapor of mercu-
ry, the picture begins to appear and soon becomes distinet, It is produced
by the adhesion of small globules of mercury to those parts of the plate that
have beenaffected by light, to the exclusion of the rest; and this adhesion is
owing {0 some chemical change in the parts so affécted. Afterbeing washed
in a‘weak solution of hyposulphite of soda, and, then in water, the plate is
allowed to dry, and the image is fixed.

The photographic proeess is similar, except that'the image is received on
paper rendered sensitive by different preparations,instead of on a metallic
plate.

704. Tae Microscorn—The Mieroscope is an- instru-
ment which enables us to see objects too small to be dis-
cerned by the naked eye. This is the case with objects
whose visual angle is less than ;15 of one degree; the mi-
croscope enables us to see them by increasing their visual
angle.

Microscopes are divided into two classes, Single and

\ ; 3 g - :
Compotnd, A Single Microscope is one through which
the object is viewed directly. With the Compound Mi-
croscope a magnified image of the object is viewed, instead
of the object itself.

705, The Single Microscope.—~The single microscope
consists of a double convex lens (or sometimes more than
one), through which we look at the object to be mag-
nified. The principle on which it operates is shown in
Fig, 258.

The ‘arrow J¢ would be seen by the naked eye under the yisnal angle

b Ae. When'the lenssn is. interposed, the rays are so refracted as to form -

prepared? Give an account of the daguerreotype process. How does the photo-
graphic process differ from it? 704 What is the Microscope? Hosv does it enable
us tosee minuto objects? Name the classes into which microscopes are divided
What is a Single Microscope? Whatisa Compound Microscope ¥ T05. Of what does
the single microscope eonsist? With Fig. 258, explain the principle on which the
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the visual'angle D A E, and the arrow Fig. 258,
appears to be of the size D E, much ?

larger than it really is. Sometimes

an exceedingly minute object becomes

visible when brought very near the

eye, but in that position the rays en- i i\A}g
ter the eye with such divergency that %
a confused image is' produced. The
microscope corrects this excessive divergency, and presents a clear and mag-
nified image. .
706. The Compound Microscope—The compound mi-
croscope is a combination of two, three, or four convex
lenses, through which we view a magnified image of an
object instead of the object itself. The lenses are fixed in
tubes moving one within the other, and suitable apparatus
is provided for adjusting them, for holding the object un-
der examination, and throwing on it a strong light. When
but two lensesare employed, they are arranged as repre-
sented in Fig, 259.

Fig, 250,

DE 1s the object, and B, the lens nearest to it, is called the object-glass.
@, the lens nearest the eye, is called the aye-glass, | A magnified image of the
arrow is formed at H 1 by the lens B. This image is viewed through the
lens O, and is thus still further magnified, being seen under an increased
visual angle at ¥ G.  If the magnifying power of B is 20, and that of C 4, the
image seen will be 80 fimes the size oflife.

707. Solar and Oxy-hydrogen Microscopes—These mi-
croscopes are used for throwing magnified images on a
white screen in a darkened room.

single microscope operates. 706, Deseribie the compound mieroseope. With the aid
of Fig. 259, name the parts and show the operation of the compound microscope.
707. For what are the Solar and the Oxy-hydrogén Microscope used? Deseribe tho




270 OPTICS.

In the case of the Solar Microscope, an aperture is made
in one of the shutters. Outside of this a mirror is placed,
in the sun, at such an angle as to reflect the rays that fall
on it through a horizontal tube towards the object to be
magnified. - They first fall on a convex lens, .and then on a
second,; which brings them to a focus on the object, and
thus illuminates it a’;;rilli:mtly. Another lens, at the oppo-
site extremity of the instrument, produces the magnifying
effect. A screen, from ten to twenty feet off, receives the
image, which increases in size with the distance. If the
screen is too far removed, the image becomes faint; but
so powerful is the light concentrated on the object that a
very great magnifying effect may be produced without any
lack of distinctness.

In the Oxy-hydrogen Microscope, the principle is the same; but the bril-
liant light-produced by burning lime in a current of oxygen and hydrogen is
substituted for the rays.of the sun. Accordingly, with this instrument, the
aperture in the shutter and the mirror on the outside are unnecessary.  Fig.
260 shows the operation of the oxy-hydrogen microscope.
Fig. 260, B represents an intense
white light produced by the
burning of a cylinder of lime
lnacurrent of oxygen and hy-
= drogen combined, This light

falls on the reflector A, by
which it is thrown back on the double convex lens €, and this brings it to'a
focus on the object D. Eis an achromatic lens, which throws a magnified
image on the screen.

708. The microscope introduces us to new worlds, of the very existence
of which we would otherwise have been ignorant. . It revealsto us, in évery
drop of water in which vegetable matter has been infused, swarming myriads
of moving creatures,—miniature eels, infinitesimal Iobsters, ravenons mon-
sters with distended jaws preying on their feebler fellows,—all endowed with
the organs of life, and so minute that theirlittle drop s to them a world nearly
as large as ours to us. It shows us the feeding apparatus of the flea magni-
fied 1o frighiful dimensions, and his body arrayed in a panoply of shining
and curionsly jointed scales, studded at intervals with long spikes: The
mould on decaying fruit it magnifies into bushes with branches and leaves,

golar microscope, and its operation. What is the effect of remoying the sereen to a
greater distance from the instrument? What light is employed in the oxy-hydrogen
microscope ? With Fig. 260, show how this microscops operates, 708, What is said
of the revelations of the microscope ? What difference does it exhibit between the
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displaying all the regularity and beanty of the vegetable creation. It dis-
closes to us many striking facts connected with physiology and chemistry.
Tt shows us the imperfection of the finest works of art, when compared with
those of nature; The edge of the sharpest razor, viewed through a micro-
scope, is full of notches ; the point of a needle is blunt, and its surface is cov-
ered with inequalities. The magnified sting of a bee, on the ofher hand, is
perfectly smooth, regular, and pointed. The finest thread of cotfon, linen,
orsilk, is rough and jagged : whereas in the filament of a spider’s web'not the
slightest irregularity can be detected.—In a word, the revelations of the mi-
croscope are in'the highest degree wonderful and interesting; and, to what-
ever we direct if, we always find abundant matter to reward our labor and
stimulate us to further researches.

709. Tar Macio LaxterN.—The Magic Lantern is'an
mstrument for throwing on a screen magnified images of
transparent objects. It operates on the same principle as
the oxy-hydrogen microscope, but forits 1llun)‘ln:1tvmg power
has an ordinary lamp instead of the intense light produced

by burning lime.
y 5 Fig. 261,

THE MAGIC LANTERN.

Tig. 261 represents the magic lantern. L is the lamp. MXNis the re-
flector) which throyws the light on the lens A, This lens brings it fo a focus
on the picture, which is. painted on a/ glass slider and introduced into: the
opening CD. The lens B receives the rays from the slider, and throws a
magnified image on the screen F.

710. Phantasmagoria.— Y hen a powerful light is used,

. and the tube containing the magnifying lens or lenses is

capable of being drawn out: or pushed in, so as to bring
them at different distances from the object, we have what is
called a Phantasmagoria Lantern.

works of art and those of nature? 709. What is the Magic Lantern? How does it
differ from the oxy-hydrogen microscope? With Fig. 261, deseribe the magie lans
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To exhibit the Phantasmagoria, a transparent screen is suspended, on one
side of which is the exhibitor with his lantern, on the other the spectators.
Having brought the lantern close to the screen and drawn ont the tube till
the image (which will be quite small) is perfect, the exhibitor walks slowly
back. He thus gradually increases the size of the image; while he preserves
its distinctness by pushing in the tube as he recedes. The effect on the
spectators.is tartling.. The room being dark, they can not see the screen,
but, only the illuminated image, which,'as it grows larger, appears to be
moyving towards them; even those who are familiar with the instrument can
hardly disabuse their minds of this impression. When the exhibitor ap-
proaches the screen and pulls out the tube, the image becomes smaller and
appears 10 recede.

711, Dissolying Views—Dissolving Views, in which
one pieture appears to melt into another, are produced by
two magic Janterns, inclined so as to throw their images on
thesame spot. An opaque shade is made to revolve in
front of the instruments, in such a way as gradually to in-
tercept the rays from one and uncover the tube of the other.
The first pleture fades, and a new one takes its place, be-
coming more and more distinet as the other disappears.

712. Tue Trrrscore—The Telescope is an instrument
for viewing distant objects. It appears to have been in-
vented by Metius; a native of Holland, in 1608. The fol-
lowing year, Galileo, hearing of the new instrument, con-
structed one for himself, and was the first to make a
practical-use of the invention. To the Telescope, Astron-
omy is indebted for the important advances it has made
during the last two. centuries.

Telescopes are of two kinds, Refracting and Reflecting.
In the former, which were the first constructed, lenses are
used ; in the latter, polished metallic mirrors,

718. Refracting Telescopes—The simplest form of the
telescope is that devised by Galileo. It is a tube contain-
ing a convex object-glass and a concave eye-glass, By the
former parallel’ peneils are made to converge towards a
focus, where they would form an inverted image ; but be-

tern. 710, What is the PHantasmagoris Tantern? How are the phantasmagoria pro-
duced? Whatis said of their effect? 711. What are Dissolving Views? How are
they prodaced? 712, What is the Telescope? By whom was it invented? Who
first made a prectical use of the invention? Name the $wo kinds of telescopes.
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fore reaching the focus they fall on the concave lens, and
have their convergency so far corrected that an object is
distinetly seen by an eye at the extremity of the tube. The
Opera-glass consists of two Galilean Telescopes combined.
The night-glass used by sailors is on the same plan.

In the instrument called the Astronomical Telescope, both object-glass and
eye-glass are convex, The former produces an inverted image at its focus;
the latter, which is so placed that its focus fulls at the same spot, refracts the
rays diverging from this image, and thus renders it visible to the eye, The
inyersion of tlie image is of no consequence in observing the heavenly bodies;
but, when objects on the earth are viewed, we want anerect image, and there-

fore in the Terrestrial Telescope two additional lenses are introduced to cor-
rect the inversion,

T14. Reflecting Telescopes—In Reflecting Telescopes,
a speculum, or mirror, takes the place of the object-glass.
These instruments appear in several different forms., The

principle on which Herschels is constructed, will be under-
stood from Fig. 262.

The mirror SS is
placed at the farthest

——
extremity of the tube, — E
inclined so as to make -
the rays that fall upon = —
i s e
it converge towards the [&;}%# ‘ |

side of the tube in which

the eye-piece a } is fixed to receive them. The observer at B, with his back
towards the heavenly body, looks through the eye-piece, and sees the reflect-
ed image. His position is such as not to prevent the rays from entering the
open end of the tube. The advantage gained with this instrument depends
in.a great measure on the size of the mirror; for all the rays that fall on it
are concentrated and transmitted to thecye.

715. Thelargest telescope ever consirncted was made by the Earl of Rosse.
The great mirror is six feet in diameter, and weighs four tons. The tube, at
the hottom of which it is placed, is of wood hooped with iron. It is fifty-tivo
feet long and seven feet across. It is computed that with this instrument
250,000 times as much light from a heavenly body is collected and transmit-
ted to the eye as ordinarily reaches if.

Tig. 262.

T13. Describe the Galilean Teleseope. Of what does the Opera-glass consist? De-
seribe the Astronomical Telescope. How docs: the Terrestrial Telescope differ from
the Astronomical? 714 In reflecting telascopes, what takes the place of the object-
glass 7 'With Fig. 262, explain the principle on which Herschel's Telescope aperates.
On what does the advantage gained with this instrument depend? 715, Describe the
telescope of the Earl of Rosse. How great isthe advantage gained with it?

1o




EXAMPLES FOR PRACTICE.

(Ses § 504.) How long does it takea ray from the moon to reach the earth,
the moon's distance being 240,000 miles?

. The planet Jupiter is 498,000,000 miles from the son., How long does it
take a ray of light from the sut to reach the planet?

. Aray of light from the sun is about 12,826 seconds longer in reaching the
newly discovered planet Neptune than in Teaching Jupiter. About how
many miles farther from the sun is Neptune than Jupiter?

. (See§ 585.) A holds his hook 1 foot, and B holds his 3 feet, from a certain
candle. 'How much more light does A receive than B?

. The planét Uranus'is twice as far from the san as the planet Satarn.
How does the light received at Safurn compare in intensity with that re-
ceived at Uranus ?

. (Se2 §650.) How many times is the ordinary heat of the sun increased by
a burning glass with gan-area of 10 square inches, the focus of which has
an area of 1/, of a square inch ?

. A convex lens has a focus /s of & square inch in area, and increases the
heat of ordinary sun-light 200 times; what is the area of the lens?

CHAPTER XYV.

ACOUSTICS.

716. AcousTics is the science that treats of sound.

717. NaTure axp OriciN oF Souxp.—Sound is an im-
pression made on the organs of hearing by the vibrations
of elastic bodies, transmitted through the air or some other
medium. These vibrations may be compared to the mi-
nute waves which ripple the surface of a pond when a stone
is thrown in,—spreading out from a centre, but growing
smaller and smaller as they recede, till finally they are no
longer perceptible. They are produced by percussion, or
any shock which gives an impulse to the particles of the
sonnding body. There is no sound that can not be traced
to mechanieal action,

718. Bodies whose vibrations produce clear and regular

SOUND PRODUCED BY K VIBRATIONS. 275

sounds are called Sonorous. Bell-metal, glass, the head of
a drum, are sonorous.

719. That sound is produced by vibrations is proved in yarious ways. A
person standing near @ piano-forte or an organ, when it is played, feels a
tremulous: motion in the floor of the apartment, as well as in the instru-
ment itself if he touches it. We perceive the same tremor in a bell when
in the act of being rung. In like manner, if we strike a tumbler so as o pro-
duce a sound, and then touch the top, we feel an internal agitation ; and,
when the vibrations ave stopped, as they are by contact with the finger, the
sonnd ceases with them. If we put water in a glass and produce a sound by
rubbing the top with the finger, the liquid is agitated, and its motion contin-
ues until the sound dies away.—Place some fine sand on a square piece of
glass, and, holding it firmly with a pair of pincers, draw a violin-bow along
the edge. The sand is put in motion, and finally settles on those parts of
the glass that have the least vibratory movement.—If a tuning-fork be struele
and applied to the surface of mercury, minute undulations may be observed
in the metal.

That these vibrations are communicated to the air and by it transmitied
to the ear, also admits of easy proof. The rapid passage of a heavy cart or
stage shakes the walls of a house. The discharge of artillery sometimes breaks
windows, These effects are due to the yibrations suddenly produced in the
air, Ifthere 18 no air or other medium to transmit the vibrations to the ear,
no sound is heard. We have already seen (§ 439) that a bell rung in an ex-
hausted receiver can herdly be heard; if the aiv counld be entirely removed,
it would be wholly inaudible.  Sound, therefore, does not leap from point to
point, but is transmitted by vibrations communicated from one particle to
another. .

720. All sonorous bodies are elastie, but all elastic bodies
are not sonorous.

Soft bodies are generally non-elastic, and consequently not sonorous.
This is the case with cotton, for example, which yields little or no sound
when struck by a hammer. Itis on thisaccount that music loses much of its
effect in rooms with tapestried walls or/curtained windows. Hence, also, a
speakev finds it more diflicult to make himself heard in a crowded room than
in one that is empty.

721. TrANSMISSION OF SouxD.—All the sounds that or-

716, What is Acoustics? TIT. What is Sound? Hoyw are sound-wayves produced ?
To whatis eévery sound traceable? T18. What hodies are cilled Sonorous? Give
examples, 719. Tow isit proved by familiar experiments that sound Is produced by
vibrations? I{ a tuning-fork be struck andapplied to the surface of mereury, what
may be observed? How is it proved that thess yvibrations are communicated to the
airand by it transmitted to the ear? 720, What property belongs to all sonorous
bodies? What bodies are, for the most part, not sonorous? Give examples. What
follows from the fact that soft bodies are not sonorous? 721, By what are the sounds
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duce a sound, and then touch the top, we feel an internal agitation ; and,
when the vibrations ave stopped, as they are by contact with the finger, the
sonnd ceases with them. If we put water in a glass and produce a sound by
rubbing the top with the finger, the liquid is agitated, and its motion contin-
ues until the sound dies away.—Place some fine sand on a square piece of
glass, and, holding it firmly with a pair of pincers, draw a violin-bow along
the edge. The sand is put in motion, and finally settles on those parts of
the glass that have the least vibratory movement.—If a tuning-fork be struele
and applied to the surface of mercury, minute undulations may be observed
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stage shakes the walls of a house. The discharge of artillery sometimes breaks
windows, These effects are due to the yibrations suddenly produced in the
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dinarily reach our ears are transmitted to them by the air.
Any material substance, however, that connects our organs
of hearing with a vibrating body, may transmit the vibra-
tions in the same way. Thus, with our heads immersed in
water, we can hear a sound produced under the surface at
a considerable distance. Here water is the transmitting
medium.

722, Liquids are better conductors of sound than aéri-

form bhodies, and solids than liquids.

Persons in boats can converse with each other af a great distance, be-
cause water is a good conductor of sound. When the ear is applied to one
end of along stick of timber, the scratch of a pin at'the other end can he
distinctly heard, owing to the conducting power of the wood. An approaching
locomotive can be heard at a great distance by placing one's ear on the rails,
The American Indians kunew by experience the facility with which solids
transmit sounds, and were in the habit of applying their ears o the earth
when they suspeeted the approach of an enemy, or wanted a more distinct
impression of any sound that attracted their attention.

725, The denser air is, the more readily it trausmits sounds. On the tops
of high mountains, where, as we have already learned, the atmosphere is
rare, the human voice can be heard only a feww rods off, and the report of a
musket sounds no louder than the snapping of a-whip at the level of the sea.
On the other hand, the aivin a diving-bell let down to the botiom of the sea,
which s condensed by the upward pressure of the water, transmits sound so
freely that those who descend can hardly speak to each other above their
breath ; conversation in an ordinary tone would pain the ear.—Frosty air is
& much better conductor of sound thansvarm air. In the polar Tegions, con-
versation has been carried on by tivo persons a mile apart.

Still air of uniform density transmits sounds more freely than air which
is agitated by variable currents or contains strata of different density. This
is.one reason why sounds are more distinctly heard by night than by Gay,
Falling rain or snow interferes with the vibratious, and tends to make sounds
less distinet ; so, likewise, do contrary winds,

724. If the air were perfectly still and of uniform densic
ty, sound transmitted through it would decrease in loud-

ness as the square of the distance from the vibrating body

we ardinarily hear, transmitted ? What else may transmit sonnd-waves in the same
way? 722, How do solid, liquid, and aériform bodies compare, as conductors of
sonnd? Give a proof of the conducting power of water. Stato some fiicts illustrating
the facility with which solids conduct sound. 723, How do rare and dense air com-
pare, as conductors of sound ? Give examples. How does cold air compare with warm
In conducting power? Under what circumstances does air transmit sound most frecs
{7? What is the effect of fallingrain or snow? 724 If the air were perfectly still
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increased. The report of a cannon, for instance, would
seem only one-fourth as loud at a distance of 200 feet as at
a distance of 100 feet.

725. Verociry or Souxp.—Under ordinary circum-
stances, sound s transmitted through wir with a wvelocity
0f 1,120 feet in a second, which is at the rate of a mile in
about 42 seconds.

All sounds, whether loud or faint, high or low, are
transmitted by a given medium with equal rapidity. Were
it not so, there would be no such thing as harmony in mu-
sical performances, for the notes of the different instruments
would reach the ear at different intervals.

Sound, it will be observed, travels much more slowly than light. The
latter moves 192,000 miles while the former is going only 1,120 feet. The
difference in their velocities is perceptible even at short distances. If we
look at a man splitting wood a féw rods off, we see the axe descend on the
log some time before we hear the noise.of the blow. So, the report of a can-
non is not heard till after the flash is seen,—the interyal being long or short
according to its distance:

726. When the sound iS accompanied with a flash, knowing the relative
veloeity of sound and light, we can caleulate very nearly the distance from
which it comes, We have only to notice the number of seconds that clapse
after the flash is seen before the sound is heard, and multiplying this by
1,120, we get the distance in feet. ' The time which it takes the,light to tray-
erse the given distance and reach the eye, is so small that it does not enter
into the.caleulation. For example, if a clap of thunder is heard 3 seconds
after the accompanying flash is seer, the cloud from which they proceed is 3
times 1,120 (or 5,860) feet distant, The sooner the raport follows the flash,
ihe nearer the cloud.

727. Water transmits sound 41 times as rapidly as air ;
iron; 10 times; and different kinds of wood, from 11 to 17
times.

Place the ear at one end of a very long stick of timber, and Iet some one
strike the other end with a hammer. The wood conducts the sound to the
ear so much more quickly than the air that the blow is heard tivice. So,

and of uniform density, what would be the Tnw for'the Joudness of a sound heard at
different distances? Give an example. 725, What is the velocity of sound 2 How
Is the velocity of sound affected by its I6udness and pitch? What proof have we of
this? How does thie velocity of sound compare with that of light? Give somo fa-
miliar instances showing their difference of velocity. 726, When the sound is accom-
panied with a flash, how may we calculate the distance from which it comes? Give
mn example. 727, With what velocity does water transmit sound, a3 compared with
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when a bell at the end of a long iron tube is struck, two sounds are heard at
the opposite extremity,—the first conducted by the iron, the second by the
air within it.

728. DISTANCE TO WHICH SOUND 1S TRANSMITTED.—0
many changes are constantly taking place in the atmos-
phere, in its temperature, moisture, density, and the veloe-
ity and direction of its currents, that no universal law ean
be laid down as to the “distance at which sound is audible.
The human voice, whien raised to its highest pitch and lound-
est tones, may be heard at the distance of an eighth of a
mile ; the report of a musket, at 5 miles.

Through the water; or in the atmosphere directly over it, sonnds are trafs-
mitted to a great distance.  The ringing of n bell under water has been heard
across the whole breadth of Lake Geneva, not less than nine miles. The
“all's well ” of thesentinel af Gibraltar has been distingunished twelve miles
off, and naval engagements have been heard at a distance of 200 miles, An
eruption of the voleano of St. Vincent has been heard at Demerara, 840 miles

off,—the greatest distance on record to which sound has been transmitted by
the atmosphere.

729. Acoustic Tupes.—It i8 their dispersion in the sur-
rounding air that makes sounds finally inaudible. Hence,

when they are.confined within tiubes, they are carried to a
much greater distance. The slightest whisper has been
heard through an iron pipe 3,120 feet (more than half a
mile) in length.

This fact has been turned to account in several ways. The voice is con-
veyed by speaking-tubes from one part of a building fo another, frequently
to a considerable distance and by a circuitous route. The Stethoscope, an
instrument for examining the Tungs and other internal organs, is an applica-
tion of the same principle. It is a hollow cylinder of wood ywith a funnel-
shaped extremity, which is placed on the organ to be examined while the éar
is applied to the other end. The sounds produced by the vital action within
are thus conveyed to the ear, and enable the experienced examiner to judge
whether the organ isin a healthy state.

air? Tron? TWood? What experiments prove that solids conduet sound more rap-
Jdly than air?. 728, What makes it impossible to lay down a universal Iaw s to the
distance 4t which sound is audible? How far may the human voice be heard? The
report of o musket? What instances are mentioned showing the great distance to
which sound is transmitted by water? What is the greatest distance on record to
which sound has been transmitted by the atmosphere? 729, What makes sounds
finally inaudible 2 How may this difficulty be in a measure removed? How far has
a faint whisper been heard throngh a tube? How has this principle been turned to
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730. The Speaking-trumpet.—Even if the tube is short,
the more intense pulsation excited in a column of confined
air makes a given sound audible at a much greater distance
than if it is at once diffused in the atmosphere. This is
proved by the Speaking-trumpet, an instrument used by
seamen and others who wish to give additional power to
their voices. The narrowness of the tube prevents the easy
flow of the air which the voice sets in vibration. The or-
gans of articulation, therefore, operate on it with concen-
trated force, as they do on condensed air; and, conse-
quently, when the vibrations escape from the tube, they
are propelled to a greater distance. A loud voice with a
speaking-trumpet 20 feet long, can be heard at a distance
of three miles. No one can use the speaking-trumpet long
without being exhausted, which shows that an unusual
effort has to be made with the yoice.

731. INTERFERENCE OF SoUND—Two sets of vibrations
of equal ‘intensity, meeting in such a way that the depres-
sions of one correspond with the clevations of the other,
interfere, or neutralize each other, and an interval of silence
is the result.

Cause a tuning-fork to vibrate and hold it over a cylindrical glass vessel.
Vibrations will soon be communicated fo the glass, and a musical note avill
be heard. Place a similar glass vessel at right angles to the first and oppo-
gite the tuning-fork, and the note previously heard will cease, Withdraw it,
and the note is again heard. The vibrations of the first vessel produce the
sound, but are neutralized by those of the second.

732. RErLEcTION OF SoUND.—Vibrations striking a
plane surface are reflected from it (like light and heat) in
such a way as to make the angle of reflection equal to the
angle of incidence.

733. Fehoes—When a sound is heard a second time by
reflection; after a certain. interval, an Echo is said to be
produced. = A sound is sometimes repeated more than once,

account? What instrument is constructed on this principle? Deseribe the Stetho-
soope, and its operation. 730. By whom is the Speaking-frampet nsed ? Explain the
principle on which it operates, How far has a loud voice been heard with a speaking=
trumpet? 781, What is meant by the Interference of sound, and how isit cmx.sml?
Give an example. 782, Whatis the law for the reflection of sound ¥ 783, What is an
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according to the number of reflecting surfaces on which it

sf;rikes. An echo near Milan repeats a single syllable thirty
times. ' .

To be distinetly heard, the echo must ot reach the ear till one-ninth of a
second after the original sound has ceased. Otherwise they will run together
and form: one .continnous sonnd. Hence, the rcﬂecting'surfuce mu:t be a
certain distance from where the original soand is produced. The farther it
is off, the longer the reflected sounds will be in reaching the observer's ‘cur
and the more syllables will he repeated. ‘At \\'r»mlsh:':k, England, there is:
an cc.ho which repeats from 17 o 20 syllables ;. in this ease Ihebreﬂec’(in" sur-
face is distant about 2,800 foet. In mountainons regions echoes arebauilc
common. There are several remarkable ones amon;g the Alps; and the
mountaineers contrive to sing one of their national songs in suci; time that
the echo forms an agreeable accompaniment, 7
| In‘ordinary rooms no echo is perceived, because the distance of the walls
15 50 small that the reflected sound is mingled with the original ope but in
large halls; unless the principles of Acoustics are rc'_rardgd an m;l'yrleasmt
echo follows the speaker’s words and makes them confused :\l;d indistiuct‘.

784, .E'ar-trumpets._—Em'-tnunpots, used by deaf per-
soms, concentrate and reflect to the interior 111:3mbmne of
the ear, vibrations that strike it, and thus render audible
sounds that could not otherwise he heard. The principle

on which they operate will be understood from Fig, 263,

Fig. 263, The sounds enter the large end, and are wnited by

successive reflections at the small end, which js applie:l
to the ear. The onter part of the ear is itself of such g
shape as to collect the sound-waye
flect them to the membrane within.  To enable them to

s that strike it and re-

Learmore distinetly, we often see people putting up their
!mnds behind their €ars, so as to form a concave reflect-
s ing surface ; in ywhich case, the hand acts somewhat on
the prineiple of the ear-trampet.  Instinet teaches animals to prick up thein
cars when they svant to catch a sonnd more clearly. ‘ &
: .Shel.ls o_f 4 certain shape reflect from their inner surface the vibrations
that strike it from the external airy and hence the peculiar sound that i
heard when they are applied to the ear. ) Lol
s
Echo? In what ¢ase may a sound be repeated more than once? How often d 1
echo near Milan yepeat a syllable® What fs essential to the di<t.inctnmq{o" ’1 00; 3‘9‘
On what does the number of syllables repeated depend ? GIZ'n "m 1< ol1 “t“ ch s
echo at Woodstock, England. Where are echoes quito commou; X.\'l:“xt”il-‘ . i :he
those in the Alps ? Why is there no echo in ordinary rooms? 1:34 Il<;w id f::h::
E:.\r-lrumpets render andible sounds that could not otherwise be h.mrd" ; Fhat 1
sald of the onter part of the ear? Mow is the hand made to act on 1'hc Tr’ 'liq ;
& speaking-trumpet ? Why do animals prick up their ears? Explain thgr‘z;l:xlil;: oof
o

TIE EAR-TRUMPET.

WHISPERING GALLERIES.

735. Whispering Galleries—Sound reflected from curved
surfaces follows the same law as light and heat. Let two
large concave brass mirrors be placed opposite to each
other, as shown in Fig. 213 ; the ticking of a watch, or the
faintest whisper in the focus of one, is distinetly heard,
after two reflections, at the focus of the other, though in-
audible at any other point. Two persons with their backs
to each other can thus carry on a conversation, while those
between them are not aware that anything is being said.

An apartment in which such a reflection is produced by
the walls is called a Whispering Gallery. An oval form is
the best for such a gallery, because there are two points
within, to either of which all the vibrations produced at
the other are reflected at the same instant from every poin
of the surrounding walls. The dome of St. Paul’s Church,
London, and that of the Capitol at Washington, are exam-
ples of fine whispering galleries.

One of the most remarkable structures of this kind in ancient times was
“the ear of Dionysius”, a dungeon so called from the tyrant of Syracuse, by
whom it was constructed. The walls and roof were 80 arranged that every
sound from within was reflected and conveyed to a neighboring apartment;
where the tyrant. could ensconce himself and hear even the whispers of his
unsuspeeting victims.

736. MusicAr. Sovyps.~Musical Sounds are produced
by regular vibrations, uniform in their duration and in-
tensity.

787, Loudness, Pitch, and Quality—In connection
with musical sounds, three things must be considered ;. their
Loudness, their Pitch, and their Quality. -

The Loudness of a musieal sound depends on the extent
of the vibrations producing it. The greater the vibrations,
“ the Touder is the sound,

The Pitch of a musical sound depends on the rapidity

shells. 735, What law does sound reflected from curved surfacss follow ? Ilustrato
thislaw in the ease of sounds reflected from two concave mirrors. Whatisa Whis-
pering Gallery? What is the best form for such a gallery, and why? What build-
ings contain whispering galleries? Give an account of “the ear of Dionysius ™
786, Moy are:Musical Sounds prodaced? 737, What threo things must be considered
In: connection with musical sounds? On what does the Loudness of s musical sound
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of the vibrations produeing it. The more rapid the vibra-
tions, the higher is the piteh.

The slowest vibrations that produce audible musical sounds follow each
other at the rate of 8'in & second, and a very low note is the result. As the
vibrations become more rapid the pitch yises, fill they recur at the rate of
24,000 in.a seeond, when a very high note is produced. Beyond this the vi-
brations last so short a time that they no longer affect an ordinary ear, and
no musical sound is heard.

The Quality of a musical sound depends on the nature
of the vibrating Body. “The human voice, the piano, and
the flute, may all produce a note of precisely the same
loudness and pitch, and yet we readily distingnish them
apart. The difference lies in their Quality.

738. All musical sounds are produced by the regular
vibrations either of solids or confined air, This gives rise
to a division of musical instruments into two classes :—
Stringed Instruments, like the violin; and Wind Tnstru-
ments, like the flute.

739. StriNeED InstrUMENTS.—The strings used in mu-
sical instruments are made of metal or cat-gut. They are
fastened at each.end, and are set in vibration with the fin-
ger, as in the case of the harp,—or by the stroke of a ham-
mer, as in the piano,—or by drawing across them an instru-
ment made for the purpose, like the bow of a violin.

740. To produce notes of different pitch, two strings
must vibrate with different degrees of rapidity, That they
may do so, one must be longer than the other, or thicker,
or stretched more tightly.

The longer a string is, with a given thickness and tension, the more
slowly it vibrates and the graver ifs tone.—The thicker a string is, with
a given length and tension, the more slowly it yvibrates and the graver its

tone.—The more tightly a string is stretched, with a given length and thick-
ness, the more rapidly it vibrates and the more acute its tone.

depend 2 On-what, its Pitch ¥ How rapidly do the vibrations that produce the low-
est audible musical sounds follow each other? How rapidly, those that produce the
highest notes? On what does the Quality of a musical sound depend”? Give an ex-
ample of difference in quality. 733, By whatare all musical sounds produced? How
are musical instruments, then, divided? 739, Of what are the strings used in mu-
eical instruments made? Iow are they set in vibration? 740, How are two strings
made 10 produce notes of different pitch? Stats the three laws relating to the length,
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Stringed instruments are tuned,—that is; bronght to their.pmpcr pitc.h.,—-
by turning pegs to which the strings are attached. Changes in the cond.xtlon
of the atmosphere affect the length and consequently the tone of the strings.

741. The music of the ZEolian Hurp is produced by the action of currents
of air on strings which are stretched between two small uprights tiwo or three
feet apart. The most pleasing combinations: of sounds sometimes procce.d
from this simple instrument, commencing with a strain, soft and. low, as il
walfted to the ear from a distance, then swelling as if i were coming nearer,
while ofher notes break forth, mingling with the first with indescribable
sweetness.

742. In the case of the drum, musical sounds are produced by the vibra-
tions of a tense membrane acting on the same principle as strings.

743. Wixp InstrumeNTs.—In wind instruments, such as
the flute, the trumpet, &e., musical sounds are produced
by the vibrations of air confined within tubes. In tubes
of equal diameter, the pitch of the note differs according
to the lenath of the vibrating column ; the shorter the col-
umn, the higher or sharper the note.

There are two ways of producing notes of different 'plt(.)]?
with the same instrument :—1. By joining tubes of dif-
ferent length and diameter, as in the organ. 2. By ha\'n.lg
but one tube and providing apertures in if at different in-
tervals, by uncovering which the air is allowed to escape,
and the internal vibrations are stopped at any desired point.
This is the arrangement in the flute.

A wind and a stringed instrument produce notes of the same pitch when
the column of air contained within the former vibrates with the same rapid-
ity as the string which produces the note of the latter.

744, The tubesof wind instruments may be open at both ends, or closed
at both. ends, or open at one end and closed-at the other.. In the last case,
the note produced is twice as low as in either of the other cases, the length
of the tubes béing the same. '

745. Musical notes are produced with wind instruments by blowing into
one' end, by causing a current of air to enter an aperture, or by making

thickness, and tension of strings.. How are stringed instruments tuned? What
causes them o gotont of tune 2 741, How are the sounds of the Aolian Harp pro-
dueceld? Desceribe the musie of this instroment. 742, Tlow are musicdl sounds pro-
duced in the case of the drum? 743. How are musical sounds produced in-wind
instruments? On what does the piteh of the note depend? How many ways are
there of producing notes of different pitehwith the same wind instrument? Mention
them. When do a wind and a stringed instrament produce notes of tho same pitch?
744, What is said respecting the openings of the tubes of wind insfruments?
5. What threo modes of producing musical notes with wind instruments sre men-
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such a current act on thin plafes of metal or wood properly arranged
within,

746. A jetof hydrogen gas, ignited and made to pass through a glass tubs
about an inch in diameter, produces sweet musical sounds, which may be
made soft or loud at pleasure by raising or lowering the tube. These sounds
are caused by vibrations excited in the confined air by the burning hydrogen.

7. The Organ.—The grandest and most complicated
of wind instruments is the organ. It combines the tones
of almost every other wind instrument, in such a way that
they may be used singly or together at the pleasure of the
performer. * An organ in Switzerland has tones so closely
resembling those of the human voice, that visitors who hear
1t imagine they are listening to a full choir of singers. The
great organ at Haarlem, in Holland, which is the most cel-
ebrated one in the world, has no less than 5,000 pipes, as
the tubes of the organ are technically called.

The water-organ, or Zydraulicon, was known more than two hundred
years before the Christian era.’ Its invention is attributed to Ctesibius, the
barber of Alexandrig, already mentioned as the inventor of the lifting-pump.
‘Wind-organs appear to have been little known until the eighth century after
Christ, though perhaps invented some time before. We read that an instru-
ment of this kind was sent to King Pepin, of France, in the year 757, by the
Greck Emperor, Constantine,

748.- Tare Gayur.—Notes are said to be in wnison when
the vibrations that produce them are performed in eqnal
times,

£ e I -

: '.l\To notes, one of which is produced by twice as many
vibrations as the other, are called Octaves. In passing
from a mote to its octave, there are several intermediate
sounds, produced by intermediate numbers of vibrations,
each of which the ear recognizes as a distinet note. These
notes are distingnished by different names, as shown be-
low. Assuming the number of vibrations producing the
fivst to'be 1, the relative number of vibrations producing

tioned? 746. Tow may musical notes be produced with a jet of hydrozen mas?
T4T. What is the grandest of wind instrnments? “What are cémbinetl 'in thte or:nn‘.’
What is said of an organ in Switzerland? Tow many pipes has the great H:u;len;
organ? How long ago was the water-organ known? By whom \v:‘.:it invented ?
When do wind-organs appear to have first beeome known? 748, When are notes
said to be in wnison ! What is meant by Octayes? Between a note and its octave,
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the other notes will be expressed by the fractions respee-
tively placed below them, the number of the eighth note
being, as already stated, double that of its octave.

Names of thenotes;, C D E F G A B C

or, do re mi fa sol la si do

Pronounced, do va ms fak sole lh -s¢ do

No. of vibrations, 1. 80 B e Bk AE 5D
These eight notes constitute the Gamut, or Diatonic Scale. The notes
of the next higher octave bear the same relations to each other, but are pro-
duced by vibrations performed in half the time, and therefore twice as nu-
merous in each case. The notes of the next lower octave again bear the same
relations to each other; but their vibrations take twice the time, and are there-
fore only half as numerous. In other words, & given note of any octave is
produced by vibrations twice as rapid as the same note of the next octave

below, and only half as rapid as the same note of the next octave above.

749. HararoNy.—Some notes, reaching the ear simul-
taneously, produce an agreeable impression in consequence
of their vibrations’ frequently coinciding, and constitite
what is called concord. Other notes, whose vibrations
rarely coincide, impress: the ear unpleasantly and produce
discord. A combination of concordant musical sounds is
called a Chord. An agreeable succession of musical sounds
constitutes Melody, A suecession of chords constitutes
Harmony.

The most agreeable concord is that of the octave ; next,
the fifth ; then, the fourth; and then, the third. Thus, in
the seale given above, concord is produced when Cis sound-
ed with its octave C, and with the notes G, F, and E.

750, Tar Husax Vorce—The sounds of the human
voice, whether used in speaking or singing, are produced
by the vibrations of two membranes stretched across a
tube, which couneets the mouth with the lungs. This tube
is the wind-pipe; and the upper part of it, which consists

what occur? Name the notes by letters. Give their other names. Assuming the
pumber of vibrations that produce O to be 1, mention the relative numbers that pro-
doce the other notes.  What do these eight notes constitute? What relation do the
notes of the next bigher vctave bear to these? The notes of the next lower octave?
749. What is mednt by Concord?. By Discord? What is a Chord? 'What is Melo-
dy? What is Harmony? Which is the most agreeable concord? Which next?
Which next? 750, How are the sounds of the human yoice produced? Describe
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of cartilage, 15 called the Larynx. The larynx is flattened
at the top, and terminates in two membranes, which nearly
close the passage, leaving between them a narrow opening,
known as the Glottis. These two membranes are called
the Vocal Chords, and it is by their vibration, caused by
the passage of the air breathed out from the lungs, that the
sounds of the voice are produced. Small muscles enable
us to streteh the vocal chords more or less tightly at pleas-
ure, and also to enlarge or diminish the opening hetween
them. By these means we produce notes of different pitch.
'?0 produce a change of note, we have only to make a dift
ference of 1%+ of an inch in the length of the vocal chords.
TFig 264 Fig. 264 represents the glottis under differ-
ent circumstances, The upper plate shows it
at rest: §, b, represents-the top of the larynx,
and ¢, ¢, the voeal chords, relaxed so that the
breath passing throngh the opening makes no
sound. The lower plate shows the glottis in the
act of emitting a musical sound, the chords be-
ingnow tightly stretched, and made to vibrate
by the air breathed.ont between them. oiis a
passage leading into the wind-pipe, which re-
mains open, however close to each other the

chords may be brought.

761, The vocal chords are shorter in boys
and women than in men ; hence the voices of
the former are sharper or higher than those of
thelatter. When boys reach the ag 4 5

en hoys ge of 14 or 15,
THE GLO A 4 1
eben e .lhe \‘.OL‘:ll chords rapidly enlarge, and the voice
is said #o ckange—The more forcibly the air is
expelled from the Tungs through the wind-pipe and larynx, the louder is the
voice.

752. His surprising flexibility of voice enables man to imitate almost cx-
acﬂ_‘:, not_ only the cries of birds and beasts, but also the sounds of various
musical instruments. This was shown by the performances of a band of
twelve Germans a short time since in the principal cities. Each imitated a

different instrument with his voice, and so accurately, that those who heard

the Larynx and the Glottls, What are the membranes stretehed across the top of
the larynx called? How do we produce notes of different pitch? H 3
ference in the length of the yoeal chords produces a change of note ?
different parts in Fig. 264. ]
boys and women ?
loudness of the voica depend?

ow great o dif

Point out the
1. Why are the voices of men deeper than those of
What causes the yvoices of boys to change? On what does the
732. What is said of the flexibility of the human
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them could hardly believe they were not listening {o an instrumental
concert.

753. Ventriloguism.—Some persons have the faculty of
uttering sounds and words without moving their lips.
When, besides this, they can throw their voice into any
object (as the expression is), or make it seem to come from
a distance, they are called Venfriloquists: By practice
ventriloquists attain to wonderful power over their voices.

Amusing exhibitions 6f ventriloguism are often given, in yhich the per-
former imitates to perfection the buzzing of bees, the grunting of pigs, the
spitting of cats, the chirping of crickets, the drawing of corks, the gurgling
of liquids, the moaning of the wind, the puffing of a locomotive, the cry of &
young infant, conversation between different parties represented as‘approach-
ing or receding, in different parts of the room, under tables, &c.—It is sup-
posed that the priests of the ancient oracles practised ventriloquism, and
thus made their responses appear to come from shrines, statues, &ei--

754, Stammering—Stammering is a defect in speech
cansed by the organs’ not performing their respective parts
in regular succession. A convulsive neryous action inter-
feres with their gperation.

%55, The difficulty in the case of deaf mutes does not
lie in any imperfection of the organs, but proceeds simply
from their deafness. Having never heard their own voices
or those of others, they are utterly unable to appreciate
sounds or adjust the organs properly for their articulation.

756. Voices oF THE INFERTOR ANDrars.—Man alone has
the power of articulation. The inferior animals utter cries
of different, kinds, according to the conformation of the lar-
ynx and the nasal cavities connected with it. Some of the
cat’s tones very closely resemble those of the human voice.

The sounds of insects are produced in various ways,—by the rapid vibra-
tion of their wings, the rubbing of their minute horns against each otlier
the striking of their organs on the bodies around them, &e.

757, Toe Humixw Ear—The human ear consists of
three distinet parts; the outer ear, the drum, and the in-

voice? What instance of its remarkable fiexibility is given? 753, What is Ventril-
oquism? Describe some of the feats of ventriloquists. What use is supposed to
haye been made of ventriloquism in ancient times? 754, What is the cause of Stam-
mering? 705, Why aro deaf mutes uneble to use their voices? 756. What Is said
of the tones of tho inferior animals? How arc the sounds of insects produced?
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ner ear. These parts and their connections are represented
in Fig. 265.

A A is the oufer ear, which acts on
the principle of the ear-trumpet,, collect-
ing the sound-waves and reflecting them
along the pipe B to the membrave C,
called the membrane of the tympanum.
E is the dympanum or drum, bounded by
the membrane ¢ on the one side, and the
membrane Fon the other, and filled with
air, which it receives from the fube D,
communicating with the mouth. @, the
enner ¢ar, contains @ number of duets, and isfilled with a liquid in which
the acoustic nerve floats.

The sound-waves' transmitted from the outer aircause the membrane C
to vibrate. € exeites vibrations in the air confined in the drum, and this in
turn causes F to yibrate,. The liquid in the inner ear receives the vibrations
from the membrane F, and transmits them to the acoustic nerve, by which
they are conveyed to the brain, and the sensation of hearing is produced.
‘When' o person takes cold, the tube which conneets the drum with the mouth
is aptito he obstructed, and temporary deafness is the consequence,

THE HUMAN EAR.,

EXAMPLES FOR PRACTICE.

(iSee § T24.) If the air were perfectly still and uniform in density, how would
the report of a musket heard by a person 50 feet off compare in loudness
with the same report heard at a distance of 250 feet?

. A cannonis heard a quarter of a mile off with a certain degree of londness,
How far must a person be removed, to hear it with only /5 ofits former
distinctness ?

(See'§725.) How far does sound travel through airin 10 seconds? In 20
seconds? In one minute?

4. How much faster does the sound produced by the discharge of‘a cannon
travel, than that produced by the snapping of a whip ?

5. (See §726.) T see the flash of a’cannon two seconds before T hear its re-
port. How far is it off?

. A clap of thunder does not reach the ear till four seconds after the accom-
panying flash is visible. How far off is the thunder-cloud ?

- A thunder-cloud is distant‘about one mile, How many seconds will elapse
Letween the flash and the clap?

. (See §727.) About how many feet will sound travel through water in 10
seconds? Through iron? Through wood ?

757, Name the parts of whicl the human ear consists. With the aid of Fig. 265,
point out the different parts, and show the operation of the organ, Why is tempo-
rary deafness produced by a cold ¢

ELECTRICITY.

CHAPTER XVI.
ELECTRICITY.

758. Ir a dry glass tube or a stick of sealing-wax be
rubbed with a piece of flannel, and then held a short dis-
tance above some shreds of cofton, they will be instantiy
attracted to it, and after adhering to its surface for an in-
stant again thrown off. A peculiar odor is perceived ; and
the face, when brought near the glass or wax, feels as if a
cobweb were in contact withit. If the tube or sealing-wax
be presented to a metallic body in a dark room, a spark,
aecompanied by a sharp cracking sound, will be seen dart-
ing from it to the metal.

The property thus developed by friction is called Elec-
tricity. The body in which it is developed is called an
Electric, and is said to be excifed or clectrified. The at-
traction exerted by the exeited electric over licht bodies
is called Electrical Attraction. The substance by whose
friction the clectric is excited is known as the Rubber.

759. ELECTRICITY AS ENOWN TO THE ANCIENTS.—The
term electricity is derived from the Greek word electron,
amber, the property in question having been first obseryed
in that substance.

Thales, one of the seven wise men of Grecee, who flourished 600 years
B. €., is said fo have discovered’electricity in amber; Theophrastus and
Pliny, at a later dafe; speak of the attraction of amber for leaves and straws.
Both Pliny and Aristoflesvere acquainted with the clectrical properties of the
torpedo; and e are informed that a freedman of the Emperor Tiberins cured
himself of gout by the use of its'shocks. Yet!the antients appear to have
known nothing more than a few-isolated facts connéeted with the subject;
and as aseience Eleotricity had no existence till the commencement of the
seventeenth century.

798, If & glass tube or astick of sealing-wax be rubbed with flannel, what phe-
nomena will be observed? Name and define the terms used in connection with this
experiment. 759, What is the derivation of the term eloctricity # What allusionsare
made to this property by ancient anthors? When did electricity originate as a sel-
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760. Sovrces or Erecrricrry.—Electricity is devel-
oped—I1. By friction. 2. By chemical action. 3. By mag-
netism. 4. By heat.

Eleciricily deveioped by Friction.

761, Friction is oneof the commonest sources of elec-
trieal excitement. Every one has noticed how his hair
crackles under the comb in frosty weather. The same sound
is heard on stroking the back of a cat, and if the room is
dark sparks may be drawn from its fur.

A siriking example of the exciting power of friction is often afforded in
factories. ' The endléss bands by their friction on the wheels develop elec-
tricity in great abundance, sometimes yielding sparks at a distance of tiwo or
three feet, In the carding-rooms of cotton mills, fibres of cotton are kept

dancing to and fro by aliernate attractions and repulsions, so:that steam has -

to be let in from fime to time to dissipate the electric fluid.

762. ErrcrricAn  ATTrRACTION AND REPTIsIoN.—We
‘have already noticed the alternate attraction and repulsion
of shreds of paper, cotton, and similar sub-  Fig 2.

stances by excited electrics. These phenom-

ena may be farther exhibited with the appa- '/(_\\ '
ratus represented in Kig. 266,which consists
of a pith ball suspended from a pillar by a
long silken thread.

Liperiment 1.—Rub a glass tube with flannel, and pre-
sent it to the pith ball; the latter will be insfantly attract-
ed.to the tube. After they have remainedin contact an
instant, the ball will be thrown off. 1If we now present the
tube, a second time, the ball, instead of being attracted,
will be repelled.  After touching the ball with the finger,
to.deprive it of the electricity it has received from the
tube, repeat the experiment with an excited stick of
sealing-wax, and the same phenomena will be exhibit-
ed,—that is, the ball will at first be attraeted, j
but.onthe second application of the wax will be
repelled.  We find, then,—1. That both the

wnce? 760. By what is electricity developed? 761 What familiar instances are
mentioned of the produstion of eloctricity by friction? What striking example i8
afforded in factories? 762, What does Fig, 260 represent? What may it be used to
illustrato ¥ Describe the first experiment with the pith ball. What two facts are
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glass and the sealing-wax attract the ball before they have communieated to
it any of their own electricity. 2. That, after so doing, they both repel the
ball,

Lrperiment 2—Suspend two pith balls from a pil- Fig. 267,
lar by silk threads, an® present to them an electrified
glass tube or piece of sealing-wax. They will hoth
be attracted; buf, on withdrawing the electric; in-
stead of hanging vertically, they will repel each other,
as shown in Fig. 267.

Lrperiment 3.—Excite the glass tube, present it
to the ball represented in Fig, 266, withdraw it after
a second or two, and then present the excited sealing-
wax. ' The ball, instead of being repelled, is now at-
tracted. Reverse the experiment by presenting first
the excited wax and then the glass, and the latter in
like manmer will be found to attract the ball.

763. From these experiments it has
been inferred that there are two kinds of electrical excite-
ment : that produeed by glass, which has been called Vit-
reous or Positive Eleetricity ; and that produced by sealing-
wax; which has been called Resinous or Negative Electrie-
ity. We may lay down the general law that substances
charged with opposite electricitics attract each other, while
those charged with lLike electricitics repel each other.

764. Narvre oF Enecrricrry.—What electricity is,—
whether it is an imponderable material substance, or con-
sists in the vibrations of some subtile medium, or is simply
a condition of matter,—we are unable to say. It was for-
merly supposed to be an exceedingly subtile fluid pervading
all things, and for convenience’ sake the expression electric
Jluid is still retained. The leading theories respecting the
nature of electricity are Du Fay’s, Franklin’s, and Fara-
day’s.

D Fay's Theory.—Du Fay, a French philosopher, held that there are two
distinet electric fluids (named by him Vitreous and Resinous), each of which
attracts the other, but exhibits repulsion’ among its own particles. That in
their natural state these fluids pervade all bodies in equal quantities, and

shown by this experiment? Deseribe the second experiment. The third experi-
ment, 763, What has been inferred from these experiments? What general law
may be laid down? T84 What is said of the nature of electricity ¢ What was it
formerly supposed to be? By what names are the leading theories respecting the
nsture of electricity distinguished? Give the snbstance of Du Fay's theory. Of
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combining nullify each other; itis only when this quiescent compound fluid
is decomposed by friction, or any other agency, that electrical phenomena
are exhibited.

Franklin's Theory.—Dr. Franklin, whose views were once generally re-
ceived by secientific men, believed that there is but oné'electric fluid, of which
every body in its natural state possesses a certain quaniity, That no evi-
dences of the existence of ‘this fluid are observed as long as a body retains
its natural quantity; buf, when it has'either more or less than this, it exhib-
its certain phenomena and is said to be electrificd. When overcharged, a
body exhibits the phenomena displayed by glass when excited by flannel, and
to such an electrical condition Franklin applied the term Positive ; when de-
prived of its proper share, its phenomena arve the same as those of excited
resinous‘substances; and such an electrical state he called Negative. When
communication is established between a positive and a negative body, the
former shares its superfluous electricity with the latter, till equilibrium is
established between them. Du Fay made the ‘difference between the tiwyo
electricities to consist in quality; Frauklin, in quantity,

Taraday's Theory.—Faraday, an eminent Eoglish authority, regards elec
tricity as simply a condition of matter. Accmdmg to his theory, an electri-
fied Body is not pervaded by any fluid at all, but simply endowed with a cer-
tain property which under other circumstances it does not possess.

765. Why the clectricity of one body when excited is
positive and that of another negative, we can not tell.
There is no law by which it can be determined, before ex-
periment; awvhat kind of electricity a body will exhibit. In-
deed, the same body exhibits different kinds when rubbed
by different substances,  Thus, polished glass is positively
electrified, when excited with flannel, but negatively when
rubbed on the back of a cat. Rongh glass is negatively
electrified when rubbed with flannel, but positively when
excited by dry oiled silk.

766. Electricity is confined to the surface of an excited
body; it does not extend to the interior. A hollow ball
may therefore contain just as much electricity as a solid
ball of the same size.

7. Positive electricity isnever produced sithout neg-
ative, or negative without positive.

Franklin’s. In what did Do Fay make the difference between tha two electricities
to consist? In what, Franklin? What is Faraday’s theory 2 7065, Why is the clec-
tricity of one hody positive, and that of another negative ? What is said of the elee-
tricity of a body when rubbed by different substances? Give examples. 706. In
what part of a body docs ifs electricity reside? 767, By what is the production of
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When o glass tube is excited, the rubber is negatively electrified; and
positively, when sealing-wax is excited. This may be shown by applying
the rubber to a pith ball charged with the electricity which it has excited
eitherin glass or scﬂg-wux. The ball isinvariably attracted, whicli shows
that the electricity of the rubber is opposite to that of the electric it has ex-
cited.

768. Errcrrics axp Nox-srLEcTrIcs.—All bodies can be
cleetrified, but not with equal facility. Those that are easily
excited, are called Electrics ; those that it is hard to excite,
Non-electrics, The metals generally are non-electrics.

769. Coxpucrion or Erecrricrry.—If we tonch the two
pith balls represented in Fig. 267 as repelling each other
(because charged with the same electricity) with a glass
rod, they will continue to repel each other; but, if we touch
them with a metallic rod, they will fall and hang vertically.
This is because glass does not draw off their electricity,
while metal does. Some substances, therefore, conduet
electricity, while others do not.

Substances that transmit electricity freely are called
Conductors ; those that do not, Non-conductors.

As g general thing, the non-eleetrics are conductors; and the electrics non-
conductors. Some of the chief conductors are the metals (silver and copper
ranking among the best), charcoal, water, snow, living animals, flame, smoke,
and steam. Among the principal non-conductors arve gutta perchs, shellac,
amber, the resins, sulphur, glass, transparent gems, silk, wool; hair, feath-
ers, dry paper, leather, baked wood, air, and gases generally.

Good conductors, when brought in contact with excited bodies, at once
draw off their electricity, and transmit it fo all paris of their own surface,
however extended. Bad conductors, on the other hand, reccive electricity
slowly; and diffuse. it over their own surfaces mo less slowly.” A'good con-
ductor connected with the earth or a body of water, does not for an instant
retain electricity communicated to it, but merely serves as a highway for its
passage to either of those media,

770. Imsulators—The best non-conductors are ealled

one Kind ofteléotricity always accompanied? Jow may this be shown? 763, What
aro Electrics? Non-electrics? To which of these classes do the metals belong?
560, How miy it ba shown that there is a difference in the conducting power of dif-
ferent snbstances? What Is a Conductor of electsicity ? A Non- nont‘uotn ? To
which of these two classes do the clectries generally belongz? Towhich, the non-
electrics? Mention some of the chief conductors. Some of the principal non-con-
ductors, Show the difference between good conductors and bad conductors, swhen
brought in contact with excited bodies, What is said of good conductors connected
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Insulators, because they insulate electrified bodies,~that is,
cut off their communication with such objects as would
withdrayw their electricity. The air is amginsulator; were
it not, no substance could remain elflcuﬂ% for an instant.
Whon insulated, an exeited body retains the eclectricity
communicated to it; and is said to be charged. The puh
ball in the experiment deseribedin § 758 was insulated by
the silke thread. Had it been suspondcd by a wire, the
metal, being a good conductor, would have withdrawn
the electricity from' the hall as fast as it was received, and
none of the phenomena that followéd would have been
exhibited.

Tiven when insulated, excited bodies will in time pavt with their electric-
ity. This is because nodnsulation ean be perfect.—Air, when imbued with
moisture, acquires conducting power ; and hence in damp weather it is im-
possible to keep an electric excited for any length of time. Well insulated
bodies, slightly excited, may be kept several months in a dry atmosphere
without any perceptible loss of electricity.

771, Parn or AN Erecrric CurRRENT.—An electric cur-
rent always follows the best conductor, and of two equally
good 1t takes the shorter.

772. Veroorry or ELrcrricrry.—Various e\pcnments
have been made to determine the velocity of electricity.
Their results show that electricity travels from 11,000 to
288,000 miles in a second, accordm« to its intensity and
the nature of the conductor along whxch it passes. Iu the
case of the velocity last mentioned, which far exceeds that
of light, and is so great as to be :ﬂ)ﬁo utely inconceivable,
the conduetor was copper wire.

773. Euectricar Macmizes—The Electrical Machine
is an apparatus for developing large quantities of electricity
by the friction of a rubber ona glass surface. Tiwo kinds
of electrical machines are in use, known. as the Cylinder

with the earth or a body of water? %70. What is meant by Insulators? Why aro
they so called ? Give an example of an insulator. When i5 an excited body caid to
be charged? Give an example, Howis it shown that no insulation is perfect?
Show the differénce in conducting power between dry and dampair, 571. What path
is always taken by en electric ourrent? 772. How great is the veloeity of electricity #

m—c

118, ‘What is the Electrical Machine? How many kinds of electrical machings aro
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and the Plate Machine,—a glass cylinder being used in the
formcr, and a cireular plate of glassin the latter.

774, Experimentsgin electricity were originally lmfmmod with a glass
lubc rabbed ith fm%x flannel. Otto Guericke, the inventorof the air-pump,
was the first to contrive a machine for developing the fluid more abundantly.
Tt consisted of a globe of sulphur, turned with a winch, and submitted to the
friction of the hand. Newton substituted a glass globe for the sulphur.
Aliout the middle of the eighteenth century, two further improvements yere
made,—the use of & rubber instead of the hand, and the addition of a metal-
lic conductor.

715, The Cylinder Machine—In the cylinder machine,
represented in Fig. 268, electricity is du'elupul by the fric-
tion of a rubber upon a glass (‘)]mdcr, usually from 8 to 12
inches in diameter, supported between two uprights of well-
dried wood, and rll'ldL, to revolve by a couple of wheels, as
shown in the Figure, or (as is now gonomll}, preferred) by
a simple winch attached to one énd of the eylinder.

Fig 268,

THE CYLINDER ELECTRICAL MACIINE.

{nuse? What constitutes the difference between them? 774 With what were ex-
periments in electricity originally performed? Who first contrived an electrical ma-
chine? Describe Guoricke's apparatus. What improvement did Newton make?
What improvements wers made about the middle of the eightcenth century?
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A is the cylinder. The rubber, B, is a leather cushion stuffed with horse-
hair, and set on a spring which makes it press equally against the cylinder
in all parts of its revolution. The intensity of its pressure is regulated by
a sliding base-board, H, which can be moved by a scpew towards or from
the cylinder. Connected with the back of the rubbefis the negative con-
ductor, I, & hollow metallic_cylinder, with round énds, insulated by a glass
pillar.  On the opposite side is"a similar metallic cylinder, €, insulated in
the same way, and called the prime eonductor. Attached to this is a rod
beating a row of metallic points, E, like the teeth of a rake, projecting to-
wards. the eylinder and reaching to within ‘s short distance of it. Several
holes of/different size are made in the upper surface of the prime conductor,
to admit of theintrodnction of different pieces of apparatus used in experi-
menting. To preventthe electricity from eseapingin the air before it reaches
the prime conductor, a flap of black silk, (i (which is & non-conductor), ex-
tends'from the upper edge of the rubber, across the top of the cylinder, to
within an inch of the metallic points.

776. Operation.—When the machine is to be used, its parts must be per-
fectly clean and dry. The rubber is rendered more efficient by spreading on
it a thin coat of an amalzam of zine, tin, and mercury, mixed with lard. The
screw must be adjusted so that the rubber may press with moderate force on
the glass, and the prime conductor so placed asito bring the metallic points
about an eighth of an inch from the cylinder. If positive electricity is re-
quired, the negative conductor must he connected with the earth by a me-
tallic chain.. This done, the handle is turned. The electricity naturally
presentin the rubberis thus.decomposed, and its positive part follows the
revolving glass. Onits reaching the metallic points; the neutral eleetricity
naturally present in the prime conductoris decomposed; its negafive ele-
ment is attracted by the positive fluid of the cylinder, and rushes over the
metallic points to unite with it,while its positive portion is repelled to the
opposite surface of the conductor. The pegative fluid received from' the
prime condnctor nentralizes the positive fluid of the cylinder; but on reach-
ing ‘the rubber (which has meanwhile received a supply from the earth
through the conducting chain) the process is repeated, The prime, con-
ductor does nof; therefore, receive any positive electricity from the cylinder,
but is rendered strongly positive by having its own négative finid withdrawa,

If negative electricity iswanted, the ¢hain connecting the machine with
the earth must be attached to the prime conductor instead of the negative
conductor, and the required electricity can then be drawn from the latter.

Water being a good eonductor, if the air is damp the electricity is dissi-
pated almost as soon as itiis developed.. This may o prevented by placing
under the cylinder a small box containing a bar of red-hot iron. The radia-
tion of heat from the bar keeps the atmosphere around the machine dry.

775, How is electrieity developed in the cylinder machine ? With the aid of Fig, 263
point out the different partsof the cylindermachine, How isthe electricity provent-
ol from escaping before it reaches the prime conduetor? 776, Describe the operation
of the cylinder machine. If negative electricity is wanted, what must be done?
What 15 the effect of dampness on the sworking of the machine? How is this diffi-
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777. When the machine is working, present your knuckle
to the prime conductor; a spark, accompanied by a sharp
eracking sound, darts to your hand, producing a pricking
sensation, Thisis called the Electric Spark. Any conductor
will draw off' a spark; but let a non-conductor, such as a
piece of glass, be presented, and no spark will be received.

778. The Plate Machine—In the Plate Machine, a cir-
cular plate of glass is used instead of a cylinder. The great-
est electrical effects have been produced with these machines.
Plates six and seven feet in diameter have been employed,
with such power that a spark from their immense conduc-
tors is nearly suf-- Fig. 260.
ficient to fell a
man to the earth,
The most pow-
erful machine in
the world, made
in  Boston, for
the University of
Mississippi, com-
bines two plates,
each six feet in
diameter.

Fig. 260 represents
the plaie machine in
one of its most con-
venient and efficient
forms.. AA is the
plate, supperted on an
axis between two up-
rights and turned by
the handle D. The
plate is pressed by
two pair ofelastic rub-
bers, fastened on the
inside of the uprights. THE PLATE ELECTRICAL MACHINE.

culty removed? 777. When a knuckle s presented to the prime oonductor, what
follows? If anon-conductor is presented, what takes place? 778, How is electricity
developed with the Plate Machine? What is said of the power of plate machines?
How large plates are sometimes employed? Give an account of the most power~

ful electrical machine in the world. With Fig. 269, describe the plate machine.
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ELE is the conductor, which consists of three long brass tubes joined at
right angles, with large balls at intervals. Opposite the centre of the plate,
two brass arms, B, €, provided with rows of teeth, extend on each side from
the upright conductor, The plate being made to rewolye by means of the
handle D, the same results follow as in the case of the cylinder machine.

779. Tae IxsvrATiNg Sroorn.—The Insulating Stool
consists of a platform of well-baked wood, supported on
glass legs covered with varnish. A person on the stool,
brought in connection with the prime conductor of a ma-
chine by holding in his hand a chain proceeding from it,
may be charged with positive electricity. Sparks may be
drawn from his person, and his hair, if fine and dry, will
stand on end. If he holds in his hand a silver spoon full
of alcohel, another person not on the stool may set the

Fig, 210, spirits on fire by simply pre-
senting his finger to it, and
thus producing a spark. The
nsulating stool is used when
electricityis medicallyapplied.

780, TrE DISCHARGER.—
The Jointed Discharger, Fig.
270, is an instrument with
which an operator can dis-
charge a conductor without
having any of the electricity
pass through his person. It
consists of a couple of eurved
brassvods, terminating in halls
at one end and at the other
Jointed and fixed in a socket, by which they are attached to
a glass handle. The glass, being a non-conductor, cuts
off communication with the operator’s hand,

The Universal Discharger, represented in Fig, 271, is
an instrument for passing a charge of electricitj; through
any substance. Two wires, mounted on insulating pil]a}S
are connected respectively with the positive and the nega-

THE JOINTED DISCIARGER.

70, Of what does the Insnlating Stool consist? How is. it used? 780, What is the
Jointed Dischargor? Of what does it consist? What is the Universal Discharger ¢

THE LEYDEN JAR.

tive conductor of a machine.
The substance to be operated
on is placed on a stand be-
tween two balls at the ex-
tremities of these wires, and
thus made a part of the elec-
tric -circuit: traversed by the
flnid when a discharge takes
place.

781, Tee LEYDEN JAR, or Viar.—The
Leyden [#i-den] Jar is a glass vessel used for
accumulating electricity., It is so-called from
having been first used at Leyden, Holland, in
the year 1745.

The ordinary Leyden jav (Fig. 272) consists of a glass [
vessel, coated inside and ouiside with fin-foil, to within Bt
about three inches of its mouth. It is elosed with & dry
varnished cork, through which passes a wire, terminating
above in a briss knob, and below in a chain, which touches
the inner coating. If the knob of such a jar be held within
half an inch of the prime conductor when a machine is
working, a succession of sparks will pass to the knob. In
a short time they cease, and the jaris then said to be
charged. Theinside (being connected with the knob) is ‘charged with posi-
tive, and the outside with negative electricity, which are prévented from
uniting by the non-conducfing glass between them.

If a person now grasp the outside of the jar with one hand, and touch the
knob with the other, he will experience the peculiar 'sensation called “the
electric shock”, in his arms, and if the jar is large, through his chest. If, on
the other hand, he ‘apply one ball of the jointed discharger to the onter coat
and the other to the kvob, the jar will be discharged without his feeling any-
thing, beeause his communication with the jar is cut off by the glass handle.
A body through which a charge is to be sent must form: part of the circuit
between the inner and outer coating of tH jar, so that a union of the positive
and the negative fluid can not fake place without passing through it—So
much_ electricity is sometimes accumulated in ‘a jar that a discharge takes
place through the glass, making a hole in it and rendering thejar useless,

LEYDEN JAE.

Describe it and its mode of operation, 781 What isthe Layden Jar? Why is it so
called? Of what docs the ordinary Leyden jar consist? Tlow is the jar charged?
With what kind of -electricity is the inside charged? The outside? How may the
electric shock be taken? How may the jar be discharged without the operator’s tak-
ing a shock? What is essential in order that a charge may be sent through a body ?
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Any number of persons may take a shock at once. Haying joined hands
50 as to form a eircle, let the person at one end take hold of & chain connect-
ed with the outside of a jar, while the one at the other end tonches the knob
with a piece of wire. - The painful sensation experienced when a shock is
taken, is caused by the obstructions svhich those parts of the body that are
imperfect conductors present to the free passage of the electric fluid.

782, An interesfing incident is related in connection with the experiments
that led o the invention of the Leyden jar. Prof. Muschenbroeck, of Ley-
den, observing that excited electrics soon lose their electricity in the air, de-
termined fo see whether he could not collect'and insulate the finidin a vessel
of non-conducting glass, so that it might be kept locked up, as it were, ready
for use. Accordingly, he introduced a wire from a prime conduetor into a
bottle filled with water. After-the machine had been working some time, an
attendant, holding the bottle in one hand, attempted to withdraw the wire
with the other, swhenbe of course received a shock,—so unexpected and 5o
unlilie anything lic liad ever felt before, that it filled him with consternation.
Musehenbrogck himself subsequently took a similar shock, which he de-
seribed in a letter to a French philosopher. He says that he felt himself
struck in his' arms; shoulders; and Breast, so that he lost his breath, and it
was two days before he recovered from the eflects of the blow and the fright.
He ywould not, he adds, take a second shock forthe whole kingdom of France,

783, Tur Erecrricst BaTrery.—When a very heavy
charge is required, a number of jars, coated in the usual
way; are placed in a box lined with tin-foil, which forms a

Fig. 273, communication between their out-
er coatings, while their knobs and
consequently their inside coatings,
are connected in the manner rep-
resented in Fig, 273. From its
powerful effects, such a combina-
tion is called an Electrieal Battery.
By bringing one of the knobs in
conneetion with a prime conduetor
all the jars may be charged as readily as one, care beinz
taken to connect the outer coatings with the earth. The
battery may be discharged in the same way as asingle jar,
but the: operator must not let the charge pass’ through his

THE ELECTRICAYL BATTERY,

‘What is the consequence if too mnch electricity is accumulated in ajar? Tow may
any number of persons take k dtonce ? By what Is the painful sensation of an
electric shock eaused? Relate an incident connected with the invention of the
Leyden jar, What did Maschenbroe

say of the electric shock? 783, Describe the
Electrical Battery, and its moda of operatio

‘What effects may be produced by the

ELECTRICAL EXPERIMENTS. 301

person. The shock of a powerful battery will kill 2 man
and fell an ox; even moderate discharges prove fatal to
birds and the smaller animals. ,

784. EXPERIMENTS WITH THE ELECTRICAT MAcHINE—
With the electrical machine and different pieces of appara-
tus that accompany it; a variety of experiments may be
performed.

78

o

. Electrical Bells—This apparatus (Fig. 274) il- Tig. 274

)
lustrates electrical attraction and repulsion, Two bells -

ave suspended from a frame, with a brass clapper be-
tiveen them. One of these bells having been placed in
connestion with the prime conductor and the other with
the ground, the machine is worked; swhen the former
becomes charged yyith positive and the latter with neg-
ative electricity. 'The clapper is aftracted to the posi-
tive bell, strikes it, hecomes itself charged by the con-
tact, and is repelled ill it strikes the negative bell. Iis
positive electricity is there drawn off, aud it fulls back,
to be again atfracted and repelled. The elapper is thus
made fo strike the bells alternately.

786, The Electrical Sec-saw.—The Elegtrical See-saw
(Fig. 275) operates on the same principle. . A brass'beam, with a light figure
on each end, is suspended on an insulating pillar, in such a way as to allow
its extremities fo move freely up and
down.. Two brass balls are sup-
ported atiopposite sides of the stand,
not farfrom theends of the beam,—
the one on a glass pillar, the other
on: a-metallic rod. - The, insulated
ball is connected with the inner
coating of a Leyden jar, and the
other with its onter coating. No
sooner is the jar charged than the
figure neav the insulated Ball is suc-
cessively attracted and repelled, and -
this canses the beam to teeter. In OO
the same way motion may be com- ELECT L BEE-BAW,
municated to a figure swinging, a floating swan, an insect suspended in the
8ir, &c.

787. Dancing Tnages.—On a metallic plate supported by some condugting

ELECTEICAL BELLS.

shock of a powerful battery? 785. Give an sccount of the experiment with the Elee-
trical Bells. 786. Deseribo the Electrical Sce-saw. To what may motion be com-
9

municated on-the same principle ? 78T, Give an sccount of the experiment with the




DANCING IMAGES.

ELECTRICITY.

substance, place several light figures of pith ox
paper, and three or four inches above them sus-
pend another plate from the prime conductor.
As soon as the machine is worked, the figures
will rise and dance up and down from one plate
to anotherin a ludicrous. manner,; as shown in
Fig. 276, If the lower plate is insulated, when
they return to if after having been drawn up, the
surplus positive electrici-
ty can not ‘escape, and
the dance ceases,

788, Diverging Threads.
—Figure 277 represents
twenty fine linen threads,
eight or ten inches long,
tied together at each end.
Attach them to a prime
conductor, and on work-
ing the machine, being all
filled ' with electricity of

Fig. 277,

the same kind, they will repel each other and asstme

an oval form,

THE ELECTRIFIED HEAD.

DIVERGING THREADS.

789, The Electyified Head.—On the same prin-
ciple a head of hair is made to stand grotesque-
ly ont end, as shown in Fig. 278, by fixing the
wire to which it is” attached in one of the holes
of a prime conductor. The hairs are charged
with eleetricity of the same kind, and are there-
fore in a state of mutnal repulsion. Tz 979.
Draw off the fluid by presenting a 5
knife-blade, and they at once fall:

190. The Elecirical Pail—Suspend
from the prime conductor by a chain
a pail with a small hole in the bot-
tom, and fill it with water. = Before
the machine is worked, the water falls
from the hole drop by drop; but, as
soon as the water is charged with elec-
tricity, it flows out in a stream, which

in the dark seems to be of fire. 'This is owing to the repulsion
excited in the particles of water by charging them with the same

electricity,

781, The Aurora Twhe—This apparatus shows the phenomena

ELECTRIO
PAIL

Daneing Images. Why do the images cease to move if the lower plate is insulated?
788, What does Fig. 217 represent? What takes place when these threads are at-

tached toa prime conductor? 478

89, Describe the experiment with tho ITead of Hair,

ELECTRICAT, EXPERIMENTS.

produced when electricity passes through @ vacuum. Itis
a glass tube, from two to three feet long, surmounted by a
brass ball. This ball is supported on a wire, which passes
into'the fube through its air-light top, and terminates a
short distance below in a point. Inside of the tube, near
the bottom, is another brass ball supported on a wire, The
lower part of the tube is arranged o that it can be fitted
{o the plate of an‘air-pump, and is commanded by a stop-
cock. Having thoroughly dried and warmed the tube, ex-
haust it by means of an air-pump; then, in a dark room,
bring the upper ball in communication with a prime con-
ductor. As’soon as the machine is worked, the whole
length of the tube is filled with a continuous stream of
violet light; which, on a small seale, strikingly resembles
the Aurora Borealis, or Northern Lights. This is a lumi-
nons appearance often visible in the north on clear and
frosty nights, and peculiarly vivid in high latitudes. Itis
supposed that the Northern Lights are produced by the
passage of currents of electricity through strata of highly
rarefied air.

792. Luminous Words.—When the con-
tinuity of a conductor is broken, a spark darts
from one part of it to another. Taking ad-
vantage of this fact, we may perform a vari-
ety of experiments, which in a dark room have
a striking effect.

Tig. 231, QosaTiisE
of glass paste
= ¥ gome strips of
S tin-foil, with
portions  cub
out 'so that

AURORA TUBE.

the spaces may form letters, as
shown in Fig. 281. Connect the
first piece of foil with the prime
conductor, and the last with the
ground. When the machine is
worked, sparks will passbetween
the different divisions of the foil, and the Ietters consequently appear like

Tow may the hairs be made to fall? 790. Describe the experiment with the Electri-
cal Pail. "What canses the water to flow more rapidly When the machine is worked ?
91, What is shown with thie Aurora Tabe? Of what does it consist? Deseribe the
experiment withit. By what is it supposed that the Northern Lights are produced ¢
192, What takes place when the continuity of a conductor is broken? Dy taking ad-




———————

304 ELECTRICITY.

characters of fire.—Serpentine and spiral lines of light, and other beautifud
appearances may- be produced, by arranging spangles on glass in the de-
sired form about one-tenth of an inch apart, and subjecting them to the ac-
tion of the machine.

793, The Zilectrical Pistol—The electric spark may be
made to explode a mixture of hydrogen and common air.
In this experiment. the Electrical Pistol (Fig, 282) is em-
ployed.

The barrel' of the pistol is of brass.
Wihiere the trigger is usually found, is a
short ivory tube, which insulates a wire
passing nearly across the barrel, and ter-
minaiing on the outside in a ball. Hold
the mouth of the pistol over a siream of hydrogen gas; and when enough has
entered, elose it with o cork. On passing a spark through the barrel from
the extremity of thewireto the opposite surface, a loud r;:port will be pro-
duced, and the cork will be discharged with considerable force.

THE ELECTREIOAL PISTOL.

794, Mrcnaxtear. Errecrs oF taE Passacr or Ernuc-
TRICITY.—A pointed conductor receives and parts with the
electric fluid much more readily than one with a spherical
surface, - Hence, in electrical machines, points conneeted

with the prime conductor .are brought near the exeited
glass, while the prime conductor itself is cylindrical.

Fix a pointed rod on the prime conductor, and a silent
discharge will take place from it as long as the machine
is worked. In this case, the prime conduetor can not
accumulate enough electricity to give a spark. In a dark
room, the flnid is seen issuing from the point in the form
of a luminous brush. The clectric current may be felt if
the hand is brought near the rod, and is sémetimes strong
enough to blow out a candle.. No such ;phenomena océu?’
near the surface of the conductor or a ball attached to it.
The point parts with its electricity more readily, charges
the air in contact with it, and repels it when chafgcd, as in
the case of the pith ball,—thus causing a'constant current
from the point.

vantuge of this fact, what beautiful experiments may be performed? 793. For what
is the Elcotrical Pistol used® Describe this instrnment. and the experiment per-
formed with it. 794 Why, in eléctrical machines, are matallic points connected with
the prime conductor brought near the excited glass? Why js the prime - conductor
itself cylindrical? With what experiments i5 the silent dischargc {from points illus:

MECHANICAL EFFECTS OF ELECTRICITY.

795, The Phosphorus Cup—An Flg. 235
interesting experiment, showing
the passage of an electric current,
may be performed with theappara-
tus represented-in Fig. 283, known
as the Phosphorus Cup. Two brass
cups insulated on glass pillars are
placed at the same height, about
two inches apart,with alighted can-
dle midway between them. The
cups, being each: provided with a
piece of phosphorus, are connected
one with the prime conductor, and
the otherwith the negative conductor, of & powerful machine. When the ma-
chine is worked, the flame sets in the direction of the negative cup, towards
which it is cgrried by the current of positive fluid from the opposite cup, The
phosphorus in the negative cup is soon set on fire by the heaf thus pro-
duced, whereas at the positive cup there is no increase of temperature, and
{he phosphorus in it remains unignited. By reversing the connections svith
the machine, the opposite results may be produced, the flame being aliways
carried towards the cup connected with the negative conductor.

THE PHOSPIORUS QUP,

796. When the electric fluid passes off from a pointed
conductor, the*reaction may be made to turn a wheel, and
thus set delicate machinery in motion, To exhibit the eft
fects of this reaction, different pieces of apparatus have been
construeted, —among
which is the Electri-
cal Flyer.

The, Flectrical Tiyer.—
The Blectrical Flyer consists
of a number of brass wires
branching out from a com-
mon'centre; haying theizends
bent at right sngles in the
same direction. Poise the
fiyeron awire inserted in the
prime conductor, and work
the maehine. A suream of
finid issues from' each point, and the flyeris made to revolye in the oppo-
site direction by the reaction of the air. 'When the room is darkened, the

TAE ELFOTRICAL FLYER.

trated ? Explain how & lighted candle is blown ont byan eleetric current. 795, What
does Fig 288 represent? Describe this apparatus, and the experiment performed
with it. Towards which cupis the flame always carried? 796 How may delicate
machinery be set in motion? How is this reactlon shown? Describe the Llectrical
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points become luminous, and a circle of fire seems to e formed as they
revolye,

On the same pmmplc, horsemen (mounted on the ends of the flyer) may
be made to'move in s circle; wheels may be turned, the sails of a \nudm'll
setin motion, and a light body meade to roll up an inclined plane.

197, The Thunder House—The power of electricity, as
a mechanieal agent, may bej furtherillustrated with an in-
genious apparatus known as the Thunder House,

Fig, 255, The Thunder House consists of a picce of baked
mahogany, BB, shaped like the gable’of a house, and
attached to a stand.  Down the centre runs a wire, ¢,
terminating above in a ball, A.\ Several square pieces,
D, ¥, about one-fourth of an inch thick, are cutout of
the gable, and placed loosely in the holes from which
they are cut.| Across each square passes ayvire in such
a divection. that by inserfing the squares one way we
have an uninterrapted line from € to E; but pu.v.ting
them in crosswise, we break the continuity of the con-
ductor at D and F. Connect the end of the wire, B,
with the outside of a Leyden jar; and, having inserted
the square so that the conducting line may be un-

= broken, pass a charge through the yvire by connecting

e TuspER novse,  che ball Awith the insideof the jar. A reportwill be

heard, but neither of the loose pieces will be displaced.

Now let one of the pieces remain inthe same position, and place the other

erosswise ; then, on passing a powerful charge through the wire, the former

will remain undisturbed, while the latter will be lhro\\ n out of the gable by
the mechanical action of the flnid in leaping over the break.

798.. Among the mechanical effects of an electrie dis-
charge may be mentioned the perforation of thin “non-
conducting substances, such as a card or a piece of paper.
Glass onetwelfth of an inch thick may be pierced by a dis-
charge from a powerful battery.

799. Tue Errorric Spark.—The co‘or of the electric
spark varies according to the medium through which it
passes. In ordinary air and oxygen, it is blm\h white ;
in rarefied air, violet , in nitrogen, a purplish blue; in
hydrogen, erimson; in carbonic acid and chlorine, green.

Flyer. What is the effect of darkening the room? Tosvhat may motion be com-

municated on the prineiple of the fiyer? 797. What apparatus further illustrates the
mechanical power of electricity? Describe the Thunder House, and the experiment
performed with it. 798, What other mechanical effect of an electrie discharge
{s mentioned ? 799, What docs the color of the elostrie spark depend on? What

THE ELECTRIC SPARK. 307

The length and intensity of the spark depend on the
electrical intensity of the body from which it proceeds.
Sparks may be taken from the prime conductor of a pow-
erful machine at a distance of more than two feet. In a
given machine, the positive conductor yields much more
powerful sparks than the negative.
800. Ignition by the Electric Spark.—Inflammable sub-
stances may be set on fire by the electric spark, as is shown
by several experiments.
Stand on the insulating stool, touch the prime conductor ywith one hand,
and from the other transmit a spark to a burner from which a current of gas
is issuing,—the gas will be ignited. In houses thoroughly dried by furnace
heat, persons, by simply running over the carpet, have been sufficiently
charged with electricity tolight gas with a spark from the finger.—Present a
candle just extinguished, with its wick still glowing, to a prime conductor,
so that a spark may pass through the snuff to the candle, and it will be re-
lighted.—A person on an insulating stool charged with electricity may sef
fire fo a cup of ether by presenting fo it an icicle, throngh which the spark
is transmitted.—With a suitable apparatus, a fine wire may he melted by
sending through it a charge from a powerful batfery.
801, TTe Electrical Fire House. Tie. 050,
—Rosin may be ignited with the -
apparatus known as the Electrical
Fire House (Fig. 286). Brass wires,
insulated by being enclosed in
glass tubes,enter the opposite sides
of the house, and terminate on the
inside in two knobs, B, C, a short
distance apart. These knobs are
loosely covered with tow and
sprinkled yith powdered rosin.
When a charge is passed from' A
to 1, the rosin is ignited, and the
flame seen through the windows
gives the hounse the appearance of TUL ELECTRICAL FIRE LIOUSE.
being on five.

802. Apparatus for firirg Gunpowder.—This apparatus consists of two

is its color in ordinary air and oxygen? In rarefied air? In nitrogen? In hydro-
gen? In carbonic acid and chlorine? What do the length and intensity of the spark
depend on? At what distance have sparks been taken from a powerful machine?
How do the sparks from the positive conductor compare with those from the nega-
fve? 800. What 1s the effect of the clectric spark on inflammeble substances?
Prove this with several experiments. What is the effect of sending s powerful
charge through a fine wire? 801 Deseribe the Electrical Fire House, and the ex-
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Fig. 287 insulating glass pillars fixed in s stand,
to one of which is aftached a wire termi-
nating in a ball, to the other a wooden
cup for holding the powder. The chains
¢, d, being connected respectively with
the inner and oufer surface of a Leyden
Jar, a spark is made to pass from 5 to A,
which ignites the powder.

803. Tne ELEcTROPHORTS.

—Small quantities of electricity

may be accumulated with a sim-

ple apparatus known as the Electrophorus, which to a cer-

tain extent answers as a substitute for the electrical
machine.

The electraphorus consists of a cake of a resinous mixture 8 or 10 inches
in diameter, and a somewhat smaller plate of metal with a rounded edge and
o glass handle, by which it may be raised without drawing off the electricity.
Excite the resinous mixture with far; and placing on it the metallic plate,
touch the upper surface of the latter for an instantto let jts negative elec-
tricity escape. Then raise the metallic plate by the insulated handle, and
on presenting a conductor a spark will be given,  Place the metallic plate
again upon the rosin, and on raising it another spark may be withdrawn. A
Leyden jor may thus be slowly charged. Left on the rosin, the metallic
plate will remain charged for a long time, and may be conveniently used as
oceasion requires in experimenting.

804, Erecrroscores.—Electroscopes are instruments
for detecting the presence of electricity, and determining
whether it is positive or negative. They appear in various
forms,—the simplest being the pith ball suspended by a
silk thread, represented in Fig. 266. The attraction of the
pith ballin its natural state by any substance presented fo
it, indicates the presence of electricity in the latter. When
the pith ball is charged with positive electricity, its attrac-
tion by any substance indicates negative electricity in the
latter; and its repulsion positive. - When the pit-); ball is

periment performed with it.  802. Of what does the apparatus. for firing gunpowder
consist? 803, With what may small quantities of electricity be acoumulgted 9 Of
what does the Electrophorus consist? How is itworked? éil-l. What are Eleetro-
scopes? What is the simplest form of the electroscope? How is the presence of eloe:
tricity in any substance indicated? When the pith ball is positively charged, what
does its attraction by any substance indicate ? What, its repulsion 2 4 When tho pith
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charged with negative electricity, its attraction b}t any sub-
stance indicates positive eclectricity in the latter, its repul- ‘
sion negative.

805. ELEcTROMETERS.—Electrometers are
instruments for measuring approximately the
quantity of eleetricity in a given conductor
or other body. Electrometers, more or less
sensitive, are made in different forms; one of
the simplest is the Quadrant Electrometer,
shown in Fig. 288.

A slender ivory rod, with a pith ball attached to its
Iower end, is suspended from a wooden® pillar so as fo
swing freely like a pendulum. The pivot on which it
turns is the centre of a semicircular scale attached to the
pillar; and thewhole apparatus terminates.in a brass pin
which may be inserted in the top of a prime conductor
The greater the quantity of electricifyin the latter, the Qv-\;;’l‘;,?;‘r:}f-c-
farther from the pillar the pith ball will swing,—and this I i
distance is indicated by the scale.

806. ErecrricAL IxpucrioN.—An electrical atmosphere
surrounds every excited body. .An insulated conductor
situated within this atmosphere becomes excited, and when
thus affected is said to be electri- Fig. 259,
fied by induction. The phenom-
ena of electrical induction are con-
stantly exhibited.

807. Electrical induction is illustrated with
he apparatus represcuted in Fig. 280. oadis
a brass cylinder with rounded ends, insulated
on a glass support and furnished at one ex-
tremity with a pith ball electroscope, 7. On

bringing the end & within a few inches of a
prime conductor, the pith balls, which be-
fore hung close together, instantly separate, p
indicating the presence of electricity. Sinee } =
thie eylinder is not in-contaet with-the prime INDUCTION APPARATUS.

ball is ‘negatively charged, what does its attraction indicate? What, its repuision?
805, What are Electrometers? What is one of the simplest forms called ? Deseribe
the Quadrant Electrometer, and its mode of operation. 806. By what is eyeryex-
cited body surrounded ? When is a body said to be electrified by z'ndu-lc!zonf
§07. Describe the apparatus for illustrating electrical induction, and the experiments
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810 ELECTRICITY,

:pnductor and receives no sparks from it, it is obviously electrified by induc-

ion. Iis ncufml and latent electricity is decomposed by the electrical at-
mosphiere which surrounds the prime conductor: the negative portion is
i\ttrnctcd towards 4, and the positive repelled to ¢, where it charges the two
;;]xll.:. :.md thus causes them to separate.  If the cylinder is removed from
the nelglfb-orhoud of the prime conductor, the pith balls immediately fall to-
gethe'r; .11. 15 only when within the atmosphere of the prime conducior that
they indicate any electrical excitement.

If t}xe c}'h.n'dcr cad, instead of being insulated, is connected with {he
CJNI.I, its positive clectricity is driven off to the latter, while the negative
flomon 15 retained. Ifiihe cylinder is then removed, its communication with

1e earth being first cot off) it will remain excited with negative electricity.

808, .Emscrmcrry FrOM ‘StEAM.—Electricity is devel-
oped Qurmg the escape of steam from an orifice, This fact
was discovered in 1840 by a workman attending a steam-
engine ; who, happening to take hold-of the safety-valve
}nth one hand while the other was in ajet of steam escap-
Ing from a fissure, received an electric'shock. The experi-
ment was ZTepeated, and it was found that a person with
one hand in a jet of escaping steam conld give a shock with
the other to any one in contact with the boiler or the'brick
work supporting it. The electricity in question is produced
b}: the friction of minute particles of water acainst the sides
of the orifice. 5

As soon as'this fact camioe to the knowledge of scientific men
tus kgown as- the Hydro-electric Machine was invented for the purpose of
c:v:pen.ment. It consistsof a steam boiler from three to six feet Ion:' {nonut-
t:d on m‘sulating pillars, with an arrangement for letting the steam zlca pe in
Jets:against a plate covered with metallic points, which acts like @ )x'i;nfco
du.ctor. This machine deyelops electricity in prbdigions qu:u:til.iesl its Low:x:
being equal to that of four large plate machines. combined, Tt \'ie’Ids sf;rul'gs

tyy cut) -two inches long Hl suclh quick s 85 4 > cl
&)
uch quick uceession th tzlht‘) resemble a sheet

, an appara-

= 809. Arwospreric Ermerercrry.—The atmosphere, be-
sides the neutral and latent electrieity which resides in it
as in all other substances, contains more oy 1

ess free elec-

p.or"for_mod with 1t? How may the cylinder he charg,
808. Under what cireumstances is el i
stances attending this discovery.

iy ed with negative electricity ?
cetricity produced by steam? State the cirenm-
‘What was found shen the ex :
e E ey 4 S en the experiment was repeat-
= thfl'[()\‘.b' is the eledru.xl_v_m question produced? What instrument was in\-cr:xted
i ¢ sake offurr.her.expcr:mem? Describe the Hydro-electric machine, To what
3 power equal? What is said of its sparks’? 809, What doss the atmosphere

ATMOSPHERIC ELECTRICITY.

tricity, the quantity inereasing with the distance from the
eartl’s surface. This is proved by sending up arrows con-
nected by a conducting metallic wire with a delicate elec-
trometer. The higher the arrows rise, the more the elee-
trometer is affected. An experimenter in England, by
connecting a number of pointed conductors with an insu-
lated wire a mile long and raised a hundred feet above the
carth’s surface, has collected enough electricity to charge
a battery of fifty jars every three seconds.

810. Origin.—The free electricity in the atmosphere is
due—1. To the friction of large masses of air of different
densities on each other. 2. To the condensation of atmos-
pheric vapors into-a liquid form—a process which develops
electricity in great abundance. 8. To the chemical changes
involved in the growth of trees and plants. 4. To evapo-
ration, particularly in the case.of water filled with vegetable
matter undergoing decomposition. '

As these proeesses are not always going on with the
same activity, it follows that the quantity of free electricity
present in the atmosphere differs at different times and
places,

811. St. Elmo’s Fire—When the atmosphere is very
abundantly charged with electricity, its presence is indi-
cated by various Juminous phenomena.  Hence the brilliant
light called St. Elmo’s Fire, which frequently appears at
night on the tops of masts, the points of bayonets; and the
tips of the ears of horses. It is simply the superabundant
electricity of the atmosphere, attracted by a’ pointed con-
ductor, into which it silently passes. Such: phenomena are
most common during thunder-storms, when as many as
thirty have been seen in different parts of the same yvessel.
Sometimes they resemble sheets of flame, and extend three
feet in-length; at others they take the form of globes

contain? To what is the free electricity in the atmosphere proportioned? How is
this proved? What has been done in this connection in England? - 810. To what
four processes is the free electricity in the atmosphore chiefly due? Whyis the quan-
tity of free clectricity in the atmosphere different at different times? 811. When ars
luminous phenomens ebseryed in the atmosphere? Describe the phenomenen known
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of fire, attaching themselves to the yard-arms and mast-
_ heads.

812. Fire-balls—To electricity are also attributable the
Fireballs which are from time to time observed darting
through-the atmosphere, at heights of thirty miles and up-
wards, and with velocities of from five to thirty-three miles
ina second. These balls sometimes vanish suddenly, leaving
behind them a luminous track; at other times they explode
into. smaller balls or sparks ; and at others again they are
accompanied with showers of meteoric stones. Falling or
shooting stars are the same phenomena on a smaller scale,
and inlower regions of the atmosphere.

813. Lightning and Thunder.—The grandest of all the
phenomena produced in the atmosphere by electricity is
Lightning.  Lightning is nothing more than the spark
which accompanies the passage of the electric fluid from
one cloud to another, or between & cloud and the earth.
Thunder is the erackling sound produced at the same time
by thesudden rush of air into the vacuum which the elec-
tric fluid, as it darts with inconceivable rapidity, leaves
behind it, Flashes of lichtning are sometimes several
miles in extent; and, as the erackling sound is produced
at.every point of their conrse, it does not reach our ear all
at the same instant. Hence the rolling or rumbling of
thunder, which is in some cases prolonged by suceessive
echoes from neighboring mountains or clouds.

814. That lightning and thunder are produced by an
clectric discharge, though previously suspected, was first
experimentally proved in 1752; by" Benjamin Franklin,
whom the. world recognizes alike great as a philosopher
and a patriot. )

Impressed with the conviction that lightning and the eleciric spark were
identical, Franklin determined to fest its trath by trying to collect tlectrieity

as 8t. Elmo’s Fire. At what time is it most common? What different forms does it
assnme? 812 What other phenomena sre attributable to electricity ¢ What be-
comes'of these fire-balls? What are shootingstars? 818, What is the grandest of
gll the electrical plienomena of the stmosphere? What is Lightning? What is
Thunder? How is the rolling of thunder secounted for? 814, By whom and when
was it proved that lightning and thunder are produced by an electrie discharze?
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from the clonds during a thunder-storm. With this view he made arrange-
ments for extending a wire to a great beight from a steeple then in- course of
erection in Philadelphia. The work advanced but slowly; and while anx-
iously watching its progress one day, he observed a boy’s kite far up in the
air, and higher than he could hope to gef his wire evenyhen the steeple
should be finished. Tt struck him af once that with this' simple oy he could
make the desired experiment, leiting the string perform the part of the con-
ducting wire. Accordingly, he made a cross of two strips of cedar, to the
extremities of which he fastened the four corners of a silk handkerchief,
using this as a covering that his kite might be able to withstand the rain and
wind accompanying & thunder-shower. A sharp-pointed wire extended a
foot from the top of the cross; fo draw off the electricity from the clouds.

The kite thus constructed was raised by Frauklin and his son in the first
thunder-storm that occurred in June, 1752. Hempen twine was used, at the
lower end of which a key was fastened for-a prime conductor, while the whole
was insulated by a silk ribbon fastened to a non-conductor sheltered from the
wets  With intense anxiety the philosopher awaited the result.s A cloud
passed without any electrical indications, and he began to despair of snceess.
Another came, and now {o bis indescribable joy he saw the loose fibres of
the twine stand oul every way and follow his finger as it passed to and fro.
Presenting his knuckle tothe key; he received a spark ; and as soon as the
twine ywas)wet with rain, and its condueting power thus inereased, the elec-
tricity was abundant. A Leyden jar was charged from the key, with which
spirits were set on fire, and other experiments performed.—This discovery
raised its author to the first rank among the philosophers of his day. His
own feelings at the trinmphant résult of his experiment may be imagined.
“(Conyineed of an immortal name, he felt he could have been content if that
moment bad been his last.”

Franklin's experiment was repeated with success in varviousparts of Eu-
rope. There was no room left for doubting the identity of lightning with
the electric spark. TIn later times thisidentity has been farther confirmed by
phenomena connected with' the' electric telegraph. Reports asloud as that
of a pistol are often heard in telegraph offices during a storm, and to ensure
the safety of the operators the wires have to be connected by, conductors
with the earth. Eyen in clear weather it is sometimes found difficult to fix
the wires on the poles, in conseguence of numbness produced in the hands
by electricity conducted to tlmm%)_y the wires:

815. Kffects of Lightning—Lightning produces hoth
mechanical and chemieal effeets.  Its mechanical effects are
very powerful. « It crushes huge trees, rends off their
branches, and sometimes tears their trunks into fragments.

Eelate the incidents connected with Franklin's great discovery, What was the ro-
sult of this experiment as regards the repntation of its author? As regards his own
feelings? Where was the experiment repeated? Tow has the identity of lightning
with the electrie spark been sinco confirmed? 815, Mention some of the mechanical
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When buildings are struck, large masses of masonry are
displaced ; a brick wall more than 12 feet long has been
carried in one piece to a distance of 15 feet. These effects
are analogous to the throwing out of the blocks of wood
from the gable of the Thunder House, as described in
§ 797.. Tt is only (as shown in that experiment) in the case
of imperfect conductors,—that is, when obstruetions are
presented to the free passage of the electric fluid,—that
these effects are produeed.

Lightning is also a powerful chemical agent. Tt decom-
poses water-and other substances into their elements, It
sots fire to trees and houses, and melts metallic bodies.
On the tops of mountains it is not unusual to see the sur-
face of the hardest rocks perforated with deep: cavities
covered with a vitreous crust, owing to their having been
struck with lightning:

816. Lightning Rods—When a cloud becomes heavily
charged with electricity, if another cloud in a different
electrical state is near it, a discharge takes place between
the two; inwhich case there is no danger. But some-
times there is no such adjacent cloud, and a flash of light-
ning darts from the charged cloud to the earth orsea: it
is then said o strike. In such a case, the air being a bad
conductor, the electric fluid in its descent follows any het-
ter conduetor it can find, such as a house, a tree, the mast
of a ship, a living animal, or a human being. Now, if the
objeets just mentioned were perfect conductors, the light-
ning would follow them to the earth without doing any
injury ; but they all offer some ofstruction to its passage,
and therefore all suffer more or less when struck,

The tallest objects, reaching nearest to the clouds, are the most likel_v to
be struck. Tt is therefore imprudent to stand on the top of a hill or near a

tree during athunder-storm. In the house it is best at such & time not to
git near a damp wall, & bell wire; a gilded picture frame, or any metallic sub-

effects of lightning. Only in what case are thess effects produced? State some of
the chemical effects of lightning. 816. When does an eleetric discharge take place
between two clouds? When, between a cloud and the earth? Why are houses,
trees, &o, struck? Why do they suffer damage when struck? ‘What objects are
most likely to be struck? 'What positions is it imprudent to take during a thunder-
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stance, as the electric fluid is sure to select the best conductor in its path to
the earth if the house should be struck.

817. Having proved lightning to be an electric dis-
charge, Franklin proceeded to devise means for preserving
buildings from its effects. He thus became the inventor
of the Lightning Rod, a simple contrivance which has been
instrumental in saving life and property to an extent that
can not be estimated.

The best material for a lightning rod is copper, but iron is cheaper and
generully preferred. It must extend at least four feet above the building to
De protected, and terminate above in one or more sharp points; which should
be tipped with silver or platinum to keep them from rusting, and thus
losing part of their conducting power. The rod should be Fig. 290,
continuons, and of such size: that the fluid may follow it freely
without danger of melting it,—say three-fourths of an inch
across. It shonld be placed as close as possible to the wall
and fixed securely to it. The lower end should be divided
into two or more pointed branches, as shown at ¢, @ @,
in Fig. 290. These branches should slant away from fhe
bailding, and at least one of them should sink far enough into
the ground to reach water or soil that is moist. If the build-

ing is large, and particu-
larly if it has more than
one point projecting up-
ward, it should have sev-
eral rods, cither descend-
ingdirectlyto the ground,
like ¢, d, in Fig. 291, or
connected together by a
good conductor, and ul-
timately carried down
like €, f. a, k.

818. The security afforded by lightning rods is twefold. Inthe first place,
terminating in points, they generally drayw off the electric fluid silently; and
secondly, if a discharge takes place, the lightning in its descent will follow
them rather than the inferior conductors to which they are attached, and
finding a free passage through them will do no injury.—Lightning rods have
not been found efficacions to o greater distance than forty feet. Within this
limit, they protect-a space around themselves equal to tiwice the height that

storm? $17. WhoInvented the Lightning Rod? Of what materials is the lightning
rod made? YWhat should be its form and size, to ensure the cafety of a building?
In what case should & building have several rols? How may theyin that case be
arranged? 818 In what two ways do lightning rods conduce to the safety of a build-
fng? What isthe greatest distance at which lightning rods have been found cffica-
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ELECTRICITY.

they project above the building; for example, a rod projecting five feet will
protect every point of the surrounding surface within ten feet of itself.

819. Erecrrican Frsa.—The torpedo, the Surinam eel,
the si-lu’-rus electricus, and several other species of fish, have
a peculiar organ with which they can give electrie shocks,
more or less powerful according to their size. They use
this organ for defending’ themselves against enemies, and
for stunning and thus securing their prey. The power of
giving shocks ceases with life ; its too frequent exercise
exhausts the fish and ultimately kills it, The shock of a

torpedo fourteen inches long is borne with diffieulty; and

the Surinam eel has been found of such size that its shock
proved immediately fatal.

The Surinam eel gives as many as twenty shocks a minute, yields the
electric spark in the air, and charges a Leyden jar. Faraday computed that
the average shock of one of these eels on which he experimented was equal
to the discharge of a battery of fifteen javs, containing 8,500 square inches of
glass, charged as heavily as possible.—The Senth American Indians catch
these eels by driving a number of wild horses into a pond containing them.
The eels, ronsed from their‘'muddy retreats, vigorously defend themselves
by pressing against the stomachs of the horses and repeatedly discharging
their electrical battery. The poor beasts, panting from their struggles, with
mane erect.and haggard eyes expressing fright and anguish, seek to escape
from their invisible foes, but are driven back by the Indians who surround
the pond, armed with long reeds; and making terrible outeries.  After sev-
eral of the horses are stunned and drowned the eels become exhausted by
their continued discharges, and are no longer objects of dread fo the Indians.
Slowly approaching the shore, they are captured with harpoons fastened to
long cords; and to such a degree is their electrical power weakened that
hardly any shock at all is received in drawing them ashore.

The silurus is a fish tiventy feet long; found in the Nile and the Niger;
its electrical apparatus lies immediately below the skin and extends round
the whole body.

Veoliaic Electricity;
OR, ELECTRICITY PRODUCED BY CHEMICAL ACTION.

820. Having considered electricity produced by fric-
tion, we proceed to treat of that developed by chemical

cious? Within this limit, how great a space do they protect? 819, What species of
fish have the power of giving an electric shock? For what purposes do they use this
power? ‘Whatis the effcet of its too frequent exercise? What is said of the shock
of a torpedo fourteen inches long? Of the Surinam cel? What was tha power of one
experimented on by Faraday ? How do the South American Indians captire these
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action. This branch of the subject is known as Gal-
yanism.

821. GAnyaxr’s Discovery axp Turony.—The first
discoverer in this department of science was he from whom
it received its name, Galvani [gal-vak'-ne], Professor of
Anatomy in the University of Bologna, Italy. The effects
of atmospheric electricity on the animal frame had long
engaged his attention, In the year 1790, having prepared
the hind legs of some frogs suitably for experiment, and
hung them on copper hooks till they should be needed, he
observed to his surprise, on accidentally pressing the lower
extremities against the iron railing of a balcony, that they
were drawn up with a singular convulsive action, He
found upon experiment that similar contortions were pro-
duced whenever copper and iron, connected with each
other, were brought in contact, the one with the neryes of
the thigh, the other with the muscles of the leg,

Galvani's experimentis often repeated at the present day. To perform
if, separate the lower extremities of a frog from the rest of the b skin
them, and pushing back the museles on either side of the back-bone, lay bare
the lumbar nerves. Stretching out the
legs in the position:shown in Fig. 292,
lay a thin eurved rod of zine uuder the
nerves, and touch the muscles of the
leg with a similar rod of copper. As
long as the rods are kept apart, there is
no movement in the legs; but the in-
stant they are broughtin contact, a vi-
olent convulsive motion takes place, the
legs are drawn info. the position shown
by the dotted lines, and these contor-
tions are repeated as often as the rods
are separated and again brought to-
gether.

Galvani attributed this convulsive / ’
movement 10 a certain vital flnid which he supposed to residein the nerves,
and to pass to the museles over the metallic conductors, in & manner similar
to the passage of electricity between the inner and the ounter coating of a

Fiz. 202,

eels? What is said of the silurus? 8§20, What is Galvanism 7 821, From whom did
it recgive its name ? | Give an account of Galvani's discovery. How may Galvani's
experiment be repeated at the present day # When do the contortions taka placa?
To what did Galvani atfributs this convulsive movement ? What did he call this
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Leyden jar when it i3 discharged. He therefore called this supposed fluid
Animal Electricity ; but in compliment to its diseoverer it soon became known
as Galvanic Electricity, or the Galvanie Fluid,

822. Vorra’s Taeory axp toE Vorrate Priz.—Prof.
Volta, of Pavia, experimenting further on the subject, soon
laid aside Galvani’s theory of a « vital fluid , and held that
the effects in question were caused by the contact of the
two dissimilar metals; that the legs of the frog had no
agency in producing’ the galvanic excitement, but merely
gave indications of its presence, like the pith ball electro-
scope in the case of ordinary electricity. To prove this, he
combined the metals apart from all animal organizations ;
and advancing step by step, about the year 1800, he gave
to the world his celebrated PrrE, the appearance of which
marked a new era in the history of electrical science.

YVolta’s “contact theory” was at one time generally received; but it is
now known that the galvanic excitement is not produced by the mere con-
tact of the metals, but by chemical action. A ‘third element, such as the
moisture of the hand, animal fluids, an acid, or some saline solution, must
act clﬁically on one of the metals, It is believed that no chemieal action
ever takes placaywithout the development of free electricity, though the quan-
lity may be so small as to-€scape our senses.

823, Volta’s Pile consisted of a number of circular plates
of copper and zine, and pieces of cloth moistened with a
weak acid or saline solution, alternating as follows, the same
order being observed thronghout. At the base of the pile
was a plate of copper, and on this a zine plate, the two
constituting @ paér. On this pair was a piece of cloth moist-
ened as' above, then a second similar pair (the eopper al-
ways below), then a piece of cloth, a third pair, and so on
to the top of the pile. The whole was insulated on glass,
and a wire was attached to each end. The wire connected
with the zinc plate at the top of the pile yielded positive
electricity ; that connected with the copper plate at the
base, negative. When the ends of these wires were brought

supposed vital fluid? What other names were soon given to it? 822, Who experi-
mented further on the subject? State Volta's theory. To what invention did Volta's
investigationslead ? What is now thonght of Volta's “contact theory ™7 With what

Is chemical action always accompanied? 823, Of what did Volta’s Pile consist? De-
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together or separated, a bright spark was produced. A
very fine platinum wire, half an inch long, stretched hetween
the ends of the wires, was made red hot. A person taking
one of these wires in each hand, received a succession of
shocks, like those from a Leyden jar, but slighter,—their
intensity depending on the number of plates. These effects
were produced as long as the arrangement and condition
of the plates remained unchanged.

Volta's pile, immediately connected as it was with the Galvanic Battery
(whichhas since superseded it), was one of those inventions to which science
is most largely indebted. Tt has immortalized its author, in honor of whom
this species of excitement produced by chemical action is mow: generally
called Voltaic Electricity.

824. Faymmaar Experivests.—The effects of voltaic
clectricity may be illustrated with familiar experiments.

ZFxperiment 1.—Place a piece of zine under the tongue, and on the tongue
a gilver coin, As long us the metals do not touch, nothing is perceived ;
but as soon as they are brought in contact, the voltaic circuit is formed, a
thrilling sensation is felt in the tongue, a taste somewhat like copperas is
perceived, and, if the eyes are closed, a fuint flash of light is seen. Here
electricity is deyeloped by the chemical action of the saliva upon th‘:c,

Fp. 2.—Lay asilver dollaron a sheet of zine, and on the coin place a
living snail or leech. No sooner does the creature in moving about get
partly off the dollar aud on the zine, than it receives a shock and re-
coils, In this case it is the slime of the snail or leech that acts chemically on
the zine,

825. Garvaxic Barreries—Soon after inventing the
pile, Violta proposed another arrangement for the metallic
plates, identical in principle, but more convenient for use.
He discovered that electrical excitement was exhibited
whenever slips of eopper and zincwere immersed in a ves-
sel containing some diluted acid, if the circuit was com-
pleted by bringing the metals themselyes, or wires con-
nected with them, in contact aboye the vessel. Such an
arrangement is called a Simple Galvanic Circle ; it is

soribe some of its effects. Iow long were these effects produced 7" What is said of
the invention of Volta’s Pile? What is electricity produced by chemical getion now
generally called? 824, What is the first experiment with which the effects of voltaie
electricity are familinrly illustrated? The second experiment? 8§25, Soon after in-
venting the pile, what discovery dill Volta make? What is such an arrangement
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shown in Fig. 293. Combining a num-
ber of vessels similarly prepared, Volta
made the first galvanie battery, known
as the Couronne des Tasses [koo-rone’ da
tahs]. ‘

826. Tle Couronne des Tasses, or * crown of cups”,
represented Fig. 204,
in Fig. 294,
consisted of
any number
of vessels,
cach  ‘con-
tainingaslip
of / copper
and zine, the
copperofone
‘-ess(:] bcing COULONNE DES TASSES,
e it connected by a conductor with the zinc of the next.
CIROLE. To complete the circuit, wires attached to the extreme
] metallic slips of the ' series were brought together,
when ¢ spark and other eleetrical phenomena‘were produced.

&Egouﬁﬁ Baitery—Instead of the separate cups used by Volta, one
long el diyided into cells was subsequently employed. The zinc and
copper plates, eonnected in'pairs by a slip of metal, and arranged at such

Fig. 205, distances as to enclose a partition between the zine
and copper of each pair, were fastened fo & common
frame, so that they could all be immersed in acid and
thus subjected to chemical action at the same time.
This improved arrangement was known as the Trough
Battery.

828. Smee's Butlery.—Smee’s Batiery (see Tig. 265)
has three metallic plates suspended, without touching
eachother, from awooden frame. The middle plate is
of silyer coated with platinum.  The outside ones are
of amalgamated zinc,—that is, zinc coated with mer-
cury. The yhole are immersed in dilute sulphuric
acid centained in an earthenware vessel. No action
takes: place till communication is established betsween
the metals, when'a bubbling immediately commences
in the'liquid, and voltaic electricity is produced. 'This
suue’s parrehy,  Dattery; thoughmot so powerful as those hereafter de-

STkt
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called? YWhat name was given to the first galvanie battery, made by Volta?
828. Describe the Couronne desTasses. 27, Deseribe the Trough Battery. 828 De-
scribe Smee's Battery. What are the sdyantages of this batfery? - For what fs it
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goribed, is economical, may be kept in operation for several days, and is much
used in plating the inferior metals with gold and silver. With certain mod-
ifications it is also employed in working the magnetic telegraph.

829. In the batteries thus far described but one fluid
wag used, and two metals of such a nature that one was
more readily acted on by the fluid than the other. Dilute
sulphuric acid being used as the fluid, zine (which it readily
acts upon) was generally taken for one of the metals.
Great improvements have been made on these single fluid
batteries. With the exception of Smee’s, they have been
entirely superseded by instruments in which two fiuids are
employed, and which are not only more powerful, but also
more regular and permanent in their action. The most
important of these we proceed to deseribe.

830. Danicll's Constant Battery—The two-fluid batteries ave Tig. 206,
all modifications of Daniell’s, which was invented in 1836, It con-
sists of an outer eylinder of copper, ywithin which is a’cup of un-
glazed porcelain, of the shape represented in Fig. 206. Within
this cup is a solid cylinder. of amalgamated zinc. From both the
zinc and the copper cylinder. project brass cups (see Fig. 297) pro-
vided with screws for the insertion of wires; the extremities of ‘g, 207,
which, if there be but onc cell, are called the Poles of the bat-
tery. If there beseveral cells, strips of metals inserted in these
cups connect the zine of one with the copper of the next, and
wires for conducting the fluid are attached to the zinc of one of
the extreme cells and the copper of the other. The porous cup
is filled with dilute sulphuric acid. The copper cylinderis filled
ywith the same fluid saturated with sulphate of copper; and on a
perforated shelf near its top (represented by the circular dotled
lines in the figure) is placed some of the solid sulphate, that as
fast as this substance is used up by the chemical action a fresh
supply may be obtained, and the operation of the battery thus
made constant.

As soon as the poles are joined, a powerful action commences, which,
instead of constantly -diminishing as in the single fluid batteries; is main-
tained for hours without losing any of its efficiency., For ordinary use
tivo dozen such cells are combined in a battery. One of the chief im-
provements in this apparatus is.the introduction of the porous cup, which

used? £29. In the batteries thus far deseribed, what arve employed for the purpose
of producing chemical action? Which is the most efficient of the single fluid batfe-
ries? How do the single fluid batteries compare with those in which two flulds are
used? €30, By whom and when was the first two-fluid battery invented 2 Describe
Daniell’s Constant Battery, and its mode of operation. What is one of the chief fm-
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:;z}:s the liquids apart, yet does not prevent the passage of voltaic cur-
831. Grove’s Battery—Grove’s Battery is the most powerful one yet con-
structed. It operates on the same prineiple as Daniell’s, but cmplov's differ-
ent rfxcmls and fluids, which render it more active, The porous cup.contains
a strip of platinum immersed in strong nitric acid, and is itself contained in
Fig. 208, a zinc cylinder filled with dilute

sulphuric acid. The whole is
set in a vessel of glass or earth-
enware. Fig. 298 shows one of
Grove's batteries consisting of
six cells, as: arranged by Benja-
min Pike, jr., of New York.

_ ‘Hml [/l 'The platinum of each cup is con-
i

|

I

T

l‘ J‘ | nected with the zinc of the next.
{ i: A¢ the extremities of the cir-

il

cuil, wires are attached respee-
o tively to the platinum of one
cell and the zine of the other, the former of which exhibits positive electricity
auad the latter negative. :

GROVE'S BATTERY,

Gx'ove'.s battcr.‘y 15 the best for performing the more striking experiments
of galramsm,. being nearly twenfy times as powerful as a zinc and copper
battery containing the same amount of metallic surface, Its sur)criorit:' 18
owing ﬂihe absorption of the hydrogen evolved, the high couduc‘tiug poz\'cr
of thefluids employed; and the ease with which nitric acid is decomposed.

5-3?.‘ Buysen's Battery—The cost of platinum renders Grove's apparatus
expensive. l’funsen therefore devised a Battery, in which plates of carbon
u'cted ou by mtric. acid are substituted for platinum. In other respeets it is
like Gzove's, but it is less efficient.

833. Dry Pries.—Feeble galvanic currents may be pro-
duced by compressing a great number. of circular pieces of
copper and zine paper (sometimes called gold and silver
paper); placed back: to back, in 2. varnished glass tube
which they exactly fit.  Asin Volta’s pile, the same orde;
must be observed throughout. The electrical excitement
produced by a Dry Pile (as such an apparatus is called)
lasts a long time. Bells have been kept constantly ringing
for eight years by the alternate attraction and rcp'ulsioz o?
a clapper-suspended between two such piles,

provements in this apparatus? 881, Desoribe Grove's Battery.
pare in power with a zinc and copper battery ? To what is i.ts
832. What is the objection to Groye's battery?

Tow does it com-
superiority owing?
. octio To remove this, what modification
id Bunsen propose? 633, Iow aro Dry Piles formed? What ¢vidence is adduced
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834, Quantiry Axp InTENsITY.—The quantity of vol-
taic electricity produced by a battery, depends on the size
of the metallic plates employed; its intensity, on. their
number.

The difference between the gquantity and the intensity of the electric fluid
is analogous to the difference between the quantity of a solid dissolved in a
given liquid and the strength of the solution. Into a hogshead of water
throw a wine-glass full of salt, and into a tea-spoon full of water putas much
salt as it will dissolve, The former solution will contain a greater quantity
of salt than the latter, but it will be less strong. ¥

835. TurorY oF THE GALVANIC BATTERY.—Let us now
inquire how electricity is developed with the galvanic bat-
tery. Take, as an example, Volt@’s single fluid apparatus.
When the zinc and copper plates are immersed in -acidu-
lated water, and connection is established between them,
the water is decomposed into its elements, oxygen and hy-
drogen. The oxygen combines with the zine, for which if
has a strong affinity, and forms oxide of zine¢; while the
hydrogen appears about the copper in the form of minute
bubbles. The zine, in consequence of the chemical change
produced in its surface, parts with its positive electhicity to
the liquid, and remains negatively electrified. The copper,
notacted on by the liquid as the ziue is, attracts from it
this same -electricity, and becomes positively electrified.
The acid mixed with the water tends to dissolve the oxide
of zine as fast as it is formed, and thus to keep a fresh sur-
face of the metal exposed to the liquid.

836. The terminal wires of a battery, or, when no wires
are attached, the plates from which they would proceed,
are called its Poles.  The pole connected with  the metal
most easily acted on by the fluid, always exhibits negative
electricity; the other, positive. For pole some substitute
the term elecirode, meaning the path by which a voltaie
eurrent. enters ot leaves a body. The positive pole they

of the permanency of their action? 34 On what docs the quaatity of yoltalo elee-
tricity produced by a battery depend ? Onwhat, its intensity? Illustrate the differ-
ence botween the guantity and the intensity of the electric fluid. 835, Give the the-
ory of the operntion of the galvanic battery. 836, What is meant by the Poles of a
battery ? Witich pole exhibits negative electricity ? Which, positive? What tarm
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call the Anode (ascending or entering path) ; the negative,
the Cathode (descending or departing path). When the
electrodes are brought in contact, the galvanic circuit is
said to be closed. The two currents then meet and nen-
tralize each other ; but, as fresh currents are all the time
being produced; the action continues without interruption,

837, DIFFERENCE BETWEEN FRICTIONAL AND VoLTAIC
ErrcrrIcIry.—Voltaie electricity and that developed by
ﬁ'llctwn are the same in kind, but are characterized by cer-
tain points of difference. ;

1. The electricity developed by friction is far more in-
tense; that produced by chemical action is far greater in
quantity.

A simple galvanic circle (§ $25) develops as much electricity in three sec-
onds as would be aceumulated in a battery of Leyden jars by thirty turns of
a powerful plate machine, Yet so weak is this voltaic electricity thata per-
son receiving it throngh his system would hardly be aware of ils passaze,
while the same quantity from the Leyden jars might prove fatal to life, It
takes a galvanic battery of about fifty pair of plates’ (no matter what their
size) to affect a delicate electroscope, and one of nearly a thousand pair to
make pitleballs diverge.

2. The voltaic fiuid will not pass throuch an insulating
medium, as the electric spark does, If the cirenitis broken,
all action at once ceases. If will pass thousands of miles
overa conducting wire, but will not leap a break the fiftieth
part of an inch,

3, The chemical effects of the yoltaic fluid are incom-
parably greater than those of frictional electricity.

The galvanic battery produces the most intense heat, and readily decoms
poses compaund substances ; no such effects belong to the electrical machine,
An ordinary galvanic battery will decompose a grain of wa
and hydrogen. To do this with frictional electricity would re
of an electrical plate having a surface of 82
lent to & flash of lightning.

terinto oxygen
quire the power
acres,—which would be equiva-

838. Errecrs or Vorraic Erzerricrry.—Among the

is by some substituted for pola? What is the Anode ? Whaf is the Cathode? When
is the galvanic cirenit said to be closed? What then takes place? 837 What iy the
first poict of difference hetween f¥iectional and voltaic electricity ? State some facts
illustrating this difference. What i3 the second point of difference between frictional
and voltaic electricity  The third point of difference? What facts are stated in the

DECOMPOSING EFFECTS. %0

effects of voltaic electricity on substances brought within
the cirenit, may be mentioned the following :—

839. Decomposition.—Compound substances may be
decomposed into their elements with the galvanic battery;
and it is a singular fact, that of the elements so obtained
some always arrange themselves about the positive pole, and
others'about the negative. Thus, oxygen, chlorine, iodine,
and the acids, invariably fly to the positive pole, when set
free from any compound substance ; hydrogen, the oxides,
and the alkalies, to the negative. As the elements must be
in an opposite electrical state to the poles that attract them,
we conclude that oxygen, chlorine, &c., are naturally neg-
ative,—and hydrogen, the oxides, and alkalies, positive.
Every chemical compound seems to consist of a positive
and a negative element, held together by electricsl at-
traction,

The great discovery that water could be decomposed by voltaic electricity
was made in 1800, immediately after the announcement of Volta's pile, by
an experimenter, who observed that gas bubbles rose when the terminal
wires were immersed in water. Several years later, Davy, aftera long conrse
of experiments, decomposed the earthis and alkalies, which had before been
universally regorded as simple substances, and thus brought to light a num-
ber of new metals, the existence of which had not éven been suspected.

840. The decomposition of water is effected with
the apparatus represented in Fig. 200. Alarge glass
goblet has a frame fitted to its rim, from which are
suspended two small receivers for the purpose of col-
lecting the two gases evolved. As water consists of
two parts of hydrogen to one of oxygen, one of the
receivers should be tiwice as large as the other. Two
holes in the bottom of the vessel, to which serew
cups are attached, admit the elecirodes from a bat-
tery, and terminate on theinsidein strips of plat-
inum, which enter the receiver. The vessel being
filled with water and the battery set in operation, de- -
composition at once commences, Oxygen passes to the positive electrode

text to illustrate this difference? €30, What is the first effect of yoltaic clectricity ?
What singuiar fact is stated respecting the elements thus obtained # What elements
go to the positive pole? What, to the negative ? What is inferred from this fact?
When and nnder what circumstances was it discovered that water could be decome
posed by voltaic electricity ¢ What great discovery was made by Davy? 840, De-
scribe tho mode of decomposing water with the galvanic battery., Hoyv is the process




TS e el T RS D e

326 VOLTAIC ELECTRICITY,

(which should be inserted in the smaller receiver) and hydrogen to the nega-
tive. The identity of the gases may be proved by subsequently experiment-
ing on them. As wateris not a very good conductor of voltaie electricity,
the process is facilitated by the addition of a little sulphuric acid.

Fig. 800. 841. Te decomposizionof a neutral salé may be performed
with the epparatus represented in Fig. 300. A glass tube
shaped like aV, is fitted at each end with a cork and screw.
Through these serews pass the wires from a battery, termi-
najing inside in platinom strips. The tabehaving been flled
with a solution of sulphate of soda or any other neutral salt,
colored blue with tincture of violets, the battery is set inae-
tion. Nosooneris a current passed from pole to pole throngh

the liguid, than the latter is decomposed. ~The acid passes to the positive
pole, and the alkali to the negative. This is-shoyn by the change of color

praoduced, the liquid becoming red around the positive wire and green around-

the negative. If the poles be transposed,™the effects will he reversed.

842. The deecomposing poywer of the galvanic battery is
turned to practical account in the various processes of
Erecrro-MErALLURGY.  This is the art of depositing on
any substance al coating of metal from a metallie solution
decomposed by voltaic electricity. One of the branches
of this art is Plating, which consists in covering the inferior
metals with a thin coat of gold-or silver. When the metal
coating is nof to-adhere permanently to the surface on
which it 18/ deposited, but to form a copy of it and be re-
moved, the process is'called Electrotyping.

The: different processes of Electro-metallurgy differ
somewhat in their details and in the apparatus employed,
but the principle involved is' the same in allj viz., that any
compound metallic solution is decomposed by the passage
through it of a voltaic eurrent; whereupon the pure metal
is attracted to the negative pole, while: the substance be-
fore combined with it goes to the positive. A medal, an
engraving, or any conducting substance, has therefore only
to be attached to the negative pole, and the metal in ques-
tion will be deposited on it, the ‘thickness of the coat de-

facilitated 2 841, With what apparatus, and how, may a neutral salt be decomposed?
§42. How is the decomposing power of the galvanic battery turned to practical ac-
count? What is Electro-metallurgy ? In what does Plating consist? In what,
Electrotyping? What is the principle involved in all the processes of electro-metal-
lurgy? When any conducting substance is atfached {o the negative pole, what takes
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pending on the length of time it is left to the action of the
battery.

Reversed copies ave thus obtained; the minutest indentations on the sur-
face of the original being represented by elevations on the copy, and projec-
iions on the original by corresponding indentations in the copy. Ifan exact
and nof a reyersed copy is wanted, a mould, taken from the original in wax
or plaster, must be submitted to the above process.

This metallic deposit will take place only on a good conductor ; if, there-
fore, the objectto be copied is not such, it must be endowed with conducting
power by dusting over it some fine plumbago. On the contrary, if there is
any part of which a copy is mot wanted, it may be covered with varnish
which is a non-conductor.—That the copy may be readily remoyed from the
original, the surface of the latter should be rubbed with oil or powdered
plumbago.

843. The most convenient mode of electrotyping is as follows:—Fill a
trough with a solution of sulphate of copper, and over its top extend two par-
allel rods of wood a short distance apart. Run the positive wire from a bat-
tery along one of these rods, and the negative along the other. From the
negative wire suspend in the fluid the object to be copied, and from the posi-
tive one a pi¢ce of copper plate. Sulphate of copper is composed of sulphu-
ric acid and copper. When the battery begins to operate, this fluid is de-
composed; the copper isdrawn to the negative pole and deposited on the
object attached to it. The sulphuric acid goes fo the copper plate, and
combining with it forms sulphate of copper, thus providing fresh metallic
solution as fast as the original supply is used up.

$44. Much use is made of the electrotype process. It has to acertain ex-
tent taken the place of stereotyping in the preparation of plates from which
books, charts, maps, &c., are printed. Copper plates being harder than those
of type-metal, a far greater number of copies can be printed from them, and
they are therefore preferable for works that are likely to have an extensive
cirenlation. “When the types-are set, a-mould of each page is taken:inwax;
brushed over with plumbago, and subjected to the above process till a thin
deposit is formed, which is made of sufficient thickness to print from by back-
ing it with type-metal. This'book is printed from electrotype plates.

Engravings both'on wood and' copper are reproduced in the' same way,
their fine lines heing bronght out with exquisite perfection. The originals
are put away, and the duplicates alone used in printing. By multiplying
copies, which is done with little or no injury to the face of the original, any
number of inpressions can be obtained.—Fac-similes of delicate leaves, the
wings of itisects, and even dagnerreotypes, may be made in a similar way.

place? What sort of copies are thus obfained? What must be done, to obfain fre-
similes? On what alone will this metallic deposit take place? How may it be made
to take placo on a bad conductor? What precaution is necessary, to enable us to re-
move the copy from the original? 843. Daescribe the most convenient mode of clee-
trotyping. 844, For what is the electrotype process used? - In what case are copper
plates preferable to those of type-metal? State the process gone throogh in pre-
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845. Protection of Metals.—Voltaie clectricity has been
applied to the protection of metallic surfices from corro-
sion, If a given metal is acted on by an acid or saline so-
lution, we have only to immerse in the liquid some other
metal more readily acted on by it, and close the eircuit by
connecting the two, when the chemical action on the for-
mer metal at once ceases and is transferred to the latter.

Davy proposed on this principle to protect the copper sheathing'on the
boitom of yessels from the action of sea-water, BStrips of zinc were fastened
at certain distances on the copper, and:it was found that the latter metal was
thus, perfectly preserved from corrosion. No practical use, however, conld
be made of this proposed improvement ; for shell-fish, sea-weed, &e., which
had before been kept off by the poisonous properties of the corroded copper,
now adhered tothe hottom in such quantities‘as o make the vessel sail more
slowly.

846, Luminous and Heating Ejffects—When the gal-
vanic ‘circle is closed or broken,—that is, when the two
terminal wires are brought in contact or separated,—a
bright spark passes between them. With the proper ap-
paratus, this spark may be intensified into the most bril-
liant light yet produeed by art, known as the Electric
Light;.or the Veliaic Arch.

To produce the electric light, connect the poles of a
powerful battery with the rods of a universal discharger

< £

(§ 780); and to the extremities of these rods fix charcoal
points, or pieces of graphite pointed like a pencil. The
battery being  set in operation, the charcoal points are
brought in contact, and then gradually withdrawn from
each other a short distance, when the space between them
15 spanued by an arch of intensely bright light.

The voltaic arch is widest in the centre; its length varies with the posver
of the hattery, ranging betieen three-fourths of an inch and four inches.
No luminous appearance is produced unless the points first touch, no matter
hiow close together they are hrought, the air befween being an insulator and

paring the plates. What else are reproduced by the clectrotype process? §45 To
what has voltaic electrieity been applied ? How may a metal acted on by a lquid in
which it is immersed be protected from corrosion? What application of this prinei-
ple was proposed by Davy? VWhat was the result of the experiment? 840, What
takes place when the galvanic cireuit is closed or broken ? Into what may thisspark
be intensified? How is thewlectric light produced? TWhat is the shape of the arch,
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breaking ‘the cirenit. = Ina vacuum, however, the arch'may be formed with-
out previous contact ; and-even in the air, if when the points are brought
near each othera charge from a Leyden jar iscpassed from one to the other.

The electric light, like the electric spark, is entirely independent of com-
bustion. Neneof the carbon is consumed, though a portion of it is mechan-
ically carried over with a sort of hissing sound from the poesitive to the
negative electrode; as is shown by the change of shape in the points when
the experiment is over. The electric light may be produced in a vacuum
and even under water, which shows that 1t is not the result of combustion.

The intensity of the electric light depends rather on the size of the me-
tallic plates employed thaun on their number; that is, on the quantity of
electricity developed more than its intensity. The arch produced with a
powerfal battery is  about one-third as intense as that of the sun; while the
Drammond light, which stands next'to it among artificial lights in point of
brilliancy, has only about 1/5, of the ‘sun’s intensity. It has been proposed
touse the clectric light for filaminating the streets of cities; but the great
expense of maintaining a sufficient voltaie current has thus far prevented its
introduction for that purpose.

847. Heat; as well as light, is produced in the greatest
intensity yet known to man by the galvanic battery. The
hardest substances introduced within the voltaic arch, or
brought between the clectrodes of a powerful battery to

. - . .9, ~ .
close the cireuit, are instantly ignited or fused. Platinum,
whieh withstands the fiercest heat of the furnace, melts like
wax in the flame of a candle. © Quartz, the precious stones,
the earths, the firmest and most refractory compounds, are
fused in like’ manner. Thin leaves of metal subjected to

- ‘\- . « -

the action of a battery burn with great brilliancy and beau-
ty, yiclding flames of different colors. Gold and zine burn
with a vivid white light, silver with an emerald green, cop-
per and tin with a pale Dblue, lead with a brilliant’ purple,
and steel watch-spring with the brightest semtillations.—
The heat produced by a battery, like its licht, depends on
the size of the plates rather than their number.

The heating power of a galvanic battery may be shown by experiments
withayires of different metals stretched befweenthe electrodes. A wire so

and/its length ? What is cssential to its production in the air? Tsthis necessary-in
svacoum ¥ Iow is it proved that the electric light is not the résult of combustion?
Onowhat does: the intensity  of the eleetric light depend? How does its intensity
compare with that of the sun and the Drummond light? For-what Nas it been pro-
posed to use the electriclight? 847, Whatissaid of the heat proiluced by the galvan-
jehnttery? Biate some of its effects. On what does the heat produced by a battery
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placed instantly becomes hot; if not toolong, red hot. By reducing its length,
we may raise it t0 a white heat, aud by shortening it still further we may
fuse orignite it. Lxperiments with different metallic wires of the same size
and length, show that they are not all heated to the same degree by a given
battery, The best conductors allow the current to pass: with the least ob-
struction,.and are therefore heated the least.

Platinum wire (whicliis one of the poorest metallic conductors and there-
fore most readily heated), immersed in a small quantity of water between the
electrodes of a battery, causes the water to boil.  Passed through phosplio-
rus, ether; and aleohol, it ignites them. Gunpowder is exploded by contact
with such a yvire, a fact which is turned to account in the firing of blasts and
submarine batteries.: | The platinum wire being carried through the powder
and connected with-the positive: and negative electrodes, no matter how far
off the battery may be, the moment the circuit is completed the platinum be-
comes red hot, and the explosion takes place. By thus simultaneously firing
a number of charges of powder placed in deep holes at certain distances,
600,000 tons of rock have been instantly blown off from the face of a cliff,
with an immense saving of labor, and with perfect safety on the part of the

operator, who with his instrument was a fifth of a mile from the scene of
the blast.

848, Physiological Effects.—The singular effects of the
galvanic fluid on the nerves and muscles of animals, origi-

nally led, as we have seen, to the development of the sci-
ence of Galvanism, and were carefully investigated in the
earlier stages of its history. /The more powerful instru-
ments since mvented have enabled experimenters to. push
their researches still further,

When we grasp the electrodes of a battery of fifty cups,
one in_each hand, we feel a peculiar twinge in the elbow
and sometimes in the shoulder, as if the joints were being
wrenched apart.  This sensation continues as long as: the
electrodes are held in the hands, and when we first grasp
them or let them go is sufficiently sudden and vivid to be
called a shock. A number of persons may take the shock
at once by joining their hands, which should be previously

depend? “Whatis the effect of the galvanie battery on metallic wires? When wires
of different metals are nsed, what is found? How is this explained 7 What experi-
ments may be performed with a platinum wire fixed between the electrodes of a bat-
tery? Describe the process of firing & blast with such a wire. What instanco is
mentioned of the practical application of this process? 843. What orirn';mllv led to
the development of galvanism as nscience ¢ What sensation is cxpericn:’cd 01:'1 grasp-
ing the electrodes of a battery? How may a number of persons take the shock ?
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moistened. = A weak current passed through the eyes pro-
duces a faint flash ; passed through the ears, a roaring
sound ; and through the tongue, a metallic taste.

The effects of the galvanic battery on the animal system, unlike ifs lnmi-
nous and heating effects, are found to depend on the number of plates em-
ployed rather than their size,—that s, on the intensity of the electricity pro-
duced, and not its quantity. A battery of several hundred pair of plates
proves futal to life. One of a hundred pair gives a shock that few would
like'to bear & second time, though, if the plates are small, it has no effect on
wires stretched between the electrodes. Put the same amount of metallic
surface in & few pair of very large plates, and such a battery will instanily
fuse wires subjected to its action, while its shock will hardly be felt.

849, There seems to be a remarkable analogy between
a voltaic current and the nervous energy. Experiment has
shown that, if a nerve be divided; a galvanic current di-
rected through the region in which it runs will in a meas-
ure supply its place. The part, which would otherwise be
palsied from a want of nervous energy, may thus be re-
stored to its usual action. If, for example; the nerves of
the stomach are divided, digestion ceases; but it is resumed
if the stomach is subjected to galvanic influence. Galvan-
ism is therefore medically applied in asthma, paralysis, and
other diseases avising fron# a prostration of the nervous
system,

850. Among the most remarkable effects of voltaic elec-
tricity are the violent contortions it produces in bodies just
deprived of Iife.

" A few years ago, the body of a murderer hanged in Glasgow was sub-
jected, about an hour and a quarter affer his execution, to the action of a
battery consisting of 270 pair of four-inch plates, One pole was applied to
the spinal marrow at the nape of the neck, and the other to the sciatic nerve
in the left hip, when the whole body was thrown into a violent tremor as if
shivering with cold. On removing the wire from the sciatic nerve to a nerve
in the heel, the leg was thrown out so violently as nearly to overturn one of

What is the effect of passing a weak current through the eyes? Through the ears?
Through the tongne? On what do the effects of the galvanic battery on the animal
system depend ? Compare the different effects of a given amount of metallie surface,
when thrown into many small plates, and a few large ones. 849, To what does the
voltaic current bear a remarkable analogy ? What has been shown by experiment?
Glve an example. In what diseases is galvanism medically applied? 850. What is
one¢ of the most remarkable effeots of voltaic electricity # Describe the experiments
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the assistants; who. tried in vain to prevent its extension. On' directing &
current to the principal musele of respiration, the chest heaved and fell, and
labored breathing commenced. When one of the poles was applied to &
nerve under the eyebrow and the other to the heel, the most extraordinary
grimaces were produced: “every muscle of the countenance was simulta-
neously thrown into fearful action; rage, horror, despeir, anguish, and
ghastly smiles, united theirhideous expression in the murderer’s face.”” Sev-
eral spectators were so overcome by the sight that they had to leave the
room, and one gentleman fainted.” In the last experiment, the fore' finger,
which had previously been bent, was instantly extended, and shaking vio-
lently; with & convulsive movement of the whole arm, seemed to point to the
persobs present, some of whom thought that the body had really returned
to life.

Thermo-electricity ;
OR, HLECTRICITY DEVELOPED BY HEAT,

851.. How propucep.—If two strips of metals which
differ in their conducting power, are soldered together at
one end so as to form an acute angle with each other, and
heat is applied at the place of junction, a current of elec-
tricity is produced, which may be. carried off by any good
conductor. Antimony and bismuth exhibit this phenome-
non in its greatest ‘perfection, and are generally used in
performing the experiment. Hiectricity thus developed by
heat is known as Thermo-electricity. Its properties are the
same as those of frictional clectricity.

Fig. 201, 852. THERMO-ELECTRIC BATTERIES,
—Thermo-electricity may be developed
abundantly by combining a number of
thin' bars of antimony and bismuth, or
platinam and iron, - They may be ar-
ranged in either of the forms represent-

b b, 0
| \ I j I I ed in Fig. 301, or may be laid flat one
@ (1 [ &

a a6 e a a

upon another, with pasteboard between
to prevent them from touching exeept

THERMO-FLECTRIC BAT- . . . D.
TERTES, at their extremities. By heating the
points of junction at one end, @, @, @, @, and cooling those

performed on the body of a murderer shortly after his ‘execntion. 851, What is
Thermo-clectricity? How is it produced? What metals are generally used in pro-
duclngz it? £52. How muy thermo-electrivity be developad sbundantly? Howis a
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at-the other, b, b, b, b, an electric current is produced, the
intensity of which is equal to the sum of the intensities of
the separate pairs. With a wire attached to the-first bar
of bismuth and another attached to the last bar of anti-
mony, the thermo-electric current may be conducted wher-,
ever it is desired,

When thirty or forty such combinations are meeded; thin metallic hars
are used, connected alternately at their extremities, and arranged for conve-
nience’ sake in parallel piles of five orsix each. Such a battery indicates
changes of temperature at its junctions so minute that they can be detected
in no other way,—even to the hundredth partof a degree of the thermometer.
The heat radiated from the haund is sufficient to produce & slight electric
current.

853. Electricity, besides being produced by friction,
chemical action, and heat, is also developed under certain
conditions by magnetism. When so produced, it is ealled
Magneto-electricity. This branch of the subject can not
be understood tiil we have treated of Magnetism, and will
therefore be considered in the next chapter, which is de-
voted to that subject.

CHAPTER XVII.

MAGNETIS M.

854. A Magxer is a body which has the property of
attracting iron and being attracted by it. :

855. Magnetism is the science that treats of the laws,
properties, and phenomena of magnets.

Kinds of Magmnets.
856. There are two kinds of magnets, Natural and Ar-
tificial.

thermo-electric battery formed? What is the usnal srrangement when a large nom-
ber of such combinations are needed ? Hos: minate changes of temperature are indi-
cated with sucha battery ? 858, By what other agency is electricity also developed 2
What is it then callod?
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the assistants; who. tried in vain to prevent its extension. On' directing &
current to the principal musele of respiration, the chest heaved and fell, and
labored breathing commenced. When one of the poles was applied to &
nerve under the eyebrow and the other to the heel, the most extraordinary
grimaces were produced: “every muscle of the countenance was simulta-
neously thrown into fearful action; rage, horror, despeir, anguish, and
ghastly smiles, united theirhideous expression in the murderer’s face.”” Sev-
eral spectators were so overcome by the sight that they had to leave the
room, and one gentleman fainted.” In the last experiment, the fore' finger,
which had previously been bent, was instantly extended, and shaking vio-
lently; with & convulsive movement of the whole arm, seemed to point to the
persobs present, some of whom thought that the body had really returned
to life.

Thermo-electricity ;
OR, HLECTRICITY DEVELOPED BY HEAT,

851.. How propucep.—If two strips of metals which
differ in their conducting power, are soldered together at
one end so as to form an acute angle with each other, and
heat is applied at the place of junction, a current of elec-
tricity is produced, which may be. carried off by any good
conductor. Antimony and bismuth exhibit this phenome-
non in its greatest ‘perfection, and are generally used in
performing the experiment. Hiectricity thus developed by
heat is known as Thermo-electricity. Its properties are the
same as those of frictional clectricity.

Fig. 201, 852. THERMO-ELECTRIC BATTERIES,
—Thermo-electricity may be developed
abundantly by combining a number of
thin' bars of antimony and bismuth, or
platinam and iron, - They may be ar-
ranged in either of the forms represent-

b b, 0
| \ I j I I ed in Fig. 301, or may be laid flat one
@ (1 [ &

a a6 e a a

upon another, with pasteboard between
to prevent them from touching exeept

THERMO-FLECTRIC BAT- . . . D.
TERTES, at their extremities. By heating the
points of junction at one end, @, @, @, @, and cooling those

performed on the body of a murderer shortly after his ‘execntion. 851, What is
Thermo-clectricity? How is it produced? What metals are generally used in pro-
duclngz it? £52. How muy thermo-electrivity be developad sbundantly? Howis a
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at-the other, b, b, b, b, an electric current is produced, the
intensity of which is equal to the sum of the intensities of
the separate pairs. With a wire attached to the-first bar
of bismuth and another attached to the last bar of anti-
mony, the thermo-electric current may be conducted wher-,
ever it is desired,

When thirty or forty such combinations are meeded; thin metallic hars
are used, connected alternately at their extremities, and arranged for conve-
nience’ sake in parallel piles of five orsix each. Such a battery indicates
changes of temperature at its junctions so minute that they can be detected
in no other way,—even to the hundredth partof a degree of the thermometer.
The heat radiated from the haund is sufficient to produce & slight electric
current.

853. Electricity, besides being produced by friction,
chemical action, and heat, is also developed under certain
conditions by magnetism. When so produced, it is ealled
Magneto-electricity. This branch of the subject can not
be understood tiil we have treated of Magnetism, and will
therefore be considered in the next chapter, which is de-
voted to that subject.

CHAPTER XVII.

MAGNETIS M.

854. A Magxer is a body which has the property of
attracting iron and being attracted by it. :

855. Magnetism is the science that treats of the laws,
properties, and phenomena of magnets.

Kinds of Magmnets.
856. There are two kinds of magnets, Natural and Ar-
tificial.

thermo-electric battery formed? What is the usnal srrangement when a large nom-
ber of such combinations are needed ? Hos: minate changes of temperature are indi-
cated with sucha battery ? 858, By what other agency is electricity also developed 2
What is it then callod?
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857. NaTuRat, MaGNers—The natural magnet, or load-
stone, is an ore of iron, found in great quantities in differ-
ent parts of the earth, which has the property of drawing
to itself steel filings, needles, or small pieces of unmagnetic
iron, Tts texture is hard, and its color varies from reddish-
brown to grey. Besides the loadstone, nickel, cobalt, and
brass when hammered are found to have magnetic proper-
ties, though in an inferior degree.

858, The attraction of the loadstone for particles of iron appears to have
been known to, the Greeks, Chinese, and other nations in remote antiquity.
It is distinetly alluded to by Homer and Aristotle. Pliny speaks of a chain
of iron rings suspended one from another, the first of which was upheld by
a loadstone.  He tells us, also, that Ptolemy Philadelphus propesed to build
a temple at Alexandria, the ceiling of which was to be of loadstone, thatits
attraction might hold:an iron statue of his queen Ar-sin’-o-e suspended in the
air. Death prevented Ptolemy from carrying out his design; butSt. Au-
gustine, at a later day, mentions a statue thus actually held in suspension in
the temple of Ser’-a-pis, at Alexandria.—The magnet (magnes in Greek) is
supposed to have received its name from Magnesia, a city of Asia Minor, near
which it was first found.

859, Poles—The attractive power of a natural magnet
does not reside equally in all its parts, but is strongest at
its extremities and diminishes towards the middle, where
it is entirely wanting.  This 18 shown by rolling a piece of
loadstone in iron filings. They will be found to cluster
about the ends, those that first adhere being endowed with
the power of attracting others, till large tufts are formed,
while the middle is left entirely bare.

The points. at which the. greatest attractive power is
exhibited, are called the Poles of the magnet. The central
part, where it is wanting, is called the Neutral Line,

If a picce of loadstone is broken, each portion becomes
a perfect magnet, and has poles of its own.

854. What is a Magnet? 855, What is Magnetism? 856, How many kinds of
magnets are there? Name them. 857. What is the natural magnet? ‘What other
metals have magnetic properties? 853 To whom and when was the attraction of
Joudstone for iron known? What ancient authors allude to it? Of what does Pliny
speak? What use did Ptolemy Philadelphus propose to make of the loadstone?
What is mentioned by 8f. Angustine # From what did the magnet receive its nnme?
850. What is shown by rollingapiece of loadstone in iron filings? What is'meant
by the Poles of the magnet? Whatis the Neutral Line? If a piece of loadstone is
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860. Power of Natural Muagnets—When quite small, a
natural magnet will sustain many times its own weight of
iron. Sir Isaac Newton is said to have worn, in a ring, a
piece of loadstone weighing three grains, which would lift
750 grains of iron. Their attractive power, however, does
not increase with their size, Large pieces of loadstone
never support more than five or six times their own weight,
and rarely as much, The most powerful natural magnet
known is capable of lifting 310 pounds,

861. Armature—The power of Fig. 802,

a natural magnet is increased by S

applying vertically to its opposite

polar surfaces thin strips of soft

iron, projecting a little below, and

bent, as shown in ap, bn, Fig.

302. The attractive force then

centres in p and %, which become

the new poles, This arrangement is called an Armature,
and a magnet so prepared is said to be armed.

To keep the armature in its place, metallic Fiz. 808
bands, AB, 0D (Fig. 803), are passed round the i
who.le. A ring, R.’ is attached to.the'top for con- B
venience of handling. The effect of the magnet
is further increased by uniting its poles with a
transyerse piece of softiron, K, called the Keeper,
To this a'hook is attached for suspending a scale-
pan and weights,

862. Armirrorar, MaeNers.—A piece
of iron or steel brought in contact with
a natural magnet or very near it, ac-
quires its peculiar properties, and will
itself attract steelfilings, needles, &e. :
Soft iron loses these properties on be- Al
ing withdrawn from the magnet; but a piece of steel re-
tains them permanently, nor does the natural magnet from

broken, what is said of the fragments? 860. What is the power of natural magnets;
whensmall? When large? How much is tha most powerful natural maznet known
eapable of lifting?  801. Hoyw is'the power of & natural magnet increased? Describe
the armature and the arrangement for securing it in'its place, How is the effect of
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which it receives them suffer any diminution of power in
consegquence, ; :

A picce of iron or steel to which magnetic properties
have been imparted in any way, is called an Artificial
Magnet.

863. Kinds of Artificial Magnets—There are several

1661 ) 1 o Ia1s ]
kinds of artificial magnets,called from their shape Bar Mag-
nets, Horse-shoe Magnets, and Mﬂgnct‘lc Nccdlgs._ 'lhc‘ first
two are most powerful when formed of several similar pieces
- - -, - 1 < ]
riveted together, in which case they are called Compound
Magnets.
Fig. 30

COMPOUND BAR MAGNET.
Fig. 304 represents a Compound Bar Magnet ; Fig. 305,
a Cox;ponml Horse-shoe Magnet. N, 8, represent the pol.es.
The Horse-shoe magnethas an armature, A, attached, which
increases and preserves its power, and:should always be
kept on when the magnet s not in use.

Magnetic Needles are very light magnetic
bars (se¢ Fig. 806), poised at their centre on a
pivot,‘on which they move freely either hori-

Fig. 306. zontally or up and down.
s In the former case, they
= are called Horizontal Nece-
dles;y in the' latter, Verti-

cal or Dipping Needles.

N AN

Artificial magnets are more

\ efficient and regular in their action

‘Ax than natural ones, and are thevefore

- preferred for  parposes: of  experis
MAGNETIC NEEDLE. ment. The Thorse-shioe is'more

the magnet farther inereasad® 8§62, How may magnetic propertics be imparted tu‘:\
picea of iron or steel?- What is the differenco between soft iron mul. steel In 1?::5
connection? What isian Artificial Magnet? 863, Name the different kinds of artifi-
cial magnets. What are Compound Magnets? What do Figs. 3‘(M.. 805, represent ?
What are Magnetic Needles? Into what two classes sre they divided? 864 How
do artificial magnets compare in efficiency with natural ones? How does the horse-
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posverful than the bar magnet. A horse-shoe of one pound has been known

to sustain 261/, pounds.

865. Poles.—The poles of an artificial magnet,—that is,
the points in which the greatest attractive force resides,—
are found to be about one-tenth of an inch from the ex-
tremities. In very long bar magnets, besides the two poles
always situated near the extremities, two other poles, nearer
the centre, are sometimes, though rarely, found.

866. The power of a magnet, whether natural or artifi-
cial, may be increased by daily adding a little to the weight
which it will support. If, for instance, a given magnet just
sustains two pounds of iron, by putting on a small addi-
tional weight every day, we may perhaps make it sustain
three or even four pounds; If; on the other hand, we over-
load it, so that the armature falls off, the power of the mag-
net will be impaired.  Any rough treatment, such as ham-
mering the magnet, rubbing it violently, or letting it fall,
has the same effect. Heat, also, diminishes the power of a
magnet. Red heat destroys it altogether, even after the
magnet has cooled.

"867. Air is mot essential to the action of a magnet ; all
its phenomena may be cxhibited in a vacuum.

Properties of the Magnet.

868. AtrRACTION.—As stated above, all magnets attract
unmagnetic iron. They are also attracted by it.
Suspeénd a magneticneedle by a*ihread.” Bring a pieceof iton near either
exirentity, and the needle will be drawn fowards if.
869. Magnetic attraction acts with undiminished power .
through any thin substance.

In the last expariment interpose a piece of glass or paste-board between
the iron and théneedle; the latter will be aitracted none the less.

shoe compare with the bar magnet? 865, Where do the poles of an artificial magnet
lie? ‘What are sometimes found in very long bar magnets? 866, What is the effect
of adding a liftle daily to the weight which a magnet supports?. Giva an examplo,
Whatis the effect of overloading a magnet? Of tresting it roughly ¢ Of heating 469
867T. Ts air essential to the action of a magnet? Proveil, 868, What is the first prop=
orty of magnets? ‘What experiment shows thelsttraction of iron for a magnet ?

869. What is the effect of interposing any thin substance? Hosw may this fact be

15
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Fig. 807, Hold a piece of paper over g
bar magnet, and dust on it some
steel filings. Under the influence
of the maguetic attraction frans-
‘mitted through the paper, they
will arrange themselves in regu-
lar lines, as shown in Fig. 307.
These lines are called Magnetic
Curyes.—The superior atiractive
power of the poles is alzo shown
by this experiment ; for the filings are thickest directlyover those points, the
curyes appearing to converge there from ll directions. el

Magnetic figares of any description may he formed on a steel pl-a‘e. )
mnrkir:g on it with one of the poles of a bar magnet, and tl'len spr'mklmg
iron filings o the surface. They will at onee adbere to the lines which the

(=) - A y s 2 1
magnet has traced.  The result is the same if paper is laid on the steel sur
face before the bat i§ drawn overit, the maguetic influence heing transmitted
through the:paper. = .

870. Law.—Magnetie atiraction decreases in intensity
as the square of the distance fromthe magnet nereases-

If two similar substanees are situsted respectively 1inch and 2 inches
from & given magnet, the former will be atfracted 4 txm'es as strongly as the
fatter. This law corresponds with that of gravitation, light, and heat.

871, Porarmy.—A magnetic needle, left free to move,
always points north and south, or nearly so. Oft.en as it
may be disturbed from its natural position, 1t 111\':11"1:11)1}’ re-
sumes it after a few vibrations. This property 18 called
Magnetic or Directive Polarity. : ! ;

Tt is to be observed in connection with magnetie polarity
that the same extremity of the needle always peints to the

)\ ; b . v Sy >
north, and the same extremity to the south. 'll}nt “l?xch
points north is called the North Pole ; and that \\"]u(jh points
south, the South Pole. Turn the needle round till its north
pole points south, and it will not rest till it has traversed
a gemicirele and got round again to the north.

872. If the poles of a bar or horse-shoe maguet be pre-
sented successively to the north pole of a magnetic needle,

MAGNETIC CURVES,

ilinstrated? How are Magnetic Curves formed? What does ll}is cxpc!;im&nt show?
How may magnetic fizures be formed? Whatis the effect of interposing paper be:
tiween the magnet and the steel surface? 870, What is the law of. magnétio ;x'.t'r;s'cq
fion? Give an example. STLWhat is meant by Magnetic or Directive Polarity ?

i i i ity V1 iven
What is to be obseryed in conneetion yith magnetic polarity? What name is gl L
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one of them will be found to attract it and the other to
repel it. If the experiment be tried with a number of dif-
ferent needles, the same pole will always be found to at-
tract, and the same to repel. This shows that the two poles
of the magnet have different properties, which we indicate
by giving them different names. The one that attracts the
north pole of the needle we call the South Pole of the
magnet, and the one that repels it, the North Pole,

873. General Law—Like poles of magnets repel each
other, and unlike poles attract each other. This law corre-
sponds with that of electrical attraction and repulsion.

Balance a bar magnet with weights on a pair of scales. Beneath its pos:
itive pole bring the positive pole of another magnet, and the scale containing

the bar will rise owing to the repulsion of the like poles. Substitute the neg-
ative pole, and the scale will descend owing to the atiraction of the unlike poles.

874. Like poles neutralize each other’s attraction for
unmagnetic iron.

Immerse the positive poles of two magnets separately in iron filings; On
withdrawing them, both will be covered with large tufts. Now bring them
together, and the filings will immediately drop off from both, The result
will be the same if the experiment be tried with the negative poles of two
magnets. If the positive pole of one magnet and the negativeof the other
be used, the filings, instead of falling off; will join in a festoon betweenithe
tiwo unlike poles,

875. The Astatic Needle—The
polarity of two needles of equal
power may be neufralized by sup-
porting them on the same pivot, one
above the other, parallel and with
unlike poles pointing in the same
direction.. An instrument so formed

“is called the Astatic Needle.

Fig. 308 represents an astatic needle, Tho
north pole of the upper one points the same
way as the south pole of the under one, and

Fig. 308,

ASTATIO NEEDLE,

to the two poles of the needle? 872, Wow is it shown that the poles of'a bar magnet
have different properties? How are these poles  distinguished? 873. What is thoe
lasw of magnetic attraction and repulsion? Illustrate this Iaw with an experiment.
874, What is the effect of like poles on each other's attraction? Show this experi-

mentally, 875, How may the polarity of two needles of equalpower bo destroyed?
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tice versa. The consequence is that the polarity of both is destroyed; the
needles will remain in whatever direction they are placed.

876. When a magnet is divided, each portion hecomes
a perfect magnet in itself, and has its own poles; even though
the parts in which the new poles lie exhibited no magnetic
attraction at all before the division. Those extremities of
the divided portions which lic towards the north pole of
the original magnet will all be north poles, and the extrem-
ities towards its gouth pole will all be south poles,

877.. Magnetic Variation—In a given place, all mag-
netic needles pointin the same divection. This direction
is called the Magnetic Meridian,

In some parts' of the earth the magnetic meridian runs
due north and south ; that is, a plane extended in the di-
rection in which the needle stands would pass through the
north and the south pole of the earth., The magnetic me-:
ridian would then correspond with the geographical me-
ridian. In most places, however, the magnetic meridian
deviates more orless from the geographical meridian. This
deviation is called the Variation of the Needle, or Magnetic
Variation.

The variation of the necedle is different at different places on the earih’s
sorface, and is constantly changing at the same place. Recorded observa-
tions in the old world shosw that for a series of years the needle kept varying
more and more towards the west; till, having attained its western limit, it
turned back tfowards the east, in which direction it is now moving. The
cause of this periodical change and the law which reguolates it are as yet un-
known. At Washington City the variation is noew between 2 and 3 degrees
west; that is, the needle points between 2 and 8 degrees west of north.
Every yearit becomes somewhat greater, the annual rate of increase being

about 3/,
Two irregular lines (which are consfantly changing) may be traced on
the earth’s surface, one in each hemisphere, along which the needle poinis*

dué north and south. They are called Lines of no Varietion,

878. Magnetic Dip.—An ordinary steel needle, poised

Deseribe the Astatic Needle. 876, When a magnet is divided, what is said of each
portion? Which extremities of the divided portions will be north poles, and which
south? 877, What is the Magnetic Meridian? In some parts of the earth how does
the magnetic meridian run? How, in others ? What is meant by Msgnetic Varia-
tion? What do recorded observations show? What is the present variation at
Washington City, and how is it changing from year to year? What is mean$ by
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on its centre of gravity so as to move freely up and down,
remains in any position in which it may be placed ; if mag-
netized, in most parts of the earth it inclines more or less
towards the horizon. This inclination is called the Dip of
the Needle, or Magnetic Dip. It was discovered in 1576,
by an optician of London.

With the Dipping Needle and graduat- Tig. 309,
ed scale altached, represented in Tig. 509,
the magnetic dip atany given place cari be
measured. Experimentsyith thisinstro-
ment show that there are two points, one
in the northern hemisphere (latitude 70),
the other in the southern (lat. 75), in |-
which the needle stands vertical, and the |7
dip is therefore 90 degrees. That; on the
contrary, thers is a circle of points near
the equator, at which the needle is par-
allel to the herizon, and the dipss 03
this line is called the Magnetic Equator.
At different infermediate points the dip is
different, increasing, thongh not regular- |THE DIPPING NEEDLE.
Iy, as the distance from the magnetic equator increases. The dip, like the
variation, keeps changing at'a given place. In the latitude of New York it
is noyw about 70 degrees, and 1s constantly decreasing.

879. The Compass—The polarity of the magnetic nee-
dle, applied in the Compass, enables us to determine, at
any place, a.given direction or the bearing of a given object.

The Land or Surveyor’s Compass is simply a magnetic
needle set in a shallow case covered with glass, on the bot-
tom of which is a circular card, having its circumference
divided into 360 degrees. « At a distance of one-fourth of
the circamference apart stand ‘the letters N, E, S, W, de-
noting the four cardinal points—North, East, South, West.
As the needle is stationary, while the card moves, the order
of the points is reversed ; that is, when we hold the instru-
ment §0as to have the point S néxt to us, E is on the left,
and W on the right.

Lines of no Variation? How many are there? §7S. What is the Dip of the Needle ?
When and by whom was it discoyered? How may the dip at any given place be
measured? What is shown by experiments with the dipping needle ? How great
is the dip in the latitude of New York ? 879, In what instrument is the polarity of
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880. It is to the navigator, who relies entirely on it for
guidance over the trackless ocean to his desired port, that
the compass is most important. Arranged for his use, it is
called the Mariner’s Compass. .

In the mariner's
compass,  repre-
sented in Tig, 310,
the circular card
is attached to the
needle and turns
with it. The cir-
cumference of the

card isdivided into
82 equal parts, de-
noted by marksand
sometimes  subdi-
vided into halves
and quarters, These
marks have names
given o them, in-
dicafing the dif-
ferent directions,
which are called
Points of the Com-
pass. Mentioning
the points of the
compass in their order is called” boxing the compass—The compass box is
suspended within a larger box by means of two brass hoops, or gimbals as
they are called, supported at opposite points on pivots, so that however the
vessel may roll or pitch the needle may retain its horizontal position.

It is believed that the Chinese were the first to avail themselves of the
magnet in navigation, many hundred years before the Christian era; and
that from them varions other eastern nations learned to use it for the ’s:lmc
purpose.  The compass of these early fimes was probably nothing more than
a piece of loadstone mounted on a cork and allowed to float on water. Tho
maguetic needle and the card attached fo it were no doubt the inventions of
Europeans, among whom a knowledge of the rude compass used in the East
appears to have l)un infroduced in the twelfth century after Christ. Flavio
Giola [[flak-ve-0 jo'yak], a Neapolitan who flourished about the year 1500,

THE MARINER'S COMPASS.

the magnetic needle appliecd? Desoribe the Land Compass. §80. To whom is tho
compass. most important? Deseribe the Mariner’s-Compass, What is meant by
boxing the compdss? How is the compass box suspended? Who are thought fo
haye been the first to use the magnet innavization? What did this ancient COmMpAss
probably consist of # When did it first become known in B urope ? What improye-
ments were soon made? How did the name of Flayio Gioin become connected with

THE COMPASS,

by some regarded as the inventor of the compass, probably merely improved
its construction, or extended its use among the maritime nations of Kurope.

No one can estimate how much the invention of the mariner’s compass
has contributed to the progress of the world. Relyini on his little needle,
which never betrays its trust, the mariner is no longer obliged fo keep his
bark withi sight of land, and to direct his course by sun and star which
clouds may obseure for days and nights together. He fearlessly ventures
info unknown seas, explores the remotest regions, pursues his jvay under
lowering skies and in utter darkness, well knowing whither he is' sailing and
how to steer srhen he wishes to retrace his course. This simple instrument
has thus made'the ocean a safe and frequented highway, extended the com-
merce and knowledae of the yorld, linked its most distant families in friendly
intercourse, and brought whole contineats virtually into being.

881. The compass needle, like all ether magnetic nee-
dles, is subject to variation and dip.

Its variation seems to have been known tiwo hundred years before the
time of Columbus; butthat this variation differs indifferent places was dis-
covered by that navigator on his memorable voyage across the Atlantic in
1492. As he wentwestward, he observed that thewvariation increased from
day to day. The fact was soon discovered by his erew, and filled them sith
consternation. It seemed ‘as if the very laws of nature were changing; and
they were entering a new world subject to mysterions influences’. Tt re-
quired all the ingenuity of Columbus to induce them to proceed ; which ho

did'by allaying their fears with an"explanation of the phenomenon safisfac-
tory to them, though it was far from sefis{ying himself.

"As the compass needle must be perfectly horizontal, the dip is counter-
balanced by loading the end that tends to.rise with a small weight, which
may be shifted to suit any latitude.

"Theory of Magnetism,

882. The theory of magnetisim is analogous to that of
electricity. An agent, which for convenience’ sake we call
the magnetic fluid, may be supposed to pervade ‘all things.
In its quiescent state it is a combination of two fluids, which
may be distinguished as North or Positive, and South or
Negative. When combined, these fluids neutralize each
other, and no magnetic phenomena are exhibited; but

the compass? What is gaid of the effeets which this simple instrument has wrought?
831, To what is the compass needle sithject? How long ago was the variation of the
needle known ¥ 'What discovery i‘ld Columbns make respeetingit? What was the
affect of this discovery on hiscrew 2 How is the dip counterbalanced in the com-
passmeedle? 832, State'the H:cor;r of magnetism, IHow are the phenomena exhib-
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when through any agency they are separated, the substance

containing them displays magnetic properties, and is said -

to be magnetized.

In loadstone, as found in nature, the two fluids do not
combine atall. In soft iron and steel they are easily sep-
arated, but in the former re-combine as soon as the separ-
ating agency is withdrawn, while in the latter they remain
permanently apart. In most substances they are united so
strongly as to be almost incapable of separation, and such
substances are magnetized with the greatest difficulty.

When.the magnetic equilibrium is disturbed, and the two fluids are 8ep-
arated as described above, they seem to take up their abode m opposite sides
of the individual particles of the magnetized bady, the positive fluid taking
the same side throughout, so thaf the positive pole of one particle is contigu-
ons to the negafive pole of the next. Both fluids remain in the body, but
without combining; oneis not wholly expelled, as in the case of the electric
flirid. . The opposite fluids nullify each other at the centre of the magnetized
body; ‘but not at the extremities, which become their chief seats of action.
If a new extremity is' formed by breaking a magnet, a new pole is formed,
opposite in kind to the one at the other end.. When a piece of iron or steel is
brought near the positivepole of & magnef; its neutral magnetio fluid is de-
composed., The negative portion is.attracted by the positiye pole towards
the eénd nearestit, which: consequently becomes a negative pole; while the
positive element is.répelled towards the other end, and forms there a posi-
tive pole. 7 ~
883. TEerRrESTRIAL MacNeTIsM.—The polarity of the
needle i3 best explained by supposing the earth itself to be
a vast magnet. At the magnetic equator, as at the centre
of a bar magnet, the two fluids neutralize each other, and
there are no magnetic phenomena. Hence at this line there
is no dip. The chief seats of magnetic energy are two
points which lie towards the geographical poles of the
earth, and which are called its Magnetic Poles.

That point of the earth which attracts the north or pesitive pole of the
needle, must be its south or negative magnetic pole, It lics near Hudson's

ited by loadstone, goft iron, and steel, explained? Mowis it with most substances?
When the two magnetic fluids are separated, where do they seemito take up their
abode? Where do the two fluids nullify each other, and where not? What. follows
if a new extremity is formed by breaking a magnet? What follows when a piece of
steelis bronght near the positive pole of a magnet? 883, How is the polarity of the
noedlo explained? Why is there no dip at the magnetic cquator? What iseant

TERRESTRIAL MAGNETISM,

Bay, in 70 degrees of north latitude, and was reached by Captain Ross dur-
ing his Arctic expedition of 1820. At this point he found the dipping needle
to stand vertical, with ifs north pole fowards the earth. The north or posi-
tive magnetic pole of the earth ‘has neyer been exactly reached, but'is sup-
posed to lie south of New Holland, in about 75° south latitude. The dipping
needle would there also stand vertical, butwith its south pole towards the
earth. A poini has been found near the region alluded to, in which the
needle is very nearly vertical, the dip being 88%/; degrees.

The changes in the variation'and dip appear to be in someway connected
with the solar heat réceived by the earih.

884, Magnets: draw small pieces of iron to themselves; but it must be
remembered that the magnetic attraction of the earth only affects the direc-
tion, and does not tend to change the actual position. A magnetic needlé
mounted on a cork and placed on the surface of a pond, is made to point north
and south by the earth’s maguetic attraction, but is not drawn to the north
side of the pond.

885. Magnetic Intensity—A magnetic needle suspend-
ed by a delicate fibre, when turned from the direction in
which it naturally rests, resumes it; but not immediately.
The magnetic attraction of the earth brings it back, but its
inertia carries it past the point, and this a series of vibra-
tions, like those of & pendulum, take place before it finally
settles.  The number of such vibrations oceurring in a
given time evidently depends on the intensity of the earth’s
magnetic attraction. Now this number (and consequently
the intensity of terrestrial magnetism) is found to be dif-
ferent at different places, and at different times in the same

place.

The magnetic tnténsity varies according to the square of the number of vi-
brations made in @ given time. By applying this law, it is ascertained that
the greatesi magnetic intensity thus far found on the earth’s surfage is three
times as great as the least, The magnetic intensity is found to be least in
Southern Africa.

Production of Artificial Miagnets.

886. Artificial magnets should be made of well hard-
ened steel, of fine grain and uniform. structure, free from

by the Magnetic Poles? Where is the earth’s south magtietic pole? By whom was
it reached, and what was found there? Where is the earth’s north magnetic polo?
How near has it been reached? With what do'the changes in varlation and dip seem
to. be connected? $84 What alone i3 afféected by the magnetic attraction of the
earth? Give an illustration. 885, Hoyw is the intensity of the earth's magnetie at-
traction shown to be different at different places? What Is the law for azcertaining

15%
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flaws, and having level and polished faces. The breadth
of a bar magnet should be one-twentieth of its length, and
its thickness about one-seventieth of its length. In a horse-
shoe magnet, the distance between the poles ought not to
be greater than the breadth of one of the sides.

887. Magnetism may be imparted to steel oriron in four
different ways:—1. By induction. 2. By the sun’s rays.
3. By contact with a magnet. 4. By electtic currents.

888. InpucTioN, A SoURCE OF MaGNETISM.—A magnetic
atmosphere surrounds every magnet. A piece of iron or
steel brought within this atmosphere, even without touch-
ing the magnet, has its neutral fluid decomposed, and ex-
hibits magnetic properties. It is then said to be magnetized
by induction.

Present half a dozen bars of iron af different angles to the positive pole

of @ magnet, without letting them fouch it | They will all be magnetized by
Induction, the ends towards the magnel becoming negative poles and the
opposite ends positive.
* Suspend two pieces of soft iron wire by threads, parallel to each other
und onthe same leyel. On bringing either-pole of a magnet a short distance
below them; they become magnetized by induction. Like poles are formed
in their contiguous extremities, and conséquently instead of hanging parallel
as before, they repel each other and diyerge.

Jring one end of an unmagnetized steel bar near the north pole of a mag-
netic needle, and the latter will be attracted fo it. Now place the positive
pole of a powerful magnet near the other end of the bar, and the needle will
soon be repelled. Thisis because the bar hecomes magnetized by industion.

The end nearest the needle becomes & positive pole by which the positive
pole of the latter is repelled.

889. The earth magnetizes by induction. -~ A bar of soft
iron placed in the direction of the dipping needle, acquires
magnetic properties by the inductive influence of the earth
acting as a magnet. A few blows with a hammer on the

tho magnetiodntensity 2 What isfound by applying this Inw? Wherais the mag-
netic intensity found to be least? 886, Of what should artificial nmagnets be made ?
What shonld be the comparative dimensions of a bar maznet? What §s'essential fn
a horse-shioe mugnet? SST. Name the four ways in which magnetism may be im-
parted to a piece of steel or iron. 888, When is a piece of iron said to be magnetized
by induction? Tllustrate magnetic induction with an experiment. Deseribe the
experiment with two pieces of soft iron wire, What other experiment proves that a
bar may be magnetized by induction? 839, How is it proved that the earth mag-
Netizes by induction? ‘What experiment shows the induetive influcnice of the earth ?

PRODUCTION OF ARTIFICIAL MAGNETS.

upper end, by causing the particles to vibrate, help them
to receive the magnetic influence.

Hold a bar of soft iron horizontally with one end near the north pole of a
magnetic needle.  The iron, being unmagnetized, atiracts the needle. Now
hold the bar in the direction of the dipping needle, give it oue or two blows
with a hammer, and the north pole of the needle will be repelied,—showing
that the bar is magnetized, and a north pole formed in its lower end, by the
inductive influence of the earth.

Iron bars that have long stood in & vertical position, or in the direction
of the dipping needle, often acquire magnetic properfies in an inferior de-
gree. The same may be said of iron bars raised to a red heat and allowed
10 cool in the positions above mentioned, aswell as of angers, gimlets, &e.,
that have been much used: Iron yire is frequently made magnetic by tywist-
ing it till it breaks.—All these are instanees of magnetism by induction.

890. Tue Sun’s RAYS, A SOURCE oF MAGNETISM.—Dun-
light constitutes a second source of magnetism. The violet
rays of the solar spectrum, concentrated by lenses on steel
needles, have been found to endow them with magnetic
properties.

891, CoxTacT wirH A MAGNET, A SOURCE OF MAGNET-
153.—A third and more efficient mode of exciting magnet-
ism in iron or steel is by bringing it in contact with a mag-
nef. Till recently this was the way in which artificial
magnets were almost exclusively produced.

There are several different ways of magnetizing by con-
tact. The principal are as follows :—

892, Magnetizing Needles—An ordinary sewing needle
may be magnetized by simply touching one of its ends to
either pole of a powerful magnet, The end in question be-
comes negative if touched to the positive pole, and positive
if touched to the negative.

893, Mugnetizing Bars—Steel bars may be magnetized
either by single touch or double touch. Single Touch con-
sists in applying hut; one pole of a miagnet to the bar, or
one pole to one-half) and the opposité pole to the other.

Give some further instances of magnetism by the indunctive influence of the earth,
§90. What is a second source of magnetism ? How may sun-light be made to mag-
nctize steel needles? 891 What is a third source of maguetism? 892, Whatis the
mode of magnetizing needles? 833. What two modes are there of magnetizing steel
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Double Touch consists in applying both poles at the same
time throughont the whole length of the bar.

894. 7 magnetize a bar by single touck, apply midway of its length one
of the poles of a magnet, and draw it fo either end. Return it through the
air to the middle of the bar, and draw it again to the same end as before,
Repeat this process seyeral times, alivays using the same pole and drawying
itin the same divection. Then place the other pole on the middle of the bar,
and draw it to the opposite-extremity, repeating the strokes as in the former
case.  This;must be done on'both sides'of the bar,

& Fig. 8 : Another mode is repre-
% sented in Fig. 811. The op-
o posite poles of two magunets,
kept about one-fourth of an
inch apart by a piece of wood,
are placed on the centre of
the bar A B, s0-as-to form angles of about 80 degrees with its surface. They
are then slowly drawn in confrary directions from the middle to the extrem-
ities. This process is repeated seyeral times, the magnets being raised when
they reach the ends and replaced in the middle. The bar is then furned over,
and the same thing done on' the other side. The process is facilitated by
resting the ends of the bar on the opposite poles of two other magnets, as
shown'in the figure,

895.. To magnetize a bar by doubls. touch, apply the opposite poles of twa
magnets as just described, only let them be perpendicular fo the surface,
Then, instead of drawing them to opposite extremitics as before, move them
together from the middle to ‘one end, then through the air to the epposite ex-
tremity, and over the bar to the same end again, and so: on—drawing them
in the same direction over the bar, letting neither of the applied poles pass
heyond its.extremity, and finally stopping in the middle.

u s

806. Magnetizing Horse-shoe Bars.

—THorse-shoe magnets are produced by

placing a piece of soft iron, as a keeper,

across the endsof a steel bar bent in the

proper form ; and then, as shown'in Fig.

312, applying perpendicularly to the ex-

tremities a horse-shoe magnet, whose

arms are the same distance apart. Move

it slowly to the'bend, then carry it back through the air to
the extremities, and d] aw it to the bend again. This must

bars? In what does Single Toneh consist? In what, Double Touch? 8§04. Describe
the process of mpegnetizing a bar by single: touch.. What other mode i3 described ?
595, How is a bar magnetized by double'touch? 896, How are horse-shoe magnets
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be done about a dozen times; then, without removing the
keeper, turn the bar over and do the same on the other side.
The poles of the magnet produced will in this case be of
the same- character as those 1'e<pec‘m ely brought in con-
tact with them.

§97. The best mode of magnetizing & Fig. 313,
horse-shoe bar is represented in Fig. 513.
Lay the horse-shoe, A B, flat on a table,
with its ends in contact with the poles of
a horse-shoe magnet, N, 8. Then place
a piece of soft iron on these poles, and
draw it slowly six or eight times towards
the bend of the bar, in the direction of the arrow, raising it as often as it
reaches the bend, and replacing it as at first. This process performed on
both sides endows the horse-shoe with strong magnetic properties. The end
which touches the positive pole of the horse-shoe magnet becomes negative,
and the other positive,

Tiwo straight bars may be readily magnetized at once in the same way,
by placing one extremity of each against the poles of the horse-shoe magnet,
and connecting the opposite ends with a keeper.

898. Erectric CURRENTS, A SOURCE OF MAGNETISM.—
A bar of iron or steel i3 endowed with magnetic properties
in the highest degree, by passing a current of voltaic elec-
tricity over a conductor placed in a certain position rela-
tively to the bar. The details of this process belong to
that branch of the science ywhich is known as Electro-
magnetism.

Electro-magnetism.

899, Electro-magnetism treats of the phenomena and
principles of magnetism excited by the passage of electric
currents.

900. Errrcrs or Erecrric CorruNTS ON THE MAGNETIG
Nzeepre—As a science, Electro-magnetism owes its origin
to -a discovery made:in 1819 by Prof. Qersted, of Copen-
hagen. He found that a wire along which a voltaic current

produced? What will be the character of the poles in the magnet produced?
807, With Fig, 813, describe the best mode of magnetizing a horsc-shoe bar. How
may two straight bars be magnetized at once? 598, How is a bar of steel endowed
with.magnetic propertiesin the highest dogree? 809, Of what does Elecctro-magnet-
fsm treat? 900, To what does electro-magnetism oweits origin? Give ‘an'account
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was passing tended to turn the magnetic needle from its
natural position to one perpendicular to the direction of
the current. The conducting wire, of whatever metal it
might be, was thus rendered magnetic by the electric cur-
rent which it transmitted. It was subsequently found to
attract iron filings; 'which, when the battery was in full
action, clustered around it to the thickness of a quill, but
gradually thinned off as the' energy of the battery dimin-
ished, and left it entirely bare the moment the eircuit was
broken.

The directionin which the needle is turned depends on its position rela-
tively to the wire, and the direction in which the current is passing. When
the needle is on a different level from the ywire, that is, directly above or be-
low it, it retains its horizontal position ; but its north pole is turned east or
west, according to whetherit is above or below the wire, and according to
the direction'in which the current moyes. When the needle is on the same
fevel with the wire, but on one side of it, it does not then swerve east or
west; (but its north pole is made either to dip or to rise, according to the
side of the wire itis on and the direction in which the current moves. The
following rule enables us always to determine the direction inwhich the
needle will be turned :—

Tmagine yourself; with arms extended perpendicularly, lying along the
condueting wire, with your kead towards the: point from which the current s
coming, and your face turned towards the nmJL pole of the needle ; then thig
novth pole will be deflected, in ' the direction of your right hand, whether it be
up or down, east or west.

The magnefic influence of the electric current is not therefore exerted in
the plane of the conducting wire, but rather perpendicularly to that plane,
80 as to produce circular motion round the wire.

901. The deflection of the needle by an electric cur-
rent may be shown with the apparatus represented in
Fig. 314.

A brass wire is bent into rectangular form, and provided with a screw-
cup at each extremity, P, N, for the reception of the wires from a galvanic
bdtterv, sothat a current may be passed above and below a magnetic needle,
N, 8, suspended within the rectangle. The arms  proceeding from P and N

of Ocrsted’s discovery. How was it proved that the conducting wire was rendered
magnetic by the electric current? On what does the direction in which the needle
turns depend? How does it turn, when on a different leyel from the wire? How,
when on the same level with the wire, but on one side of it? Btate the rule for de-
termining the direction in which the needle will he turned? Iow is the magnetie
inflnence of the electric ourrent exerted 7 §01. Tilustrato the deflection of the naedlo

THE GALVANOMETER.

are insulated from each other Fig. 814.
where they cross. No soonerisa
positive current passed overthe
upper wire from north to south,
than the needle is turned, its
north pole deviating towards the
cast and its south pole to the
west.

Here the under current, pass-
ing in the opposite direction to
the uwpper one, tends to turn the
needle in the same direction ; and the deflecting fores, as it is called, is there-
fore twice as great as if the current passed in one direction only. If thesvire
be bent 80 as to make two rectangles about the neede, the deflecting force
will be twice as great as when but one is
formed ; if five rectangtes are made, as in
Fig. 815, it will be five times as great, &e.

In these cases, the wire must be covered

with silk thread, or some other non-con-

ductor; so as to insulate its arms from

each other, and oblige the current to trayerse its whole length. It is on this
prineiple that the Galvanometer is constructed.

902. The Galvanomeier—The Galvanometer is an in-
strument for measuring the foree of galvanic currents by the
deflection of the magnetic needle. It consists of a long
wire bent into an oval or rectangular coil, the parts of
which are prevented from touching by being wound with
silk. " The wire terminates in serew-eups, for convenience
of connection with a galvanic battery. Within the coil a
magnetic needle is delicately poised ; and the instrument
is placed so that the wire may haye the same direction as
the needle. They retain this direction till a galvanic cur-
rent passes over the wire, when the needle is turned to-
wards the east—more or less, according to the foree of the
cwrrent, A graduated scale fixed below the needle, with
its cireumference divided into degrees, measures the de-
fléetion, and consequently the quantity of electricity passing
over the wire.

with Fig. 814. Whatis tho effect of having two currents, one above and one helow ?
What is the effect of having two rectangles? Tive rectangles? In these cases, what
precaution must bo taken? What instrument is constructed on this principle?
902, What i3 the Galvanometer? Describe the galvanometer. 903. Ilow is the gals
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003, Galvanometer with Astatie
Needle.—Instead of the ordinary nee-
dle, an astatic needle (see § 8§75) is
sometimes used in the galvanometer.
In this case, the needle, having its
polarity neutralized, is more readily
turned.. The instrument is consequent-
ly more sensitive, indicating the pres-
ence of electric currents which would
othersyise entirely escape detection.

Fig. 816 represents the Galyanom-
eter with the Astatic Needle. The nee-
dles are suspended by two parallel silk
threads from 4, so that one of them
may hang directly over the fop of the
coil z ¢, and theother below it. p g are
the screw-cups terminating the wire
which forms the eoil, and ss is the
graduated scale, 'The upper needle
hangs above the: coil ; hut as its poles
point in opposite directions 1o those of the under one; it will tend to move in
the same direction as the latier when galvanic action takes place,

904, ConxNECTION BETWEEN ErecrricITY AND MAGNET-
1sa—That there is an intimate connection between elec-
tricity and magnetism, was established by Oersted’s experi-
ment. - It is fuorther shown by the fact that compass-needles
often have their poles reversed or their polarity weakened
by lightning ; that a spark has been drawn from a magnet;
that a charge of electricity passed through a needle renders
it.magnetic; and that a bar may be permanently magnet-
ized with an electric current more efficiently than in any
other way:

These facts have led to the theory that magnetism is
not an independent agent, but simply one of the forms as-
sumed under certain circumstances by that subtile all-
pervading agent which we call TeE ELEcTRIC FLum. Ac-
cording to this theory, frictional, electricity, voltaic elec-
tricity, thermo-electrieity, magneto-electricity, and electro-
magnetism, are all one and the same thing, identical in

GALVANOMETERE WITH ASTATIC
NEEDLE,

vanometer made more sensitive, and why ¥ Deseribe the Galvanometer svith the
Astatic Needle. 904 What was established by Oersted's experiment? How is the
connection between electricity and magunetism: further shown? What theory has

ELECTRO-MAGNETIC ROTATION,

kind, but differing in intensity, quantity, and properties,
in consequence of the different modes in which they are
developed.

905. Errorro-aacyeric Rorarion.—When a magnetic
pole and a wire over which an electric current is passing
are brought near each other, the pole tends to revolve
round the wire, and the wire has a similar tendency to
revolve round the magnet in a plane perpendicular to
the direction of the current. "With suitable apparatus, the
following phenomena of electro-magnetic rotation may be
exhibited :—

1. The conducting wire being fixed, the magnet will
Tevolve about it.

2. The magnet being fixed, the conducting wire will
revolve abont it.

3. Both magnet and wire being left free to move,
toey will revolve in the same direction round a com-
mon centre, each appearing to pursue and be pursued by
the other.

4, The conducting wire being dispensed with, a magnet
may be made to turn on its own axis by the passage of an
electrie current along half its length.

906. To show the revolution of a magnet about a
conducting wire, Faraday used the apparatus. repre-
sented in Fig. 817. A magnet, 28, is immersed in a
vessel of mercury, with its north pole, n, a short dis-
tanee above the liquid, and its south pole, S, connect-
ed by a silk thread with the condueting wire C, which
passes through the bottom of the vessel. @b is an-
other conducting wire, which enters fhe mercury from
above. When @b is connected with the positive pole
of a galvanic battery, and C & with the negative, a de-
scending current of positive electricity passes along
the conductor (ihe mercury completing. the cirenit),
and' the north pole; n, will revolve' round the fixed
wire, a b, in the direction of the hands of & watch. If,
on the contrary, ab be connected with fhe negative

been based on these facts? 005. What follows when a magnetic pole and a wire over
svhich an electric current is passing are brought near each other? With suitable ap-
paratus, what plienomena conneeted with electro-magnetic rotation may be exhibit-
¢d? 906, Describe Faraday's experiment for showing the revolution of & magnet
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pole, and C 4 with the positive, an ascending current will be formed, and the
magnet will revolve in the opposite direction.
Mercury is used in this experiment, because, being a liquid, if allows the
magnet to move through it, while at the same time, being & conductor, it
Fiz 818, completes the circuit, and carries off the magnetic in-
1 fluence from the south pole immersed in it. Were it
not for this, the south pole, by its fendency to move
in the opposife direction to the north, would keep the
magnet stationary.
907. Fig. 318 illustrates the revolution of a con-
ducting sire around a fixed magnet. Again we have
a vessel of mercury, with a conducting wire, , passing
through its bottom, and another ywire, a¥, suspended
from a hook directly over the magnet, entering the
mercury from above. 7 is the north pole of the fixed
magnet.  On connecting the hook and the wire 4 with
the polesiof a galvanic baifery,the wire will revolyve
round the magunet, the direction depending, ag hefore, onwhether the electric
current is ascending or descending.
TFiz. 319, 908. By ingeniously combining
the fwo pieces of apparatusjust de-
A ? scribed, we may exhibit the simulfa-
neous revolution of both magnet and
wire round & ecommon centre. The
magnet, M, is immersed in a vessel
of mercury about half its length; that
the current may affect only one pole.
Itis connected at the bottom with a
conducting wire and serew-cup, C,in
such a way as to allow it freedom of
revolution, The wire, W, is sus-
pended from a hook, so. as to move
frecly. On transmitting a current,
which is done by connecting A and
C with the poles of a batfery, both
the magnet and the wire commence
revolving in the same direction as if
chasing one another

909. Errecr or ELEcTRIC
CURRENTS ON STEEL AND SoFT
Iron.—The deflection of a
magnetic needle by a wire

about a condueting wire. Why is mercury used in this experiment? 907. Describe
the experiment which shows the revolation of a condneting wire around a fixed
magnet, 908, What does Fig. 319 represent? Describe the experiment with this
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over which an electric current is passing, has been de-
seribed in § 900, Ifa bar of soft iron is placed across such
a wire, it becomes a temporary magnet, as is shown by its
attracting iron filings, A bar of steel so placed is made a
permanent magnet.

910, The Heliz—The magnetizing power of the wire is
greatly increased, if, instead of touching the bar in but a
single point where they Fig. 820.
éross, it is wound a number
of times spirally round the
latter, as shown in Fig, 320.

Such a coil of wire is called a Helix (plural, kel-z-ces).

A helix may be familiatly made by winding some copper wire tightly
round a small bottle, and then drawing the botile out. Asthe magnetizing
power of the helix increases with the number of times that the electric cur-
rent passes round the bar, each turn of the wire is pushed close up. to the
one before it; and, fo increase the effect still further, several coils or layers
of wire may be formed, one on top of another. Direet communication be-
tiveen contiguous pavts of the wire must be prevented by winding silk or
some other insu- Fig, 821,
lating  material
round 3. When
the ends of the
wire are connect-
ed with the poles
of ‘a galyanic bat-
tery, the current
is thus obliged fo
pass through ‘its
whole length. Fig.
321 represents a
helix mounted on a stand. ' An iron bar extending through'the centre is seen
projecting at each end.

911. Magnetizing Power of the Heliz.—A steel bar
introduced within a helix becomes permanently magnetized
the moment an electric current is passed over the wire. A
needle laid inside of it is sometimes so powerfully acted on

A TELIX,

apparatus.  909. What i5 the effect of a wire over which a current is passing on a bar
of Boft iron placed across it? Ona bar of stecl so placed? 910, How is the effect
greatly increased ? What is such a-cofl of wire called? How may a helix be made?
How 15 the effoct of the helixincreased? With what is the wire covered, and why?
What does Fig, 821 represent? 911, Whatis the effect of a helix on a steel bar in-
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as to be lifted np and held suspended in the air in the mid-
dle of the helix. A bar of soft iron placed in the same po-
sition is endowed with strong magnetic properties for the
Fig. /822, time, but instantly loses them when re-
moved, or when the current ceases to
pass:. To be magnetized, the bar must
always be placed. lengthiwise of the helix,
—that is, at right angles to the direction

in which the eurrent is passing.

One of the most remarkable effects of the helix is
the suspension in the air, withont any visible support,
of a heavy iron bar londed with weights. A helix
consisting of a very long wire, forming several coils
one upon enother, and charged by a powerful battery,
is held it averticul! position, as shown in Fig. 322.
An iron bar brought within the helix just at its base,
will be lifted up balf way into it, and held there in
the centre of the hollow: cylinder, without tonching
it;-as long as the current continues to pass. If pulled
down a little way, it immediately springs back to its
former position. The moment the current ceases, the
bar-falls. "With a powerful apparatus, a weight of
cighty pounds has been thus kept suspended in the
air,

A no less interesting experiment,
showing the power of the helix, may be
performed with the apparatus repre-
sented in Fig. 323. The helix, A, is in
the form of o ring. - B, €, are two:semi-
circular pieces of soft iron, having their
ends accurately fitted to. each other.
‘When B and C are brought together so
as to form acircle, with one pair of their
joined ends within the helix, they are
endowed with so strong an aftraction
for each other that two men' can hardly
pull them apart.

912. Electro-Magnets—An
electro-magnet consists of a bar of soft iron within a helix,

troduced withinit? On aneedla? On a bar of softiron? To be magnetized, how

must the bar be placed? What is one of the most remarkable cffects of the helix?

Describe tho experiment. Describe the experiment with the apparatns represented
.

ELECTRO-MAGNETS.

It is strongly magnetic as lc?ng
asa current passes over the wire,
but loses its power the moment
the current ceases.

The most powerful electro-magnet i3
made by bending a bar of soft iron info the
form of a horse-shoe, as shown in Fig. 324,
and winding closely round ita large quan-
tity of insulated copper sire 0 as to form
a helix of several layers. The énds of the
wire, Z, C, are connected with a powerful
battery. A softivon keeper, PN, connects
the poles, having a hook beneath, {owhich
weights may be attached. So strongly is
this keeper attracted that an enormous
force is required to separate it. An'eles-
tro-magnet prepared as above has sup-
ported over 4,000 pounds, AN BLECTRO-MAGNET,

913. Blectro-magnets furnish us with the most efficient
means ‘of magnetizing an ordinary horseshoe bar. The
mode of usiught»hem for this purpose is shown in Fig. 325.

Fig. 825, ;

Eimmam

Wi

The electro-magnet is applied at the bend, one pole on each arm, nnd.
drawn towards the extremities, N; S. This is done several times on bo.th
gides, when the bar is rendered permanently magnetic. To deprive it of its
magnefic power, reverse the: proeess; by applying the poles of the electro-
magnet to the ends N, S, and drawing them towards the bend.

014, ErzcrroaacNETisy, As A Morive Power—We
have scen that an electro-magnet is instantly endowed with

in Fig. 828. 912 Of what does an.electro-magnet consist? How is the most power-
ful electro-magnet made? How great a weight has been supported with suchan
electro-magnot? 918, What s the most efficient means of magnctizing a horse-shoe
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great attractive power for iron on being connected with a
galvanic battery, and as instantly divested of it when the
connection is severed. It may thus be made to impart
motion to an iron rod, and through it to various kinds of
machinery. - So strong-at one time was the impression that
the enormous attractive power of the electro-magnet could
be advantageously used as a mechanical agent, that the
United States government appropriated $20,000, and Russia
$120,000, for experiments on the subject ; and various ma-
chines were' contrived in which it was used as a motive
power. In none, however, thus far invented, has it been
found to approach steam in efficiency or economy.

A boat 28 feet long with a dozen persons on board has been propelled
against the current at the raie of three miles an Hour by: electro-magnetic
action. A locomotive engine has also been driven from ten o tyelve miles
an hour.  But this is the utmost that has been effected, and in hoth cases
the cost of keeping the galvanic battery in operation was much greater than
that of producing an equivalentguaniity of steam. The difficulty appears to
be twofold. = First, the aftractive power of the magnét rapidly diminishes as
ihe distance from it increases. Secondly, electric eurrents opposite in direc-
tion fo. the primary one are excited in the moving machinery; which, in-
creasing in power with its velocity, nullify much of the effect of the magnet.
Until these difficulties are removed, electro-magnetism can not be adyan-
tageonsly used as a mechanical agent,

915, Tor ELECTRO-MAGNETIC Trreerarm—Although
unavailable as a motive power, electro-magnetism has been
turned to practical account in the Telegraph, one of the
crowning triumphs of human ingenuity. For this great
invention as at present perfected, which enables us;-almost
with the rapidity of thought, to .communicate yith distant
points, over miles of intervening land or sea, the world is
chiefly indebted to an American—Samuel F. B, Morse.

916. Morse’s Telegraph.—The principles onwhich Morse’s
Telegraph operates are as follows :— :

bar? Deseribe the process. 914 Omwhat principle may an electro-magniet be mads
to impart-motion to an iron 10d ? For what wore appropriations made by the United
States government-and Russin? What has been effected with machinery movad by
electro-magnetism? How does the expense compare with that of steam? What
dificulties interfere with the usefulness of electro-magnetism 85 o motive power?

015, In what has eleetro-magnetism been turned to practical account? To whom ia
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1. An electro-magnet may be alternately endowed with
and deprived of the property of attracting iron by connect-

ing and disconnecting it with a galvanic battery.

2. The battery may be miles away from the magnet. If
wires connect the two, the electric current will still be car-
ried to the helix and produce the same effects.

3. A person stationed near the battery may complete
and break the circuit at pleasure.  As he does so, one eqd
of a lever placed near the poles of the distant magnet will
be attracted or released.* When it is attracted, the other
end of the lever, which is furnished with a point, is -mndc
to indent a strip of paper passed in front of it by machinery,
with dots or dashes, according to the time that the. opera-
tor by the battery keeps the cireuit complete. If, now,
different combinations of dots and dashes are agreed upon
1o represent certain letters, it is evident that a message can
be communicated from the one point to the other,

Fig. 326 represents Morse’s recording apparatus.

Fig. 826.

the world chiefly indebted for the Telegraph? 016. State the principlei on oﬁhizl{!
Morse's Telegraph operates. Describe Morse's recording apparatus, and its mode

B
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A B is the electro-magnet, connected with the distaut battery by the wires
L, M, which are raised on poles and insulated by glass supports. € is an
armature of soft iron attached to one end of the lever DD, so as to rest about
one-eighth of an inch ahove the poles of the magnet. The other end of the
lever carrigs a point or style, I, which is raised as C is depressed. A strip
of paper; F, F, rolled on the spool B, is made to pass in front of the style,
between the two cylinders &, H, by means of wheel-work set in motion by
the weight J when the carrent passes. K isa spring, to pull down the end
of the lever bearing the stylé when the other end is released by the magnef.
A striking apparatus was formerly conneeted with the machinery in such a
Way as to give warning to the attendant with the first motion of the lever;
but it is now gencrally dispensed with, as: the clicking sound produced by
the lever is found to be sufficient for the purpose.

Instead of carrying both wires over poles from the eclectro-magnet to the

battery, the earth is now generally made to form one-half the circuit. This
is effected by carrying down the wire from the magnet, and connecting it
with a metallic plaie buried in the ground ; a similar plate must be buried
where the battery is stationed, and s wire from the latter connected with
it If this is'done, but one wire nced pass over the poles fo complete the
cirenif.

917. The apparatus used by the operator where the

battery is stationed, to complete and break the cirenit, is
called the Signal Key. It is represented in Fig. 321,

By pressing on the knob,
the screws in which the wires
are fastened are commected,
and the cireuit is completed.
On removing the hand, the
knob springs up, the circuit is
broken, and the current ceases,
if the knob is kept pressed
down, the paper at the other
end is indented with a contin-
uous line; but by tapping on
it 50 as to form different com-

R AT A binations of dots and dashes,

which stand for letters, and

_ are understood at both ends of the line, n message'is transmitted. Accord-

ing to Morses system, the following combinations are used to represent the
different lettersiand figures :—

Fig. 827,

operation. What was formerly connected with the machinery 2 Why is it now dis-
pensed with? Instead of carrying both wires over poles from the electro-magnet to
the battery, what is now the mora usnal arrangement ¥ How is the earth mads to
form half of the circuit? 917, What is the Signal Key? Describe it, and its moda

MORSE'S TELEGRAPH.

LETTERS,

0

To prevent confusion, a small space is left after each letter, a Tonger one
betsween words, and a still longer one atthe end of a sentence: The opera-
tors in telegraph offices become so familiar with this alphabet that they un-
derstand a message from the mere clicks of the leyer, without looking af
the paper on which it is recorded.

918. An electric current is transmitted by a wire to a
great distance, but not with undiminished power. When,
therefore, the stations are very far apart, the electro-
magnet is charged too feebly to make the style indent the
paper. In this case, the wire from the original battery is

‘made to act on a very delicate armature, 8o as to complete

the cireuit of a second battery placed near the machine,
This Relay Battery, as it is called, acts on the recording
apparatus as deseribed above, or transmits a fresh and vig-
orous current to another relay battery. In this way lines
of any length may he formed.

As relay hatteries do not interrypt the circuit, any number of them may
be placed at interyals along a line. . Each may work a recording apparatus
of itsiown, and a given communication may thus be repistered simultane-
ously at & multitude of different stations.

Relay Batteries may be dispensed with by increasing the number of plates
cmployed and distributing them in groups along the line. Tt has been com-
puted thatif a telegraph wire could be earried round the earth, 1200 of
Grove's pint cups, distributed in equitdistant groups of fifties, would supply
the galvanic power for'the whole distance.

of aperation. How are the diffsrent letters represented? 918, What didficulty is
thero when the current is transmitted to a great distance? How is this remedicd ¢
How does the Relay Battery act? How may a given message be registered simulta-
neously at different stations? What may be substituted for relay batterica?® How
many cops would supply the galvanic power for a telegraph round the earth?
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919. House’s and Bain's Telegraph—Morse’s appara-
tus, having been first introduced and being very simple
and not likely to get out of order, is more used than any
other, both in this country and in Europe. There are other
ingenious systems, however, which are employed to some
extent. - Among these are House’s Printing Telegraph and
Bain’s Electro-chemical Telegraph.

House's apparatus is one of the most wonderful achievements of invent-
ive art.  Making use of ihe electro-maguet in connection with ingenious and
somewhat intricate machinery, it enables the operator, by playing on twenty-
veight keys like those of a piano (representing the twenty-six letters and two
punctuation points), to print ordinary letters on'a strip of paper at the other
end of the line at the rate of about two hundred a minute. The great advan-
tages of House's system are that there is Little or no liability fo mistake in
transmitting o méSsage, and that the latter, being produced in Roman cap-
itals, need not be transeribed, but may be sent just as it comes from the
machine to the person for syhom it is intended.

In Bain's Electro-chemical Telegraph no maguet is used. The point of
the wire, which is stationary, constitntes the pen, and rests lightly on a me-
tallic plate, which is made to revolve by machinery, On this plate is placed
paper which has been previously moistened with some chemical préparation
decomposable by voltaic electricity: When' the connection is made’ by the
distant operator, the carrent passes from the wire to the plate throngh the
paper, and in passing decomposes the chemical compound ywith which the
paper is impregnated: The result is a deep blue spot on the paper, which
renders the dof or dash visible, just as the indentation does aceording io
Morse's system.  As even a feeble voltaic edrrent has the power of decom-
position, there is not the same necessity for relay batteries on Bain's line as
on either of the others.

920. Submarine Telegraphs—Submarine Telegraphs are
telegraphs connecting points separated by water, in which
the wire is submerged. The first successful telegraph of
this kind waslaid in 1851 across the English- Channel, and
connected Dover with the French coast. This was fol-
lowed by several others; and in 1858, after severgl unsuc-
cessful attempts, a telegraph cable nearly 2,000 miles in

length ywas laid across the Atlantic Ocean, between Valen- "

619. What other telegraph systems besides Morse’s are in use? What is said of
House's apparatus? What are its great advantages? “What isthe principls inyolved
in Bain's Electro-chemical Telegraph? ‘What sdvantage is there conneeted with this
system? 920, What are Submarine Telegraphs? Where and when was tho first
submarine telegraph laid ? Tn 1858 what great entorprise was earricd throught De-

HISTORY OF THE TELEGRAPH,

tia Bay, Ireland, and Trinity Bay on the coast of New-
foundland, It consisted of a group of seven copper wires
insulated and protected by a casing of gutta-percha, the
whole surrounded by strands of iron wire, and sunk to the
bottom of the ocean, at a depth nowhere exceeding 24 miles,

Public interest was strongly excited in this great enterprise; but it has
thus far been doomed to disappointment. After transmitting several mes-
sages, the Atlantic Telegraph, for some unexplained reason, ceased fo work,
though signals have from time to time been received. There is little doubt,
however, that the work is feasible, and that we shall soon have regular tele-
graphic communication between the opposite sides of the Atlantic,

921, History of the Telegraph.—The fact that frictional
electricity eould be conveyed by wires to a great distance
was known more than a hundred years ago. Franklin, in
1748, set fire to alcohol by means of a wire from an elee-
trical machine carried across the Schuylkill River. The
first attempt to transmit a communicafion by electricity,
however, was made in 1774 by Le Sage [lufh sakzl], a
Frenchman, at Geneva.

Le Sage used twenty-four wires insulated in glass tubes buried in the
earth, each of which represented aletter of the French alphabet, The wires
were connected with an electrical machine in the order necessary to spell out
the words, and electroscopes attached to them at the other end indicated this
order by their successive divergence to an aftendant stationed there,

922. Volta’s discovery in 1800 furnished a far more effi-
cient agent for telegraphic communication than frictional
electricity, and was followed in a few years by a plan for an
electro-chemical telegraph, requiring thirty-five wires, to
represent the different letters and figures, and to act by
the decomposition of water.

The great discovery of electro-magnetism in 1819 called
forth many new suggestions,—among others, the use of the
deflections of the needle as signals; but none of the plans
proposed yere practicable on a large seale.- A more per-

seribe the Atlantic cable. What is sald of the working of the Atlantic telegraph?
921. What fact relating to frictional electricity was known more than s hundred years
ago? What experiment was performed by Franklin in 1748? Who made the first
attempt to transmit a message by electricity ? Describe the plan of Le Sage. 922. By
what was the discovery of voltaic electriclty followed? What snggestions wero called
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manent galvanic power was needed ; and this was not sup-
plied till 1836, when Daniell brought out his constant bat-
tery. The appearance.of this battery and the improved
electro-magnets prepared by Prof. Henry, was followed in
1837 by the invention of apparatus for transmitting and
recording communications, by Samuel ¥, B. Morse, who
had been experimenting on the subject for five years. Ap-
plication was at'once made to the Congress of the United
States for aid to construct a line of sufficient length to test
the invention; and after discouraging delays, in 1843, the
sum of $30,000 was appropriated by that body, with which
a line was established between Baltimore and Washington,
a distance of forty miles. The enterprise was crowned ywith
complete success; and the first news transmitted was the
proceedings of the democratic convention of 1844, then
&itting in Baltimore, by which James K. Polk jvas nomi-
nated for the presidency.

So manifold were the advantages of telegraphic communication, that im-
mediately on the announcement of Morse's success companies were formed,
aud wires'were soon seen threading the country in all directions. = The va-
riouslines now in operation in the United Sfates and British Proyinees make
a total of ‘about 45,000 miles, on nine-tenths of which Morse's apparatus is
used, House's and Bain's being chiefly employed on the remainder. With
Morse's instruments about 9,000 letters may be transmitted in an hour. The
construction of the line costs not far from $150 a mile,

The same year in which Morse perfected his invention (1837), plans for
telegraphic communication based on the deflections of the needle were an-
nounced by Wheatstone in England, and Steinheil [stine'-kils], & German
philosopher, to whom the discovery that the earth conld be made fo com-
plete the circuit seems to be due, They are therefore sometimes mentioned
as entitled to share with Morse the honor of his great invention. *Their sys-
iems, however, were but modifications of whet had been proposed some years
before; though practicable, they could not eompete in rapidity of operation
with Morse’s, and consequently never came info gencra) nse.

923. ErrorrRo-MAGNETIC ‘CLocks.—American ingenuity

forthiby the discovery of electro-magnetism # By whom and when was the first per-
feet apparatus for transmitting and recording communications invented? Whattwo
improvements prepared the way for Morses inyention? How was Morse enabled fo
test his invention? What was the result? What was the first news transmitted?
How many miles of telegraph are now in operation? On how much of thisis Morse's
apparatus used? What is the cost of constructing a telegraphio line? Who are
sometimes mentioned as-sharing with Morse the honor of inyenting the telegraph?

ELECTRO-MAGNETIC CLOCKS. 365

has applied electro-magnetism to the determining of minute .
intervals of time and the regulation of clocks. The time
of astronomical observations may thus be fixed with perfect
precision to the tenth of a second.

The pendutum of a clock, for instance, is, by some mechanical contrivance,
made by its vibrations to close and break & galvanic circnit, With Morse’s
apparatus, each vibration is indicated by a dot on a strip of paper passed in
iront of the style, Ifnow an observer have a signal-key conneeted with the
same circuit, by depressing it the instant a star passes one of the wires of
his telescope, he permanently records its transit on the same paper by a dot
intermediate between two' vibration-dots, the exact time of which is known.

924. By the same agency a number of clocks may be
made fo keep uniform time,

Thisis effceted by connecting any number of distant clocks, by means of
wires, with one standard time-piece, which is itself connected with a gal-
vanic battery,—so that the circuit may be elosed and broken by all the pen-
dulums simultaneously. Wheels conneet the pendulums with the hands of
the' clocks, which are thus made to move with perfect uniformity. Some
railroad companies use an arrangement of this kind to make the clocks at
their different stations keep time together.

925. ELEcTRO-MAGNETIC FRE-ATARMY.—The principle of
the telegraph has been used forraising a simultaneous alarm
of fire at a number of different stations connected with one
principal station by wires. By completing and breaking
the galvanic cireuit, an attendant who is constantly on watch
at the principal station, and receives his information by tel-
egraphic signals from.the district in which the fire is de-
tected, strikes alarm-bells at the various distant stations a
certain number of times, according to the number of the
district in question. = Such an arrangement has been used
in Boston with great success,

926. Tar Henix, A maeNer—The helix, when traversed
by a current of electricity, not only has high magnetizing
powers, as we have seen, but is also itself a magnet. If

.
‘What is said of their claims? 923. To what has American ingenuity applied electro-
magnetism ? Show how an astronomical obseryation may be telegraphically record-
ed. 924 How may anumber of clocks be made to keep uuiform time by means of
clectro-magnetism? 925, For what has the principle of the telezraph been nsed?
Show how an alarm of fire may be simultaneously raised at different stations.
928, 'What is the effect ofan electrie current trayersing a helix on the helix itself?
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suspended so as to allow i freedom of motion, it points
north and south, and dips like the magnetic needle. So,
like poles of two helices repel each other; unlike poles at-
tract each other.

Even when not bent in. the form of helices, two wires traversed by elec-
fric exrrents, if brought near each other in parallel lines and free to move,
exhibit mutual attraction or repulsion.. When their currents move in the
same direction; they attract each ofhier; when in contrary directions, they
repel each other.

Magneto-electricity.

927, Not only is magnetism developed by electric cur-
rents, but electric currents are produced by magnetism.
That branch of science which treats of electric currents so
produced is called Magneto-electricity.

The phenomena of magneto-electricity, like those of electro-magnetism,
go far towards proving the intimate connection between electricity and mag-
netism, if not their actual idenfity.

iments.—Connect the ends of wire from a helix with a galva-
nomeler,  Then duickly thrust into the helix one of the poles of a bar mag-
net. . Tie needle of the galvanometer is at once deflected, showing the pas-
sage of an electric current over thewire. If‘the opposite pole is introduced
into the helix; a current passes in the contrary direction,

‘Within & helix place a soft iron har of such length that each end may
project a little, . Over its ends bringthe poles of a horse-shoe magret, so
suspended as {0 have freedom of revolution. On turning the magnet rapidly,
the poles of the bar are reversed twice for each revolution, and an eleciric
current is produced on the wire, as is shown by & galvanometer attached to
it. This principle has been applied in differént magneto-clectric machines,
with which water may be decomposed, platinum wire heated to redness,
sparks produced, shocks given, and other experiments performed.

929. Tae MacNero-rrEcTRIC MAacHINE—Fig. 328 Tep-
resents one form of the Magneto-electric Machine.

S is a compound horse-shoe magnet supported on three pillars. In front

of ifs poles, and as near.as it can be brought without touching, is & baviof

soft/iron bent at right angles, and surrounded ywith several coils of insulated
copper wire. ‘The ends-of thigwire are pressed by springs against a con-

Proye that it rendars the helix magnetic.  What phenomens are exhibited by two
straight. wires fraversed by eleciric currents, when brought near each other?
927, What is Magneto-electricity?  What is said of its phenomena? 095, What is the
first experiment illustrative of magneto-electricity 2 The second experiment? In
what is the principle here described applied? 929. Deseribe tho Magneto-cloctrio

STAGNETO-ELECTRIC MACHINE.,

Fig. 828,

MAGNETO-EUECTRIO MACHINA

ducting metallic plate, connected by wires passing under the stand with the
screw-cups A, B. The soft iron armature just deseribed is mounted on an
axis which is made torevolye by a wheel turned by a handle. The handle
being rapidly turned, each half-revolution of the armature brings its exirem-
ities near opposite poles of the magnet, thus reversing its polarity, and pro-
ducing a strong electric current on the wire. If small copper cylinders
attached to the wires are grasped one in each hand, as shown in the figure,
a series of severe shocks are received, and the museles are so contracted that
it is almost impossible to open the hands and let go the conductors.

Machines of this kind, adapted fo medical use, have been found effica-
‘cious in cases of rheumatism, dyspepsia, sprains, nervous diseases, &c., the
current, being made to pass through the discased part.

Diamagnetism.

930. Experiments with powerful electro-magnets show
that almost all substances are susceptible of magnetic in-
fluence. Some are attracted by the magnet ; others, re-
pelled; while a few are not acted on at all, though when
more powerful magnets shall be made they may perhaps
be found to fall under onesof the two previous classes.

Hence arises a threefold division of bodies. 1. Mag-
netic bodies, or such as are attracted by an electro-magnet.

Machine represented in Fig. 828, and its mode of operation. What is the cffect of
such 2'machine on the human system 2 What use hns been made of machines of this
kind? 980. What has been shown by esperiments with powerful electro-magnets?
Name the three clnsses into which bodies are divided with reference to the influenco
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2. Diamagnetie, or such as are repelled. 8. Indifferent, or
such as are not acted on at all. :

Pig. 820, The difference between these three classes
of bodies may be illustrated with the apparatus
shown in Fig. 820, N, 8, are the poles of an
electro-magnet, whichis connected by the wires
C, Z, with a galvanic battery. A bar of iron,
nickel, cobalt, manganese, or other magnetic
substance, suspended between the poles so as to
moye freely, will come to rest with its ends as
near them as possible, in the position II. On
the contrary, a bar of bismuth, phosphorus, zine,
tin, ‘'or other diamaguetic substance, similarly
suspended, will be repelled and come fo rest at right angles to the position
just described, as shown by the dotted line,—with its sides opposite the poles
of the axis and'its ends as far from them as possible. Similar attraction and
repulsion are/exhibited if the substances are presented to cither pole sepa-
1ately. An indifferent substance will remain in any position in which it is
placed, being neither attracted like the iron nor tepelled like the bismuth,

Similar experiments may be made on liquids and gases by enclosing them
in tubes, It is thus found that oxygen is magnetic; water, alcohol, ether,
and the oils, diamagnetic,

CHAPTER XVIIL.
ASTRONOMY,

931. AstroNomy is the science that treats of the heay-
enly bodies,—their motions, size, distance, &e.

By the heavenly bodies are meant the sun, the moon,
stars, planets, and comets.

032. Astronomy, as it is the most sublime, is also the oldest of sciences,
The shepherds of the patriarchal age; tending their flocks by: day and night
beneath the canopy of heaven, naturally directed-their gaze to the brilliang

exerted on them by clectro-magnets. “Define each. Illustrate the difference be-
vween theso three classes with the apparatus represented in Tz 820, How may sim-
ilir experiments be made on liquids and gases? What gasis fonund to bo m:\g;'mlic?
What Yiquids are diamagnetic?

931, "What is Astronomy? "What are meant by the heavenly bodies? 932, Who

ASTRONOMY,

orbs with swhich it is studded, chserved their motions, and thus became the
first astronomers. Chaldean observations are said to extend back to within
a hundred years of the flood. The Chinese, also, paid great atiention to this
science in remote antiquity. 'We are told that more than 2,000 years before
the birth of Christ, an ‘emperor of China put to death his two chief astrono-
mers for not predicting an eclipse of the sun.

Destitute of the admirable instruments which modern science has pro-
duced and used with signal success, the ancient astronomers of course erred
in'many of their conclusions. We can ounly wonder that they obirined as
much knowledge as they did respecting the heavenly bodies.

933. To unfold the principles of astronomy at length
wonld require a volume, and to understand them thorough-
Iy, a knowledge of the higher mathematies is essential. We
can here present only such leading facts as will serve to
give a general view of the science.

934, FunpayenTaL Facrs—The great facts established
by the researches of astronomers are as follows :—

1. Space is filled with worlds.

Looking up iuto the heavens on a clear night, we see them all around us.
The telescope reveals millions. There are no doubt millions more too remote
to'be seen at all, and others which from being non-luminous escape our vis-
ion. Powerful instruments reach to points from which light, travelling as it
does with the enormous velocity of 102,000 miles in & second, would be 60,000
years in reaching us, and throughout the whole of this vast field worlds are
everywhere scattered. We can but infer that the regions to which man’s eye
has never penetrated are similarly studded ; and that, if an observer could
be transported to the remotest star visible with his telescope; he would see
spread before him in the same directior a firmament no lessrich and splendid
than that which he beheld from the earth.

2. These worlds are divided into systems, the members
of which are bound together by mutual attraction.. Each
gystem has a central sun, round which the other menibers,
called Planets, revolve. While this revolution is going on,
the suns themselves with their respective planets move
about a common fixed central point.

3. The stars that we see twinkling in the sky are suns.

were the first astronomers? How far back are Chuldean observations said to extend?
What story shows the attention paid to .astronomy by the Chinese in remote antl-
quity? What is said of the ancient astronomers? What is tho first great fact estab-
lished by astronomers? What facts are stated respecting the number of syorlds?
What inference is drawn respecting the regions of space unpenetrated by the oye of
man? How are these worlds divided? What are the stars that we sce twinkling
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2. Diamagnetie, or such as are repelled. 8. Indifferent, or
such as are not acted on at all. :

Pig. 820, The difference between these three classes
of bodies may be illustrated with the apparatus
shown in Fig. 820, N, 8, are the poles of an
electro-magnet, whichis connected by the wires
C, Z, with a galvanic battery. A bar of iron,
nickel, cobalt, manganese, or other magnetic
substance, suspended between the poles so as to
moye freely, will come to rest with its ends as
near them as possible, in the position II. On
the contrary, a bar of bismuth, phosphorus, zine,
tin, ‘'or other diamaguetic substance, similarly
suspended, will be repelled and come fo rest at right angles to the position
just described, as shown by the dotted line,—with its sides opposite the poles
of the axis and'its ends as far from them as possible. Similar attraction and
repulsion are/exhibited if the substances are presented to cither pole sepa-
1ately. An indifferent substance will remain in any position in which it is
placed, being neither attracted like the iron nor tepelled like the bismuth,

Similar experiments may be made on liquids and gases by enclosing them
in tubes, It is thus found that oxygen is magnetic; water, alcohol, ether,
and the oils, diamagnetic,

CHAPTER XVIIL.
ASTRONOMY,

931. AstroNomy is the science that treats of the heay-
enly bodies,—their motions, size, distance, &e.

By the heavenly bodies are meant the sun, the moon,
stars, planets, and comets.

032. Astronomy, as it is the most sublime, is also the oldest of sciences,
The shepherds of the patriarchal age; tending their flocks by: day and night
beneath the canopy of heaven, naturally directed-their gaze to the brilliang

exerted on them by clectro-magnets. “Define each. Illustrate the difference be-
vween theso three classes with the apparatus represented in Tz 820, How may sim-
ilir experiments be made on liquids and gases? What gasis fonund to bo m:\g;'mlic?
What Yiquids are diamagnetic?

931, "What is Astronomy? "What are meant by the heavenly bodies? 932, Who

ASTRONOMY,

orbs with swhich it is studded, chserved their motions, and thus became the
first astronomers. Chaldean observations are said to extend back to within
a hundred years of the flood. The Chinese, also, paid great atiention to this
science in remote antiquity. 'We are told that more than 2,000 years before
the birth of Christ, an ‘emperor of China put to death his two chief astrono-
mers for not predicting an eclipse of the sun.

Destitute of the admirable instruments which modern science has pro-
duced and used with signal success, the ancient astronomers of course erred
in'many of their conclusions. We can ounly wonder that they obirined as
much knowledge as they did respecting the heavenly bodies.

933. To unfold the principles of astronomy at length
wonld require a volume, and to understand them thorough-
Iy, a knowledge of the higher mathematies is essential. We
can here present only such leading facts as will serve to
give a general view of the science.

934, FunpayenTaL Facrs—The great facts established
by the researches of astronomers are as follows :—

1. Space is filled with worlds.

Looking up iuto the heavens on a clear night, we see them all around us.
The telescope reveals millions. There are no doubt millions more too remote
to'be seen at all, and others which from being non-luminous escape our vis-
ion. Powerful instruments reach to points from which light, travelling as it
does with the enormous velocity of 102,000 miles in & second, would be 60,000
years in reaching us, and throughout the whole of this vast field worlds are
everywhere scattered. We can but infer that the regions to which man’s eye
has never penetrated are similarly studded ; and that, if an observer could
be transported to the remotest star visible with his telescope; he would see
spread before him in the same directior a firmament no lessrich and splendid
than that which he beheld from the earth.

2. These worlds are divided into systems, the members
of which are bound together by mutual attraction.. Each
gystem has a central sun, round which the other menibers,
called Planets, revolve. While this revolution is going on,
the suns themselves with their respective planets move
about a common fixed central point.

3. The stars that we see twinkling in the sky are suns.

were the first astronomers? How far back are Chuldean observations said to extend?
What story shows the attention paid to .astronomy by the Chinese in remote antl-
quity? What is said of the ancient astronomers? What is tho first great fact estab-
lished by astronomers? What facts are stated respecting the number of syorlds?
What inference is drawn respecting the regions of space unpenetrated by the oye of
man? How are these worlds divided? What are the stars that we sce twinkling
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370 ASTRONOAY,

The planets that we suppose to revolve about them are
non-luminous, and therefore invisible.

4. Some of these planets have satellites or moons moving
around them, and with them around the sun of the system
to which they belong. .

5. The Earth, which we inhabit, is a planet belonging
to what is known as the Solar System, of which the Sun is

the centre. The Earth is attended by one satellite known
as the Moon.

The Solar System:,

935. The Solar System, as at present known, consists of
the sun, its centre; seventy planets revolving round it,
of which sixty-two, on account of their small size, are called
Asteroids (starlike bodies) ; twenty moons revolving round
the planets ; and many thousand comets, the exaet number
of yhich is unknown.

938, That the earth and ofher planets move round the sun, was taught by
the philosopher Pythagoras about 500 B. ¢. Deceived by appearances, how-
ever, the ancients generally rejected this theory, and believed the earth fo be
the fixed centre of motion for all the heavenly bodies. Some'made the plan-
ets revolve round the sun, and the sun carrying the planets with it to move
round the earth. The Egyptian astronomer Ptolemy supposed the universe
to consist of a number of hollow spheres arranged one within another, and
appropriated respectively fo the sun, the moon, the planets, and the stars.
The earth, according to Piolemy, was at the centre of these spheres, which
turned round it from east to west every twenty-four hours, carrying the stars
and planets with them; being of crystal, they were perfectly transparent,

and the inner ones did not therefore obscure the more distant luminaries
seen through them.

These theories, particularly Ptolemy’s, prevailed till about the middle of :

the si.xtoenth century, when the Prussian philosopher Coperhicus revived the
te‘achmgs of Pythagoras, and established what is called from him the Coper-
nican System, which is now acknowledged as the true theory of the universe.
Fearing the prejudices.of his fellow-men, Copernicus, withiheld his system
from them for some years. His great work, in which his views were embod-

inthe sky? Why are not their planets visible? By what are some of the plancts
ottended? What is the Earth? By what is it attended’s 935, Of what does the
Solar 5‘}'Stum, a8 ot present known, consist? " 936, What was Pythagoras's theory of
the universe? What was the belief of the ancients generally?  Give an account of
Plolemy’s theory. By whom and when was the true system rovived? When was
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ied, was finally published in 1543, just in time for a copy to be placed in his
hands on his death*hed. {

The Copernican system at first met with but moderate favor. Tis fruth,
however, was established by Galileo, whose observations with the newly-
invented telescope afforded him ineontroyertible arguments in its favor. Yet
the advocates of the old system were determined to close their eyes. On
Gralileo’s annonncing the discovery of four moons about the planef Jupiter,
they denied the possibility of their existence; and when he urged them o
look for themselyes through his telescope, they refused to haye anythife to
do with an instrnment they despised. An sstronomer of Florence gravely
argued that as there were only seven apertures in the head—two eyes, two
ears, two nostrils, and one mouth—and as there were only seven metals, and
seven days in the week, so there could be only ssven planeis. As there were
six principal planets and ‘one moon: then kuown, the number was complete,
and Galileo’s pretended planets must be impossibilities.—But such absurd

, arguments could not long obscure the light of truth.

937. Tar Sux (3).—The Sun, the great source of light
and heat totheplanets, is the centre of the solar system. It
is an immense globe, five hundred times aslarge as all its plan-
ets put together. Its diameteris 882,000 miles. Placed where
the earth is, it would fill the whole orbit of the moon, and
extend 200,000 miles beyond it in all directions. Itsvolume
is nearly a million and a half times as great as the earth’s,
and it containg more than 850,000 times as much matter.

938, Solar Spots—Viewed through a telescope, the sun
looks like a globe of fire.  Its surface, however, is not al-
ways wholly luminous. A number of dark spots, surround-
ed by a lighter shadow, are at times scattered here and
there within a zone extending 35 degrees on each side of
the solar equator. The number and size of these spots
differ at different times ; for, while gome last a couple of
months or even longer, others change their form from day
to day. They have been known to vanish almost instantly
and to appear as suddenly. Some years none at all are
visible ; in others, as many as 200 are seen at once, cover-

the work of Copernicus relating to this subject published ? By whom was the truth of
the Copernican system established? ‘What were the arguments with which Galileo:
was met? 93T Whnl.ia the Sun? How great is its diameter? ced where the earth
is, how far would itextend ? How does its yolume compare With the earth’s? Its
matter? 938 How does the sun look, when viewed through a telescope? Describe
tho spots which are sometimes visible. What is said of theirnumber andsize ! What
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ing so much of the surfice as materially to diminish the
quantity of light emitted.

By comparing a number of observations on the solar spots, we find that
they are subject o periodical increase and decrease. They become larger
and more numerous for a cértain time till they reach a maximum, after which
they gradually diminish, till all disappear, or nearly so; new ones then be-
come visible; and go on incregsing during the same period as before. This
pemod seems to be a little over eleven years.

Spots have oceasionally appeared of ‘such size that they could be readily
discerned with ‘the naked eye.  One thus seen for a week in June, 1843, must
have heen 77,000 miles across, or nearly ten fimes the size of the earth.

Astronomers have fried to account for'the solar spots in various ways.
The prevailing opinion is that the light received from the sun does not come
from its surface, but from a Juminous atmosphere.of great depth with which
it is surrounded ; and that the spots in question ure simply portions of the
dark body of the sun, which become visible when the luminous atmospherc®
is opened by upward currents from the surface or any other agency. The
disturbance of this atmosphere, by whatever it is caused, is most frequent
near the solar equator.—Peculiarly bright streaks of light, called facude, are
often found near the spots or where they have Just disappeared.. ‘They are
supposed to be the ridges of vast wayes in the luminous atmosphere just de-
seribed.

939. Constitution of the Sun—The sun’s density is
abont onefourth that of the earth. ‘Respecting its consti-
tution little is known, nor are we any better informed as to
what produeces its intense heat and light. Tt was formerly
supposed thit the whole mass was in a state of combustion.
But how can such combustion be kept up without dimin-
ishing the material on which it feeds? The difficulty of
answering this question has led the later astronomers to
point to friction or electricity as the most probable source
of solar heat and light;

940. Motions—The more permanent of the sun’s spots,
if observed from time to time, are -found to change their
position on its disk, or face, First becoming visible on the

is found by edmparing.a number of observations.on the solar spots?  What is the
length of the period? OFfwhat sizs have spots occasionally appeared? What was
the dinmeter of one seen inJune, 184372 What is the prevailing opinion of  astrono-
mers respeeting lhe%:lmrs? What ave jaculm? What are they supposed to be?
059. How does the sun's density compare with the earth’s? What is known respect-
ing its constitution and heat? To what hiave the later astronomers pointed as the
tnost probable source of solar heat and light? 940, How is it proved that the sun

THE ZODIACAL LIGHT. [

east side, they gradually move towards the west, and in
about thirteen days are lost from sight in that direction,
After a similar period they reappear in the east. This
phenomenon shows that the sun turns on its axis from
west to east; its revolution is performed in about 25 days,
8 hours. -

Besides turning on its axis, the sun, attended by its
planets, moves at the rate of 8 miles a second in a circular
path round a centre far off in the fields of space. So vast
is this path that it will take the sun 18,200,000 years to geb
once completely round it.

941. The Zodiacal Light—A faint light, shaped like a
sugar-loaf, is sometimes seen stretching obliquely upward
in the heavens, from 70 to 100 degrees, from that part of
the horizon where the sun is about rising or has just set.
This phenomenon is known as the Zosdi“a-cal Light, Tt is
brightest and most distinetly defined in tropical regions,
where it is visible most of the time. In high latitudes it is
seldom clearly seen, except during March and April just
after sun-set, and in September and October immediately
before dawn.

The cause of the zodiacal light 13 unknown. Some suppose it to be an
expansion of the solar atmosphere ; others, a thin vapor, charged with mat-
ter from the tails of comes, of which the sun’s attraction has deprived them;;
others, again, have snggested that it is a remnant of the origindl matter of

which both sun and planetswere made. The latest theory is, that it is a neb-
ulous ring; surrounding the Earth, like the ring of the planet Satury.

The Planets,

942, By the Planets of the solar system are meant those
heavenly bodies that revolve directly about the sun in ob-
long eurves, and shine by its reflected light.

The yord planetes in Greek means ““a wanderer”, and the bodies in ques-
flon are so called in contradistinetion to the fixed stars, which keep the same

tarnson its axis? What is the time of its reyolution? What otlicr mofion hias the
sun? How large is the path it travels? 941, Describe the Zodiacal Light. Where
is it brightest? When is it seen in high latitudes? What opinions haye been ad-
vanced to account for the zodiacal light? 942, What are the Planets? What does
the word planetes mean? From what are the planets to be distingunished? Iow
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position in the heavens relatively to each other. The planets and the fixed
stars are easily distinguished; the former shine with a steady light, the latter
twinkle. s

943, The moons are sometimes called Secondary Plan-
ets. In that case, the hodies that revolve directly about
the sun are called Primary Planets,

944, The planets are also distinguished as Inferior and
Superior. The Inferior Planets are those that are nearer
to the sun than the earthis; the Superior Planets are those
that are farther from the san than the earth is.

945. Orpirs oF THE Pravers.—The path of a planet
round the sun is called its Orbit. . The planets being at
different distances from the sur, their orbits differ in length,
though they are similar in shape.

946, The planetary orbits are not circles, but oblong
curyes called Ellipses. Hence a planet is nearer the sun in
one part of its course than in another. That point of ifs
orbit at which it is nearest the sun is called its perihelion
(plmal perihelic) ; that in ywhich it is farthest from the sun

| 15 its aphelion (plura] aphelia). - When a planet’s distance

Fig. 830. from the sun is spoken of] its mean dis-
A tance is meant. Thisis obtained by add-
ing its greatest and least digfance to-
gether and dividing by 2.
These definitions are illustrated in Fig. 330,
ABP C represents an ellipse. S'is the sun, sita-
ated not at the centre of the ellipse, but at one of two
points within it ealled foci. P shows the position
of a planet af its perihelion, and A atits aphelion.
The orbits of the planets lie in different plaves,
more or less inclined to each other.
947, Besides their revolutionsround the sun, the planets
have another motion round their own axes. The time that

< e J
can the planats and the fixed stars be told apart? 943, What constitutes the differ-
ence between Primary and Secondary Plancis? 944 Between Inferior and Saperior
Planets? 945, What is a planet's orbit? 946, What is the shape of the planetary
orbits ? What isa planet’s Perihelion? Aphelion? When a planet's distance from
the sun is spoken of, what is meant? How is the mean distance obtained? Illms-
trate these definitions with Fig. 330, What is said of the planes of the orbits?
947. What other motion have the planets besidas their revolution round the sun?

THE PLANETS.

it takes a planet to make one revolution on its axis is called
its Day.

948, TasLe.—A Table of the planets follows, in the or-
der of their distances from the sun, which are given in the
second column. #Their diameters in miles are given in the
third column; the number of our days that it takes them
to revolve round the sun, in the fourth ; and the hours re-
quired for the revolution of each on its axis, in the fifth.
"The Tables in the Fifth Edition of Herschel’s Outlmes of
Astronomy ” (1858) are here followed.

Distance from | Diameter [ Yearexpressedin |Day expressed

Name. Sun in miles. in miles. the Earth's days. | in’hours, &o.

Mercury . $6,850.000 3,183 88 212 5=
Venus . . 68,770,000 8,108 225 28 21
Earth . . 95,298,260 7,926 8651, | 24
Mars! . . 145,205,000 4,548 687 24 37
Asterorns | | from 210 to | est. at from | from 1,191%
(62) 1 801 millions | 100 t0 1,000/ to. 2,051
Jupiter . 495,815,500 00,784 4,333 9b 55= 27
Saturn. . | 909,029,700 76,791 10,759 10 20 17
Tranus . | 1,828,048,000 85,807 80,687 9 .30
Neptune . | 2,862,404,000 39,793 60,126 unknown

unknown

049, Mercury, Venus, Mars, Jupiter, and Saturn, being visible to the
naked eye, were known to the ancients, Uranus was discovered in 1781 by
Sir William Herschel, from whom it was first commenly called Hersehiel. Its
discoyerer gave it the name of Georgium Sidus, in honor of King George ITI.
Both these names, however, were discarded for .the mythological one by
which it is at present known. The first of the asteroids, Ceres, was discoy-
ered in 1801 by the Sicilian astronomer Piazzi [pe-at’z¢]. Pallaswas added
to thelist in 1804; Juno, in 1804; Vesta, in 1807; and the remainder; since
1844,

Neptune was discovered in 1846 by Dr. Galle [faZ-lg],.of Berlin. 1If svas
first called Le Verrier [/uk va-rs-a'], in honor of an eminent French astrono-

What is meant by a planet’s day ?° 948, Referring to'the Table, which of the planets
do you find the smallest (the asteroids excepted), and which the largest? Which
iakes the shortest time to revolve around the sun, and which the longest? Which
three haye e day very nearly as long as the Earth’s ? Which three havo days less than
half as long as the Earth’s? - 949, Which of the planets were known fo the ancients?
‘Which was the next discovered? What other names has Uranus borne? When and
by whom was the first asteroid discovered ? When were the rest added to the list?
When and by whom was Neptune discovered? What was it firs called, and why?
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mer, who by a series of calculations established the fact that there was a
more distant planet than Uranus, and instructed Dr. Galle in what part of the
heavens to look for it.

950. Bopr’s Law.—By comparing the distances of the
planets from the sun, Bode [bo"-da] arrive.d at the following
law :—Take the geometrical progression

0 86 12-24 48 96 192 384,
cach term of which (after the second) is obtained by doub-
ling the preceding one. To each term add 4, and we get
4100710 16 28 52 100 196 = 388.
The distances of the nearer planets are approximately pro-
portioned to these numbers. That is, Mercury’s distance be-
ing 36,890,000 miles, Venus’s will be 7 as much, the Earth’s
Lo s &e. Bode’s law, however, does not apply to Satuin,
Uranus, and Neptune. They are all, particularly the last,
much nearer the sun than this law would make them.

951. Fig. 381 shoyws the comparative size of the planets,

The asteroids are too small to appear/on this scale.
Fig. 831,

Herschel uses the following illustration fo give an idea of the relative sizo
of the planets and their orbits :—* Choose any well levelled field or bowling-
green, Onifiplace a globe two feet in diameter; this will represent the Sun
Mercury will be represented by a grain of mustard-seéed, on the cirenmference
of a circle 164 feet in diameter for its orbit; Venus a pea, on a circle of 234
feet in diameter; the Earth also a pea, on a circle of 430 feet; Mars a rather
large pin’s head, on o circle of 654 feet; the Asteroids, grains of sand, in
orbits of from 1000 to 1200 feet; Jupiter, & moderate-sized orange, in & circls

850. State Bode’s Law. 951, YWhatdoes Fig. 331show? Rapeat the illustration used

EEPLER’S LAWS. 87T

nearly half & mile across; Saturn a small orange, on a eircle of four-fifths
of a mile; Uranus a full-sized cherry, or small plum, npon the circumference
of a circle more than a mile and a half; and Neptune a good-sized plum,
on a circle about two miles and a half in diameter.”

952. Keprer's Laws.—The laws that regulate the plan-
etary motions were unknown till the commencement of the
seventeenth century, when, after a long and ecareful com-
parison of numerous observations, they were discovered by
John Kepler, a celebrated German astronomer, who thus
won the title of ¢ the Legislator of the Heavens”. Kep-
ler’s laws apply to the moons in their revolutions about

. their primary planets, as well as to the latter.

953. Kepler's First Law—The orbits of the planets are
cllipses having one focus in cominon, and in this common
Jocus the sun is situated.

The principal forces acting on the planets are the sun’s attraction and the
original force of projection. These forees alone would cause each planet to
move about the sunin a perfect ellipse. The attraction of the other heavenly
hodies, however, producés Perturbations, as they are called; and thus each
orbit constantly deviates in'a slight degree from an ellipse.

The ellipses described by the planets differ from circles in: different de-
grees,, The orbits of Mercury and several of the asteroids deviafe most;
those of Neptune and Venus are nearly cireular.

954, Kepler's Second Law—The Tig. 332,

Radivs Vectorof a planet passes over
equal areasin equal times.

The Radias Vector is a line con-
necting the centre of a planet, as it
traverses its orbit, with the centre
of the sun. )

Thus, in’' Fig. 832, the lines S A, §B, 8¢,
&c;; represent the radius wector of the planet
there traversing its elliptical orbit. - The whole
space included within the orbit is divided into
12" equal friangles, 1, 2, 3, 4, &c.; and these,

by Herschel o give an idea of the relative size of the planets. 952, TWhen were the
Jaws that regulate the planctary motions first known? By whom were they discov~
cred? To whatdo Kepler's Taws apply? 953, Repeat Kepler's First Law, How is
the elliptical form of the orbits acconnted for? What is said of the ellipses described
hy the planets? "Which of the orbits doviate most from o eirclo? Which deviste
yory little? - 954, Whatis Kepler’s Second Law? Whatis the Radius-Veetor? Tilus-
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according to the law just stated, must be traversed by the radius yector in
equal times.

It follosvs from this law that the velocity of a planet differs at different
points of its orbit, being greatest at its perihelion, and least at its aplielion.
A B, CD, and the other ares that form the hases of the twelve triangles,
differ in length, but have to be trayersed in the same time. The planet must
therefore moye fastest over the longest arcs, which are atits perihelion, and
slowest over the shorfest ares, which are at its aphelion. In going from its
aphelion to-its perihelion, the arcs keep: increasing, and the velocity of the
planet is accelerated ; from its perihelion to.its aphelion, the arcs keep di-
minishing, and the veloeity of the planet is retarded. Yet in going the whole
distance from its aphelion to its perihelion a planet takes precisely the same
time as'in performing the opposite half of its course.

The cause of this difference of velocity is easily explained. In travelling
{owards its perilielion, a planet is constantly acted on by the sun’s aftraction
in the same general direction as that in which'it 48 moving, and this attrac-
tion becomes stronger-and stronger as it approaches the sun. ‘When return-
ing fo its aphelion, on the eontrary, if is acted on'by the sun's attraction in
a direction opposite to that in which it is moving.

955. Feplor's Third Law.—The squares of the planets’
times of revolution round the sun are proportioned to the
cubes of their distances from the latter.

For example, Mercury’s year consists of 83 days, Venus’s of 225 days;
Mercury-is 36,800,000 miles from the sun, and Venus 68,770,000, Then the
following proportion holds good, or nearly so :—

(88)2 & (295)% +2 (36;890,000)7 = (68,770,000)3

956. Kepler’s laws have been verified by all the observations made since
his time. They gave a wonderful impétus to the science, corrected many
false notions, and enabled astronomers fo arrive at new facts from facts al-
ready known. After many attempts and failures, the third law was finally
reached on the 8th of May, 1518, “Perhaps”, says Playfair, “philosophers
will agree that there are few days in the'scientific history of the world which
deserve so ywell to be remembered.”

957. Aspecrs or THE PraxErs.—By the Aspects of the
planets are meant their positions in their orbits relatively
to each other. The aspects most frequently alluded fo are
Quadrature, Conjunction, and Opposifion.

trate this law with Fig. 832. What follows from this law with respect to the velocity
of aplanet? In what part of iss orbit does a planct move with accelerated velocity?
In what, with retarded? Show the difference in the case of the Earth. What isthe
cause of this difference of véioeity? 955, State Kepler's Third Law, sund give sn ex-
ample. 956. What i3 said of Kepler's Laws and the estimation in which the third is
lield by philosophers? 857. What is meant by the Aspects of tho planets? What
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958. Quadrature—Two heavenly bodies are said to be
in Quadrature when they are 90 degrees apart; that is,
when, if either were placed on the other’s orbit at a point
corresponding to its position on its own, the are between
themwould subtend an angle Fie. 935,
of 90°at the focus. Thus, N
in Fig. 333, Erepresents the
Earth, and Q Mars in quad-
rature. In almanacs and
astronomical works, quad-
rature is denoted by the
sign o.

959. Conjunction.—Hea-
venly bodies are said to be in
Conjunction when they are
seen in the same quarter of
the heavens, Thus, in Fig,.
338, Venus (V), the Sun (S),
and Mars (N), are in conjunction, being in the same direc-
tion from the Earth (E). Conjunction is denoted by the
sign 4. -

Conjunctions ave of two kinds, Superior and Inferior. A planet isin Su-
perior Conjunction when it is in conjunction on the opposite side of the san
from the Earth, as Venus at W, and Mars at N.© A plavet is in-Inferior Con-
junction when it is in conjunction on the same side of the Sun as the Earth s,
a8 Venus'at V. It is evident that the:superior planets can never be in: infe-
rior conjunction.
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960. Opposition—Two heavenly bodies are said to be
in Opposition when they are in. directly opposite quarters
of the heavens, Thus, in Fig. 333, Mars at M and the Sun
(S) are in opposition, beeause relatively to the Earth (E)
they lie in opposite directions. The inferior planets never
appear in oppesition. Oppositionis denoted by the sign &.

are the three prineipal aspects? 958, When are two heavenly bodies said to be in
Quadsature? Illustrate syith the Figure, 959, When are heavenly bodies said to i)
in Conjunction? Illustrate with Fig. 833, How many kinds of conjunctions aré
there? When isa planet saild to be in Superior Conjunction? In Inferior Conjunc-
tion? 'To what planets is inferlor conjunction confined? 960. When are two hoay-
enly hodies said to he in Opposition? Tllustrate with Fig. 333, 961, What is meant
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961. Transits—The passage of an inferior planet across
the Sun’s disk is called its Transit. In Fig. 333, Venus at
V is making her transit.

A transit can take place only when a planef iz'in inferior conjunction.
But, as the orbits of thg planets are in different plaues, there may be inferior
conjunctions without any transit. . Venusmay be seen from the Earth in the
same quarter as the Sun, and yet lie out of the plane which connects the cens
tres of the Sun and the Earth.

962. Occultation.—~When a planct or star is hid from
the view of an observer on the Earth by the interposition
of some other heavenly body, it is said to suffer occultation.

963. REAL aAxp Aprparent Motroxs.—An observer at
the Sun.would see all the planets moving around him from
west to east with perfect regularity and always in the same
direction.  He would see their Real Motions. An ob-
server on the Earth sees only their Apparent Motions, and
these are so irregular that one might almost fancy the
bodies in question wandering through space without any
fixed law to direct their course. 'They are seen at one
time moving from west to east, at ‘another stationary, and
again pursuing a retrograde course from east to west.

The reasons of this are—1. We are 95,000,000 miles from their centre of
motion. ' 2. 'We are ourselves moving, boili round the sun and round the
Earil’s axis.| ' Uneonscions of these motions, we intuitively attribute the
changes of direction produced by them to the motions of the orbs around us;
justas a person on a boat, when it begins to move, seems to be at rest him-
self, and to see the wharf receding from him.

964, Are Tor Hpavesry Bovres ovmaprrep 2—This
question 1s often asked, but can not be answered. No evi-
dences -of inhabitants have ‘ever been discoveréd, even in
the Moon, which is the nearest to us of all the heavenly
bodies; nor can there be any till great improvements have
been made in the telescope. Nothing; howeyer, seems to
be created without an object; and, humanly speaking, it
would be strange if of all the orbs which Omnipotence has

by a Transit? Show the difference between a transit and inferior confunetion.
902, When is a planet or star said to suffer occultation?® 963. What is the difference
between the Real and the Apparent Motions of the planets? Deseribe the apparent
motions, What causes are assizned for their frregularity? 964 What s said with

MERCURY.

called into being our little world were the only one peopled
by intelligent ereatures.

If the planets are inhabited, it must be by ereatures constituted very dif-
ferently from tHe human race, Surrounded by entirely different circum-
stances as regards temperature, gravity, atmosphere, &c., the inhabitants of
the different planets must be distinet races each from every other. Yet who
can doubt that the same Infinite Wisdom that has adapted us to our sphere
conld as easily adapt them o theirs?

‘We proceed to consider the planets in turn. The char-
acter annexed to the name is the mark by which the planet
i§ denoted.

965. Mercury (¥ ).—The nearest planet to the Sun is
Mercury. Under fayorable cirecumstances, Mercury may
be seen at certain times of the year for a few minutes after
sun-set or before sun-rise. At other times it keeps so close
to the Sun as to be invisible, being lost in the superior
brightness of his rays in the daytime, and setting and rising
so nearly at the same time with him as to afford no oppor-
tunity of observation. '

To the naked eye Mercury looks like a star of the third
magnitude, twinkling (unlike the‘other planets) with a pale
rosy light. Viewed through the telescope, it exhibits sim-
ilar phases or changes of appearance to those of the moon
(from full to new) ; this is because we see more of its en-
lightened side at one time than another.

The solar heat received at Mercury is seven times as great as that of the
Tarth,—o temperature more than sufficient to malke water boil.  Mercury’s
light is also seven times as intense as ours, and the Sun seen from this planet
would Took seven times nsflarge as it doesito us. No' permanent spots are
visible either on Mercury or Venus, whence it has begn supposed that we do
not see the surfaces of these planets, but only their atmospheresloaded with
clouds, which may serve to mitigate the otherwise intense glare of the sun.
A German astronomer, however, at the commencement of the present cen-
tary, obseryed what he regarded as a number of mountains on the surface
of Mercury, one of which He computed to be over 10 miles in height.

yespecet to the heavenly bodies' being inhabited? 965. What is the nearest planet to
the Sun? When is Mercury visiblo 2. ‘What makes it inyisible at other times? How
does Mereury look to the naked eye? Viewed through the telescope, what phases
does itpresent? How do tho solar heat and light recgived at Mercury compare with
ours? Araany permanent spots visible on Mercury or Venus? To what supposi-
tion has this fact 1ed? What was obseryed on Mereury by o German astronomer
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Mercury’s orbit deviates from a circle much more than that of any other
planet; the asteroids excepted. - This circumstance, combined with the incli-
nation of its axis to the plane of its orbit, must produce a great variety of
geasons, and extreme changes of temperature. -~ K

966. VENUS (3)—The second planet from the Sun is
Venus.  On account of its nearness, it appears larger and
more beantiful to us than auy other member of our plane-
tary system. So bright is Venus that it is sometimes yisi-
ble at mid-day to the naked eye, and in the absence of the
Moon casts a perceptible shadow,

Being an inferior planet, Venus is never in opposition
to the sun, and is always below the horizon at midnight.
During part of the year, it rises before the Sun, and ushers
in, as it.were, the day; when appearing at this time, the
ancients styled it Phosphor or Lucifer (¢ke light-bearer), and
we call it the Morning Star. During the rest of the year,
it mses after the Sun; it was then styled Hesperus or Ves-
per by the ancients, and is distinguished by us as the Eyen-
ing Star.

Venus s very nearly of the same size as the Earth, Its diasmeter has
generally been set down at 7,900 miles, somewhat less than the Earth’s. In
Herschel's latest Tables; however, it is given as 8,108, which makes it a lit-
tle larger.

Venus's heat and light are twice as great as ours. So intense is its
brightuess that variations in-its surface (if indeed its surface is not hidfrom
us by a clondy atmosphere) for the most part escape detection, every portion
of the disk being flooded with light. Yet spots have occasionally heen seen
on'its surface, and mountaing have been observed having an estimated heicht
of from 15 to 20 miles. Venus's phases, when viewed through the teleseope,
are similar to-those of ‘Mercury and the Moon ; but it never appears ex-
actly fall, being invisible at the time when this phase would otherwise be
presented.

967. Tae Eirti ().—The third planet from the Sun
is the Earth, which we inhabit.

The form. of the Earth is that of an oblate spheroid,—

‘What is stated with respect to Mercury's seasons? 966. What is the second planet
from the Sun? How doesitlook to us, and why ? What proofs have we of Venus's
brightness? When is'Venus called the Morning, and when the Evening Star? How
dogs the'size of Venus compare with that of the Earth? How do its heat and light
compare with'ours? ‘What have been observed on Venus's surface? What phases
“does gho present? 967, What 18 the third planst from the Sun? TWhat is the form

THE EARTH.

that is, a sphere flattened at the poles like an orange. Its
equatorial diameteris 7925.6 miles, and its polar diameter
261 miles less. The circumference of a sphere is a little
more than three times as great as its diameter; the dis-
tance round the earth, therefore, is about 25,000 miles.

The Earth is so large that its rotundity is nof apparent to'a person stand-
ing on its surface. We know it to be round, however, in severdl ways.
1. Navigators have sailed round it. By keeping the same general direction,
east or west (as far as the land would allow), they have arrived at the place
of starting. 2. The highest part of a yessel appronching in the distance is
seen first, the lower part being obscured by the rotundity of the earth’s sur-
face. If the earth were a plain, we should see the hull as soon as the top-
mast,

968. Motions.—The Earth turns on ifs axis once in 24
hours, Thisis called its Dinrnal Motion. Constantly bring-
ing new points of the surface before the sun, and withdraw-
ing others from. its beams, this motion produces the suc-
cession of day and night.

The circumference of the earth being 25,000 miles, and a complete revo-
lution being made in 24 hours, it follows that every point on the equatormust
revolve at the raie of a little over 1,000 miles an hour. Aswe go fowards
the poles, circles drawn round the earth parallel fo the equator diminish in
length, and points situated on' them will consequently move with less ve-
locity. At the poles there is no divrnal motion at all.

969. The Earth has also an Annual Motion,—about the
Sun. Tts orbit, like that of the other planets, is" elliptical,
but does not deviate much from a circle. Its perihelion is
3,000,000 miiles nearer the Sun than its aphelion; conse-
quently at the former point, other things being equal, it
receives more heat than at any other part ofiits orbit.

The Earth reaches her perilielion on the 1st of January every year. Hence
our yinter is somewhat milder than that of the southern hemisphere ; while
the Sun at that period of a southern summer is perceptibly hotter than the
snmmer sun at corresponding latitudes in the north. The heatin the inte-

of the Earth ? Whatis its cquatorial diameter? ‘Its polar diameter? TIts cirenmn-
ference? Why do we not see the ronndness of the Xarth? How do we Know it fo
be round? 943, What is meant by the Earth’s Diurnal Motion? WWhat does it pro=
duce? What is the velocity of the diurnal motion at the equator? At the polés?
At intermediaste points? 969. What is meant by the Earth’s Annual Motion? What
is the shape of its orbit? When does the Earth receive the most solar heat; and
why? Hoyw do the northern and gonthern swinter and summer compare? Explain
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rior of Australia at the time the Earth reaches her perihelion, is said to be
more intense than any known even about the equator. Yet the difference of
distance is so small compared with the whole, asnot very materially to affect
the Earth’s temperature; nor has it anything to do with the change of sea-
sons; as we shall presently see.

970. The Earth’s orbit is nearly 600,000,000 miles in
length ; and to get round it in 365%™ 5'* 48™ 48* (which
is the period of its revolution and constitutes our year), it
must travel over 68,000 miles an hour.

Though we are constantly moving with this great velocity, we are uncon-
gcious of it. This is because we have never known what it is to be at abso-
lute rest ; aud again, the motion is perfectly easy and regular, there being no
obstructions in the way to make us sensible of.if.

971. The Barth in Space—Space extends infinitely on
all sides of the Earth, studded with stars at different dis-
tanees. - To us, however, the stars appear equally distant,

and seem to lie on the inner surface of a vast hollow sphere; -

at the centre of which we are placed. : For purposes of defi-
nition and description, it is often eonvenient thus to allude

to the firmament; and the expressions “celestial arch?, °

“econcave surface of the heavens”, are used for the pur-
pose,—not to denote any real objects, but the apparent
arch or concave surface that we may conceive to be thrown
around us, :

972. Horizon, Zenith, Nadir—The Sensible Horizon is
the line that bounds the view,—that is, where earth and
sky appear to meet, To an observeron the ocean; or on
a vast plain where there is nothing to obstruet the view,
this line is always a cirele,  The plane passing through the
sensible horizon, and infinitely extended through space, is
called the Plane of the Sensible Horizon.

The Rational Horizon is a plane passing through the
Earth’s centre, parallel to the plane of the sensible horizon:

At the Harth these planes are separated by the distance between theicen-

the eause. Is the Earth’s témperature materially affected by this difference of dis-*

tance? 970. With what velocity does the Earth travel round ifs orbit? Whyaro
we not sensible of moying? 97). What is meant by the expressions, “celestial
arch ™, “concave surface of the heayens™? 9072, What is tho Scnsible Horizon?
What is the Planc of the Sensible Horizon? What is the Rationsl Horizon? What
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tre and the surface, or 4,000 miles; but so small is this distance compared
with that at which the stars are situated that the two planes are regarded as
striking the celestial arch at the same point. All heavenly bodies above the
rational horizon at any given point are visible, and all below it invisible.

" 973. The Poles of the Horizon are two points in the
heavens equally distant from the cirele that bounds the
view. One of these, the point directly overhead, is called
the Ze/mith; the opposite point, directly benecath us, is
called the Na'-dir,

Every point on the Earth’s surface has a horizon, zenith, and nadir of ifs
own; and the horizon, zenith, and nadir of every point are constantly
changing, owing to the revolution of the Earth on its axis. Hence, af night,
new heavenly bodies are constantly coming into view in the east, while others
are setting in the west.

974, The Feliptic—Seen from the Sun, the Earth would
appear to deseribe a circle round that luminary, among the
fixed stars om the concave surface of the heavens. This
circle corresponds with the apparent path of the sun as
seen from the Earth, and is called the Eeliptic.

The plane of the Earth’s equator, extended till it meets
the concave surface of the heavens, forms what is called
the Celestial Equator, or the Equinoctial. The ecliptic and
the equinoctial form an angle of 23° 28/, and this angle is
called the Obliguity of the Heliptic. The axis of the
Earth, therefore, instead of being perpendicularto the plane
of its orbit; is inclined to it at an angle of (90° — 23% 28/)
66° 32", !

975. The ecliptic cuts the equinoctial at tiwvo points,
called Equinoxes, because when the sun appears at these
points the days and nights are equal all over the world. «

The equinoxes are distinguished as Vernal and Aufumnal. The Vernal
Equinox is that point at which the sun crosses the equinoctial from south te
north, which takes placein our spring. The Autumnal Equinox is the point

i5 the distance betwween the two horizons at the Earth 2 IWhen they strike the celes-
tial arch? Which of the heayenly bodies are visible at any given point, and which
invisible? 973. What are the Poles of the Horizon? What is the Zenith? The
Nadir? What canses new heavenly bodies to keep coming’ into view at night and
others to get? 974. What is the Ecliptic? What is the Celestial Equator, or Equi-
noctial? "What is the Obliquity of the Ecliptic? 975. What are the Equinoxes? |
Why are they so called? How are they distinguished ?* What is the Vernal Equi-

17
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at which the sun crosses the equinoctial from north to south,—and this he i

does in our autumn.

976. The Zodiae.—The Zodiac is a belt on the concave
surface of the heavens, sixteen degrees in width, eight.of
which lie-on- each side of the ecliptic. It is divided into
twelve Signs, of 30 degrees each. The zodiac is peculiarly
interesting to us, because it is the region within which the
apparent motions of the Sun, the Moon, and all the greater
planets,,are performed.

The zodiacis g0 called from a Greek word signifying animal, because iis
signs-were for the most part named after animals, of which the stars in each
seemed to the ancients to be so groupedas o form rude outlines. Such
groups of stars, which seem to be situated near each other becanse lying in
the same direction from us, are called Constellations. Owing to what is
known as the Precession of the Equinoxes,—that is, the sun’s completing its
revolution on the ecliptic every year before it reaches the same point of the
heavens relatively to the fixed stars,—the signs of the zodiac do nof now
correspond in position with the constellations from which they were named.
With the equinoxes, on which their position depends, they have retrograded
30 degrees towards the west. The signs of the zodiac and the constellations
of the zodia¢ must therefore be distinguished from each other.

977, The names of the signs of the zodiac are given below inTLatin and
English, with-thecharacters by which they are respectively denoted. They
are given in their order, commencing at'the vernal equinox,

P Aries, ' the ram. = Zibra, the halance.
¥ Tawrus, the bull. m, Seorpio, the scorpion.
IT Geming, the twins, ¢ Sagittariue, the archer.
¥ .3 Cancer, the crab, N3 Capricornus, the goat.
U Leo, the lion. o Aquarius,  the water-hearer.
T Virgo, the virgin, ° 3 Pisces, the fishes.

978. The Change of Seasons—It has been stated that
the Earth is nearer the Sun at one period of ifs revolution
than at another. The change of seasons, however, is en-
tirely independent of this fact, and is produced by the sun’s
rays falling on a given point of the Earth’s surfice with
different degrees of obliquity at different parts of its orbit.

nox? Whatis the Autumnsl Equinox? 976, What is the Zodiac? Howis it di-
vided? What makes it peculierly interesting to us? From what is the zodiac so
ealled? What are Constellations? How are the signs of the zodisc now situated
relatively to the constellations from which they wero named? To what s this ow-
Ing? 977, Namo the signs of the'zodiao, 978, By what is tho change of seasons pro-

THE CHANGE OF SEASONS.

When the Sun is vertical, or direetly overhead, its heat is
most intense ; and the less its rays deviate from a vertical
line in striking the surface, the more heat they impart to it.

The angle at which the Sun’s rays strike a given part
of the Earth’s surface keeps constantly varying, in conse-
quence of the Earth’s revolving with its axis always point-
ing in the same direction, or, as it i3 generally expressed,
everywhere parallel to itself. This will be understood from
Fig. 834, '

In Fig. 334 the

Earth is repre-
sented as moving
round the Sun,
which is in one of
the foci of her el-
liptical orbif. The
dotted line is the
zodiae, divided in-
toits twelve signs.
NS is the Earth’s
axis, which main-
tains the same di-
rectionin the four
positions  shown,
and at every other
part of the orbit,

At the yernal equinox (March: 21), the equatoris directly opposite the
Sun; the solar rays fall at the same angle on the northern hemisphere as on
the southern,and it is spring in the former, autumn in the latter. The
Earth’s axis is inclined neither to nor from the sun; consequenily, half the
surface, from pole to pole, is enlightened at a time, and day and night are of
equal length all oven the globe.

As the Earth: moyes. eastward, the rays of the Sunno.Jonger fall verti-
cally on the equator, but on places north of it. This continues till June 21st,
when the sun is vertical to places 23° 28' north (this being the obliquity of
the ecliptic), and his rays extend over the same disfance beyond the north
pole. Itisnow summer in the north and winter in the south, forin propor-
tion as the solar rays fall less obliquely on the former, they must fall more
obliquely on the latfer. It will be observed, also, that a space extending
£28° 28" around the South pole is totally dark.

dneed? "When is the Sun’s heat most intense? Why does the angle atwhich the
Sun’s rays strike s given part of the Earth's surface keep varying? What does Fig.
884 represent?  Dascribe the position of the Earth and the circumstances attending
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The Sun is never directly overhead to any place farther north of the
equator than 23° 28'. As the Earth coniinues her course eastward, it be-
comes vertical to places more and more to the south, and by the 22d of Sep-
tember, or thereabouts, it is vertical to the equator just as it was six mobihs
before. This is the period of the autumnal equinox. The Earth again pre-
sents a full side from pole to pole to the Sun, and the days and nights are
once more equal, e bave now the southern spring and the northern
autamn,.

From this point, the solar rays become more and more oblique in the
north and fall yertically on places farther and farther south, till the same
limit of 23° 28" is attained, which takes place about December 21, and marks
the northern winter and the sonthern summer. Beyond this limif the Sun is
never direcily overbead. As the Earth keeps on to the east, his vertical
rays fall on latitudes nearer and nearer to the equator, till finally on the 21st
of March places on the equator have the Sun in their zenith as they had six
and twelve months before,

979. The .explanation just given ghows that there are
two points of the ecliptic in which the Sun is about 231 de-
grees from the equator, and from which he seems to turn
back towards that line. These points are called Solstices
(standing-points of the Sun), becanse the Sun appears to
stand still for several days at the same place in the heav-
ens before taking an opposite direction. The solstice
reached in June is called the Summer Solstice ; that in De-
cember, the Winter Solstice.

980. Circles on the Earth’s surface about 231 degrees
north and south of the equator form the limits beyond
which the Sun’s rays are never vertical. These circles are
called Tropics (from a Greek word meaning fo furn), be-
cause on reaching them the vertical rays turn back towards
the equator. . The northern tropic is called the Tropic of
Cancer, beeause when the Sun reaches this line he is seen
from the Earth in the sign Cancer, as will be apparent from
Fig. 334. For a similar reason the southern tropie is called
the Tropice of Capricorn.

981, It appears from Fig. 334 thatfrom March 21 fo September 22 the
north pole is constantly illuminated and the south pole in darkness, notsith-
standing the revolution of the Earth on its axis; while from September 22

it,at March 21. At June 2L. At September 22. At December 21, 979, What are
the Solstices? Why are they 50 called? How are they distinguished? 980. What
are the Tropics? Whence is their nsme derived? ‘What 15 the northern tropie
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to March 21, darkness reigns at the north pole and the south pole enjoys
continual light. Af the summer solstice thereis a space of 28!, degrees
about the north pole on which the Sun does not set, and at the winter sol-
stice a corresponding space about the south pole. The lines that bound
these regions are called the Polar Circles, The one near the north pole is
called the Arvetic Circle ; that near the sonth pole, the Antarctic Circle.

982. If, instead of being inclined, the Earth's axis were perpendicular to
the plane of its orbit, the regions on the equator would baye the Sun con-
stantly in their zenith, day and night would always be equal oyer the whole
globe, there would be no variety of seasons, and a given place would have
about the same temperature from one year’s end to another. Something of
this kind must be the case on the planet Jupiter, whose axis is nearly per-
pendicular to the plane of its orbit. On the other hand, the more the axis
of a planet is inclined, the greater are the extremes of temperature incident
to its several seasons.

983. Tar Moox (@).—The Earth is attended by one
satellite called the Moon,—a beautiful orb which ¢rules the
night’ with its gentle brilliancy, produces in part the tides,
and sensibly affects the Earth’s motions by its attraction.

984. Size—The Moon’s diameter is 2,165 miles, but its
apparent size is almost equal to the Sun’s in consequence of
its nearness to our planet. Ifs density is not much more
than one-half that of the Harth, and it contains about one-
eightieth as much matter.

985. Motions—The Moon is 240,000 miles from the
Earth, and revolves about the latter so as to reach the same
point relatively to the fixed stars in 27 days, 8 hours. To
reach the same point relatively to-the Sun requirey 29 days,
13 hours, since the Earth has itself meanwhile advanced in
its orbit.—When nearest the Earth, the Moon is said to
be in her Peri-gee, and when farthest from it in her Ap'-
o-gee.

The ferms periges and apogee (which mean near the Earth and away from
the Eartl) are also applied to the apparent position of the Sun. When the

Earth is at its perihelion, the Sun is said to be in perigee; and when the
Earth is at its aphelion, the Sun is in apogee.

called, and why? The southern? 981. What are the Polar Circles? What is the
onenear the north pole called? That near the south pole? 952, If the Earth's axis
were perpendicular to the plane eof its orbit, what wounld follow ? What s gaid of

~Jupiter? 953, By whatis the Earth attended ? 9584 How great is the Moon's diam-

etor? Iisdensity? Its mnss? 935. How far is the Moon from the Earth? What
is the period of her revolution? When is the Moon said to be in perigee? Inap-
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The Moon also turns on its axis in exactly the same time
that it takes to revolve round the Earth, and in the same
direction, The consequence is that she always presents the
same side to the Earth. Neaily one-half of our fair at-
tendant we never see, and to the inhabitants of half her
surface, if she has any, we are invisible,

986, Phas¢s.—The Moon is nonJuminous, and shines
only by the reflected light of the Sun; hence the hemi-
sphere presented to the Sun is bright, while the opposite
one is dark. As the Sun, Moon, and Earth are constantly
taking different positions relatively to each other, the por-
tion of illuminated lunar surface presented to us is as con-
stantly changing, Hence arise what are called the Phases
of the Moon,

When 7néw, the Moon lies between the Earth and the Sun, near a line con-
necting their centres. Her dark side is then towards us, and she is invisible.
Soon, however, she géts-so far east of the Sun as to appear in the west
shortly after his setting. A bright crescent then becomes visible on the side
nearest the Sun, the rest of her cirenlar disk being just discernible, not by
sun-light directly received, but by sun-lighi reflected from the Earth to the
Moon, and by her reflected back fo us. The crescent gradually grows larger,
until, when the Moon is 80 degrees from the Sun, or in quadrature, half her
disk is illumined. She is then said to be in her First Quarter.

Each succeeding night now finds the enlightened portion: larger and
larger, aud the Moon is said to be gibbous. Af last she reaches a point at
which she 1s again almost in a line with the Sun and the Earth, but this time
the Earth is in the middle. The Moon rises in the east as the Sun sets in the
west; the whole of her enlightened hemisphere is thercfore turned towards
us, and she is said to be full.

After this the Moon again becomes gibbous, and we see less and less of
Her enlightened surface, till at length half of her disk is dark, when she is
said to be in her Third Quarter. Advancing beyond her third quarter, she
wanes, still further to & crescent, and at length on arriving in conjunction
with the Sun disappears entirely,—to go through the same phases again as
she males another revolution in her,orbit.

987. To the inhabitants of the Moon, if any there be, the Earth presents
the same phases that the Moon does to ns, but inireversed order. When: the
Moon is new to us, the Earth is full to them,—a splendid orb, thirteen times

ogee? When is the Sun said to be in perigee? Inapogee? How long is the Moon
in turning on her axis? What is the consequence ! 956. What is said of the Moon's
light? "What causes her to present different phases to the Earth? Deseribo the
phases successively presented. 98T, What phases docs the Earth present to ‘the

THE MOON,

as large as the full Moon. When she is in her first quarter, the Earth is in
ber third quarter, &c.

988. The Moon has either no atmosphere at all, or one
exceedingly rare, and not extending more than a mile from
its surface. Hence it must he destitute of water, for any
liquid on its surface would long since have been dissipated
by the heat of the lunar days, there being no atmospheric
pressure to check evaporation. If there were any water
on the surface of the Moon, clouds would certainly be ob-
served at times dimming its face.

089, Viewed through a telescope, the surface of the Moon appears ex-
ceedingly rough, covered with isolated rocks, deep valleys, yawning chasms,
craters of extinet volcanoes, in some cases more than 100 miles in width, aud
lofty mountains, several of which are from three to four miles high and cast
their shadows a great distance over the rugged plains. Every thing is deso-~
late in the extreme. Several of the carlier astronomers thought that they
discerned volcanoes in a state of eruption; but later observers are of the con-
frary opinion, atiributing the peculiar brightness of the supposed volcanic
summits to phosphorescence, or superior reflective properties.

Names have been given to the varions mountains and spots visible on the
Moon, and a map has been prepared of the whole side presented to us, which
has'been pronounced “ vastly more accurate than any map of the Earth.we
can yet produce.”—The great telescope of the Earl of Rosse shows with dis-
tinciness every object on the lunar surface that is 100 feet in height. It has
brought to light, however, no signs of life or habitation.

990. Mazs (& )—DMars, the fourth planct from the Sun,
i3 4,546 miles in diameter. Its day is of nearly the same
length as ours, its Year about twice as long. The incli-
nation of its axis to the plane of its orbit does not differ
much from the Earth’s, and its seasons are therefore simi-
lar to ours. Tt is surrounded by an atmosphere of mod-
erate density.

Mars is easily distinguished in the heavens by his red fiery light, which
is supposed to owe its color to the soil from which it is reflected. The tele-
seope distinetly shows continents of a dull red tinge, like that of sand-stone,

Moon? 053, What is sald of the Moon's atmosphere? Why is the Moon sup-
posed to be destitute of water# 930, How ddes the Moon look, when viewed throngh
atelescope? What is now thought respecting the supposed voleanic eruptions for-
merly observed? How high objects does the Earl of Rosse’s telescope distinetly
show 2 990. Which is the fourth planet from the Sun? What is the length of its
diameter? Its day? Itsyear? How do its seasons compare with ours? How may
Mars be distingnished? What does the teloscope show ? 'What are seen-about the
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washed by seas of a greenish hue, Bright white spots are scenabout the
poles, which are no doubt occasioned by the reflection of the sun’s light from
the snow and ice collected there. Itis observed that as each pole is turned
towards the sun the spofs ahout it diminish in size, owing to the mchmﬂ' of
the snow by the solar heat.

991. Tur Asrerorps—The Asteroids are so small that,
with the exception of one or two which have been seen
without a telescope, they are invisible to the naked eye.
Their diameters have not yet been accurately determined ;
some exceed 100 miles, and others probably fall somc“hat
under that mark. A number of them are provided with
exfensive atmospheres. 'The Asteroids are supposed by
some to be the wreck of one large planet, which they be-
lieve to have originally revolved between Mars and Jupi-
ter, and by some tremendous catastrophe to have burst
into fragments.  Many similar bodies probably remain to
be discovered in this region.

The Asteroids are comparatively so diminutive that the foree of gravity
on their surfaces must be very small. A man placed on one of them would
spring with ease 60 feet high, and snstain no greater shock in his desceat
than he does on the earth from leaping ayard, On such planets giants may
exist; and those enormous animals which here require the buoyant power
of waterto counteraet their weight, may there inhabit the land.

992. Juprrer (4 ).—Next to the asteroids is Jupiter,
the largest of the planets, which exceeds the Earth in hulk
nearly 1,300 times. Its revolution round the Sun is per-
formed in about 12 years, and that around its axis in less
than 10 hours. Jupiter is attended by four satellites, which
revolve about it from west to east.

All of these satellifes but one exceed our Moon in size, The largest would
sometimes be visible to the naked eye as a very faint star; were it not lost in
the supeyior brightness of its planet. Three of them are totally eclipsed
during every revolution by the long shadow which the planet casts, and the
fourth is very often eclipsed. The relation between their orbits and motions

is such that for many years to come Jupiter will never be depriyed of the
light of all four at the same time.

poles? By what are ﬁ‘:oy supposed tobe caused? 991. Are the Asteroids visible to
thenaked eye? Whatis the length of their diameters? What are the Asterolds
thought by many to be? What s stated with respect to the force of gravity on thair
surface® 992, Tow does Jupiter rank in size?. How does it compare in bulk with
the Barth? What is the length of its year? Its day? By what is it attended?
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So large is Jupiter, and so short a time is it in revolving on its axis; that
every point on its equator must turn at the rate of 450 miles a minute. The
result is an immense excess of centrifugal force at the equator; and this is
secn to have operated before the mass of the planet became hard, by flatten-
ing it very much at the poles.—Jupiter’s disk is always crossed with 2 num-
ber of dark parallel belts, as shown in Fig. 351. They vary in breadth and
sitnation, but are always parallel to the equator of the planet; hence they
appear to be connected with its rotation on its axis, and are no doubt pro-
duced by disturbances in‘its atmosphere.

2. SATCRN (
distance from the Sun, is also next to it in size, having a
diameter of 76,791 miles, and consequently a bulk nearly
1,000 times that of the Earth. Its day is not half so long
as ours ; hut it is 291 of our years in making one complete
revolution in its orbit.

Saturn has eight moons, seven of which were known for sixty years be-
fore the eighth was discovered. The largest of them has a diameter about
half as large agaiwas our Moon. Saturn's disk; like Jupiter’s, is frequently
diversified with belts; spots are of rare occurrence. An atmosphere of con-
siderable density 18 supposed to surround the planet.

Saturn has a remarkable appendage, consisting of three bright, flat, and
exceedingly thin rings, encireling its equator, and révolving with it around
its axis in aboutthe same time in which the planet itsclf revolves, The
whole breadth of these rings 18 27,000 miles, while their thickness does not
exceed 100 miles.  They are supposed to consist of a mixture of gases and
vapors, sufficiently substantial to cast a shadow. The three rings are de-
tached from each other, and lie in the same plane yery close together, while
the ininer one'is 19,000 ‘miles from the surface 'of the planet. They are pre-
vented from falling in upon the-planet by the centrifagal force generated by
their rapid revolution.

993. Uranwus (}t).—Uranus, the next planet-to Saturn,
revolves about the Sun in 84 of our years. There being no
spotsion its surface, we are unable to fix the period of its
revolution on its axis. It is attended by six moons, swhich
move from east to west (umdike the satellites of the other

What is the size of the largest of these' moons? Yhat relation subsists between their
orbits and motions?  What is the shape of Jupiter? "What has cansed the flattening
at the poles? With what is Jupiter's disk crossed? To what are these belts to be
attributed ? 992. What is the next planet to Jupiter? What is Saturn’s diameter?
How does‘its bulk compare with the Earth’s? Tts day? Tts year? How many
moons has Saturn? How is its disk diversificd? What remarkable appendage las
Baturn? Describe its vings, 093. What is the next planet to Saturn? What isthe
length of the year of Uranus? Its day? By what is it attended? How do its light
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394 ASTRONOMY.

planets) in orbits nearly perpendicular to that of the planet.
The solar heat and light of Uranus are only -1 of ours.

994. NEPTUNE (t).—Neptune, the most remote planet
of the solar system, is invisible to the naked eye. Seen
through the telescope, it looks like a star of the eighth
magnitude. (The diameter of Neptune is 39,800 miles,
which is 4,500 more than that of Uranus., Its rev-
olution around the Sun is performed in about 185 of our
years. Neptune has at least one moon, distant from it about
as far ag ours is from us,

The discovery of Neptune is one of the greatest trinmphs of which sci-
ence can boast, Comparing observations on Uranus, while it was still
thought to be the most distant member of the solar system, astronomers
found certain peréurbations or irvegularities, in its motions, which could be
aceounted for only on the supposition that there was some unknown planet
heyond it by whose attraction it was affected. Le Verrier thoronghly inves-
tigated the subject, and even went so far as to.compute the size agd distance
of the suspected planet, and to predict in what part of the heavens it would
be found at a given date. A letter from the French astronomer;, embracing

the results of his caleulations, reached Berlin, September 13, 1846 ; and that"

very evening, sweeping the heayens with bis powerful telescope, according
to Le Verrier's instructions, Dr. Galle discovered what was apparently a star
of the eighth magnitude not laid down on his chart, but was proved by its
change of place onithe following evening to_be a planet.—It is just to add
that Adams, an English astronomer, had, about the same time with Le Ver-
rier, made similar calenlations, and with nearly the same result.

995, REAL AND AppAReNT Posrriox or THE HEAVENLY
Bopmes—We seldom see the heavenly bodies in their real
position. This is owing fo two causes,—Refraction and
Parallax.

906, Effeet of Refrarvtion—Refraction, which has been
explained in the chapter on Optics, bends rays of light en-
tering our atmosphere from a rarer medium, and causes the
body from which they proceed to appear higher than it
really is. The Sun is thus made visible a few moments be-
fore he actually rises and after he sets. The effect of re-

and heat compare with ours? 994, What is the most remote planet of the solar sys-
tem? How does Neptune look, when seen through the telescope 7 What is its diam
eter? What is the period of its revolution ¥ How many moons has Neptune ? Give
an account of the circumstances under which Neptune was discovered. 985. Why do
we not see the heavenly bodies in their real position? 996, What is the effoct of re-
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fraction is greatest when a body is on the horizon, and
diminishes as it ascends towards the zenith, at which point
it entirely disappears.

997. Effect of Parallaz.—A planet seen from different
points of the Earth’s surfice appears to lie in different
positions. This is evident from Fig. 335.

The plavet € to an observer
at A seems to lie at F; to one A

at B it appears to lie at D. To I
avoid the inconsistencies which (L‘l\___—-v
would otherywise exist in obser- /2

vations made at different places,

the centre of the earth is faken as a standard point; and the true position
of a heavenly body is that point of the celestial arch which would be cut
by a line connecting the centre of the Barth with the centre of the body in
question, infinitely produced.

Parallax is the angle made by a line from a heavenly
body to the Earth’s centre and another line from the same
body to the eye of an observer,

1t is evident that, the nearer a heavenly body is, the greater isits parallax
The fixed stars are so remote that they have no appreciable parallax, The
Earth, if visible to them, would be nothing more than & minute point of light.
—The paraliax of a heavenly body is greatest when it is on the horizon. At
the zenith it wonld be nothing, becauseé from that point the lines to the ob-
server's'eye and the centre of the Earth yyould coineide.

998. Ecripses.—By an Eelipse of the Sun or Moon is
meant its témporary obscuration by the interposition of
some other body. An eclipse is called Total, when the
whole disk is obscured ; and Partial, when only a portion
1 darkened,

999. An eclipse of the Sun is caused by the Moon’s get-
ting between it and the Earth,and intercepting its rays.
This can happen only at new Moon, because, when between
us and the Sun, the Moon must present to as her unenlight-
ened side. »

fraction? 997, How does a planet seem to lie, when olbiserved from different parts of
the Earth's surface? Ilustrate this with Fig. 885, What is the true position of a
heavenly body? What is Parallax? What i3 said of the parallax of the fixed stars?
What would be the effect of refraction and parallax on the apparent position of a
Dbody fnourzenith? 998 What isan Eelipse? When is an cclipse called Total, snd
swhen Partial? 999, What canses an eclipse of the Sun? When alone can this hap-
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- 896 ASTRONOMY,

If the Moon’s orbit lay in the same plane as the Earth's, she would eclipse
the Sun every time she became new; but, as her orbit is inclined to the
ecliptic af an angle of more than 5 degrees, her shadow may fall above or
below the Earth at the time of her change.

‘When the Moon intervenes hetween the Sun and the Earth at such =z dis-
tance from the latter as to make her apparent diameter less than the Sun’s, s
singular phenomenon is exhibited. The whole disk of the Sun is obscured,
except a narrow ring arvound the outside encircling the darkened centre.
This is called an Annnlar"Eclipse, from the Latin ennulus, a ring.

1000. An eclipse of the Moon is caused by the Earth’s
getting between'it and the Sun. This can take place only
at full Moon, because when the Earth is between the Sun
and the Moon the latter must present her enlightened side
to the Earth,

Non-lumineus itself, when cut off from the solar rays, the Moon must be-
come-invisible. There is-this difference between an eclipse of the Sun and
the Moon: In the former; the Sun shines the same as ever, and its bright-
ness is undiminished to those who ave out of the Moon’s shadow. When the
Moon is eclipsed; on the other hand, she diffuses no light, and is dark to all
within whose range of vision she is situatedi—Solar eclipses occur more fre-
quently than Iunar. The greatest number of both that can take place in a
year, is seven; the smallest number, two; the usual number, four.

1001, When the Sun is totally eclipsed, the heavens are shrouded in dark-
ness, the starsimake theivappearance, the birds go to roost, the animals by
their nneasiness testify their alarm, and all nature seems tofeel the unnata-
ral deprivation of the light of day. It is not surprising that, when the cause
of the phenpomenon was unknoywn, it filled the minds of men with consterna-
tion.  Even at the presentday barbarous nations regard eclipses as indica-
tions of the displeasure of their gods. Columbus, on one occasion, when
wrecked on the coast of Jamaica; and in imminent danger hoth of starvation
and an aftack from the Tndians, saved himself and his men by taking advan-
tage of this superstitious feeling. From his acquaintance with astronomy,
he knew that an eclipse of the Moon was.about' fo take! place; and on the
morning of the day, summoning the natives around him, he informed them
that the Great Spirit was displeased bécause they had not treated the Span-
iards better, and wonld shroud his face from them that night. When the
Moon became dark, the Indians, convinced of the trath of his words, hastened
to him with plentiful supplies, praying ‘that he would beseech the Great
Spirit to*receive them agdin into favor. i

pen? Why is not the Sun eclipsed every time the Moon becomes new? What isan
Annular Eclipse? 1000. By what is an eclipse of the Moon cansed? When ean this
take place? What difference is mentioned between an eclipse of the Sun and the
Moon? Which oecurs more frequently? What 15 the usual number in & year?
1001, Describe the appearance of things during a total eclipse of the Sun. Iow do
barbarous nations regard eclipses? Iow did Columbus once save himself and his
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1002. Coxers.— Comet is derived from a Greek word
meaning /qir; and the ferm is applied to a singular class
of bodies belonging to the solar system, from which long
trains of light, called Zails, spread out like hair streaming
on the wind. They differ very much in appearance; but,
for the most part, they consist of a nucleus, which is a very
bright spot, apparently denser than the other portions; an
énvelope, which is a luminous foglike cover surrounding
the nucleus; and a ¢ail, which appears to be an expansion
of the envelope produced by solar heat.

The tails of different comets differ greatly in shape and extent. In some

this appendage is.entirely wanting; in others it has been found to extend .

120,000,000 miles.  Several tails have been exhibited at the same time ; the
comet of 1744 ihrew out no'less than six, like an enormous fau, over the
heavens. Even in the same comet the tail keeps changing, being largest
when near the Sun and diminishing as it recedes from that body.—The tail
lies on the opposite side of the nuclens from the San,—behind it, when ap-
proaching its perihelion, and preceding it when refiring from that point.

1003. Constitution.—The matter of which comets are
composed must be an exceedingly thin gas or vapor.

The nucleus is always bright, no matter what position in relation to the
Earth it may oceupy ; no phases are presented, as in the case of the planets;
this proves the nucleus {o be so rare that the solar light (swhich alone ren-
ders it visible) can penetrate it and be seen on the side opposite to thagwhich
it strikes. Again, comets have on different occasions passed very near the
planets, yet have neyer been found to cause any irregularities in' their mo=-
tions; while their own motions have been materially affected. The tail, in
particular, must be exceedingly rare, perhaps not wyeighing more than'a few
ounces, even when most extensive.

1004. Orbits, Velocity—The orbits of the comets are
either ellipses, parabolas, or hyperbolas.

If ellipses, they generally deviate very much from a circle; being length-
ened.out an immense distance in proportion to their breadth. Comets that
move in elliptical orbits return after a series of years; those that move in
parabolas or hyperbolas never reappear, but after wheeling about the Sun
dash off into the remote regions of space, perhapsito visit other systems.

Some comets at their perihelion pass very close to the Sun. The one that

men? 1002, What are Comets? Of what do they consist? What is said of the tails
of different comets? In the case of the same comet; what change takes place in the
tail? How does the tail He? 1003, Of what kind of matter must comets be com-
posed? Ilow is it proved that the matter of comets must be exceedingly rare?
1004 What shape arc the orbits of comets? In what case will the comet return?
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398 ASTRONOMY,

appeared in 1843 almost grazed its surface, approaching so near it that the
solar disk must have appeared 47,000 times larger than it looks to us, and
the heat received must have been twenty-five times greater than that re-
quired to melt rock-crystal.

1005. When near the Sun, comets move with incredible
velocity,—sometimes at the rate of over a million miles an
hour,

1006. Number—The exact number’ of comets can not
be determined. Over seven hundred have been seen and
enumerated. Multitudes have visited our system without
being seen from the Earth, in consequence of reaching their
peribelion in the day-time, or when the heavens were ob-
seured by mists and clouds. Arago estimated the number
that haye appeared or will appear within the orbit of Ura-
nus at 7,000,000 ; the same caleulation extended to Nep-
tune’s orbit would make the number 28,000,000.

1007, Comets were formerly regarded with superstitious terror as precur-
sors of war, famine, and other misfortunes. ' In more modern times the fear
of a collision made them formidable objects. This fear, however, has been
dispelled by the discovery of their great rarity. A collision, however fatal
it might be to the comet, would probably do little injury io a solid body like
the Earth.

The Fixed Stars.

1008. The Fixed Stars are so called in contradistinction
to the planets, because they maintain the same position rela-
tively to each other, not becaunse they are absolutely at rest.
They all move about some fixed point in immense orbits,
which it will take millions of years for them to complete.
Shining by their own light and not by reflection, they are
suns, and are probably mch the centre of a system ofits
own, .

1009. Magnitudes—Varying in size and situated at different distances

from us, the stars are not all of the same brilliancy. They are divided into
about twenty classes according to their brightness, and distingnished as stars

How near did the comet of 1843 pass to the Sun? 1005. What is the velocity of com-
ets; when near the Sun? 1006. What is the number of the comets? Whnt-prc\'onts
us from seeing many that visit our system ¢ What was Arago’s estimate? 1007. How
were comets formerly regarded? ITow are they now looked npon? 1008, Why are
the Fixed Stars socalled? 1009. How are the fixed stars classified? What are Tel-
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of the First, Second, &c., Magnitude: The stars of ihe first six magnitudes
are visible to the naked eye; the rest are called Telescopic Stars, because
seen only with the telescope. There are about 24 stars of the first magni-
tnde, 50 of the second, and 200 of the third; but the number in the lower
classes increases sorapidly as to be almost beyond enumeration,

1010. Constellaiions.—For convenience of reference; the stars are divided
into constellations, or groups, named after'animals and other objects to which
their outline bears some fancied resemblance, The twelve constellations of
the zodiac have been already named; there were thirty-six more laid off' by
the ancients in other parts of the heavens, The whole number has -been in-
creased in modern times to ninety-three. The stars in each constellation are
distinguished, according to their magnitude, first by the letters of the Greek
alphabet, then by those of the Roman, and when both are exbausted, by figures.

1011. Distance—The distance of the fixed stars is
absolutely incredible. None of them can be less than
19,200,000,000,000 miles from the Earth, while the greater
part are far more remote.

The recent improvements in telescopes have enabled astronomers fo com-=
pute the distance of nibe of the nearest stars. Sirivs, the brightest of them,
i found to be so far off that light, with a velocity of 102,000 miles a second,
is fourteen years in reaching us; from the North Star it is over 48 years.
The mind is lost in irying to comprehend such mighty distances; and yet it
will be remembered these are among the nearest stars.

1012. Several rematkable facts are worthy of note in connection with (he
fixed stars. Some of them wane for a time, so as to be classed in a lower
magoitude, and then resume their former brilliancy. Others, after vanishing
entirely for a season, suddenly reappear; these are called Periodical Stars.

Many stars (at least several thousand), when viewed through a powerful
telescope, are resolved into tiwo stars, one of which is generally much fainfer
{han the other. These are known as Binary or Double Stars. In some cases
the faint one may only appear to be near the bright one from lying in the
same direction, and really be millions of miles behind it ; butthere is gen-
erally, reason for supposing that the fainter luminary reyolves about the
brighter one in obedience to that same great law of gravitation which pre-
vails in our own system.—Some sfars, apparently single, are resolved into
three, four, and even six, by the telescope.

Many of the binary stars are tinged with complemcntar)' colors. The
larger one. is orange-colored, the smaller blue; or the one is red, and the

escopic Stars?  Tow many stars are there of the first magnitude? Of the second?
Of the third? 1010, How are the fived stars divided? How many- constellations
were 1aid off by the ancients? How many have been added in modern times? How
are the stars in each constellation distingnished? 1011, What is the distance of the
fixed stars? What is the distance of Sirius? Of the North Star? 1012, What aro
Periodical Stars? What aro Binary Stars? What relation secms to subsist between
tho brighter and fiinter star? Into what are some stars resolved? With what aro
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other green. Some of the single stars look blood-red ; but there are nons
that exhibit deep tinges of blue or green,

The size of several of the fixed stars has been calculated approximately.
Their diameters are found to be enormons,—in one case not less than
200,000,000 miles. Sirius, “the dog-star”, if set in the place of our Sun,
would look 125 times as large as he, and give us 125 times as much light.
Trillions of miles away; as it is, it dazzles the eye when seen through a pow-
erful telescope.

1013, Tue Garaxy.—The Galaxy, or Milky Way, is a
broad zone of light which stretches across the sky from
horizon to horizon, encircling the whole sphere and main-
taining ‘the same. position relatively to the stars. Exam-
ined through a powerful telescope, it is found to consist
entirely of stars, scattered by millions, like glittering dust,
on the black ground of the heavens,

1014. Nesurx.—Nebule are clusters of stars so distant
that they look like faint patches of clond hardly discernible
in the sky. They vary in shape, and are seen in different
quarters of the heavens.

Lord Rosse’s great telescope resolyes some of the nebul into individual
stars ; it.makes others appear bright, but not sufficiently so to be separated
iuto the stars that compose them; and it calls up from the depths of space
others which appear as faint even to its mighty maghifying power as those
which it resolyes appear tothe unaided eye. The milky way is itself one of
ihese nebul®, more distinet than the others because nearer to us.

From the facts set forth-we may conclude that the nniverse consists of o
vast number of distinct clusters of worlds, separated from each other by im-
mense intervals; that the fixed stars, the milky way, our Sun and its system,
form one of these clusters; that the various nebulw constitute other clusters,
fainter or brighter according to their distance from us,—each composed of
many different systems,—and haying its members separated as widely as.our
Sun is from the brother suns about him.

How can the mindtake in such mighty thonghts! How can the heart
refuse its homage to the great Creator of all these worlds!

many of the binary stars tinged? What ha been found with respect tothe diame-
ters of some of the fixed stars? Tow would Sirius look, if set in. the place of our
Sun? 1013. What is tho Galaxy ? How does it look-throngh a powerful telescope ?
1014, What are Nebule? THow do nebul® look through Lord Rosse’s telescope?
‘What may we conclude from the facts set fortli ?

METEOROLOGY.

CHAPTER XIX.

METEOROLOGY.

1015. MeTeOROLOGY is the science which treats of the
phenomena of the atmosphere. Among these are winds,
clouds, fog, dew, rain, snow, and hail,

Some of the phenomena of the atmosphere haye heen already described
and explained in connection with the yarious subjects that have engaged our
attention.

1016. 'Wixp.—Wind is air put in motion,

The motion of the airis the result of changes constantly going on in the
earth’s temperature, in consequence of the alternation of day and night and
the succession of the seasons. Those portions of the atmosphere that rest
on the hotter fegions of the earth become heated and rarefied, and rising
leaye a vacuum which is immediately filled by a rush of cooler air from the
surronnding parts. Currents are thus produced, which we call winds.

The direc#ton of the wind is determined by various local causes, modified
by the revolution of the earthion its axis. The latter, operating alone, would
make it appear to blow uniformly from the east; but the various projections
on the earth's surface, and the unequal distribution of land and water (the
latter of yhich is incapable of Deing heated to the same degree as the former),
—these and other agencies constantly at work combine to give the wind dif
ferent directions at different places, and to make it vary at the sanie place.

1017. Velocity.—The velocity of the wind is measured
with an instrument called the An-e-mom’e-ter.

There are several kinds of anemometers, One of the
best consists of a small windmill, with an index attached
for recording the number of revolutions made in a second.

1t is found with the anemometer thata wind so slight as hardly to stir the
leaves travels at the rate of 1 mile an hour; a gentle wind, 5 miles in the
same time; a brisk gale, 15 miles; a high wind, 80; a storm, 50; a hurri
cane, 80; a violent hurricane, 100,

1018. Ainds.—There are three kinds of winds; Con-
stant, Periodical, and Variable.

1015. What is Meteorology ? Mention some of the phenomena of the atmosphere,
1016, What is Wind? Whatputs'the airin motion? By what is the direction of the
wind determined? 1017, How is the velocity of the wind measured? Whatis one
of the best forms of the anemometer? How fast dues a scarcely perceptible wind
travel? Agentle wind? Albrisk gale? Astorm? A hurricane? 1018, How many
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other green. Some of the single stars look blood-red ; but there are nons
that exhibit deep tinges of blue or green,
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Their diameters are found to be enormons,—in one case not less than
200,000,000 miles. Sirius, “the dog-star”, if set in the place of our Sun,
would look 125 times as large as he, and give us 125 times as much light.
Trillions of miles away; as it is, it dazzles the eye when seen through a pow-
erful telescope.

1013, Tue Garaxy.—The Galaxy, or Milky Way, is a
broad zone of light which stretches across the sky from
horizon to horizon, encircling the whole sphere and main-
taining ‘the same. position relatively to the stars. Exam-
ined through a powerful telescope, it is found to consist
entirely of stars, scattered by millions, like glittering dust,
on the black ground of the heavens,

1014. Nesurx.—Nebule are clusters of stars so distant
that they look like faint patches of clond hardly discernible
in the sky. They vary in shape, and are seen in different
quarters of the heavens.

Lord Rosse’s great telescope resolyes some of the nebul into individual
stars ; it.makes others appear bright, but not sufficiently so to be separated
iuto the stars that compose them; and it calls up from the depths of space
others which appear as faint even to its mighty maghifying power as those
which it resolyes appear tothe unaided eye. The milky way is itself one of
ihese nebul®, more distinet than the others because nearer to us.

From the facts set forth-we may conclude that the nniverse consists of o
vast number of distinct clusters of worlds, separated from each other by im-
mense intervals; that the fixed stars, the milky way, our Sun and its system,
form one of these clusters; that the various nebulw constitute other clusters,
fainter or brighter according to their distance from us,—each composed of
many different systems,—and haying its members separated as widely as.our
Sun is from the brother suns about him.

How can the mindtake in such mighty thonghts! How can the heart
refuse its homage to the great Creator of all these worlds!
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‘What may we conclude from the facts set fortli ?
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1015. MeTeOROLOGY is the science which treats of the
phenomena of the atmosphere. Among these are winds,
clouds, fog, dew, rain, snow, and hail,

Some of the phenomena of the atmosphere haye heen already described
and explained in connection with the yarious subjects that have engaged our
attention.

1016. 'Wixp.—Wind is air put in motion,

The motion of the airis the result of changes constantly going on in the
earth’s temperature, in consequence of the alternation of day and night and
the succession of the seasons. Those portions of the atmosphere that rest
on the hotter fegions of the earth become heated and rarefied, and rising
leaye a vacuum which is immediately filled by a rush of cooler air from the
surronnding parts. Currents are thus produced, which we call winds.

The direc#ton of the wind is determined by various local causes, modified
by the revolution of the earthion its axis. The latter, operating alone, would
make it appear to blow uniformly from the east; but the various projections
on the earth's surface, and the unequal distribution of land and water (the
latter of yhich is incapable of Deing heated to the same degree as the former),
—these and other agencies constantly at work combine to give the wind dif
ferent directions at different places, and to make it vary at the sanie place.

1017. Velocity.—The velocity of the wind is measured
with an instrument called the An-e-mom’e-ter.

There are several kinds of anemometers, One of the
best consists of a small windmill, with an index attached
for recording the number of revolutions made in a second.

1t is found with the anemometer thata wind so slight as hardly to stir the
leaves travels at the rate of 1 mile an hour; a gentle wind, 5 miles in the
same time; a brisk gale, 15 miles; a high wind, 80; a storm, 50; a hurri
cane, 80; a violent hurricane, 100,

1018. Ainds.—There are three kinds of winds; Con-
stant, Periodical, and Variable.

1015. What is Meteorology ? Mention some of the phenomena of the atmosphere,
1016, What is Wind? Whatputs'the airin motion? By what is the direction of the
wind determined? 1017, How is the velocity of the wind measured? Whatis one
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402 METEOROLOGY.

1019. Constant Winds are those that blow throughout
the year in the same direction.

The most noted of these are the Trade Winds, which extend about 80 de-
grees on each side of the equator, a zone of 6 degrees near the centre known
as the Region of Calms being excepted. They blow uninterrauptedly on the
ocean from north-east to soufhi-west in the northern hemisphere, and from
south-east to north-west in the sonthern. The regions on the equator being
more heated than the surrounding parts, the air resting on them is rarefied,
and risipg flows over the cooler massestowards the poles, while cold air from
thelatter rushes-in below to supply its place. Were the earth stationary, the
trade winds wounld be due north on one side of the equator, and due =outh on
the other. The carth’s diurnal revolution, however, from west to east, mod-
ifies these directions so far as to make the north wind north-east and the
south wind sonth-east.

The trade winds are of great service to mariners, enabling them to make
certain voyages (for instance, from the Canaries to the northern coast of
South America) with great rapidity; and almost without tonching a sail. The
zone in which they prevail is noted for its transparent aimosphere; its uni-
formity of temperature, and general peaceful aspect; whence it has been
called by the Spaniards “ihe sea of the ladies .

1020. Periodical Winds are such as blow regularly in
the same direction at a-certain season of the year or hour
of the day. The monsoon, the simoom; and the land and
gea breezes, are periodical winds. :

The monsoons are modifications of the irade winds, which sweep, some-
times with.great violence, overthe Indian Ocean and the swhole of Hindostan.
For six monihs they blow from & certain quarter, and for the next six months
from the opposite one, owing to the change in the sun’s position, apd conse-
quently in the heat received at a given point.

The simoom, originatingin the deserts of Asia and Africa, is distingnished
by its scorching heat and the fine sand it carries with it, raised from the
parched surfaces if traverses. The simoom from the Desert of Sahara,
sweeping over thie intervéning regions, finally redches the northern shore of
ihe Mediterranean, and is there called the Siroeco.—During the continuanee
of this hot and deadly wind, the animal and the vegetable creation droop
with excessive exhaustion ; travellers on the desert save their Jives only by
throwing themselves down with their faces in the sand.

Land and sea breezes are produced by the unequal heating of land and

kinds of winds are there? Nume them. 1019, What are Constant Winds? TWhat
are the most noted constant winds? Where do the trade winds blow, and in what
direetion? Explain the origin of the trade winds. How do they benefit mariners?
What do the Spaniards call the region in which they prevail, and why ? 1020, What
are Periodical Winds? Mention some. Describe the monsoons. ‘E-Vhere does the
simoom originate, and by what is it distinguished? What is the Sirocco? What is
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water. During the day, the land receives more heat than‘the adjacent ocean,
the rarefied air in contact with it rises, and a gentle breeze sets in from the
sea about nine in the morning, which gradually increases to a brisk gale in
the middle of the day. About 3 p. a. it begins to subside, and is followed in
the evening by a land breeze, which blows freshly through the night: for
after sunset the land rapidly parts with its heat by radiation, and the air
resting on- if, becoming cooler than that'on the ocean, rushes to supply the
place of the latter when it rises in consequence of being rarefied.

1021. Variable Winds are those which are irregular as
to time, direction, and force, seldom eontinuing to blow for
many days together. They prevail chiefly in the temperate
and frigid zones, the winds of the torrid zone being for the
most part constant or periodical. ,

1022. Hurricanes—Hurricanes are storms that revolve
on an axis, while at the same time they advance over the
earth’s surface.

Hurricanes are distingnished by their tremendous velocity and greaf ex-
tent. They are often 500 miles in diameter, and sometimes much more. In
the southern hemisphere they always revolve in the same direction as the
hands df a watch; in the northern hemisphere, in the opposite direction.
There are three hurricane regions; the West Indies, the Indiad Ocean, and
the China Sea. In the last they are called Typhoons.

1023, Zornadoes.—Tornadoes, or Whirlwinds, are as
violent as hurricanes, but more limited in extent. They
are rarely more than a few hundred yards in breadth and
twenty-five miles in length. Though lasting but a few sec-
onds in a given place, they are frequently most disastrous
in their effects, prostrating forests, overturning buildings,
and ravaging the whole face of the country.

1024, Water-spouts—A Water-spout is a phenomenon
frequently observed at seay consisting of a column of water
raised sometimes to the height of a mile and tapering from
cach end towards the centre. It is supposed by some to
be produced by a whirlwind of great intensity; by others
it isattributed to electrical influences.

the effect of the simoom on the snimal world? When do land and sea breezes blos,
and how are they produced? 1021. What are Variable Winds? Where do they
chiefly prevail? 1022. What are Hurricanes? By what are they distinguished? In
what direction do theyrevolye? Name the three hurricane regions. 1023, What
are Tornadoes? Deseribe their effects, 1024, What is a Water-spout? By what is
it produced? Give an account of the way in which it'is formed. 1025, What dogs
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404 METEOROLOGY,

Water-spouts are formed as follows :—From a dark cloud a conical pillar
is seen to descend with its point downward. As'it approaches the water, the
latter hecomes violently agitated, and a similar eolumn rises from if, point
upward. The two finally unite, forming a continnous column from the eloud
to the water. After remaining joined for a time, they again separate into
two columns, one of which is drasn up inio the cloud, while the other pours
down in the form of heavy rain. Sometimes the two columns are dispersed
before a junction is effected.

1025. Aryospraeric: Morstore. — The atmosphere al-
ways contains more or less moisture, derived from the
earth’s surface, particularly those portions of it that are
covered yith water, by the process of evaporation. When
the air contains as much moisture as it is capable of holding
at any given temperature, it is said to be saturated.

The higher the temperature of air, the more moisture it is capable of re-
ceiving. At 82° F., it will hold only 14, of its awn weight of watery vapor;
while.at 118° it will reccive eight times as much, or ¥y, of its own weight.

1026. The earth gives outincredible quantities of moisture by evaporation:
Experiments prove that an acre of ground apparently parched by the sun
sends forth into the air over 3,000 gallons of syater in 24 hours. Of course
much greater quantities are evaporated from a moist soil and from surfiices
covered with water.

1027. The Hygrometer.—The amount of moisture in the
atmosphere is ascertained with an instrument called the
Hygrometer. Hygrometers are made on different principles.

In some, the degree of humidity is indicated by the elongation of a hair,
a fibre of whalebone, or'some othicr animal substance which readily absorbs
moisture and is increased in length by so doing. Tn others, it is shown by
the increase of weight in some substaice that absorbs moisture, such as
sponge, cotton, or potash. In the more delicate instruments, the degree of
moisture is shown by the greater or less facility with which it is condensed
from theair in the form of dew on & cold surface. The more moistare in the
air, the less cold will be required to condénse it into dey.

1028. Fog— Clouds—When the air is cooler than the
earth, the moisture imparted to it in the manner just de-
scribed is partially condensed and thus rendered visible,
forming either j0g or clouds. The only difference between
the two is in their height. When the condensation takes

the alr alyvays contain? When is it sald to o saturated ! On what does the amount
of moisture that air can receive depend? 1026. How much moisture does the earth
give out by evaporation? 1027, What is tho Hygromoter? Mention the different
principles on which the hygrometer is made, 1025, When are Fog and Clouds
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place near the earth’s surface, fog is the result; whenin the
upper regions of the atmosphere, clouds.

1029. Kinds of Clouds—Clouds are divided into dif-
ferent classes, the principal of which are the Nimbus, the
Cumulus, the Stratus, and the Cirrus.

The Nimbus, or rain-cloud, is a dense mass of vapor, of a leaden gray or
blackish color, with a lighter tint on its edges.—The Cumulus has the appear-
ance of xﬁany dense whitish clouds piled up one on another; or of a vast hem-
isphere with its base on the horizon, and peak rising above peak, looking
like huge hills of snow when illumined by the sun. The cumulus may be
called the cloud of day, and is an indication of fair weather.—The Stratus
consists of a number of horizontal layers of cldud, not very far removed from
the earth’s surface,  Forming at sanset and disappearing at sunrise, it may
be called the cloud of night.—The Cirrus (called caz’s Zaél by sailors) is a
fleecy cloud, composed of thin feathery filaments disposed in every variety
of form. 'The cirrus is the highest of all clouds, frequently reaching an alti-
tude of from three to five miles. It is no doubt often composed of snow-
flakes, as the temperature of the regions in which it floats must be cold
enough to freeze the watery particles.

1030. Dew.—When the moisture of the atmosphere
comes in contact with an object colder than itself, it is con-
densed and deposited on the surface. This is the way in
which Dew is formed.

A glass of ice-water on a warm day is almost immediately covered with a
fine dew. So, in winter, when a number of persons are in a warm room, the
moisture imparted to the air by their breath is condensed on the window-
panes. by the cold airwithout, and then sometimes frozen, giving them a
beautiful frosted appearance.—Just so, in the evening, when objects on the
carth’s surface are cooled down by radiation, the moisture of the atmosphere
18 deposited on them in the form of dew.

1031. Dew is never abundant except during calm serene nights. It is
generally more plentiful in spring and aufumn than in summer, because the
difference between the temperature of day-and night is' greater in those sca-
sons. The quantity of dew precipitaied on different bodies depends much
upon their nature. Thus grass and leaves will frequently be found glistening
with crystal drops at sunrise, when gravelled walks, stones; wood-work, and
metallic snrfaces, are comparatively dry—another striking proof of the wis-
dom yith ywhich Proyidence orders the economy of nature.

1032. Frost is nothing more than ﬁ'ozgn deyw.

formed? Whatis the difference between them? 1020. Name the different kinds of
clouds. Deseribe the Nimbus. The Cumnlus. The Stratus. The Oirrus. 1030. Un-
der what circumstances is Dew formed? What familiar Instances of the formation
of desy aro mentioned? 1031, When is dew most abundant? How does its precipi-
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1033. Ramn.—Rain is water taken up by the air in the
form of vapor and returned to the earth in drops.

When two masses of damp air differing considerably in temperature are
mingled, they become incapable of retaining the same amount of moisture
which they held while they remained apart. The excess is precipitated in
the form of rain, the vesicles of vapor under the influence of mutual attrac-
tion blending together and forming drops.

Some parts of the earth never’have any rain, vegetation, when it exists
at all, being supported entively by dew. ‘This is the case with Peru, the
Desert of Sahara, portions of Arabia and Egypf, and extensive districts in
Central Asia. = In other parts, for example Guiana, it rains almost con-
stantly., The Island of Chiloe has a rather moist climate; the people there
have a current saying, that it rains ‘six days in the week and is cloudy the
seventh. 3

1034, Sxow.—Snow consists of the watery particles of
the atmosphere frozen for the most part in a crystalline form.

Viewed through a microscope, snow-flakes exhibit-forms of great beauty
and endless variety. Between six and seven hundred different forms have been
distinguished, many of them helonging io the six-sided system of crystals,

Snow of a beautiful crimson' color and a delicate green has been found in

different parts of the world. These fints are due to minute plants or animal- -

culed in different stages of development.

1035, Hatn—Hail consists of globules of ice formed in
the atmosphere by the congelation of its moisture and pre-
cipitated to the earth.”

Hail is produced by an intense degree of cold in the atmosphere, and is
generally accompanied with electrical phenomena, Itis rare at the level of
the sea within the tropics, and in high latitudes is totally unknown, being
most abundant in temperate climates. Hail-storms seldom continue a quarter
of an hour, but while they last large quantities of ice fall. The stones are
generally pear-shaped, and frequently weigh ten or twelve ounces. Masses
weighing 6, 8, and even 14 pounds, have been known to fall.

tation show the goodness of Providence? 1032, Whatis Frost? 1083. WhatisRain?
Hoyw is rain formed? What parts of the earth never have any rain? Where does
it rain almost constantly ? 1034, OF what does Snow consist? What is the form of
snow-flakes? Of what color has snow sometimes been found? How is this neconnt-
ed for? 1035, Of what does Hail consist? How is it producad?  Where is it most
frequént? What isthe shape of hail-stones? Iow large have they been known
tofall?

FIGURES.

For the convenience of the pupil during recitation, the Figures
* towhich reference is made by letters are here reproduced. The
numbers correspond with those of the text,

Fig. 8.

Fig. 17T,
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[TOE FIGURES REFER TO PAGES, NOT TO SECTIONS]

A,

Aberraiion, ehromatic, 259,

Acoustics, defined, 274

Aetinism, 257,

Action, defined, 42. Equal {o reaction, 43,

Adhesion, defined, 21, Experiments il
lustrative of, 21

Adjuiage, different forms of, 155,

Aériform bodies, defined, 8.

Affinity, chemieal, 9,

Agents, defined, T.

Air, composition of, 9. Tends to stop
motion, 86, Resistance of the, 54; ef-
feot of, 50, 62, Exists in every sub-
stance, 166, ' Is impenetrable, 166; Is
compressible, 167, Iselastic, 167. ITas
weight, 168. Density of, at different
levels, 174, Effects of its rarity, 175,
Rarcfied by heat, 175. Navigation of
the, 177. Essential to life and combus-
tion, 184, Supports a eolumn of water
from 32 fo 34 feet high, 187, A non-
conductor of heat; 201,

Air-gun, the, 163.

Aér-pump, the, 177  Single-barrelled,
178.  Double-barrelled, 179. Experi-
ments with, 150

Alfred the Great, bis mode of measuring
time, 126,

Amazon, the, its fall, 156. Tts discharge,
156. ~

Anemometer, the, 401,

Angle; defined, 85, Vertex of, 35. Right,

] Anode, defined, 324.

Aphelion, of s planet, 374.

A pogee, 359.

Apple-cutlar, the, 180,

Aqueducts, of the ancient Romans, 183,

Are, defined, 34,

Arch, the voltaie, 828, Celestial, 834,

Archimedes, reasoned by induetion, 10,
Explained the propertics of the lever,
94 Discovered the leading principles
of specific gravity, 146, 'His screw, 162.
Fired the Roman fleet swith concave
mirrors; 194,

Awristotle, his doctrine respecting falling
bodies, 54.

Armaturs, of magnets, 835,

Ascending Bodies, 59, Height reached
by, 60.

Asteroids, the, 892.

Astronomy, defined, 863, Fnndamental
fucts of, 869,

Athermanous substances, defined, 206.

Atmosphere, the, 166, Presstire of, 169,
174 ‘proposed mode of transmitting
mails by the, 182. How heated by the
sun, 204.  Moisture of, 404,

Atomie Theory, 17.

Atoms, what the

Attraciion, of ¢ 3 200
lar, 21, Capil Between float-
ing bodies, 149, Electrical, 289, 290,
Magnetic, 837,

Atwood’s aching, 56, 5T,

Aurora borealis, 303,

35, Obtusc, 85, Acute, 35. Visual, 264. |

Awis, of a sphere, 71,

INDEX, 441

Bacon, Roger, invented spectaclos, 268,
Balance, the, 96. Of a swatch; 123,
Ballistic Pendwlum, the, 64

Balloons, why they rise, 53. Rose, why
they lose their buoyancy, 150. Inven-
tion of} 176,

Baromeler, the, 171. The wheel, 172.
Its use as a weather guide, 172,

Barometar gauge, the, 180

Base, of a body, 72.

Baitery, the electrical, 300. The galyan-
ic, 819; the trough, 320; Smee's; 320,
Daniell’s, 821; Grove's, 822; Bunsen's,
822; theory of, 823. The thermo-elce-
tric, 832. The relay, &61.

Bay of Fundy, tides of the, 15T,

Beam, a, of light, 230.

Bell, vacuum, 183. Electrical, 801,

Bellows, hydrostatic, 137. Prineiple of
the common, 170.

Bladder-glass, the, 1SL

Blindness, cause of, 263,

Boats, propulsion of, 160, Shape of, 161.

Bode, his law, 876.

Body, 8, what it is, T. A simple, 8. A
compound, 8. The simplo bodies, 8
When it stands and falls; 73

Boilers, how made, 225

Boiling, process of, explained, 203.

Botile, thousand grnin" 141,
tte Imps, 167, 182,

Breadth, defined, 12,

Breathing process of, explainod, 170,

Breezes, Jand and sea, 402.

Brewster, Str David, invented the kalei-
doscope, 241,

British Channel, tides of the, 157,

Brittlencss, defined, 23.

Buckeis, of a wheel; 153,

Buffon, his experlment wikh concave
mirrors, 194,

Burning, process of, 195,

Burning glasses, 243, 251,

<,

Calmes, region of, 402,
Calorie, 192.
Camera obscura, 206. Draughtsman's,
267, Daguerrcotypist’s, 207,
j U

Canals, principle of their construction,
184,

Cancey, tropic of, 358

Capillary A#draction, what it is, 146.
Cause of, 146, Familiar eéxamples of,
147. Laws of, 143, Interesting facts
connected with, 149,

Capricorn, tropic of, 883

Capstan, the, deseribed, 105,

Curbon, combines with oxygen to pro-
duce animal heat, 196,

Carbonic acid, found at the bottom of
wells, 140,

Cathode, defined, 524

Catoptrics, 230.

Centre, of gravity, 70. Of magnitude, T1.
Of motion, 71.

Centre of gravily, what it is, 70. How
to find it; 71, In man, 77. Tends to
get as low as possible, 78

Centrifugal Force, defined, 87, Exam-
ples of, 88, 89. Law of the, 89, Itsef-
fect on revolving bodies, 89, Apparatus
to illustrate the, 40. Gave its form to
tho earth, 41,

Centripetal Foree, defined, 57.

Ceres, when diseovered, 375.

- Chemical action, a source of heat, 195

Chemical affinity, 9.

Chemistry, ({enned‘ 9,

Chinese, the, early acquainted with gune
powder, 63, First used the magnet in
navigation, 842,

Chord, what it is, 285,

Chards, voeal, 256.

Chromatics, 254.

Chronometers, how perfect, 127,

Circle, defined, 34, Simple galvanie, 319,
The arctic, 339, The antarctic, 350,

Circumference, defined, 34, How divid-
ed, 39,

Clirrus, the, defined, 405,

Clepsydr, the, 126, Deseribed, 158, In
vented by Ctesibius, 187,

Clocks, how regulated, 0S. History of
126. Pendulum spplied to, 126, Works
of, 127, Electro-magnetic, 864,

Clouds, how formed, 404, Kinds of, 405,

Coat, choroid, 262. Sclerotic, 262

Cogs, what they are, 123,

Cohesion, defined, 21.

Cold, whal it is, 192,
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Colors, the primary, 255.  Difference of;
explained, 256. Complemeontary, 257,
Columbus, his discovery respecting the
variation of the compass, 343. Saved
himself and his men by predicting an

eclipse, 896,

Combusiion, what it is; 195, Produoces
most of our artificial Jight, 231,

Comets, what they consist of, 897, Their
orbits, 397. « Their velocity, 897. Their
number, 393

Compass, land or surveyor's, 841, Mari-
ner's, 842, Boxing the, 342

Compressibility, 19, Ofgir, 20.

Concord, 285,

Condensation, 212, Ofsteam, 218.

Condengser, the, 134. Of the steam-en-
gine, 222,

Conductometer, the, 199.

Conductors, of heat, 199. ' Of clectricity,
293,

Conjunction, 879.

Constellations, 886, 399,

Convection, of heat, 202,

Copernicus, rovived the true theory of
the universe, 370,

Cornea, the, 261, Use of, 262.

Couroniie des tasses, the, 520,

Crank, the, 124.

Orown-wheel and pinion, 123,

Crutek, the, of an escapement, 127,

Clesibius, invented the lifting-pump, 186,
Inyented the elepsydra, 187 Supposed
10 haye invented the water-organ, 284,

Cumulus, the, described, 405,

Cup, Tantalus's, 186. The phosphorns, 305.

Cupping-glasses, principle of, 175,

Curb; of a watch, 129.

Curyes, magnetic, 898,

Cylinder, defined, 86,

D.

Daguerréotype process, the, 263.

Dams, should increaso in strongth at the
base, 136,

Dead-point, the, of & crank, 125

Density,19. In optics, 246.

Descartes, advanced the undulatory the-
ory of light, 229,

Derw, how formed, 405.

Diagonal, defined, 85.

Diamagnetism, 367,

Diameter, defined, 84.

Diathermanous sulgtances, defined, 208,

Dionysius, ear of, 281.

Dioptrics, 246,

Dip, magnetic, 840.

Direciion, line of, T1.

Discharger, the jointed, 208. Tho uni-
versal, 208,

Discord, 285.

Dispersion, o1 light, 259.

Distillatéon, process of, deseribed, 212,

Diving-bell, the, 166.

Divisibility, defined, 17. Instances of, 18.

Double cone, may be made to roll up an
inelined plane, 80.

Draft, how produced in a chimney, 176.

Driver, the, 120,

Drum, the, 953,

Ductility, defined, 26. Of platinum, 28.
Of gold, 26, Of glass, 26.

Du Fay, his theory respecting electrici-
ty, 201

. j DN

Ear, the human, 287,

Earth, the, owes its form to the centrifu-
gal forece; 41. Mognetic poles of) 844.
Form of, 352. Motions of, 833, Orbit
of, 334. Phases of, to the moon, 890,
How it would look from the fixed stars,
895,

Ear-trumpet, the, 250,

Echoes, 279.

Eelipse, of the sun, how produced, 895.
Annular, 306, Of the moon, 396,

Eeliptic, the, 385, Obliquity of, 835.

Eel; the Surinam, 816,

Elasticity, defined, 24. Perfect, 24. Be-
longs to hard solids, 24. Of stecl, 24
A Timit to, 25,

Electricity, a source of light, 232, What
it is, 289, Bources of, 200. Developed
by friction, 200. Vitrcous, or positive,
291, Resinous, or negatiye, 201. Na-
turae of, 201, Conduction of, 293. Path
of, 204. Velocity of, 204, Machines for
developing, 204; experiments with, 801,
Mechanical effects of the passage of, 304,
From steam, 310. Atmospheric, 310.
Voltaic, 316. Difference between fric-
tional and voltaic, 324. Developed by
heat, 832. Connection between mag-

INDEX.

netism and, 852. Developed by mag-
netism, 866.

Blectrics, 293.

Electrodes, what they are, 823.

Flectro-magnetism, defined, 349. As a
motive power, 857.

Flectro-magnets, 836, 857.

Electro-meiallurgy, 326.

Electrometor, the, 809. Tho quadrant;
809,

Electrophorus, the, 308

Electroseope, the, 808,

Hlectratyping, process of, described, 827.

Elements, sixty-two in number, S. Di-
vided into metals and non-metallie, 8,
The non-metallic enumerated, 9.

Endless Band, 121.

Fndosmose, 150.

Engine, defined, 83. Atmospheric, 219,
Steam, 219, Hero’s, 219. Marquis of
‘Worcester's, 220. Savery's, 221. New-
comen's, 222, Watts), 222. The low
pressure, 226. The high pressure, 226
The locomotive, 226.

Egquator, the magnetic, 841, The celes-
tial, 885,

FEquildbréum, stable and unstable, 79,

FEguinoctial, the, 385, -

Eguinowes, 335. Precession of the, 856.

Escapement, of clocks, 12T. Of watches,
128,

Esquimauaz, why they thrive on fat, 196,

Evaporation, 211,

Erosmose, 150,

Eopansibility, 19, Ofalr, 20,

Expansion, 207,

Fzperiment, what it consistsin, 10,

PBriension, defined, 12.

Eye, the, 260. Parts of;261. Adaptation
of, 205.

F.
Fakhrenheit, his thermometrical seale, 214.
Falling bodies, vélocity of, 54 Taw of,
6. Rules relating to, 53,
Faraday, his theory respecting electric-
ity, 202.
Fata morgana, 248.
Figure, defined, 12,
Firs, St Elmo's, 811,
Fire-alarm, electro-magnetic, 865
Firc-lial(s, 312.

Fire-éngine, prineiple of the, 188

Fire-escape, the, 10T,

Fire-house, the electrical, 807.

Fish, how they rise and sink in water,
145,  Flectrical, 316,

Flame, how produced, 195;

Float-boanrds, 158.

Fluids, embrace liquids and aériform bod-
ies, 8. Differance between them and
solids, 8. Non-elastic, 25, Elastic, 25.
Division of elastic, 165,

Flute, the, principle of, 283,

Flyer, the electrical, 305.

Fly-wheel, the, 125,

Foeus, the principal, 242. The virtual, 244

Fog, how formed, 404,

Follower, the, 120.

Force, defined, 26. Striking, 31. Cen-
trifugal, 37. Centripetal, 87,

Forge-hammer, the, 124.

Fountains, how high they rise, 182, Vac-
uum, 181,

Franklin, his theory respocting electric-
ity, 202. Proved lightning to be pro-
doced by an electrio discharge, 312.
Invented the lightning-rod, 815,

Friction, what it is, 37, 85, How it op-
poses motion, 85, Kinds of, 85. Slid-
ing, converted info rolling, 86. Laws
of, 86, 8T, Modes of lessening, 87. Uses
of, 88. Of one wheel on another, 120
Of water against the sides of pipes, 155
Of o stresm against its banks, 156, En-
ables the wind to produce waves, 156,
A source of heat, 197, A source of elec-
tricity, 200.

Frost, what it ig, 408.

Fulerum, what it is, 94.

Furnace, of a steam-engine; 226.

Fusee, of a watch, 128

G.

Galazy, the, 400,

@alileo, his: doctrine respecting falling
bodies, 54. TInvented the pendulum, 67,
First made s practical use of the tele-
scope, 272. Established the truth of the
Copernican system, 87L

Galle, Dr., discoyered Neptune, 894

Galleries, whispering, 281

Galvani, discovered voltaic eloctriclty,
817, His experiment, 817,
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Galvanism, 816, (For particwlars, s¢6
Voltale electricity.)

Galvanomeier, the, 8351, With astatic
needle, 852,

Gamut, the, 234

Gases, what they are, 165, - Specific grav-
ity of, how found, 143. Exhibit endos-
mose and exosmose, 150, Conducting
power of, 201. Expansion of, 210.

Gearing, whatitis, 121,

Gioia, Flario,improved the compass, 342.

Glottis, the, 256,

Governoy, the, 225,

Gravitation, defined; 20, Cirenmstances
attending its discovery, 47.. Facts .cs-
tablished respecting it, 47. Direction
of, 48. TLaws of; 49,

Grdvity, terrestrial, 46, Laws for the
force of, 49. Sometimes causes bodies
to rise, 53, Centre of, 70. Used as a
motive power, 8. Bpecific, 139. Ta-
bles of specifie, 144,

Gugiicks, inyented the sir-pump, 177.
is famous experiment,
eontrived an electrical machine, 295,

Gunnery, 68,

Gunpowder, principle on ywhich it acts,
63, Invention of; 63. Apparatus for
firing, with electricity, S05.

Gudia percld, used for endless bands, 121. |

.

Hadl, its disastrous effects, 50, How
formed, 406,

Hair-spring, the, of a watch; 128,

Jialoes, what they are, 260,

Hand-glass, the, 180,

IHardness, defined, 22,  Wanting in flu-
idls, 22. ' Of various solids compared, 22.

Harmony, what it is, 285,

Harp, Eolian, 283,

Heal, what it is, 192, Free, or sensible,
192, Latent, 192, Theories respecting,
103, Has no weight, 103. Sources of,
193. The sun's, 194 ; how it may be
increased, 194; how far i% penetrates
into the earth, 104, Below the earth's
surface, 104. Produced by chemical
action, 195, Animal, or vital, 198. Pro-
duced by mechanieal action, 108, From
friction, 197. From percussion, 107.

Produced by eloctricity, 195, Diffusion |

of, 198; by conduction, 189; by con-
vection, 202; by radiation, 203. Radi-
ant, 2043 law of, 204; reflection of, 205
absorption of, 206; transmission of, 208.
Effects of, 207. Instruments for meas-
uring, 213. Specifie, 216.

Ileligs, the, 855, Magnetizing power of]
853, Itself a magnet, 3065,

Memispheres, the Magdeburg, 178,

Iero, his steam-engine, 210,

Herschel, his telescope, 273, Discoyered
Uranus;3io.

Hiero, golden erown of, 145.

Hooke, Dr.yadded the hair-spring to tho
balance, 127,

Zorizon, the sensible, 854. The rational,
334, Poles of the, 835.

Horsa, the, strength of, 52.

ITorse-power, defined, 84,

Humor, aqueons, 261.  Vitreous, 261.

Tlurricanes; 403,

Ifuygens, applied the pendulum to clock-
work, 67, Unfolded the undulatory
theory of light, 229,

Mydravlics, defined, 152.

IfTydrauiicon,the, 284,

Hydrogen, the lightest substance known,
14, Used for inflating bulloons, 176.
Produces musical sounds, 264,

ITydrometer, the, 142,

Iydrostatics, defined, 180. Law of, 181.

static paradox, 187, Ilydrostatie
137. Hydrostatic press, 188,
Hygromeéter, the, 404.

¥.

Iece, process of iis formation, 210.
Teeland spar, exhibits double refractiox,
252

Image, an, what it is, 239,

Impenetrability, defined, 13. Of alr, 13,
Instances of] 13, -

Tacandescence, 213.

Inoz'duzce]nngle of;46. Equal to anglo
of reflection, 46,

Inclined Plane, the, 110. Law of, 110,
Practical applications of, 111. Taw of
bodies rolling down, 111.

Indestructivility, defined, 13. Imstances
of, 13. Anecdote illustrative of, 13.

Induction, electrieal, 509, Magnetic, 346.
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Inertia, defined, 15. Examples of, 15, |
« Experiments illustrative of, 15,16, Pro-

portioned to a body's weight, 1T.

Instruments, optical, 266, Stringed, 252.
Wind, 253

Insulators, 294,

Zridiwm, one of the hardest metals, 22.
The heaviest known substance, 144,

Jris, tire, 261, Use of, 262.

Jron, great tenacity of, 23,

J.
Wanr, the Leyden, 200.
Juno, when discovered, 875,
Jupiter, velocity of light ascertained from
the eclipses of one of its moons, 234. Iis
seasons, 350. Details of the planet, 892.

K.
Kaleidoscape, the, 241,
Kepler, his lnws, 81T,

L.

Lamp, principle on which it burns, 147.

ZLandes, shepherds of, 78.

Zantern, a species of wheel, 123, Origin
of the, 126, The magic, 271, Phantas-
magoria, 271,

Larynwx, the, 256,

Lara, discharge of, accounted for, 195,

Leqres;what they arve, 122.

Length, defined, 12,

Léns, the erystalline, 261

Lenses, what they are, 246. Classes of,
249, Refraction by convesx, 250. Re-
fraction by concave, 251. Achromatic,
259,

Le Sage, first attempted to transmit mes-
sages by eleetricity, 268,

Lepel, thespivit; 134, The water, 185.

Lever, what it is, 84. Of the first kind,
94, 95. Practical applications of the,
08 100,102, The bent, 99, The com-
pound; 89, Of the second kind, 99 Of
the third kind, 101 Perpetual, 104
Often combined with the screw, {15,

Le Verrier, his prediction verified by the
discovery of Neptune, 324

Life-boats, principle of, 144,

Life-preservers, principle of, 144,

Light, what it is, 220, Corpuscular the-

ory of, 220, Undulatory theory of, 220,

Sources of, 231. Of the sun, 232, Of the
stars, 232, Propagation of, 282. Veloe-
ity of, 233, Intensity of, at different
distances, 234. Reflcotion of, 236, Re-
fraction of, 245, Laws of refracted, 246.
Polarization of, 253. Dispersion of, 259.
The eléctric, 828. The zodiacal, 873;

Lightning, 312, Effects of, 813.

Lighining rod, the, 813,

Lights, northern, 303.

Line, a right, defined, 84. Parallel lines
defined, 84. A curve, 84 The neutral,
of'a magnet, 534,

Liguefaction, 210.

Ziguids,defined, 8, How they differ from
solids, 130, Have little echesion, 131.
Compressibility of, 131, Not devoid of
elasticity; 131, Pressuro of, 185, Rule
for finding their pressure on thebottom
of o vessel, 187. Specific gravity of, 141
Exhibit endosmose and exosmose, 150.
Flow. of, through-orifices, 152. Flow
of, in pipes, 155. Conducting power of,
201. Expansion of, 209. Converted
into vapor by heat, 211. Good con-
ductors of sound, 276,

Living Forees 31,

Loadstone, deseribed, 534,

Lock, on a canal, 134,

Locomotive the, 226,

Lubricants, 87,

Lunygs-gluss, the, 151.

L.

Mackines, what they are, 5. Can not
create power, 88, Lawof, 89, Advan-
tages of using, 90. All, combinations
of the sitmechanical powers, 120. Must
be regular in their motion, 125, For
raising water, 161, Electrical, 204. Cyl-
inder, 205, 200, Plate, 207. Hydros
electrie, 310, Magncto-glectrio, 367,

AMagic lantern, the, 271,

Magnetism, defined, 533. Theory of, 843.
Terrestrial, 8445 intensity of, 845. By
induction; 846. By the sun’s rays, 847
By contact with a magnet, 347. De-
veloped by electricity, 340. Connection
Detswveen electricity and, 852,

Magneto-electricity, 366. Modieal use of,
367,

Magnels, what they are, 888, Natural,
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834. Poles of, 334, 837. Power of nat-
ural, 385. Armed, 335, Artificial, 385,
Bar, 836. Horse-shoe, 836, "Compound,
836.  Power of, how increased and di-
minished, 837. Attraction of, 337; law
of, 838. Polurity of, 888, Production
of artificinl, 345,

Magnifying glasses, 251.

Main-spring, the, of o watch, 128,

Malleability, defined, 23, Of the metals,
25, 206.

Mariotte's Law, 185

Afars, details of the planet, 391,

Matter, defined, 7. Ponderable, 7. Im-
ponderable, 7. Forms of ponderable; 7.
Properties of; 12.

Machanical Powers, the, 94,

Mechanics, defined, 26,

Medium, n, what it-48 251 A-umiform,
231, A dense, 246, A rare, 246.

Melody, what it is, 285,

Meniscus, what it is, 249,

Mercury, details of the planet, 851,

Meridian, the magnetic, 240,

Metals, the principal, 9, Specific gravityof
various, 144 Precious, how testad, 145,
Protection of, by voltaic clectricity, 828,

Heteorology, defined, 401,

Metius, supposed - to have invented the
telescope, 272,

Micrascope, wonders revealed by the, 18,
270, What it is 263, The single; 263,
The compound, 269, Solar, 270, Oxy-
hydrogen, 270,

HMilkzy way, the, 400,

A, Barker's, 161.

Aill-stones, how made in France, 143,

2hrage, 243,

Airrors, concave, Roman fleot fired with,
194 What they ‘are, 237 Plane, 238,
Concaye, 238, Converx, 233, Reflection
from plane, 240, Tmages formed by
plane, 241. Reflection from concave,
242, Reflection from convex, 244,

Hississippi, the, its discharge, 156.

Miztures, freezing, 211,

Mobility, defined, 20,

Momentum, what it is, 20, Rule for find-
ing the, 80.

Monsoons, 408,

Alontgolfier brothers, balloons inventod
by the, 176,

Aoon, the, 339, Produces tides, 157, Size
of, 839. Motions of, 359, Phases of, 390:
New, 390. Gibbous, 590. Full, 890
How it appears through the telescope,
801, Eclipses of, 896.

Moons, of Jupiter, 892, Of Saturn, 893
Of Uranus, 898, %

Maorse, his telograph, 858, His telegraphic
alphabet, 361,

Dotion, what it is, 27. Absolute, 27. Rel-
ative, 27, Kinds of, 28. Uniform, 28.
Accelerated, 29. Retarded, 20, TFirst
law of, 86. Second law of, 41, Simple,
41, Resultant, 41. Parallclogram of,
42, Third law of, 43. Reflected, 45;
law of, 46, Rotary, may keep a body
from falling, 76. Perpetual, 89, Cir-
cular, how converted into rectilinear,
124, Alternsteup-and-down, how pro-
duced, 124. Real and spparent, of the
planets, 350

Motive Powers, 51.

Mdliplying Glass, the, 252.

Muschenbrogek, his clectric shock, 800.

N.

Nadir, the, 335,

"Natural Philosophy, defined, 9. Modes
of Investigation In, 10. Branches of 11

Nebule, 400.

Needles, maznetic, 836, Horizontal, 336.
Dipping, 336, 341. Astatic, 339. How
to magnetize, 847, Effects of electric
currents on magnetic, 840,

Neptune, when discovered, 875, First
called Le Yerrier; 875, Details of the
planet, 894,

Nerve, optic, 261, 262. Acoustic, 283,

Newcomen, his steam-engine, 222,

Newton, discovered the law of grayita-
tion, 47. Held the corpuscular theory
of light, 229,

Nimbus, the, described, 405,

Non-conductors, of heat, 199, Of elée-
tricity, 203.

Non-electrics, 203,

Non-luminous bodics, defined, 230,

North star, distance of the, 509

0.
Observation, what it consists in, 10.

Occultation, 880.

INDEX.

Qcean, the surface of, spherical, 18L
Pressure of, at great depths, 136.

Octaves, what they are, 284,

Qersted, discovered the phenomena of
electro-magnetism, 849.

©il, how extracted from seeds, 112

Opaque bodies, defined, 231,

Opera-glass, the, 273,

Opposition, 879.

Optics, defined, 220.

Organ, the, 354

Orifices, velocity of streams flowing
through, 153. Course of streams flow-
ing through, 154, Volume discharged
from, 154.

Owygen, promotes combustion, 195, Com-
bines with carbon to produce animal
heat, 196. ‘

P,

Paddles, of a wheel, 160,

Pallas, when discoversd, 875.

Puallets, of an escapement, 127, 120,

Parachute, the; 55.

Paradozes, 50, Hydrostatic Paradox, 137,

Paraliax, 893.

Parallalogram, defined, 35, Of motion 42.

Pascal, constructed the first barometer,
171

Peneil, n, of light, 230, A diverging, 230.
A conyerging, 230.

Pepdulum, the, what it is, 65. Laws of
its vibration, 65, 66. Application to
closk-work, 67, Vibrates differently in
different latitudes, 67. Effect of heat
on its vibrations, 63. Compensation, 68.
Gridiron, 6S. Ballistic, 64. Its use in
clock-work, 127.

Penwmbra, the, 235.

Percussion, & source of heat, 187. A
gource of light, 232,

Periges, 389.

Perihelion, of a planet, 874,

Perspective, the magie, 242,

Porturbations, 894,

Phantasmagoria, 212

Philosophy, natural, 9. Meaning of the
term, 9.

Plotographic process, the, 263,

Physics, another name for Natural Phi-
losophy, 9.

Pile, Volta's, 818, The dry, 322,

Pinions, defined, 122.

Pipes, flow of liquids in, 155.

Pisa, tower of, 75. Scene of an interest-
ing experiment, 54.

Pistol, the electrical, 304,

Planets, the, 873, Secondary, 874. Pri-
mary, 874, Inferior, 874 Superior, 874
Orbits of, 374. Table of; 875. Aspects
of, 378. Are they inhabited, 350,

Plating; 826.

Pneumatics, defined, 165,

Points, the cardinal, 341. ©f the com-
pass, 842.

Polarity, magnetic, 338,

DPolarization, of light, 252

Poles, of a galvanic battery, 323. Of nat-
ural magnets, 334, Of artificlal mag-
nets, 837. Magnetic, of the earth, 844
Of the horizon, 385.

Pores, what they are, 18,

Porosity, defined, 19. Of varions sub-
stances, 10,

Powers, the mechanical, 94

Press, hook-binder's, 115. Bramah's hy-
drostatic (orhydraulic), 138,

Pressure, of liquids, 135, Of the atmos-
phere, 169,

Prisms, refraction by, 248. Decompose
light, 255,

Projectile, a, what it is, 60.. Forces by
which it is aoted on, 61. Path of, 61.
Random of, 62.

Propelier, the screw, 160. .

Properties, universal, 12. Accessory; 12,

Ptotemy, his system of the universe, 370.

Pulley, the, 106, The fixed, 106, Tha
movable, 107,  White's; 105. Much of

its advantage lost by friction, 109,

Pump, the chain, 162, The lifting, 1306,
The forcing, 187. The centrifugal, 180
The stomach, 190,

Pupil, the, 261. Of beasts of prey, 262

'J'yr(lmids, the most stable of figitres, 4
Egyptian, T4.

Pyromeler, the, 215,

Pyronomaics, defined, 192.

Pythagoras, the first to use the term
philosophy, 9. Taught the true theo-
ry of the solar system, 370,

Q.
Quadrant, defined, 35.
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Quadraturs, 819,

Quadrilateral, defined, 85,

Quarter, first, of the moon, 390, Third,
of the moon, 800,

R.

Race, o, what it s, 158,

Rack and pinion, 124.

Radiation, of heat, 204.

Radivs, defined, 34.

Radius Vector, the, 87T,

Rain, 408,

Rainbow, the, 250. Primary and second-
ary, 260, Lunar, 260,

Ram, the hydrautic, 163;

Random, 62. At what angle it i3 great-
est, 03,

Rar#y, 19, In optics, 246,

Rays, what they are, 280. Incident, 236

Reastion, defined, 45. Equal toaction, 43,
Examples of, 48, Often nullifics ac-
tion, 43,

Reasoning, by induction, 10,+ By analo-
gy, 10. z
Regwmur, his thermometrical scale; 214,

Receivers, 177,

Reetangle, defined, 36,

Refiection;angle of, 46: Eqnal to angle
of incidence, 46, Of light, 2863 great
law of, 233

Reefraetion, 245, Atmosphicric, 247, By
convex lenses, 250. By concave lenses,
251, Double, 252, Its effcet on the
apparent position of the heavenly bod-
ics; 804,

Refractory substances, defined, 210.

Refrigerators, what their sides are filled
with, 200,

Kegulator, of a swatch, 120,

Repulsion, between the particles of atr
form bodies, 21. Between solids and
liguids, 147. Elestrieal, 290.

Resisdince, what it is, 27 Appears in’
yarious forms, 84.

Reest, what it'ds, o7, Absolute, 27. Rel-
ative, 2T,

Restitution, foree of, 24

Retina, the, 261, 262, Imagoes formed on,
264.

Rhodium, one of the hardest metals, 22,

Rivers, velocity of, how retarded, 156.

Locking Horse, the, 76.

|
|

Rocking Stones, 79.

Rocks, how rent, 130.

Roemer, first used merenry in the ther-
mometer, 214, Discovered the veloci-
ty of light, 284,

Rope-dancers, how they balance them-
selves, T8

Rosse, Earl of, his telescope, 273,

Rolation, electro-magnetis, 853,

Rubber, the, 280,

S

Stfes; what the sides are filled with, 200,

Sap, how it ascends and descends in
plants, 151,

Saturn; details of the planet, 893,

Savery, his steam-engine, 221.

Seuls, diatonie, 285,

Scape-whegl, the, of n wateh, 127.

Serew, the,what it consists of, 114, Kinds
of, 114. Advantage gained by, 114
Practical uses of, 110. Hunter's; 116
The endless, 117 Archimodes', 162.

Seasons, the changa of, 336.

Sea-water, heavier than fresh water, 144

Ses-sanw, the electrical, 801,

Selendte, polarizes light, 2954, :

Self-lumingus bodizs, defined, 230,

Shadorws, 235,

Shocky the eclectrie; 209; anecdote con-
nected with, 800,

Shower, the mercury, 182,

Signal key the, 860,

Rilurus electrious, the, 816,

Simoom, the, 402,

Séphon, the, 185,

Sirius, its light compared with the sun's,
232. Distance of, 309,

Sirocco, the, 402,

Sting, theprinciple on swhich it aets, 38,

Smoke, why it rises, 176.

Snow, protects vegetation, 202, How
formed, 406, Colored, 406. >

Solide, defined, 7. Differonce between
them and fluids, 8.  Specifie gravity of,
1427 Porosity of, proved with the afr-
pump, 184, Expansion of, 207, Melt-
ed by heat, 210,

Solstices, the, 333

Sonorows bodies, defined, 275,

Sound, natare of, 274, Transmission of,
275, Velocity of, 277. Distance to

INDEX,
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which it is transmitted, 278. Interfer- | Stratus, the, defined, 405,

ence of, 279, Reflection of, 279. A mu-
sical, how produced, 281; loudness of,
231 ; pitch of, 251; quality of, 281,

Spark, the electrie, 207. Color of, 806.
Length of, 807, Ignition by, %07,

Speaking-trumpet, the, 279,

Bpecific gravity, 139. Of liquids, 141.
Tables of, 144, How to ascertain the
weight of & body from its, 145,

Spectacles, 263.

Specirum, the solar, 255, Properties of
the, 257, Dark lines in the, 258,

Specudum, a, what it is, 237,

Sphere, defined, 86.  Axis of, 36,71, Poles
of, 36. Equntor of, 36.

Spheroid, obl Prolate, 85

Spirit-level, the,

Spois; solar, 8TL

Springs, used as a motive power, S2.

Springs, origin of, 133. Hot, acconnted
for, 195.

Square, defined, 36.

Stability, of bodies, 72. Depends on the
position of the centre of gravity, 75.
How increased, 76. Of a sphere, how
increased, 70.

Stammering, 287,

Stars, the, a source of light, 232. Magni-
tudes of, 398, Distance of, 399, Peri-
odieal, 899. Binary,899. Telescopic, 399,

Staves, of wheels, 123,

Steam; the most effective of motive pow-
ers, 83, Generation of, 216. Tempera-
ture of, 217. Propertias of, 217. Con-
denzation of, 218. Electricity from, 810,

Steam-engine, lero's, 219. De Garay’s,
220, Of De Caus, 220. Branca's, 220,
Marquis of Worcester's, 220. Papin’s,
221. Savery’s, 221. " Newcomen's, 222,
Watts', 222. Parts of the, 223, 224, The
low pressure, 226. ' The high pressure,
226, The locomotive, 226; history of,
221,

Steel, elasticity of, 24

Steelyard, the, 87,

Stephenson,improyed the locomotive, 223,

Stethoscope, the, prineiple of, 278,

8t Helena, tides st, 15T,

Stéll, the, described, 212,

Stilts, used by French shepherds, 78,

Stool, the insulating, 208,

Strength, of men and animals, nsed as o
motive power, 82, Of materials, 81. Of
rods and beams, 91,

Striking Foree, 81. Difforence botween
it and momentum, 81, Rule for find-
ing tho, 31 >

Strings, of musical instraments, 282.

Sucker, the, principle of, 170,

Run, the, a source of heat, 193. A source
of light, 232. Size of, 871. Constitution
of, 872, Motions of, 372, Eclipses of, 305,

Sun-dial, the, 126,

Syringe, the fire, 197,

System, the Solar, 870, True theory of;
“taught by Pythagoras, 870 ; reyived by
Copernicus, 870,

.

Tangent, defined, 84.

Teeth, connect wheels, 122,

Telegraphielectro-magnetic, 853. Morse's,
858, House’s, 862. Bain's, 862. The
sub-marine, 862, The Atlantic, 863.
History of the, 362.

Telescope, the, 272. Refracting, 272, As-
tronomical, 213 Terrestrial, 273. Re-
flecting, 278. Ierschel's, 273. Earl of

Rosse’s, 273,

Temperature, ywhat it is, 192,

Tempering, how effocted, 24.

Tenacity, defined, 22. Distinguished from
hardness, 22. Belongs to the metals, 22.
Of different substances compared, 23,
Of liguids, 28.

Thermo-eleciricity, 822,

Thermometer, the, 213. ~Invention of,
214, The differentialy 214,

Thickness, defined, 12.

Thunder, 812

Thunder howse, the, 800,

Tides; what they are, 157. How pro-
duced, 157. Spring, 157T. Neap, 151
Height of, 157.

Tools, defined, §S,

Top, why it does not fall when spin-
ning, 6.

Tornadoes, 403,

Torpedo, the, 316,

Torriceili,proved the pressurc of the at
mosphere, 171,

Tourmaline, polarizes light, 254
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Zrain, of wheals, 120, Of wheels and | Wafer, composition of, 0. Used as a mo-

pinions, 122,

Transit, of a planct, 830,

Translucent hodies, defined, 231.

Transparent bodies, defined, 231,

Treadle, the, 125,

Trevithick, constructed’ the first practi-
cal locomotive, 297,

Triengle, defined, 85.

Tripoli, formed of fussilized animaleules,
18

Tropics, the, 853,

Trunals, a, what it s, 123,

Tubes, acoustic, 278, Axnrora, 802,

Turbine, the, 159,

Tympanym, the, 233,

Typhoons,; 403,

Uranus, when discovered, 875, TIts for-
mer names; 875, Details-of the plan-
ot, 803,

Vacuum, what it is, 166. Torricellian,
172, Fountain, 151. Bell, 153

Vidve, the safety, 226.

Vaporization, 211,

Vapors, ywhat they are, 165. Conducting
power of, 201, Expansion of, 210,

Variation, magnetic, 340; Lines of n6,840,

Felocity, what itis, 27. Rulefor finding
the, 28, 'Of various moving objects, 23,

Ventriloguism, 287

Vénus, details of the planet; 832,

Ferge, of a wateh, 129,

Vesta, when discovered, 375,

Feta; the, 175;

Views, dissolving, 272,

Vision, 260. Defects of, 263.

Voice, the human, 285: when sald fo
change, 236, Of the inferior animals 287,

Folta, his theory respecting galvanism,
818, His pile, 318, Invented the cou-
ronne des tasses, 320.

Voltaic electricity, 316, Effcots of, 324,
]‘h‘,composc‘s, 225, Luminous effects of,
828. Heating offcets: of, 329, Physio-

logical effccts of, 830, Medically ap-

plied, 881,
w,
Watches, history of, 126. “Works of, 128,
Hoy regulated, 123, Parts of, 12

i, 129,

tive power, §2. Quantity of, on the
carth’s surfuce, 130, Findsitslevel, 131,
Conveyed fn pipes, 132, How conveyed
by the ancient Romans, 182, Its weight
compared with air, 144, Wheels moyed
by, 158, Machines for raising, 161, Ex-
pansion of, ‘in freczing, 209. Decom-
posed by the galvanic battery, 325,

Water-clock, the, 126, 153,

Water-organ, the, 234,

Water-spouts, 403

IWatls, his steam-engine, 222,

Wawe:, how produced, 156. Helght of, 157.

Wedge, the, 112, Used for raising weiglits,
112. Familisr applications of, 113. Ad-
vanlage gained by, 113,

Weighing, double, 97.

Weight, what it s, 50. Avove and below
the earth's'surface; 50, Law of, 52. At
different parts of the carth's surface, 53.

Weight-lifter, the, 152,

Wells, Artesian, 133,

Wheel and Awls, the, 108, Simply a re-
volving lever,103. Law of, 104 Dif-
ferent forms of, 104,

Wieels, friction, 8. Enter largely fnto
machinery, 120. Modes of connoeting,
120. Different forms of the cirenmfor-
ences of, 121. Toothed, 122, Varietics
of toothed, 122. Spur, 122. 'Cog, 123.
Mill; 123, Mortice, 123. Crown, 123.
Bevel, 123. How arranged in watches,
129. 'Uudershot, 158, Oyershot, 158,
Breast, 159,

Whirhwinds, 403.

Width, defined, 12,

Wind, nsed as a motive p‘owcr, 82. Mow
produced, 401, © Velocity of, how meas-
ured, 401. Constant winds, 402. Trade
winds, 402. Periodical winds, 402, Va-
riable winds; 403.

Windiass, the; deseribed, 105,

Wind-mills, 82,

Worcester, his steam-cngine, 220.

Work, unit of, 84,

Wrapping eonnector, 121.

z.

Zenith, the, 835,

| Zodiae, the, 856, Signs of, 836,

Works on Chemistry.

Class-book of Chemistry.
BY E. L. YOUMANS;
12mo. 840 pages. Price $1 00.

Every page of this book hears evidence of the author’s superior
ability of perfectly conforming his style to the capacity of youth,
This 1s a merit rarely possessed by the authors of scientific. schoole
books; and will be appreciated by every discriminating teacher.
While Chemistry is almost universally regarded by students as a
dry and repulsive study (owing to the rigid and technical manner
in which it is presented), Mr. Youmans’ work will be found pre-
eminent in clearness and simplicity of diction, by which the subject
is madeat once interesting and attractive. Itisespecially commended
by the eminently practical manner in which each subject is presented.
Its illustrations are drawn largely from the phenomena of daily
experience, and the interest of the pupil is speedily awakened by
the consideration that Chemistry is not a matter belonging exclu-
sively to physicians and professors,

From Pror. Wi H. BicErow.
The eminently practical eharacter of the Class-book, treating o: the familiar ap-
lications of the scienee, is, in-my opinion, its chief excellence, and gives it a value
far superior to any other work now beforethe public,

From DAviv Syue, A. M., formerly Principal of the Math. Dept. and Lecturer in
Nat. Philosophy, Chemistry, and Physiology, in Columbia College. -

Mz, Youmans: Dear Sir,—I haye carefully examined your Class-Book on Chem-
istry, and, in my opinion, it is better adspted for use in schools and acidemies than
any other work on the subject that has fallen uinder my obseryation. )

" I hope that the success of your Class-Book will'be proportionate fo its merits,
and that your efforts to diffuse the knowledge of Chemistry will bo duly appreciated
by the friends of education. 3

From Pror. J. MuLuiGAN, Principal of Young Ladies’ School, New York.

We have a large nnmber of &¢hiool-books for the purpose of giving elementary
instraction in Chemistry—possessing various kinds aud various degrees of merit;
but of all which I haye examined, I should prefer the Clnss-Book of Chemistry, as the
most perspicuous'in style and method, and as containing the happiest selection of
whiat is most interesting, and most practically valuable in the yast field of chemieal
soience,

From the N. ¥, Commercial Advertiser.

Either for sohools or for general reading, we know of no elementary work on

Chemistry which in every reéspect pleases us g0 much s this.
From the Seientific American.

Such a'book, in the present stato of chemical science, was demanded; but to pre.
sent the subject in such a elear, comprehensive manner, in a work of the size before
us, is more than we expected. : ik

The author has happily succeeded in clothing his ideas in plain language—tme
eloquence—so as to render the subject both interesting and easily comprebended,
The number of men who can write on science and writs clearly, 1s small; buf our
suthor is among that number,




Works on Chemistfy.

Chemical Atlas:

OR, THE CHEMISTRY OF FAMILIAR OBJECTS.

EXmysrIInG THE GENERAL PRINCIPLES OF THE SCIENCE IN A SEEIES OF BEAUTIFULLY
COLORED DrAGRAMS, AND ACCOMPANIED BY EXPLANATORY ESSAYS, EMBRACING
THE LATEST VIEWS OF THE SUBJECIS ILLUSTRATED. DESIGNED FOR TIE USE OF
STUDENTE IN ALL S0HOOLS WHERE OHBMISTRY I3 TAUGHT,

BY EDWARD L. YOUMANS.
Large Quarto. 105 pages. Price $2 50.

The Atlas is a yeproduction (in book form), and a continuation
of the mode of exhibiting chemical facts and phenomena adopted in
the author’s “ Chemical Chart.” The application of the diagrams is
here much extended, occupying thirteen plates; printed in sixteen
colors, and accompanied by 100 quarto pagzes of beautifully printed
explanatory letter-press. It is a chart in a portable and convenient
form,.containing many of the latest views of the science which are
not found in the text-books. It is designed as an additional aid to
teachers and pupils, to be used in connection with the anthor’s
C]lass-Book, or as a review, and for individuals who are studying
alone.

It is intended to accompany the anthor’s Class-book of Chemis-
try, but it may be employed with convenience and advantage in
connection with any of the school text-books on the subject. =

_ From the Home Jowrnal.

Here we haye seience in pictures— Chemistry in disgrams—eve-dissections of all
the common Torms of matter around us; the chemical composition and properties of
4l familiay objeets illnstrated to the most impressible of our senses by the aid of eolots.
This is a.beautiful book, and as useful as it4s beautiful. Mr. Yonmans has hit upon
a happy method of simplifying and bringing ont the profoundest abstractions of sci=
ence, 50 that they fall within the clear comprehension of children,

\ i o );‘lronz‘ lt.’u; Utica Morning Herald.

AN excellent idea, well carried ont. The style is lucid snd ha; t i
eoncise and clear, and the illustrations felicitons and appropriate, R iaciabailing

s e ,Ii’[rolm the Lawrenes Sentinel, .

We have devoted soma little time in looking over this At
rel.jtn'e merits with similar treatises herstofore iml;li:ah::d ‘ax\\(tll";ere:lm{ylolf:;g‘r;nﬁng 1t3
to it the highest degree of approbation and favor. : RO

From Life Mustrated,
This method of using the eys in edication, thonel
o A 1SIng ye 2 on, though not the roys 3
](‘dt.é..lb r:call) the people’s raflrond—s means of saving both Linl'«“"}\nl;ioﬂl'}bt)?' RDI?}:Y-
“-‘m; Lf,}\.u;rth for agtual instruction in common schools far mors than a so; of a n]s
?\tl;::“ |‘|‘r~1 the teacher might not be able to use, while OYery one can .te'nch frm{:pih
28, ¢ pronounce it, without exception, the best popular work on (‘homis:r;

in the English language.
From iheé New Fork Tribunea,

Mr. Yonmans is not a mere rontin i
3 51 ntine teacher of his favori i 3
npon novel and effective methods for the illustration ;f ilt‘s‘);:fn:ic;:lco’:co 'lelmhi};a\s\'::t

ings, as well as his lectures, he is distingnished for the comprehensive order of his
fic facts and the happy manner

statoments, his symmetrical arrangement of geienti
in which he addresses the intelloe T e modi la
8 elleet through the mediam of
3 " T ~ oculk >
&his 1ast respect, his method is both orlginal and si nguarly f[:oeugiﬁinloxxstration. )
g 3

Works on Chemistry.
Chemical Chart:

BY E. L. YOUMANS.
On Rollers, 5 feet by 6 in size, New Edition. Price £6 00,

This popular work accomplishes for the first time, for Chemistry,
what maps and charts have for geography, geology, and astronomy,
by presenting a new and valuable mode of illustration, Ifs plan is
to represent, chemical composition to the eye by colored diagrams,
so that numerous facts of proportion, structure, and relation,
which are the most difficult in the science, are presented to the
mind through the medium of the eye, and may thus be easily ac-
quired and long retained. The want of such a chart has long been
felt by the thonghtful teacher, and no eother scientific publication
that has ever emanated from the American press has mef with the
universal favor that has been accorded to this Chart. In the lan-
guage of a distinguished chemist, “Ifs appearance marks an era in
the progress of the popularization of Chemistry.”

1t illustrates the nature of elements, compounds, affinity, definite
and multiple proportions, acids, bases, salts, the salt-radical theory,
double decomposition, deoxidation, combustion and illumination,
isomerism, compound radicals, and the composition of the proxi-
mate principles of food. It covers the whole field of Agricultural
Phemistry, and is invaluable as an aid to public lecturers, to teach-
ers in class-room recitation, and for reference in the family. The
mode of using it is explained in the class-book.

From. the lats HorAce MAXKN, President of Antioch College.

I think Mr. Youmans is entitled to great credit for the preparation of his Chart,
because its use will not only facilitate acquisition, but, what is of far greater impor
tance, will increase the exactness and precision of the student’s elémentary fdeas.

From Dr. Jomx W: Drares, Profsssor of Chemisiry in the University of N. Y.

Mr. Youmans’ Chart seems to me well adapted to communicate to beginners a
knowledge of the definite combinations of chemical substances, aud as a preliminary
to the use of symbols, to'aid them very much in the recollection of the examples it
contains. It deserves to be introduced into'the sehools.

Fron Jaxes B, Rocees, Professor of Chemistry in the University of Pennsylvania,

e cordially subseribe to the opinion of Professor Draper concerning the yalue
to beginners of Mr. Youmans' Chemical Chart, g
JOHUN TORREY,

Professor of Chemistry in the College of Physicians & Surgeons, N. T,
WM. H. ELLET,
Lats Professor of Chemistry in Golumbia Collsge, 8, C.
JAMES B. ROGERS,
Professor of Chemistry in the University of Pennsylvania.
From Bexysx Spumax, LL. D., Professor of Chemistry in Yaie College.

1 haye hastily exsmined Mr. Yonmans' New Chemical Diagrams or. Chart of
ehemical combinations by the union of the elements in atomic proportions, The
design appears to be an excellent one.




Familiar Science.

The Hand-book of Household Science.

A POPULAR ACCOUNT OF

Hear, Liowr, Ate, ALIMERT, AND CLEANSING, IN THEIR SCIENTIFIO PRINCIPLES
AND DOMESTIO APPLICATIONS:

BY EDWARD L. YOUMANS, M,D.
12mo, Ilustrated, 470 pages. Prics, $1 50.

Various books have been prepared which. cross the field of do-
mestic science ab different poinfs, but this is the first work that
traverses and occupies the whole ground. Hardly a page can be
opened to that does not convey information interesting and valuable
to every person who dwells in a house. The work will be found
not only of high practical utility, but captivating to the student,
and unequalled in the interest of 'its recitations.

From tha Superintendent of Pudlic Instruction of the State of Pennsylvania.

The delly and bourly importance ‘of the topics embraced in the work, thelr im-
perious eclaims upon public ‘attention, and their intimate conneetion with Individaal
and 'socisl welfare, together with the. compendious arrangement and coplous fulness
of jnformation presented, and the cautions sccuracy and precision of statement, make
it & publication of the highest practical valie for both the household and the school.

Very respectfully yonrs,
Prof. EpwArD L, YouMmAxs. HENRY ©. HICKOE.

Zrom the Superintendent of Schools of e State of New York.

It embodies scientifie. information of the highest importance, armnged with much
care, and 80 clearly stated “that even the ordinary mind can searcely fail to grasp and
retain the truths it unfolds and illustrates. It would prove a most valuable class-book
In our high schools, and I am satisfied that an examination into its merits would result
in its general introduction futo snchi institutions. Yery respectfully yours,

H, H. VAN DYOK, Supérintendent Public Instruction.

From the Springfield Republican.
It Is the work of s man thor ughly scientific and thoroughly practical. Tt isno ex-
travagancs to say that a mastery of its contents will secure 8 better knowledgze of the
applications of Chemistry, Physiology, and Natursl Philosophy, to life and life's con-

ceras, than the combined treatises upon these subjects which are usually found in
our school-rooms,

From the Delroit Advertiser,

This is one of the most valnable and important hooks that has of late been issned,
from the press. It will do mora to elevate and connect the ordinary duties of house-
hold Tife with the domain of science than any other work yet published. It is so ar-
ranged thatthe general reader and the man of science may refer to it with satisfuction
bat it is also & book which ought by all means to be introducad in our sehools, and
which overy young woman who expeects to ba“any thing more than a doll or parlor
automaton, should study snd become 93 familiar With as she is with her prayer-book.,

From the Philadelplia Saturday Courier.

Few perdons realize—fow persons begln to realize—tha {mportance of thoroughly nn-
derstanding the nature gnd effects of light, heat, air, and fuod; yet the value of such
knowledge can hardly be overstated. My, Youmans' work. is the clearest and fullest
exposition of science in those relations the* has yet sppeared. School committees and
persons direetly interested in education wio have long been searching for a work of
this kind will rejoice to find the fruit of their quest in this manusl. It is s valusble

0k, written for o valusble purpose: the desire to lift onr ordinary domestio life into
fae dignity of intelligence, pervades it throughout and tinctares it.in the grain,

Natural Science.

Class-Book of Physiology.
BY B. N. COMINGS, M. D,

PROFESSOR OF PHYSIOLOGY, CHEMISTRY, AND NATURAL HISTORY, IN CONNECTICUY
BTATE NORMAL SCHOOL,

12mo, 324 pages, Price $1 25.
REVISED EDITION, WITH AN APPENDIX.

Professor Comings’ thorough acquaintance with every depart-
ment of Physiology, and his long experience as a teacher of that
science, qualify him in an eminent degree for preparing an accurate
and useful text-boolk on the subject. He has Jost no opportunity
of introducing practical instructions in the principles of hygiene,
thus not only making the pupil scquainted with the wondrous
workmanship of his own frame, but showing him how to preserve
it in a sound and healthy state. Avoiding technical terms, as far
as possible; he has brought the subject fully within the comprehen-
sion of the young, and has clothed it with unusual interest, by ju-
dicious references to the comparative physiolozy of the inferior ani-
mals. Pictorial illustrations have been freely introduced, wherever
it was thought they could aid or interest the student.

Physiology cannot but be considered, by every intelligent and
reflecting mind, an exceedingly interesting and necessary study. It
makes us acquainted with the structure and uses of the organs of
life, and the laws by which we may keep them active and vigorous
for the longest period. The publishers would respectfully urge its
importance on such teachers as have not herefofore made it & regu-
lar branch in their'institutions ; and would solicit, at the hands of
all, an impartial examination of what is pronounced by good judges,
“ihe best elementary text-book” on the seience,

From M. Y, Browx, Principal of Webster. Schooly New Hazen.

“T have used Comings' Class-Book of Physiology for nearly two school
terms in.the First Department of my school. I am happy to say that
Iregard it the best text-look on this important branch withwhich I have any
scquaintance. The subjects are systematically arranged; the principles,
facts, and illustrations ave clearly and fully represented to the pupil. I find
that his introduction of Comparative Anatomy and Physics, tends greatly
to increase the interest of the pupil in this most important and necessary
study. T therefore can cheexslly recommend this admirable work to my
fellow-teacliers as one of ramgy<eellence, and hope it may take the rank it
deserves nsa text-book upgy this subject.’”

From Anranay PowELsoN, Jr., Teacker, Brooklyn, New York.

% After a veryearefyl) examination of the Class-Book of Physiology, by
Comings, I can freely saiy that T consider it a performance of superior excel~
lence. "1t embodies g fund of information surpassing in® imgort:mco and va-
tiety that of any other work of the kind which has come under my notice.™
Y -




Natural Science.

Analytical Class-Book of Botany.
BY FRANCES H. GREEN.

PART L—ELENENTS OF VEGETABLE BTRUCTURE AND PHYSIOLOGY. PART IL—SYSTEM-
ATIO BOTANY, TO WHIOH J3 ADDED A COMPENDIOUS FLORA OF THE NORTHERX
AND MIDDLE STATES ; WITH DESCRIPTIONS OF MORKE THAN ONE THOUSAND DIFFER-
ENT SPECIES: BY Jos. W. Coxapox.

Tlustrated Quarto. 228 Pages, Price $1 75.

Primary Class-Book of Botany.

CoMPOSED FROM THE FIRST PART OF THE ANALYTICAL CLASS-BOOK,
AND DESIGNED ¥OR THE USE OF COMMON SCHOOLS AND FAMILIES.
-

Tllnstrated Quarto, 102 Pages. Price $1 00,

The style is simple, concise, and intelligible ; and what has for-
merly been considered dark and forbidding, is here rendered both
clear and interesting. The whole life of the plant, beginning with
the formation of the first cell, is portrayed with that vivid and
quickening power which invests it with the interest of a real biog-
raphy. ~Here we find not merely a dry assemblage of dry facts,
but the plant seems to-unfold itself, part by part, with a kind of
individual life and character.

The work is illustrated with 400 well-executed wood-cuts. Most
of these are arranged in 29 plate-pages, which are designed to be
used for regular exercises and recitations, the same as mapsin geog-
raphy. They furnish a recapitulation of the Lessons of the Text in
a ney form, and addressed to another sense, thus awakening the
most lively and permanent impres=jgps.

Part I is distinguished by the sigplicity and directness of the
whole structure, the clearness of the sggopsis; the comprehensive-
ness and popular character of the descr:}f'fi@s, the nice distinctions
ebserved between nearly allied species, ana the high degree of cer-
tainty and perfection in the peculiar form of amJysis. The descrip-
tions of the Natural Orders are illustrated by §fty elegant wood-
suts, drawn from nature. k




Standard Xducational Works

TMarshall’s Book of Oratory. PartI G3e. Part IL, 125
Markham’s History of Lng and. Revised by Enma

Rogpixs, 12wo. 857 puges; .. . . . 100
Mangnall’s Historical Quusnous. 12mo, 3 125

Mulligan’s Exposition of the Grammatical Struce-
ture of the English Lunguage. Large 12mo. 574 pages, 1.75
Otis’ Kasy Lessons in Landscape Drawing, In 6
Parts. | Furts L, 1L and’ IIE, each. 31 eents, IV, V., and VI, 42
cents.  The Six Parts Bound in 1 volawme, | 2 75

- . . 2w

—— Brawing-iZooks of Animals, In 5 Parts
Parts T and IT.; édch 31 cents, 1LL, 42 cents, IV, und V., 63 cents
The Five Parts bound in one volume,

Perkins’ Mathematical Works, Copsisting of:

PrivAry SRITOMETION ISmo. 160 pages,

ELEMENTARY, ABITHNETIC.  10mo0. 347 1)

PeAcTICAL ARTHNETIC. | 12mo. 850 po

Key 70 PRACTICAL ARITONETIO. 824 )

Hiensn Aprmiuerio. 12mo. 324 pag

EzenexTs oF ALGEBRA. 1Z2mo. 244

TrEA A. Svo. ).

EresMpyts OF ‘GeoMETRY. 12mo. ‘820 1

Praxe a¥p Sonmn G 2y, To'which g emlrlul l‘!‘u.c
and Spheriedl Trigonometry and \h nsuration, secom-
panied with all the pecessary smic and Trigono-
metric Tibles.  Large Svo. S 5

Praxe TricoxoMETRY, and its applieati Mensuration
and Land Surveying, accomipanied with Logarithmic
and Trigonometrie Tiables. 8vo. 828pages. . . 1

Quackenbos’ Standard Text-Bonlks, Consisting of:
Fst Lessons 1y Cosmpostrion. . With Rules for Punetugs
tion and Copions Exercises. 12mo. 182 pages,
Anvaxcen Couvrsi o COMPOSITION AND RHETORIC.
as of Practical Tessons.  12mo. 450 pages, /.
Excuisn GRaMMAR. 12mo. (Just Published.)
Penary History or tae Uxirep StaTes, Made easy
for beginners. Child’s quarto, 200 pages. .
IrnustrATED Scnoon History oF Tae UNITED "nr\
With maps, battle-flelds, &e. 12mo. 480 pages, . . 12
A Narvear, Pmrosorny.  Exhibiting the application of
Scientific Principles in'every-ddy life. 12mo. 450 pages, 1
Reid’s Dictionary of the English Langunage. 1
Robbins® Class-Book of Pociry. 10mo. 252 pages, 1

Guide to Knowledge, 16mo. 417 pages,

Standard Hducational Works.

Roemer’s Pol)"lot Reader., 5 vols, 12mo. Consisting of
a Series of English Extracts, translated into: French, German,
Spanish, and Italian respectively. The several volumes designed
as mutnal Keys to each. Price pc-r volume, . S 125

Shakesperian Reader, By Jony W. S, Hows. 12mo. 150

Sehmidt.—Course of Anc]cut (,cography. Arranged
with special reference to convenience of recitatic By Prof. H.
I. Somupr, D.D., of Columbia College. 12mo. 828 ps

Spalding’s History of English Literature. 125

Schwegler’s History of Philosophy. An lll.nnn
By Dr. Auseer SonweeLer, Translated from the or
man, by Juris . SeLxe.  12mo. 3065 pages,

Sewell’s First History of Greece., 1Smo. 3838 pages, 75

Child’s First History of Rome, 15mo. 63

Tenney’s Analysis of Derivations and Definitions
of English Words. (Just published.)

Tappan’s Elements of Legic. By Hesey W. Tappax,
Chancellor of Mich. University, 12mo. 467 pages, . - 1 50

Taylor’s Mzanual of Ancient and Modern History.
Svo. 870 pages, $2 50, modern, separatoly, SL T, ancient ditto, 1 50

pster’s Elementary Spelling-Book. “The National
Standard.? More than one million copies are sold annually, 10

Worthen’s First Lessons in Mechanfes, With prace
tical applications designed for the use of Schools. 12mo. 90

Wilson. An Elementary Treatise on Lagie, By
W. D. Witsox, D.D., Hobart Free College. 12mo, 425 pages, 1 50

Winslow?’s Elements of Moral Philosophy$ Am-
thetical, Synthetical, and Practical. 12me. 480 pages, . 150

Youmans?! Chemical Works, Consistingof:

-Book or Cuesstey. (Just published.) 125
Cneyicarn Ciart, on roliers . oL N 6 00
CpeM1oAL ATpas. Largedto. 105psges « . © 260
Tre HAxp-Book or Housemonp Screxce. A popular se-
count of Heat, Light, Air, Afliment, and CleanSing, in
their Scientific principles and Domestic applications,
12mo. Illustrated. 470 pages, . SRRy 2 S
S Ll R
D. APPLETON &/CQ., N. Y.,
WILL SEND
A Descriptive Catalogue

of English, Latin, Greek, French, Spanish, Italian, Hebrew, and Syriac

text-books; to those applying for it
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