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NATURAL -PHILOSOPHY,

By JOHN TYNDAERL.

LESEONY.,

1. When a boy hears a peal of thunder ; when he sees
a flash of Jightning; when he watches the clouds
forming, and views them afterwards discharge their
contents of™rain, hajl, or snow; when he observes
upon a winter morning the green fields covered witlh
hear-frost, and finds the same grass in summer adorned
with pearls of dew »when he Qears the melodious song
of the lark, -and observes the little bird securely
floating in an atmosphere which, is unable to support a
straw ; when he retlects upon the fire whjich warms
him, and upon the flame which gives him light—there
is nothing more nafural than®that he should desire to
be instructed regarding the, nature and causes of all
these things. He sees a man fire a gur? at a distange,
notes the spark first and hears the sound after-
wards, and the question arises, How is it that this
difference is not perceived when he stands close to
the gun? for then the sound and the spark occur
simultaneously. 'Why is it that in a thunderstorm
the flash is seen before the peal is-heard? Can
it be that. when we stand at a distance the light
leaves the sound behind it, as the quicker of two

boy8 outruns the slower and arrivesefirst at the
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winning-post ? Do light and sound really require time
to travel from one place to' another, and if ‘so,can we
not contrive means to measure the speed at which they
wravel? Now the objects which we have-supposed to
attract the hoy’s attention area few of a multitude which
are coutinually presented te us in our present state of
existence, and to these objects we give the name of
Navural Phenomena. Ia addition to the desire to
know the character and causes of these phenomend,
haman beings are endowed with the power of discover-
ing and comprehending these causes. We already
know a great deal ¢oncerning all the subjects to which
we hdve alluded, and to knowledge of this kind, when
properly extended and arranged, we give the name of
Physics or Natral Philosophy.

2. An acquaintancg with natural philosophy is so
pleasant to beings gifipd with a desire for knowledge,
that the subject would be puvsued on this account aloue,
even if there existed no other motive for its cultivation.
But it so happens that, by observing and reasoning upon
the phenomena of nature, we become better acquainted
Mwith tke forces which produce these phenomena; so
that finally we are enabled to enlist these forces in. our
service and 4o make them labour for our necessities.
Anybody who looks inte one of our immense factories,
with its multitude of wheels and spindles, where a vessel
of boiling water keepy the vast machinery in incessant
motion ; o& upon a locomotive, drawing after it with
the speed bf a storm a frain of fifty carriages, full of
passengers and merchandise, must feel the immense
-advantage which the world has derived from .the study
of the properties of steam, and of the means by which
its force may be usefully applied. The electric tele-
graphr is another example of the same kigg; and
altholigh the great man who discovered that mysterious
power which acts through the telegraphic wire never
gained a shilling by it—never indeed entertained the
idea of making it the means of “sending messages
across continents, or even along the bottom of the sea,
jn the twinkling of an eye—though his investigations
were prompted by far other cousiderations than .tk.ose
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which people usually, but often 1houghtlessly, call prac-
tical—his labours are not on this account the less a
blessing to maukind. °

3. GENERAL PRrOPERTIE§ OF MATTER.—The source
of all the phenomena embraced by natural philosophy
is_matter ; this is the foundation stone of our build-
ing, and we shall commence with it. FPdain as the
subject may appear, philosopkers have disputed much
régarding matter; and the probability is that every re.

. flecting youth, after he has arrived at the years of

manhood, will discover that the subject is not quite so»
simple ax at first sight might be imagjned. Ifa boy be
asked, ¢ What is matter?’ he will be able to show at
ouce, by ilustration, what he believes it to be. He
takes up a brick or a stone and replies, “'Thi is matter.’
He points to,a tree or an animal and says, ¢ That js
matter.” He stretghes out his arfi-and exclaims,* This
is matter.” But if he be ashed to define in words what
matter is, he will not find the task an easy one. Iie
finds, for example, that the stone which he held up as
an illustration is hard, and may be tempted to say that
matter is that whicheis hard to the touch; but a
moment’s reflection shows him the insufficiency of this *
definition ; it shows him that hardress, as he ynderstands
the term, is nof a genteral propesty of matter, for there
are many kinds of matter, such as oil, butter, wool, &e.,
which are not hard. Hardness -is what is called a.
specific property of matter; but it is those properties
which characterize matter in gengral which now interest
us, and some of which we will proceed to describe.

4. The first, and perhaps sufficiently distinctive, pro-
perty of matter, is the ability it possesses of excluding ag
other bodies from the space occupied by a portion of it,
This property has received the name of § a
If you enter a dark room and stumble against a table,
you are conscious of meeting something which resists your
progress. You can feel round the table and thus make
yourself acquainted with its form ; but the Wood of the
table occupies a certain space into which your hand
caunot enter. You may reply that if a nail_be driven
into the wood, the latter will be penetrated,by the nail,
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and this is perfectly correct, in the common sense of the
term penetration, but not«in cur sense of the term.
When we®eflect a little it becomes evident that the nail
merely displaces the particleg of the wood ; it pushes them
aside, and does not by any means 6ccupy the same portion
of space that they occupy. « In Jike manner, if you dip
your hand info water, the liquid appears,to be penetrated
by your hand, but it is not a case of penetration in our
gense of the term. If the vessel, before the immersion
of the hand, be quite full of water, when your hand is .
vintroduced, a portion of liquid, exactly equal in bulk to
the hand, will flow, over, thus proving that the water is
displuced, and not penetrated. 1f the liquid be contained
in ame-;Tﬁfo which a piston is so tightly fitted as to
render displacetent impossible, when the piston is
pressed down upon thg liquid, its descent will be resisted
with 4 force whicte#® scarcely to be surimounted. If
you submit air, Which appenrs'to be so easily penetrable,
to the same experiment, you will find that it also
possésses a power of resistance. And, although the air
may be squeezed into a smaller space, this is due to the
fact that the particles of air are bsought, by the pressure,
"'more closely together, and is no proof that a single
particle of gir and a single particle of the piston oceupy
one and the same spacq at the same time ; which latter,
it must be remembered, is the real meaning of pene-
drability.

5. Anqther general property, which, in connexion
with the ‘one just described, is cusually deemed «suffi-
cient to characterize matter, is,extension. But the
idea of extension appeags to be included in that of
mpenetrabilicy ; for the latter term signifies the
éxclusion of all other bodies from the space occupied
by any one body, and the mere occupying ofespace is
extehsion.

6. A third general property of matter, usually dwelt
upon in works on natural philosophy, is its capability of
being dividtd into parts. This property is called divi-
sibility. A piece of chalk can be broken into two pieces ;
each of these two pieces cdn be also broken, and if we
ask ourselves whether there beany end to the possipility
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of breaking, we.ﬁnd ourselves unable to 1magme any such
end. We are unable to coflceive of a piece of matier
so small that a still smaller one is impossible. ‘The
truth of this will be at,onceevident on reflection, and it
has led philosophers to the conclusion that matter is
infinitely divisible ; that if* our senses, or our instru-
ments, were fino enough, we might go om dividing for
ever, and never come to an ehd.

7. A few examples, showing the minuteness of divisiore
of which matteg is capable] may be here introduced. We
have referred to chalk. This substance has been shown®*
by a German philosopher named Khrenberg o be a
collection of shells. Look at a piece of chalk ;*® you
cannot see those shells, for they are too small to be secn
by the naked cye, yet they exist ; and, not ouly so, but
each one of them is built up of perfect little erystals of
calcareous spar, myriads gf wlycl. & fo form evdry in-
visible shell. But in art, as®well as in nature, we have
instances of the extreme lelSlbl]lty of matter. It would
take nearly 300,000 layers of gommon gold leaf, placed
oue above the other, to form a pile one inch in height.
In certain gilding procésses the layer of gold placed upon |
the gilt substance is so thin, that a portion of the layer
whose weight does not exceed the 1,000,0004000th part
of an ounceis dxs(mcﬂy visible to the naked eye. When
a soap-bubble is distended by blowing;, it becomes thinner
and thinner, and finally bursts; but before it bursts a.
beautiful play of colours is observed upon its surface,
and from these colours the greaf Sir Isaac Néwton was
enabled to determinesthe thickness of the bubble. He
found that just before bursting, the film, at its thinnest
point, was _ _ , of an inch in thickness® Oil is als
capable of great distension : if the smallest drop of ofl
be permitted to fall upon water, in which a little cagstic
potash has been dissolved, it will seem to flash ‘iato
colours which overspread the surface of the water; and
these colours, like those of the soap-bubble, indicate that
the thinness of the layer of oil is extreme. * From the
colours which they exhibit we also infer that the shining
wings of dragon-flies and other insects are not thicker
than gold-leaf The blood of animals owes jts redness to
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little globules which float in a transparent liquid, called
lymph; and it has been caltulated thata drop of human
blood, which may be suspended from the point of a fine
needle, contains three millions of those red globules;
while a similar drop of the blood of the musk-deer con-
tains one hundred and twefty rillions of them. Con-
ceive g graln of sand of such a size as just to cover the
dot placed over the lettbr ¢ in these pages; there are
animals so small that whole millions of them, grouped
¢together, would not be equal®in size to cuch a grain of

“sand. These are the results of microscopic research ;
but the ‘microscopc merely opens the door to imagina-
tion,"and leaves us to conjecture forms and sizes whicn
it cannot reveal, Turn your thoughts for an instant to
the animals last mentioned —think of the apparatus by
which the life of such animals is sustained: of their
digestive organs—9f ‘their veins and arteries—of the
little heart which impeld the blood through these
channels—of the globules floating in this blood—and
then form, if you can, a.distinct idea of the extent to
which matter is actually divisible.

8. And yet, though the huwian mind is unable to
conceive of a piece of matter so small as not to be
capable of further division, it is perfectly possible that
a real limit may exis. to the divisibility of matter.
It has been supposed that matter is composed of
- particles, called atoms, smaller than any that we have
been considering, and so hard that it is impogsible
to divide them further. This Gpinion, or something
- closely resembling it, is general at the present day.
A lump of copper, for example, is a collection of the
atoms of copper, clinging closely together: the same
may be said of a lump of gold, silver, lead, or sul-
phuj. To such substances as are incapable of being
recuced to others more simple, chemists have given
the name of elements or simple bodies: there are
more than sixty such elements, all the substances which
we have just mentioned being examples of elementary
bodies. The air we breathe is a mixture of two kinds
of gas, called oxygen and nitrogen, each of these
being a simple body. The word ¢ mirture’ is-here
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used intentionally, but I must now ask you to figure
to your minds an atom of ,oxygen and an atom of
nitrogen in presence of each other: under certain
circumstances these atoms may be caused to unite to-
gether, so as to form*a sibgle compound atom, or
molecule, as it is sometimes ¢alled : and the gas which
%is produced by this unioh is so entirely different from
the mixture of bxygen and nitrogen prefent in the
atmosphere, that the person who inhales it soon becomes
(intoxicated, and usually ,laughs immoderately: the*
gas receives, ol this account, the name of laughing-*
gas. 'This example will, I trust, fix upon the mind
the difference between a mere neixtute of two®sipple
bodies, and the compound produced by the chemical
union of the same two bodies: in the farmer case the
atoms of each substance are independent of those of the
other ; in the latter case the eledjents unite toggther,
lose their individuat characters, mull produce an entirely
new substance, this new substance being, not a simple -
body, but a compound one.

9. Most of the substances wlAich we see around us are
of this compound chargcter. The water we drink is
produced by the union of two other bodies, oxygen
and. hydrogen, although each of these bodies is a gas,
and ncither of jthem,has ever been observkd in the
liquid condition. The salt we use at table is prodnced
by the chemical union of a gas called chlorine with a
metal called sodium, neither of which substances bears ®
the slightest resemblange to salt. :

10. Not only can one simple tody combine with ano-
ther, but compound Bodies fuay also unite together to
produce other bodies still more*complex. JThere is, for
example, a heavy gas which often collects at the bottoma
of deep wells, and sometimes kills people who enter
such wells incautiously : this gas is a compound of;the
element carbon with oxygen, and is called carbonic acid.
The lime used for building purposes is a compound of a
metal called calcium with oxygen, the progduct heing
called oxide of calcium, or lime. Now the carbonic
acid just referred to has the.power of uniting with the
lime and forming a body called carborate of lime. which
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15 totally distinet from either. Marble is carbonate of

lime; so is chalk, and so is the beantiful transparent

crystal called Iceland spar. A difference in the ar-
rangement of their particles often makes substances
chemically alike exhibit %otally different appearances.

Sulphur, for example, may be ycllow, red, or black,

according,to the manner in which it is prepared ; but

it is still sulphur. What two bodles can be more
. different from each other externally than the sparkling
and costly diamond and a lump of dingy charcoal?
. Yet they are precisely the same subbstance, and the
diamong, hard and beautiful as it is, can be burnt like

a piece of coal. * We might proceed further in this

way, but sufficient, I think, has been said to give you

some idea of the views now entertained by philosophers
regarding the nature and properties of matter.

11 But there i3 éne other property %o remarkable,
and so common, that I am unwilling to passon to the
next lesson without alluding to it; and that is the
wonderful power which atoms and molecules possess of
arranging themselves t6gether so as to form crystals.
If we examine almost any hard rock, we shall find it to
be, in a great measure, composed of little crystals,
which shine and sparkle in the sunlight when their c'ean
surfaces are exposed. In this case, however, the crystals
are confusedly mingle& together ; but under certain cir-

. cumstances they grow to a large size, and thus enable
us to study their exact forms and properties. Examples
of quarté, or rock-crystal, as it js sometimes calld, are

. often found weighing several pounds.

12. This crystal; which is sketched in
fig. 1, coflsists of a column, or prism,
possessing six sides, and having its two
ends capped by pyramids:® the crystal,
i</ i | | however, is rarely found with both ends

perfect. In all rock-crystals, no matter

i/ where they may be found, this form can
4 be recognised. Other bodies crystallize

in other forms, and sometimes the same

Fig. 1, substance possesses the power of crystal-

lizing in two or three different forms. Sulphur is a

>
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striking example of this. Carbonate of l.me crystal-
lizes in two forms, the crystals of one form being
called arragonite, and those of the other, calcareous
spar. If a piece of rock-saJt be struck with a hammer,
it will split freely in three difterent directions, which are
at right angles to each,other; and, however small the
fragment may bg, it retains this peculiaritys The sub-
stance cleaves into cubes, and possesses this character
wherever it may be found. Calcareous spar may be
~imilarly clovepn, not however into cubes, but into figures
called rhomboids. All crystals, even the hardest, ares
more or less cleavable. Lapidaries sake advantage of
this property, and instead of grinding down diamonds and
other precious stones, sometimes cleave them, the sur-
faces exposed by cleavage being. perféctly smooth and
shining.  If you carefully examine with your pen-
knife a piece of sygarcandy, which is crystallized *sugar,
of tartaric acid, or of citrfe acid, you will probably find
that it cleaves with facility in one direction; indeed,
I cannot recommend you a more useful exercise in con-
nexion with this portion of our subject, than the finding
out of the principal cheavage of these crystals. 1am
sure, when you find the cleavage, you will be pleased
with your discovery ; and the labour spent inssolving the
problem will be well*repaid by he superior knowledge
of the structure of the crystal which you will assuredly
acquire. .
13. The term ¢principal eleavage’ has heen used,
because¢ sugar, and emany other crystals, cleave less
perfectly in some diregtions than in others. The angles
of crystals are con- . .
stant in size, but the
case is different with
the surfaces ; for the
circumstance of a crys-
tal lying upon any
object, say upon the
hottom of a plate, dur-
ing its formation, will Fig 2. Fig 3.
tend to flatten the side 1n cohtact with the plate, and to
make,it larger than its fellows; thus figs. Zand 8 represent
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different forms of crystal of the same substance as alum.
Fig. 4 is a correct sketch of a group of alum crystals,
obtained from a manufactory in which the substance is
prepared on a large seale.

14. If you dissolve a quantity of glauber salts, or salt-
petre, in water, and (place the solution in a basin
where it can evaporate slowly, you will 'soon find
.crystals forming round the sides of the vessel, which
become Jarger and larger as the solution continues
to evaporate, If permitted to rest against the bottom,
the surfaces, as alread§ remarked, will not. be regular ;
but it is possible to raise a small crystal from the
bottom, and <o suspend 1t in the middle of the liquid,
dnd by little artifices of this kind crystals mag be nursed
80 ‘as to grow to a large size and to preserve a perfect
fopfi. How then are those beautiful forms produced,
whose architecture is so perfect, and whose characters
are retained with such wonderful precision? Observe
a bricklayér building a wall ; he lays brick to brick.and
the wall grows gradually larger: does it not appear
as if, in the case of crystals, some invisible architect
added mo]ef:ule to molecule, and thus built up the
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entire mass? We obtain other notions of the pro-
cess, though 1ot less calculated to excite our astouishe
ment, if we suppose the little molecules endowed with
forces which compel themgto arrange themselves in a
particular manner, ~ If we imagine the bricklayer
absent, and the materigls with which he works endowed
with the power of arranging themselves ao*as to form
walls, houses, steeples, and *monuments, the wonder
Wwould not be greater than that which actually takes
place in the byilding of a’crystal.

LESSON,II. .
ON FORCE AND MOTION

1. DeriviTION OF FORCE, &c.—Towhrds the conclu-
sion of the last chapter, the word force was made use of,

and you have a right to require gf me that 1 should not
use a term, and leave yod iw doubt as'to the meaning of
it. We have already spoken of matter, and we cannot
think of force without thinking of matter at the same
time. Force is that which puts matter in motion, or
which stops or charges a motion once commenced.

Forces are of different intensities or magnitudes: a’
stoue, for example, urged with all his strepgth by the
arm of a man, willsmove withe greater force than the
same stone when cast from the hand of a child. But,
however strong the man may be, we always find that the
stone he throws soon sinks to the ground; aud the
reason of this is, that the stone is pulled down by a
power possessed by ghe egrth, and which we call ‘the
Jorce of gravity. All matter, possesses this force; and
it is it which, acting across the iutervalwof ninety-five

millions of miles, holds the earth as surely in her oiBit

as if she were connected by a chain with the sun, e The

same force holds all the other planets in their ofbits;

and it is usual to distinguish it from the force which

holds the particles of substances together, and enables a

body to resist being broken or torn asunder, % hich latter

is called the force of cohesion.

2. We might add to our definition of force, that it
prevgnts motion, as the foice of cohesibu .does this, for
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it resists the separation of a body’s particles. Dif-
ferent bodies possess different powers of sohesion ; the
cohesion of chalk is far less than that of the flint
embedded in it; and the cohesion of bone is greater
than that of muscle. But not only do diflerent bodies
differ in this respect, but the same body may possess
different powgrs of cohesion in different directions.
Wood, for example, splits with greater ease in the
direction of the fibre than in any other direction; ana
the cleavages of crystals, spoken of in the last chapter,
elso indicate that in some directions the foffce of cohesion
is less than in others. In the direction at right angles
t0 thesfibre of wood, and" to the cleavage of a crystal,
the particles are held togcther by a comparatively
feeble force. It ‘would be well to dwell upon this for a
moment, and to obtain a clear notion of the fact, that to
cleave with greater~eage in the direction %of the fibre,
the particles must bﬁefd ¢ogether by a feebler force
perpendicular to the fibre.

3. Inactivity or INERTIA.—There is a certain
quality of matter which, thiough properly speaking, it is
not a force, may be referred to here; and that is, the
‘tendency of matter to remain at rest, if unmoved by
any external agency, and of persisting to move after
it has once been set in, motion. It has been asserted,
that rest is natural to matter; but this is an error:
matter has no more preference to rest than to motion,
and is altogether incapable of moving itself, or of
stopping itself when once put im motion. This’ pro-
perty is called inactivity or inertig, which latter term
has been often erroneously applied to expressa tendency
in matter to resist being moved, there being in reality
no such tendency. It may be urged thag bodies do
cease moving ; that the ball thrown from the hand of
a aritketer, after rolling for some distance along the
grass, comes finally to rest. But this stoppage of motion
is not due to any power possessed by the ball to stop
itself, but is simply due to the impediments presented
to its progress by the grass, and the inequalities of the
ground over which it rolls: Urge the same ball, with
the same force, along a flagged surface, and it will
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proceed much further : substitute for the flags a sheet
of smooth ite, and it widl proceed still further: take
“instead of the rough cricket-ball, a sphere of polished
marble or ivory, and it ill preserve its motion for a
greater length of time. Thus itis seen, that in propor-
tion as we remove impediments, the motion of the ball
is prolonged ; and it'is fair to conclpde, that if all
.impediments were removed,the motion would continue
for ever. .

4. A bullgt fired frorh a gun enters a certain distapce
into wood: into mud it will enter still further: into
water further still ; and furthest pf all intq air. But
‘even in air a great resistance 1s presented to thesbullet ;
and in none of the cases mentioned have we an example
of really ceaseless motion. Such e%amples, however,
exist : therg is no grass, no water, no air in the track
of the earth ang planets as they tavirl around sthe sun;
and the consequence is,that these bodies have continued
to roll through countless ages, with the velocity which
they possess to-day. . -

5, ILLusTRATIONS OF INERTIA.—Many things of
common occurrence are to be explained by reference to
this quality of inactivity : wewill here state a few of therh,

"When e railway train is moving,, if it strike
ngainst any obstacle which awests its motion, the pas-
sengers are thrown forward in the direction in which
the train was proceeding. Such accidents often occyr,
on a small scale, in attaching carriageg at railway
stations. The reason is, that the passengérs share the
motion of the train, and, as m%tter, they tend to persist
in motion. When the trajn is suddenly checked, this
tendency exhibits itself by the falling forward referred to.

In like manner, when a train, previously at flst,
is suddenly set in motion, the tendency of the passengers
to remain at rest evinces itself by their fallifg in a
direction opposed to that in which the train moves.

Matter has no power of changing the direction of
its motion: on turning a corner suddenly, a horseman
must lean towards the corner, in order to prevent his
being thrown forward in’ the direction of his previons

mption. *
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6. A rider at Astley’s, standing on a horse’s back,
has the same motion as that of the horse which bears
him; and when he jumps over a garter, or through
a ring, he does not jump forward, although he appears
to do so. He jumps straight upward, and the motion
which he has already acquired carries him over the
garter or thrqugh the ring. '

If a cannon-ball be taken to the top of the mast of
a pwiftly-sailing ship, and let fall downwards, it might
be imagined, that on account ef the movement of the
vessel, the ball would reach the deck at some distance
behind the,bottom of the mast; but this is not the case.
Beforehe ball was released it partook of the motion
of the ship, and allowance being made for the resistance
of the air, this wotion is retained by the ball, and
prevents it from being left behind by the mast.

7. Nay, if we suppose the ship sailing from west
to east, the ball, 'strictly® speaking, will fall a little
tn advance of the mast. This is rather a difficult
point, but I do not despair of making it clear, The
earth performs a complete fevolution from west to east,
upon its axis, once in 24 hours ; and hence, every point
upon the earth’s surface, with the exception of the two
poles, must describe a circle daily. If you fix ydur
eye upon any point on a globe, and turn the globe, you
will see instantly what is meant : the point goes round
ina circle. The circumference of the earth at the equator
is 24,000 miles ; and, therefore, a stone or other object
at the equator, describing, as it dges, a circle of the
magnitude just mentioned, must move with a velocity
of 1000 miles an hour. A point in England, however,
moves with muck,less speed, because the circles described
become smaller and smaller as we approachmthe poles ;
and there is no difficulty in understanding that the
larger she circle described in the 24 hours, the greater
must “be the velocity of the point which describes it.
But it is evident that the top of St. Paul’s, or of Salisbury
spire, or of the mast of a ship, or the summit of any
other high object, describes, as the earth rotates, g
larger circle than the bottom: of the same object ; and
for this reason. a. body placed at the top will move
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with a greater velocity than at the bottom. Hence,
when a ship sails from west to east, a ball at the masi-
head will, on account of the earth’s rotation, move more
quickly in an easterly direction, than the bottomn of the
mast ; and retaining this su’periority of motion after it
isreleased, it must fall jn advance of the mast instead of
behind it. It will, probably, require a Jiftle time to
familiarize the mind with this reasoning ; but the time
thus employed will be well bestowed. I cannot, indeeq,
recommend too strongly % boys, when studying natural
philosophy, the practice of pondering upon subjecis
which at first sight may appear difficult ; it,is really
wonderful what patience can acdomp’ish here ; and, there
is no delight equal to that experienced by a boy when
he finds his perseverance rewarded by the conquest of a
difficulty. .

8. Let us’now return to the study of force,

If a ball of light wodd be%lef fall fiom a table upon
a foot underneath, very little injury, if any, will be
done to the foot; but if the ball be of lead, or of
any other heavy cubstance, it may bruise the foot and
cause considerable p3in. It is evident that, in this
case,, the increase of pain is due to the increase of*
fotce with which the heavy body strikes the foot, or
that the force increases as the yeight iicrefses.

A bullet projected from a musket barrel will pass
through a board an inch in tHickness, whereas a similar
bullet cast from the hand will make but a slight im-
pression on the boagd. What is the cause'f the dif-
ference of force here exhibitel? Not a difference of
weight, as in the case ldst supposed, but a difference
of velocity. The bullet issuihg from theagnusket travels
at a much greater speed than that cast from the hawd,
and hence it is that its force is so much greater.

9. In estimating the force of a moving body, ¢here-
fore, two things are to be taken into account ; the /ass
moved and the velocity with which it moves.

The following table, in which the velocities of various
objects are stated, may be useful for reference.

10. The Romans and other ancient nations were accus-
tom‘ed to batter down the walls of the cities which they
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Movixa OBsECTS. * pff 23"". per f&"‘fm.
Man walking .. Lo 3 4}
Horse wrotting . . . . . 7 104
Swiftest racehorse . S . &o 90
Railway traia { English). . . e 82 48
» (American) .. . . 18 24
” (Belgian) . . 25 34}
! . (French). P . 27 404
. 2 (German) . . . o 24 36
Swift English steamboats navigating the
Channgl . .. . . . 14 21
Swift steamers on the Hud$on . . 18 27
Fast-sailing vessels . . . . 10 15
Current of slow rivers . . . . 3 41
' rapid rivers . . . 7 104
Moderate wind . : . , 7 10
A storm . . e . . . 36 54
A hurricane . B . 80 120
Air rushing into vacnum . . . 850 1275
Common musket-ball . . . . 850 1275
Rifle-ball . . . . . . 1000 1500
24-1b. cannon ball .. . . 1600 2400
Bullet discharged from air-gun, air bging .
compressed to 100th of its volume . 466 700
Sound through air at temp. 32° Fahr. . 726 “10R9
” « ” 60° Fahr, . 747 1120
Earth moving round the spn . ., %, | 67,374 | 101,061
A point on the earth’s surface at equator,
in consequence of diurnal rotation . 1037 1555

attacked bj means of heavy instruments called batiering
rams. It was by meuns of such instruments that
breaches were made in the walls of Jerusalem, by the
soldiers of the Roman Y¥mperor Vespasian, But a
glance at the foregoing table will be sufficient to show
us why these unwieldy instruments have, in modern
warfare, been quite superseded by cannon-balls. The
possession of gunpowder enables us to impart a velocity
of 2,400 feet a second to a 24-lb. cannon-ball; and
this enormeus velocity is more than sufficient to
counterbalance the superior weight of the ram, and to
eonvert the ball into a far more formldable implement
of destruction. '
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11. CoMPARISON OF ForcEs.—We have thus far con-
tented ourselves with showing that the greater the
weight, or the greater the velocity, the greater will be
the force; but we must yow be a little more precise,
and endeavour to compare two forces together, so as to
obtain an exact notion,of their relative magnitudes. It
requires a cerfain amount of force to smke a body,
weighing 5 Ibs., move at thes rate of 20 feet a secoud,
#nd it is perfectly evident that it would require a greater
exertion of force to make a weight of 10 lbs. move with
the same velocity. If we suppose a mass of 10 lbs, cu¢
into two equal portions, the force fizst mentiomed wiil be
able to cause either of these 5 Ib. masses to mbve at
the rate of 20 feet a second, and if the said force be
exerted twice, it will cause both the® masses to move
at the same yate. Hence we may infer that to cause a
body weighing 1Q1bs. to move throagh 20 feet a‘second,
twice the quantity of forc® must be expended that is
necessary to cause a weight of 5 lbs. to move through
the same space, or, to speak_more generally, the force
of the moving body is proportional to its weight.

12. Tt is also found that the forces of two budies of
the same weight, but moving with different velocities,
are proportional to the velocities; so thateif one body
move twice as fast®as the other, it will possess twice
the moving force, and if it move ten times as fast as the
other, it will possess ten times the moving force. .

13. But when the bodies differ both in yveight and
velocity, in the comparison of their forces; we must
take both into acceunt. .Imagine a weight of § lbs.
moving with a velocity of 10 feet a second; if
we double the velocity, we double tM force,—that
is to say, a weight of 5 lbs,, moving at the rate of
20 feet a second, possesses twice the force of the
same weight moving through 10 feet a sccond. “e

But a weight of 10 lbs. moving through 20 feet a
second possesses twice the force of a weight of 5 lbs,
moving at the same speed. Hence a weiglit of 10 lbs,
moving through 20 feet a second possesses four limes
the force of a ‘weight of 5 IBs. moving through 10 feet a
secopd : this shows us that if we doubl® the weight and
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double the velocity we increase the force four times,
A similar reasoning would show us that,*if we trebled
the weight and trebled the velocity, the force would be
increased nire times; also, that if we trebled the weight
and doubled the veloclty, the force would increase six
times ; or, in other words, that the force increases as the
product of tha weight and velocity incregses.

14. Indeed the product:-of the mass into the velocity
is always taken as the expression of the force: our
weight of 5 lbs. for example, moving through 10 feet a
second wou]d have a force of

. 5 X 10 = 50,

and our welght of 10 Ibs. moving throuwh 20 feet a
second would have a force of

' 10 x 20 = 200,
and we see that the numbers 50 and 200, which express
the forces, are in tie: ratio of 1 to 4, which is the same
result s that proved above. * If, therefore, we denote
the mass of a body by the letter M, and its velocity
by V, the force will be

M x V.

This product is usually calledr the momentum, or
moving force of the body.

For the sake of imprinting this simple principle upon
the mind, we will give afew examples of its application.

E.rample 1.—A ball weighing 9 lbs. moves with a
velocity of 25 feet a second ; it is required to compare
its momentum with that of a 5-lb. ball movmg at a

speed of 45 feet a second ? o
Here we have 9,% 25, = 225,
And O X 456 = 225,

The products©are equal, and hence we conclude that
the momenta, or moving forces, of the two bodies are
equal--also

FXample 2.—A battering ram, welghmg 5,300 Ibs.,
was propelled with a velocity of 7 feet a second it is
required to compare its momentum with that of a 30 Ib.
cannon-ball'm moving at the rate of 2,492 feet in a second ?
By proceeding in the manner indicated it will be found
that the momentum of the ball is about twice that of the
ram., ' ,
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15. It is evident that if of the three quantities,
weight, velocity, and momentum, any two be given, the
third may be found.

(1.) If the weight and veloeity be given, we multiply
them together to obtain the momentum.

o (2.) If the momentunt and velocity be given, we
divide the momentum by the velocity to find the weight.

(3.) If the momentum and "weight be given, we
divide the momentum by the weight and obtain the
velocity. .

Example 3.—The weight of a body is 52, its mo-
mentum is 468, required its velocity ? * *

468 = 52 = 9 Answer.

Erxample 4.—The velocity of a body {3 15, its mo-

mentum is 180, required its weight ?
¥80 =~ 15 = 12°Answer. .

16. In all these eases wg have sonly to be careful,
that when we compare the forces of two moving bodies
we must have their weights expressed in the same unit,
and also their velocities expressed in the same unit. The
unit of weight may be an ounce, or a pound, or a ton;
and the velocity may be €either so many feet in a second
or miles in an hour; but if the foot be taken as the
unit of space and the second as the unit of tink, in one
case, the same uaits must be takenin the other. In the
next lesson we shall have oceasion to apply some of the

simple principles established in the present one.
L]

LESSON IITe
COLLISION OF BODIES.

1. Derinition oF Erasticity AND “ARDNESS, |
—Before we enter upon the subject of the present

lesson it is essential to obtain perfectly clear notioas
of what is intended to be expressed by the worde
elasticity and hardness. If a strip of India-rubber be
drawn out, and then liberated, it will return to nearly
the shape which it possessed before being stretéhed : in
this cise a force appears to reside in the particles of the
rubber, which is capable of reftoring the shape of the
piece, agd to this force we give the name of efasticity.
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In like manner if we take a rod of glass and bend
it, when the deflecting ‘or bending force is removed,
the glass returns almost completely to its former
position. If the same -rod he softened by heat, and
drawn out to a thickness not greater than that of a
human hair, when cool if may be twisted ; but when tie
force of ‘twisting, or torsion, as it is-called, is removed,
the glass thread untwists itself, and the force which
enables the glass to do this we call elasticity. Glass,
indeed, is a very elastic ‘substance, and I choose it,
as an example, to show that great elasticity and great
brittleness may exirt together, in one and the same
body.

Iz"ory is also a very elastic substance. If we per-
mit an ivory ball to fall from a certain height upon
a flat unyielding surfice, the ball after it meets the
surface will betomz Aattened as -epresented in fig. 1,
the force which the ball has acquired during its descent
being all expended in compressing it. But the ball
will not remain compre-sed, the particles which for a time
had been forcibly brought closer together along the
diameter A B, now make an eflort to push themselves

asunder ; the ball recoils against the

7 surface, and this back-push causes it to
returd along thé path through which it
had descended. If the force with which

B the particles push themselves asunder be

Fip 1. equal in all respects to the force which had

pressed them togetker, the bail is said to be perfectly

elastic, and it will ascend to the same point from which

it fell ; but if this be ~ot the case the ball is said to be
imperfectly] elastic. .

2. If after the shape of a body hag been changed
b¥ any external force the new shape be retained, with-
‘out any alteration, when the external forece ceases to
act, such a body is said to be perfectly inelastic : butter
and soft_clay approach to this condition, for if a lump of
either of these substances be squeezed, or let fall upon
the ground, it becomes flattened and remains so; but
we are acquainted with {no body in which elasticity is
entirely ahsent, though many bodies possess it i a very
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low degree ; nor is there any body in which elasticity is
perfect. ° .

3. Elasticity then is a force, within a body, which
tends to restore the shape which had been changed
by a force without it. The property of hardness
gonsists in the resistance tp change of shape; and a body
whose particles dg not yield in the slightesf degree to
any external force applied to ity is said to be perfectly
hard. Let us now inquire what will take place when,
h perfectly hard ball is spermitted to fall upon a
perfectly unyielding surface. Casung an eye upon
fig. 1, we see that the rebounding of the ivory ball is
solely due to the effort it makes’to recover its shape;
but, in the case of the perfectly hard ball, there is no
change of shape, and consequently, n such effort.
Hence it is eyident that theehard ball will have its
motion suddenly arpested by the surface, and will remain
in contact with it, without elxnfndﬁmg'.

We are now prepared to enter upon the subject
intimated by the title of this lesson, and we will com-
mence with the collision of such bodies as are assumed
to be perfectly hard ; for although this assumption is
not strictly true, there being in reality no such thing as
a perfectly hard body, as we have defined if; still the
assumption will simplify our caleulations very much,
and where a practical object is sought, proper allowance
for imperfect hardness can be made afterwards. .

4. We will also suppose the balls we opepate with
to be homogeneous, that is to say, one part of the same .
ball must not be heayier than another; and we will
further assume that when one 1J.\all approaches another,
the direction of its motion is along the lie which joins
the centres of the balls, as shown in fig. 2: collisioff

.
L
C; O
Fig. 2.
which takes place in this way, where the balls do not
strike each other obliquely, is called direct impact.
5. First, then, we will yconsider the case of two

perfeﬁtly hard balls of the same weighty aud possessing
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the same velocity, moving towards each other in oppo-
site directions. It is evident, that, imasmuch as the
forces with which the balls move are equ'tl and opposite,
the motion of both balls will be destroyed by collision,
and they will come perfectly to fest, as shown in fig. 3.,

OO |
3 . “
Fxg 3.

6. We will now vary the questlon, and suppose that
" the balls are not of the same weight, and do not move
with the same vélocity. Suppose, for example, that
one of them weighs 9 cunces, and moves at the rate of
15 feet a second, while the other weighs 12 ounces, and
moves, in the opposnte direction, at the rate of 10 feet a
seconrl —what will be the state of things fifter collision ?

It is evident heré thyt é¢f the forces or momenta
with which the balls move be not perfectly equal, the
motion will not be completely destroyed when they
strike against each other. The two balls will move
together as one mass in the direction of that ball whose
moving force is greatest. As explained in the last
lesson, the moving force of each ball is found by mul-
tiplying it§ weight by Jts velocity,; hence

9 X 15 = 135 momentum of smaller ball.
12 x 10 = 120 momentum of larger ball.

‘Now, as the momentum of the smaller ball is the greater
of the twd, it is evident that both balls will move: toge-
ther as a single mass incthe direction of the smaller ball,
These considerations will prepare®us for a few examples,
which will sg=ve to illustrate this interesting subject.
+ Example 1.—A ball A, moving at the rate of
25 feet a second, is followed by another, 8, moving at
the fate of 35 feet a second, the weight of the former
ball is 12 lbs., and of the latter 8 lbs. ; requlred the
common velomty of the two balls after direct impact.

The frst step, as before, is to find the momenta of the
two balls,

12 x 25 = 30Q momentum of A,
8 » 33 = 280*momentum of B.

L4 [.
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Now I have reserved a statement to be made at this
particular placeswhere it is essential to our progress,
hoping thereby to imprint it more firmly upon the
memory ;—it is this—in the gase before us there is no
force lost. When the balls strike together, the quick
ball imparts a portion of its motion to the slow one ; but
the force of the tyo balls after impact, anda when they
move together as a single mass, és precisely equal to the
surll of the forces which they possessed before impact: »
let us add these two forces together ; , .

300 + 280 = 580 .
This, then, is the momentum of a masgwhich is made up
of the two balls,—or, in other‘words, which wepghs
12 + 8 = 20 lbs., and our question resolves itself into
this :—Given the weight 20, and the monlentum 580, to
find the velocity. ~ Accordingeto the process explained
in the last lesson, we obtain the, velocity by dividing
the momentum by the weight ¢ flence,

580 = 20 = 29,

the common velocity after impact is, therefore, 29 feet
a sccond.

7. If it be required ¢o know the velocity lost by B
and gained by A, we should find the former by sub-
tracting 29, the velocity of B after impact, frgm 35, the
velocity before impact, the veloaity lost being 6 feet
a second. By deducting 25, A’s velocity before
impact from 29, its velocity after impact, we obtain «
for A’s gain 4 feet a second. .

8. We can here subject our calculation td proof’
for if what we have stgted bg correct, the force gained
by A ought to be exactly eqpal to that lost by B;
now the force gained by A is found by mMtiplying A’s
weight by the velocity which it has gained, or, ¢

12 x 4 = 48 A’s gain of force, .
By a similar process, the loss of B is found to be  *e
8 X 6 = 48,
which shows that the force lost by one ball is precisely
equal to the fofce gained by the other. i

1 trust you will study this example until it is per-
fectly plain to you; for if wbu succeed in obtaining a
clear sjotion of every example as we proéeeg, each sub-
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sequent one will be a source of new interest and pleasure ;
while there is nothing but dissatisfuctionand unhappiness
experienced when a boy passes impatiently to a new por-
tion of his task, without having endeavoured to master
the previous ones. ' ' . .
Example 2.—Suppose the same two balls as those
introduced in the last question to move in opposite
directions, instead of in the same direction, required the
.common velocity of the two balls after collision.
‘Now it is evident that.if the balls moved with
. precisely equal forces, they would completely neutralize
each other’s motign by collision, and come to a perfect
restc  Suppose the force on each side to be 300, we
should, in the case of the balls moving in the same direc-
tion, find the' combined force, afier collision, to be
300 + 800 = GOO; but if they moved in opposite
directions, we sheuld find the force after’collision to be
300 — 300 = 0; the ‘force producing visible motion
would completely disappear, and rest would be 1he con-
requence. But, in the present instance, the forces do
not completely neutralize each other, but a balance of
300 — 280 = 20
remains in favour of the ball A. The two balls,_after
impact, will therefore move with a force of 20 in A’s
direction ; and the quastion now is ;—given the weight,
12 4 8 or 20, and the momentum 20, to find the
«velocity : dividing, as before, the momentum by the
weight, the velocity is found to be 1 foot per second.
Exaniple 3.—A Rall, A, weighing 82 lbs., and
moving with a velocity of 26 feet a second, follows
another ball, B, the weight of which is unknown, but
Whichmoves at the rate of 12 feet asecond ; the common
velocity afier impact is found to be 20 fget a second ; it
is required from this to find the weight of the ball B,
We will here show how the principles of algebra may be
applied to the solution of questions like the present :—

o Let x = the weight of B in lbs,;
then we have

82 x 26 =-832 A’s momentum,
cx % 12 = 12z, B's momentum ;
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adding both momenta together, and dividing the sum by
the weight of the two balls, we have
832 4 12z
32 4z . .
Clearing of fractions, we have
832 4 1¥x = 640 4 20x
8x = 832 — 640 = 192, *°
og x = 24 the weilht sought.
But for the sake of those ynacquainted with algebra, wé
*will solve the quwtion,diﬂirently. It may, however, be
remarked, that a knowledge of algebra increases our®
power immensely in dealing with methanical q?xesgons ;
and, in difficult cases, it is altogether indispensable.

The question before us enables us at once to find
the velocity which A loses and which B gains by the
collision ; thes former is evid®ntly 6 feet a second, and
the latter 8. Wescan als, by multiplying A’s weight
by its loss of velocity, find the momentum lost by A ;—

it is 82 x 6= 192.

Now this must be equal to the momentum gained by B,
and the question thereore is ;—given the gain of B in
velocity 8, and in momentum 192; required the
weight of B; ‘we obtain it, as before, by dividing the
momentum by the velocity,— *
192 = 8 = 24 the weight sought. .
9. A great number of interesting and pleasant ques-
tions might be proposgd in connexion with this subject ;
and if the pupil understand the®foregoing thoroughly,
he will have no difficulty in imagining and exercising
himself with others, * N
10. DisTINCTION BETWEEN ELASTIC AND INELASTI®
Covvrision.—In the collision of perfectly hard bodjes a
certain amount of force is expended in communicatipg
momentum from one body to another ; and during this act
the particles of the bodies are supposed not to yield in
the slightest degree to the force of compressisn. But in
the case now to be considered, the bodies are compressed
during the communication of momentum, but they do
not. remain compreseed ; they instantlp expand again

= 20 the common velocity,
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with precisely the same force as that with which they
were squeezed together, and the consegaence is that in
the collision of perfectly elastic bodies the gain or loss
of velocity is exactly thce what it is when the bodies
are perfectly hard.

11. ‘When two equal and. perfectly hard balls, movmg
with the same velocity, but in opposne directions, strike
together, they come to rest after collision without
change of shape, as in fig. 4

) '
r (D

' Fig. 4.
But if the balls be perfectly elastic they do not act in

his way ; botli are ﬁattened during the act of comn-
press:on as in fig. &

o o

Fig. 5.

But when the flattening has attained its utmost limit,
a mutual push is exerted by the two balls, which, causes
them to fly asunder with the same velocity as that with
which they approacheq each other before impact. If,
for example, each ball possessed a velocity of 9 feet a
\second before impact, this velocny is not only destroyed
in each case, but it is converted into one in the opposite
direction'; and in this case it is usual to say tnat the
loss of velocity is doublied. I know that this will appear
a new notion of loss to many boys, inasmuch as the
absolute veloc ties after Tmpact are the same as before.
T'he case may be illustrated by a parhamentary can-
didate who reckons on the support of a certain voter:
if ,the voter dies, the candidate may be faid to lose a
vote but if the voter change his opinion, as our ball has
.,hanged its direction, and votes for the opposition can-
didate, thea the loss may be said to be doubled.

12. In the case of elastic collision, we cannot speak
of the common velocity after impact, but the gain or loss
of each ball mast be determined separately.
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Example 1. Two perfectly elastic balls, A and
B, each weighipg 8 ounces, move in the same direction ;
B moves with a velocity of 10 feet a second, and is fol-
lowed by A at a speed of 15 feet a second : required the
velocity of the two balls after direct impact.

Supposing A and B to be perfectly hard, the loss

of A and the gain of B's found, in the manper alieady
described, to be each 2% feet, per second® but in the
case of elastic collision, the loss and gain are doubled
,hence A’s loss will be §, feet, und B’s gain an equa{
quantity. . Deducting, therefore, 5 from A’s velocity)
and adding 5 to B’s, we find the velocities after impact”
to be 10 and 15. o ° R

13. This result is worth bearing in mind, for it shows
us that A’s velocity after impact is the same as B’s
before impact, and that B’s velocity after impact is the
same as A’s before impact. 'this holgds good in all cases
where the elastic®bodies sarg ®qtial, and move before
impact in the same direction. Two such bodies ex-
change velocities by collision.

Example 2. A ball, A, of 9 lbs., moving with a
velocity of 62 feet a second, strikes or impinges upon a
ball, B, at rest, and possessing the same weight as A :
requirtd the gain and loss of velocity by collision.

Here we have thg momentum of A befdre impact,

62 x 9 = 538;
and, inasmuch as B has no moving force before impact,,
this must be the momentum of the two balls after impact.
Hence; supposing the balls to be perfectly gnard, we
should find the velocity aftep imflact to be—

- = 9L, LN

1 )

If we deduct this from A’s velority before impact,
and add it to B’s, we should find the loss of the fogmer
31, and the gain of the latter the same quantity. But
as the balls are perfectly elastic, this gain and loss must
be doubled ; that is, A’s loss is 62, and B’s,gain is 62.
But if A’s loss be 62, it has no velocity remaining, for
its velocity before impact was only 62; and thus we
arrive at the remarkable result, that if ag elastic body in
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motion strike another equal elastic body at rest, the
moving body communicates all its motign to the other,
and comes ttself to rest.

14. This result enables us to explain an experiment
often made with a row of vory: balls, all of the same
size, as in fig. 6.

A ""BecDEFGHIK L
O 000000000 O
Fig. 3.

Af the ball A be caused to strike the end ball B, it
communicates its ioticn to B, and comes to rest itself’;
B communicates its motion to C, and comes to rest; C
communicates its motion to D; D to E, and so on to
K; K communicates its motion to L, which starts for-
ward,, If the balls weré perfectly elasti~, the velocity
of L would be précisely equal to that of A at the com-
mencement.

Ezample 2. A, weighing 30 lbs, and moving at
26 feet a second, impinges on B, weighing 28 1bs., and
at rest: required the loss and gain of velocity by
collision, *

Treating them as perfectly hard balls, we should
find the coinmon velocity after impact to be 13335 this
would express B’s gair, and deducted from 26 it would
give 121§ as A’s loss; doubling these numbers we find
“the loss and gain when A and B are perfectly elastic.

. Loss 255,
Gain 26§§.

By comparing A’s loss with A's original velocity, we
gee that the lztter is not quite destroyed ; in the question
Sve have supposed A a little greater than B; and wkere
the impinging body is greater than the B8dy at rest, the
metion of the former, after impact, is always in the same
direction as its motion_before tmpact.

Erample 3. A, weighing 8 lbs.,, and moving at-
12 feet a second, impinges on B, weighing 9 Ibs., and at
rest: required the loss and gain by collision.

Supposing the balls to be hard, the common ve]ocity
after impact would be 5}}; hence A’s loss and B’s

f
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gain would each» be equal to 6 & ; doubling this we have
the gain and loss for perfectly-clastic balls equal to 124%.
If we compare A’s loss thus found with its velocity
Jbefore impact we see that tfle former actually exceeds
Jthe latter. The velocity before impact is 12, the loss is
12}%; this indicates that not only is A’s velaeity, in its
first direction, all destroyed, but that it is partly con-
vérted into a motion in the opposite direction. This
result is also general. Ify in elastic collision, the im-
pinging body be, less than the body at rest, the former’
is reflected back by the collision. .
15. To sum up :— * .
(1.) When both bodies are egual, the impinging
body yields up all its velocity and comes to rest itself.
(2.) When the impinging Rody is greatest, its motion
after impact i in the same direction as before. .
(3.) When the ‘impingtg Body is least, it is re-
flected back, along its former path, by the act of
collision.

LESSON IV.

ON TERRESTRIAL GRAVITY.

1. GRrAVITY, as before explained, is that forge by which
matter attracts matters If with two long strings r
two ivory balls were suspended from two pius,
as in fig. 1, we should find, if our mcans of .
measurement were fine enough, that the twp
balls had approached scach other, through the
exercise of the mutyal aUmct?on subsisting
between them. The attraction, of a suspended
ball by a mountain has, indeed, been “accu-
rately measured. Very exact experiments have
also been made to determine the attraction
of a small ball by a very large and heavy one.
A beam was suspended horizontally from its
centre by a fine wire, and, at each end, a ball
was fixed; near each ball a much larger dne
of lead was placed as in fig. 2; and by a | |

proper mode of observation,’the exact amount OO0
of thq twisting endured by thé wire, ™ con- Fig.1.

sequendp of the attraction, was ascertained? Such ex~
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periments were made for the purpose -of ascertaining
the density of the earth, and it was thus found that its
density is about five and a half times that of water; that
is to say, our world weighs as muth, or contains as much

Fig. 2.

matter, as five worlds and a half of equal size, and formed
of common water. Such éxpetiments incontestably prove
that the attraction of gravity is not confined to the earth
as a whole, but is exercised by all its parts. And be it
remembered, that when we see a stone falling to the
earth, that it is not the earth alone which is the attract-
ing body; the stone also attracts the carth, but, on
account of the immense mass of the latter, its motion
towards the stone is ro small ac to be incapable of
observation or measurement.*
« 2. In considering the motion of any body, three
things are to be taken into account: Ist, the space,
over which the body moves; 2und, the time of its
motien ; 3rd, the celoc'ity with which it moves.
3. When the motion of the body is such that it
asses over edual distances in equal times, the body is
said to move with a waiform velocity. 1f, for example,
we gossessed a surface perfectly smooth and hori-
zonfal, and also a ball perfectly smooth, such a ball
upon such a surface, when once set in motion by a
single stroke, would, as already explained, continue to
* Experin‘nents have been made quite recently by the Astronomer
Royal to determine the density of the earth.” His method is to
observe the difference between the rate of vibration of a pendulum
at the top and the pottom of the shaft of adeep mine. The calcula-

tions are not vet quite finished, but they will probably show the
earth to be a little more than six times the density of wa :
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move without alteration of velocity. In this case, the
force acting upon the ball, is what is called an instan~
taneous or impulsive force; it consists of a shock, the
motion impressed by the shdck being retained by the
ball without increase or diminution.  The ball moves
*with a wniform velocity.

4. But ‘the action of terresrial gravity is not an
action of this kind; it does not impart a shock and
then cease: it is a continugus force, and not an instan-"
taneous one. If a stone be let fall from the top of a*
high tower, gravity acts upon it during the whole course *
of its descent, and the consequence’is that the stoue
moves quicker and quicker the longer it is in motion :
—-it moves with an accelerated velocity. ,

In like manner, if the stone be projected upwards,
its ascent is opbosed by gravity; in cgnsequence qf this
it moves slower and slower,angl finally ceases to ascend ;
—it moves with a retarded velocity.

5. In the case of uniform motion, if the velocity of
a moving body, and the time*of its motion be given,
the space over which the body has moved will be found
by multiplying the velocity by the time. Thus, sup-
posing a body to move at the rate of ten feet a second,
and that it had been,in motion for seven s@conds, the
space over which it has passed will be

10 x 7 = 70 feet.

It is also plain, that if the space and the velocity®
be given, the time of the body’s motion will be found
by dividing the space by the velo8ity. Thus, supposing
the space through which a bddy has moved to be seventy
feet, and its velocity ten feet Mer second,ethen the time
of its motion has been »

70 = 10 = 7 seconds, .

And if the space and the time be given, the velogity
is found by dividing the space by the time. Thus, if a
body has moved through the space of seventy feet, and
been seven seconds in motion, its velocity hag been

70 = 7 = 10 feet per second.

6. To sum up :—it is plain that if of the three quan-
tities, space, time, and velocity, any two he given, then in
the cé“‘e of uniform motion, the third may easily be found.
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7. INVESTIGATION OF THE LAws oF FALLING BopiEs.
—Tt is probably needless for me to tell the reader of this
book what a rectangle is; that it is a four-sided figure,
whose angles are all right ungles, shaped, for example,
like a school slate ; and that the area is found by mul-
tiplying the length of the rectaugle by its breadth.

8. Now, inthe case of uniform motivn, if we suppose
the velocity to be represented by one side of a rectangle,
and the time of motion by another, the space through
which the body has passed, will be represented by the

“area of the rectangle.

Supposing, for vxample, in fig. 3, A B to represent
the velocity 10, and B ¢ the time of motion 5 ; then it
is evident that the product of 10 and 5, which is the
area of the rectangle, will also denote the space through
which the body has passeu.

A . ' B _Svpposing, however, that
after the body has been § se-
conds in motion, it receives a
shock which increases its velo-
city from 10 feet a second to
b ¢ 15 feet'a second ; and that it

Fig. 3. moves uniformly with this
newly-acquired velocity for the next 5 seconds, at the
end of which it receives another shock, which increases
its velocity from 15 to 20 feet a second, moving uni-
formly with this new velocity for the succeeding §
seconds ;  supposing a motion of this kind to continue,
suddenly increasing at.the end of each 5 seconds, by
the same fixed quantity, 5 feet, it is evident that the
entire space passed over, in this case will not be re-
[resented by a single rectangle, but by a series of them,
Thus, let A B, fig., 4, represent the velocty at the com-
mensement, the rectangle A B c b will represent the
spdce passed over in the first 5 seconds ; the velocity then
becomes greater, and must be represented by a longer
line p E; the space passed over in the next 15 seconds
will be represented by the rectangle p E F ¢: in like
manner, the space passed.over in the third period of
6 seconds will be represented by the rectangle FHIK ; in
the fourth period by the rectangle 1 L M N: the entire
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space passed over in the whole 20 seconds will there-
fore be represénted by the figure A M N L H E B.

9. We will now suppose
the velocity at the commence-

ment to be much smaller
) c _E

A

will therefore represent it by ; . "
amuch shorter line ; and also
that the accessions, or incre- |

at shorter intervals—say at
intervals of a second—these _
increments being proportion- Fig.4. ®
ately smaller than in the former case. Tt is evident,
that, proceeding as before, we should find the whole
space passed gver to be repretented by the area of such
afigureas A BmMw, fig.5, o, . ° ‘
Now, it is plain that tlis, g
figure approaches much nearer
to the shape of a right-angled,
triangle than the last one ; and
a little reflection will®render
it evident that if we make the |
commencing, velocity  still [
smaller, and supposé the in- »
crements to follow each other | _
more quickly, that we should 1
obtain a still closer approxi- P |
mation to a triangle. * —]
10. If, for example, the
commencing velocity  werey
almost nothing, the length of A B would be almogt
nothing also; and if the commencing velocity were
really nothing, oA B would lose all length, and dwindle
to a mere point, A, fig. 6. And supposing the ifere-
ments of velocity to take place in the thousandth or
millionth part of a second, instead of a whole second,
it is plain that the stair-like appearance betwten Band N
(fig. 5) would almost wholly disappear. And if the little
shocks which produce the increments of velocity take
place{nstantly one after the other, so a3 tg melt into

Fig. 5,
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continuous pull, the steps would vanish altogether, and
the whole space passed over would be represented by
the right-angled triangle Ao M ~ (fig. 6.) ’
. 11. Now, if we suppose a body
to be let fall from a state of rest,
and drawn % the earth by gravity,
it is exactly in the‘condition which
we have last supposed: the come
mencing velocity is nothing, and
the force acting upon it is a con-
tinuous and constant pull; hence
" the whole space passed over by a
falling body is accurately repre-
sented by the area of a right-angled
triangle. The establishment of
this principle places it in our
pesw.r to- solve u great number of
interesting questions relating to terrestrial gravity.

A 12. Let the line A G, fig. 7, re-
present the time of a body’s fall,
and let this line be divided into
equal parts, AB, BC, CD, DE,
L F, F G, which shall express the
seconds of the body’s fall; the
‘norizontal lires will then re-
present the velocity of the body
at the corresponding times.
Theline B H expresses the.velo-
«ity at the end of the Ist

n secofid; c'I the velocity at the
Fig. 7. erd of the 2nd second ; and so
on to G N, which expresses the
velocity at the end of the 6th second. Th¥ little triangle,
A B ¥, will then represent the space passed over in the
ist Second ; the four-sided figure, B ¢ 1 H, will represent
the space passed over in the 2ud second ; and each of
the succeeding four-sided figures will represent the space
passed over in the single second to which it corresponds ;
the figure ¥ M G N thus representing the space passed
over in the 6th second.
13. I must here caution you against confounding the

Fig. 6.
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space passed ovgr in the 6th second with the space passed
over in 6 seconds. The latter space is evidently formed
by adding all the spaces passed over in the 6 single
seconds together; in®othe® words, the space passed
over in 6 seconds is represented by the triangle A G N.
14. RevaTION OF TIME AND SPACE.—

We will now cothpare the spages passed
oter in the single seconds with each
.other; and to render the, process more B

simple, we will at present. confine our

selves to the first two seconds. Draw

the line 1 o, fig. 8, parallel to A ¢,"and !
join the points B 0. It is perfectly cvi-
dent that the triangle B 1 0 isequal to the triangle HO T,
and also equal to Bco; or,in other words, the three
triangles into®which the second spage is divided are
equal to each othef. It isqgugt s blain that the triangle
B1 O is equal to A BH, for the line B H divides the four-
sided figure A B H o into
two equal parts; hence, we §
conclude that the space de- 3
scribed by a falling body in
the 2Ad second of its fall, is ¢ ¢
exactly three times thg space *
passed through in the 1st & K
second.

And if, by following out €

the process just desgribed, \
we divide our whole triangle 4
into a number of smaller n
ones, a8 in fig. 9, each eqnal o

to a b h, the mere in- g 9. »
spection of such a triangle will show us that the space
passed over in the 3rd second is ffve times the space passed
over in the lst; that the space passed over in the 8th
second is sever times that passed over in the 1st ; that the
space of the 5th second is nine times that of thg first; and
the space of the 6th second eleven times that of the first.
Hence, we arrive at the important conclusion that the
spaces described in the succeeding secqnds increase in
the m‘io of the odd numbers 1, 3, 5, 7,9, 1%, 13, &c. &c.

o
Fig. 8.9
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15. We shall now consider the spaces passed over,
not in the seconds taken singly, but in any number of
them taken together.

If the space passed over '

in the first second be = 1
then the space passed over
in 2 seconds will be = . 1438=4
.» 3 ” = 14345=9
= 14+3454+7=16

» » -
and thus we might proceed for any number of seconds.
" Ranging the times in one column and the spaces
in another, we shall ‘find that we have arrived at a
remarkable and most important result.

Times. Spaces.

1 1
- 2 A 'l‘4
3 9:t'. . . A
4 16
&e. & )

A glance at these figures will show us, that if we call
the space passed over in the 1st second 1, the spaces are
equal to the squares of the times. 'Thus, the square of
1 = 1, the square of 2 = 4, the square of 3 = 9, and
50 on. :

16. But we must now be more precise. We have
supposed the space passed over in the 1st second to be
1 merely for the sake of simplicity ; the actual, space
passed over must, of gourse, be determined by experi-
ment ; and from the most exact e<periments it has been
ascertained that the space passed over by a body during
the 1st second of its fall amounts to a little more than
16 feet ; the fraction above 16 is small, #nd, to facilitate
our ¢alculations, we will neglect it.

i7. We now come to real practice. Referring to
fig. 9, it is evident that, no matter what the space
passed over in the lst second may be, the space passed
over in the 2nd second will be three times as much, in
the 3rd second five times as much, and so on. Henee, if.
we multiply the series of odd numbers at the bottom
of the fourtgenth paragraph by 16, we shall find the
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spaces actually passed over by a falling body, during the
successive secouds of its fall. These spaces are—

16x1= 16
16x 3= 48
6% 5= 80
16x 7= 112
&e. &e. .

It is also evident that, as.we have increased the
afea of each little triangle from 1 to 16, the whole
space passed over in any number of seconds will be 16,
times what we have found it to be in the table marked .
A, p. 36.  The spaces will be no Ignger equad to the
squares of the times, but proportional to the squarss of
the times, The space passed over in 3 seconds, for ex-
ample, will not be 9, but 16 times 9; tlfe space passed
over in 6 seconds will not he 36, but 16 times 36.
Hence the following impartant 'practical rule, wlrere it
is desired to find, from th8 sinfe Of its fall, the space
through which a body has fallen :—

18. Multiply the square of the time in seconds by
16, the product is the space passed through in feet.

By means of this sigple rule we can solve a great
number of interesting questions,

Exdmple 1. A stone let fall from the tpp of the
spire of Salisbury Cathedral is § seconds in reaching
the bottomn : require(‘i the height of the spire.

5= 25 .
25 % 16 =400 feet. .

Example 2. An eugineer requiring to kiow the
depth of a coal-shaft, and h@viné no string to measure
it, let a stone fall into the shaft, and observed that it
required 4 seconds to reach the bottom ;*required the
depth of the shaft. *

4*=16 .
16X 16 = 256 feet. *.

It may be remarked that the writer himself was
once in the position here supposed, and found the know-
ledge of the rule which we are now discussing #xtremely
useful to him.

19. If the problem be reversed, and the space be given
to find the ¢ime, we must, of course, reverse our calcu-



38 NATURAL PHILOSOPHY,

lation. Supposing we have the height of Salisbury
spire given = 400 feet, the time of a body’s descent
would be found as follows :—

400
16 =% ,
+/25 =5 seronds
or, expressed in words,—

20. Divide the given space by 16 and extract the
‘square root ; the quotient will be the time in seconds.

Example 8. A stone is cast from a boy’s hand ver-

* tically upwards and returns again to his feet ; the time
occupied by the slone. on its journey, up and down, is
six seconds. To what height did it rise?

In this case the stone, as it ascends, moves with a
uniformly retarded velocity, finully comes to rest, and
then returns upon its path. It descends with a uni-
formly acceleratéd volanity, the same time being occu-
pied in the descent as the ascent. Hence, the problem
resolves itself into this one: given the time of a body’s
descent three seconds, required the space through which
it has fallen :—

3=9 ‘
9% 16 = 144 feet, s

which is the height t¢ which the stone has ascended.
21. Recation oF TiMe AnND VELociTY.—In these
. examples we have confined ourselves to the relation
between the space and time. We shall now endeavour
to obtain a clear nouon of the law by which the velocity
is regulated.
Let the line a g, fig. 10, represent, as before, the
time divided into seconds; the line b A& then represents
¢ the velocity at the end of the lst second; the line
c i represents the velocity at the end of the 2nd second ;
bus it is evident that the line ¢ ¢ is double of the line
bh, or, in other words, that the velocity at the end of
the 2nd second is double of the velocity at the end of
the 1st. JIn like manner, the velocity at the end of the
3rd second is three times, at the end of the 4th second
Jour times, at the end of the 5th second five times, and
at the end of the 6th, six times the velocity at the end of
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the 1st second ; that is to say, the velocity increases in
the same ratiosas the time, or is proportional to the
time.

22. If, then, we know the velocity at the end of
the 1st second, the v&locity at the end of awy other
Second may be easily found. But here it is of the
“utmost importance that we should have a pegfectly clear
notion of what iS now intended to be expressed by the
wbrd velocity. Supposing at the end of the 1st second,,
. the action of gravity to cease sudderly, the body would,
move forward with the velocity which it had acquired ,
at the cnd of the 1st second ; but thig velocity would be
no longer accclerated ; it would® be waiform, fors the
continuous pull which causes the acceleration would be
absent. Thus the velocity which a falling body pos-
sesses at the end of any time ig the velocity with which
it would proceed uniformly, supposivg the action of
gravity to cease at that pattusular time.

23. Now, as before observed, the space described by
a body moving at a uniform velocity is represented by
a rectangle, one of whose sides denotes the time, and the
other the velocity. Thg little rectangle & ¢ h p, fig. 10,
thercefore, represents the space passed over by a body
moving with the uniform velocity & %, during the time
b ¢. But b ¢ répresentsone secondg and b £ is the velocity
at the end of the 1st second ; consequently the rectangle,
b ¢ h p, is the space through .
which the body would move
in the 2nd second, if the action
of gravity were to cpase gt
the end of the 1st. Butbchp i -
is equal to twice the triangle >
abh,andsince a b hrepresents g k
the number 16, becz p will .
represent the number 32; it e 1 .
is, therefore, proved, that sup- -
posing the force of gravity to f
cease at the end of the 1st L .
second, the body would possess
a velocity sufficient to carry
it, in the next second, through a space *of 32 feet; in

Fig. 10,
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other words, it would possess a velocity of 32 feet a
second. g

I know that boys usually find a difficulty in distin-
guishing the space passed over in the 1st second from
the velocity acquired at the end of the 1st second. It
must be remembered that, inthe 1st second, the body
commences. falling from a state of rest, and gradually
increases in velocity ; that, in fact, the first 16 feet are
cnot described at any particular velocity at all. Now,
<when a velocity is said to amount to a certain distance

. per second, it is a wniform velocity which is always

meant,and it would, therefore, be totally erroneous to
say'that the body moves through the 1st second of its
fall with a velocity of 16 feet a second; these 16 feet
are, on the contrary, the space described on the 1st
second by the body moving with velogities gradually
increasing from @ to 32, .

24. We must, then, regard the line b % as denoting the
number 32 ; but here it may be demanded, how is it that
the line & 4 must be regarded as 32, when a moment
ago it was stated that the space bc h pis 32?7 Both
statements, however, are perfectly consistent with each
other; for, the side b % being 32, and the sidebe =1, as
we suppose it to be, the area of the little rectangle will
be 1x 32=32. ‘ "

In like manner the base b % being 32, and the height
@ b =1, the arca of the triangle @ b 4 is 16, as it ought
to be. We must not forget that the sides of a triangle
or a rectangle are expressed in nits of length, whereas
the area is expressed in units of surface; and, in our
case, the units of length express time and velocity, while
the units of sirface express space.

25. It being thus established that the velocity at
thevend of the 1st second is 32 feet, the velocity at the
ead of any given time may, as before shown, be found
by multiplying the given time by 32: thus, the ve-
locity at the end of 3 seconds is 96; at the end of 6
seconds it is 192 ; at the end of 10 seconds it is 320,
and so on. If the velocity be given, we find the time
necessary to produce it by dividing the velocity by 32.
Thus, for exhmple, a velocity of 320 feet a second
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requires 10 seconds’ action to produce it, a velocity of
384 feet a secomd requires 12 seconds, and so on.
Example 4. How many seconds must a body fall
tq acquire the velocity of a 24-1b. cannon-ball, which,
&)rdmg to the tablé at page 16, is 2400 feet a
nd ? N

Hefe ——— 400 = 5 seconds.

Ea:ample 5. Through what space must a falling body
pass. in order to acquire the velocity mentioned in the®
last question ?

When the time is given, it has alfeady been’ shgwn
that the space is found by multiplying the square of
the time by 16; hence, finding the timesas in the last
question, the rule referred to may be applied :—

*75% = 5625, .
562’5 x 16 290,800 feet,
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LESSON V.
MECHANICAL PROPERTIES OF LIQUIDS.

1. Whkat constitutes a Ziqm'd.——Matter is presented to
us in three different forms, the solid,-the liquid, and tke
gaseous or aeriform. No one of these forms is constant :
by the application of heat the solid form may be con-
verted into the liquid or gascous, and by the application
of cold, liquids, and even gases, can be converted into the
solid condition. Although there is no difficulty in dis-
tinguishing liquids from solids or gases when we see
them, still it is not very easy to define in a scientific
manner what a liquid really is. In books on natural
philosophy we usually find it stated that the molecules
of a liquid body have no tendendy, like those of a solid,
to cohere, and that they are separated by the least force
applied to them. But this can scarcely be accepted as
a correct definition ; for the following reasons :—

2. Every boy knows what a soap-bubble is, and that
when the pipe from which it i= blown is inverted, a
drop, sometimes a large one, depends from the lower
portion of the bubble. Now when we compare the

* weight of this drop with the thinness of the film which

supports it, we must come to the conclusion that the
strength of the filmyor in other words, the force by
which its particles cohere, is really very great. But it
may be urgec, that the film referred to is not one of
water, but of soap mixed with water : ghere is, however,-
every reason to believe that the soap merely serves to
diminish the mobility of the particles, without increasing
their cohesion.

3. But we do not need soap to prove the strong cohe-
sive force of liquids: if water be boiled for a long time so
as to expel the air which it always holds in solution, the
oohesion of the particles becomes so great that you can
fill a long tube with the liquid, turn it upside down,
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end the column of liquid will remain fixed in the tube,
supported by its own cohesion. Water thus prepared,
when enclosed in a vessel void of air, requires a far
‘greater heat to make it boil, or in other words to tear
» its particles asunder so as to cause them to assume the
form of steam, than ordinary water; and when it does
boil, we do not find it commencing by a gentle ebulli-
tjon, but suddenly, as if a spring were broken, the
cohesion is overcome, and the heated water explodes
elike gunpowder. * .

4. We probably obtain a more correct notion of the.
nature of a liquid than that componly entertained when
we imagine its particles perfectly free to slides over
each other in every direction, though the force which
resists the tearing asunder of the partidles may be very
great. Accqrding to this view it is not the absence of
cohesion, so much as the abgenge of rigidity,* which
distinguishes the liquid condition.

5. Liguids transmit pressure equally in all direc-
ticns.—'T'he most remarkable property of liquids is the
power which they possess of transmitting pressure
equally in all directions.. Let A B ¢ p, fig. 1, repre-

sent the section of a cubi-
cal vessel wjth tubular
apertures in its sides.
Into these tubes let the
pistons a,b, ¢, d, fit water~
tight, and let the vessel
ﬁ filled with wWater until
the surface of each piston
oshall be in contact with
the liquid® If the pistop
a be now _pressed down-
wards with any force, say
Pg. L the force of one pouad,
this pressure is not only transmitted to ¢, which is
vertically under a, but also to b and d. If the pistons
be ull of .the same size, it would require®a force of
& pound at b, ¢ and d, to prevent these pistons from
being-forced out, Now, no matter where we may su

pose our pistons to be placed, the safic effect wou‘;

——
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follow : so that if the piston a present an area of one
square inch, a weight of one pound at a ewould produce
a pressure of one pound on every square inch of the
interior surface of the vessg].

6. If the pistons be not of the same size—if the area,
of d, for example, be two squarg inches instead of one—
then a foree of one pound acting on a would produce a
pressure upon d equal ¢to two pounds. In this case
therefore a force of two pounds would be required at ‘d
fo prevent the piston from being forced out. e

« This is a point of considerable mechanical interest,
and it isstherefore jmportant to make it perfectly clear.
Let eA B ¢ D, fig. 2, be a closed vessel having two
cylinders ¢’ and »’ of unequal sizes passing through the
top. Into thege cylinders let the pistons @ and b fit
water-tight :  sup-
pose the area of @, _ | M
to be one square ‘l | f

=

inch,and of b tobe ,
five hundred square
inches: then if a
force of one pound
be applied at a, a
pressure pof one
pound will be ex-
erted on every
«square inch of the
interior gf the ves- Fig. 2.
sel, and hence a pressure of 500¢1bs. will act upon the
under surface of the pis%on & To prevent the piston from
being forced upward, a, weight of 500 lbs. must be
laced upon ft. If, while things are in this state, an
additional force of a pound be applied at @, the weight of
500+1bs. will be thereby lifted.

1. The Hydrostatic Paradox.—Thé fact of so small
a force being able to.raise so large a weight has given
to the experiment which'we have just described the
name of the hydrostatic paradox; but let us examine
wherein this paradox consists. ~When the piston a
descends, it is true the piston b is raised ; but how
much is it raistd? Suppose @ to be pressed downwards
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through the space of 1 inch ; a column of water which
fills this space will be forced into the cylinder . But
as b is 500 times the area of a, the little column will
fill only the x}sth pant of &n inch of the cylinder & ;

sthat is to say, when the piston @ is pushed down a full

» inch, the piston b rises dnly 5} 5th of an inch, Now the
magnitude of the effect produced must be &stimated by
the height to which the weight is lifted, and we see
_that although the weight, is very great the height i3
very small, the space passed through by the large pistoft
being to that passed through by the small ope in the®
inverse proportion of the area of tlfe former to that of
the latter. These counsiderations show that the experi-
ment is in reality no paradox atall.

8. It is indeed no more a paradox than an experiment
which boys make every day with a seesaw ; for hege it is
well known that ahy boy, diqwéver small, may be made
to balance any boy however large. I will ask you to
imagine a see-saw, each of whose arms measured frum
the centre is 500 feet long. Let a boy one pound in
weight be conceived to sit upon the extreme end of the
plank, or in other words 500 feet from the centre ; the
chapter upon levers will show you that this boy will
exactly balance anofher weighing 500 p8unds, and
sitting at a distance of ome foof from the centre. Of
course the weight and distances here supposed are quite,
absurd, but I choose them because they are the same as
those vsed in the caseof the ¢ paradox.” Htre, then,
we have a weight of.1 lb. exactly balancing a weight
of 500 lbs. ; and if while things are in this balanced
condition a pound weight be ptaced in the hand of the
small boy, he will sink and lift the other. But if we
observe the space through which both boys pasg, we
shall find that the small boy must descend through €00
inches in order to lift the lamge boy 1 inch: it is evi-
dent that the case is very similar to that of the hydrostatic
paradox. . .

9. The Hydrostatic Bellows.—1If instead of placirigr
a pound weight upon the piston a, fig. 2, we poured
one pound weight of water upon it, the eflect would of
course be the same ; and it is manifest that the result
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would be in no way altered if the piston @ were entirely
removed, and the water "o
simply poured into the Sw'?
tube which contains the
piston; the liquid thus
poured in would raise the
piston b, “This principle
is applied in the construc-
fion of the hydrostatic
bellots, a sketch of which
‘is given in fig. 3. The
bellows “are mad¢ Lke
those of an accordion or
concertina. A and B are
boards which are united
by flexible leather: at 1*
a tube is inserted Which s JR
bent upward to v. On
the board A weights are :
placed, and into the tube /e
U T water is poured: this
water enters the bellows
and raises the weights. Fga

10. Let us now suppose the two cylinders ¢’ and p',
fig. 2, to be prolonged
to the bottom of the ves-
el so as to form two
separate scylinders, as .
shown in fig. 4, and le¢ |[=
these two cylinders be
united by the cpen pas- «
wge p. It is evident
that all that has been
saidd"égarding fig. 2 ap- Flg. 4.
pliés also to fig 4. When,g is pressed down, the water
will be forced through p into the other cylinder; so
that a presspre of a pound at @ will, as before, produce
a pressure of 500 lbs. on b,

11. Another step carries us to the construction of
the well-known hydraulic press, or Bramah’s press, as
it is sometimes called, which I hope you will now find
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little difficulty in understanding. A simple form of
the machine isesketched in fig. 5. cand b represent

Fig.5. ,
two cylinders as before; ¢ however now dips into a
cistern of water w, while D terminates at the top of the
cistern., NL is a strong upright to which the lever r. m
is attached by a pivot at L: a pin p connectsthis lever
with the piston @ of the small cyltder, and it is.evident
that by raising or lowering the end M the piston may
be caused to ascend or descend. At v in the cross®
passage is a valve which opens towards b, and at s
at the end of the small®cylinder ig another valve which
opens upwards. Attaohed to the piston-rod of b is a
strong metal plate m which, of course, riges and sinks
with the piston underneath. A B E F is a strong e
framework, the top A B of whigh represents the section
of a second strong metallic plate. ‘e
12. We will now describe the action and use of th
instrument. ., Wheu the piston @ is raised, it is plain
that the water will follow it through the valve s as in
the case of a common pump. When the pist&n ceases
. to ascend, ths valve s falls by its own weight, and thus
prevents the” water from returning to the cistern w,
When therefore the pistori @ is pushed dowgnwards, the
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water is forced through the valve v into the eylinder o,
and is prevented from returning by the closing of .
On raising the piston again, the valve s opens and the
cylinder c 1s filled with water, which by the descent of
a is forced into the cylinder » as before. It is evidemn,
that by a succession of plunges we gradually raise the
“piston b and-the plate above it, and that if any body be
placed in the space s, it may be forcibly squeezed be-
¢ween the plates A B and m. If, as already supposed,
¢he piston b be 500 times thé area of the piston a, then
« a pressure of . 5 1bs. exerted on @ will produce a pres-
sure of £,500 lbs. a1 4,; and hence is capable of pressing
the body placed above m with a force of 2,500 lbs. I
have intentionally made the figure as simple as possible,
it being my object to make the principle perfectly clear ;
in practice the machine is variously consgructed, but if
the pipil understandy the above description thoroughly,
a little reflection will enable him to master the most
complicated machines of this description. At ¢ there is
a cock through which, when it is required to empty the
cylinder o, the water flows back into the cistern.

LESSON VI
PRESSURE AND DISPLACEMENT. *

1. Pressure of a liquid on the stdes and bottom of its
containing vessel.—If a cubical vessel contain a solid
<mass which fills it exactly, the sides of such a vessel
may be removed, while the mass within it retains its
position, and presseg, with all* its weight upon the
bottom of the vessel. The sides do not at ull contri-
bute to sustaip the masg, and whether they are present
or absent, is a matter of indifference. If, however, the
same vessel be filled with a liquid, the sides at® neces-
sary to preserve the shape of the mass; the liquid
exerts a pressure upon the sides, and if the latter were
removed would inevitably flow away in all directions.
It is evident, however, that'the sides, being vertical, do
not contfibute to the support of the weight of the
liquid, but that, just as in the case of the solid ‘body,
the bottom of the vessel bearsall the weight. The pres-
sure, then,upon the bottom of any vessel with upright
sides is equal to the weight of the liquid within the vessel.
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2. Now it is a singular consequence of the property
possessed by liquids, of transmitting pressure in all di-
rections, that the pressure upon the bottom of a vessel of
any shape whatever is equal to that exerted on the bottom
of a vessel with uprfght sides, provided only that the
bottom of the latter is of the same area as that of the
former, and that both vessels are filled to the same height
with liquid. This is proved by means of the apparatus
8ketched in fig. 6. A BC is a bent tube, furnished at

e Tig.e.

A with a collar, on which vessels of diﬂ'grent shapes
may be screwed water-tight. Supposing the tube to be
filled with mercury up to A, the mercury will stand at
the same level ¢ in the opposite arm of the tube. The
point ¢ being carefully marked, let the gylindrical
vessel ‘g be screwed om to o. 1If water be now poured
into g, say to the hejght &, it®will cause the column
in the other branch of the tllbe to rise to &, the ascent
being evidently due to the pressure of the water upon
the surface of the mercury underneath. The point %
being carefully noted, let ¢ be now removed, and let
the vessel m or n be screwed on to A; let watet be
poured into it until the height of the surface of the
water above that of the mercury at A is the same as it
was in the last experiment. On observing the other
branch of the tube, it will be found that the height
throughwhich the column has been elevated is exactly the
same as before ; % will mark the summit of the columu.

3. Hence we sce that the pressure upoh the bottom
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is influenced only by the height of the liquid column
and the area of its base. The pressure on ghe bottom of
any vessel, no matter what may be its form, is always
equal to the weight of a eylinder of theliquid, witha base
equal to the bottom of the véssel,and a height equal to
the height of the water within it. The pressure is
wholly independent of the quantity of water as long as
the bottom is of the same size, for we have seen that the
bottom of the vessel m, fig. 6, sustains precisely the
same pressure as that of n, clthough the quantities of
« water which the vessels contain are very different. Tt
is thus evident that py suitably choosing the shape of a
vessel. we may produce an enormous pressure with a
single pint of water. Supposing, for example, that we
choose a vessel *vith a square botiom, which measures
4 inches every side, the, area of this_bottom is 16
square winches; and if the vessel be so niarrowed up-
wards that when the piit cof water
is poured into it the surface shall be
two feet above the bottom, the pres-
sure borne upon the bottom in this
case will be fully fifteen pounds, for
this is the weight of a cylinder of
water whose base is 16 inches and
height 2 fect. . .
4. We here see very clearly the
explanation of an experiment cited
in some old treatises on natural phi-
losophy, afid which at first sight seems
.very startling. A strofif cask a yas
filled with water, and through the
cask was introduced a long tubecd ;
dn pouring water into the narrow
tube, dhe cask being unable tb resist
the,pressure thus produced, burst °
asunder. Supposing such a tube to
be 18 feet long, and to possess a section of 1 square
inch; whenfilled to the top with water, the pressure of
the liquid cylinder at the point ¢ would be equal to its
weight, which is about 8 pounds. This presture would
be transmitted to every square inch of the interior sur-
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face of the cask, and supposing the number of square
inches to be 7000, which is quite within ordinary bounds,
to preserve itself from bursting, the cask must be able
to bear a pressure of 56,000dbs. ; this enormous effect
Ieing produced by the judicious disposal of a very small
quantity of water. o ,

5. 'The pressurs of a liquid is not, however} confined
todhe sides and bottom of the vessel which contains it,
but every portion of the lignid mass itself sustains a®
Pressure which depends upon its depth below the sur-¢
face. A flat fish, for example, swimming at a depth of
32 feet below the surfice of the®sea, sustalns the
downward pressure of a column of water whose Base
covers the fish, and whose heiglit is 32 feect. If the
back of the little fish be 12 square inches in area, it
will, at this depth, exist unde®a downward pressure of
180 pounds, and it may bg ashed, why does not the
animal sink under this pressure? The reason is, that
the Bsh is pressed as ‘much upwards by the water as
downwards, and these two opposite pressures balance
each other, so that the fish moves as if it suffered no
pressure at all. The fish being thus squeezed, it may
however be asked, why it is not crushed to pieces? the
reason is, thiat the tissues and liquids which «constitute
the body of the fish exert a prci.;ure against the sur-
rounding water equal to that which it exerts against
them. The materials of which the fish is composed
are, like the water itsglf, almost perfectly inevmpres-
sible. Some fish, indeed, are fanpished with air-blad-
ders, and when such fish swim at great depths, the
bladders are very much compressed ; the consequence
is, that when suddenly removed from those depths by «
the hook of the fisherman, the air-bladder swells like a
balloon, and thus causes the appearance which *we
observe at the fish-stalls, where the stomach of a fish-1s
often seen forced through its mouth by the distension
of the air within its body. .

6. Compressibility of Water.—In connexion with
this portion yof our subject it may be asked whether
water itself is not much compressed gt very great
depths. So small is the compressibilityeof water,
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that it was for a long time believed to be absolutely
incompressible.  An’ experiment was "once made in
Florence which is very celebrated in the annals of
science. A hollow spheve of, gold was filled with
water and carefully closed. Now it is a geometrical
fact that a sphere takes up more space than any other
body which possseses a surface of the.same area ; hence
if a hollow sphere be calised to change its shape, with-
vut either stretching or shrinking, the new shape will
oceupy less space than the old one. The aim of the

* Florentine experimenters was to squeeze their sphere
of gold so as to make it change its shape, for they knew
if this were cffected, that the water within the sphere
would be compressed into a smaller space. They found,
however, that they could not change the shape of the
sphere, although the pressure applied wa:. so great as to
cause the liquid to oeze thropgh the pores of the gold,
and to collect like dew upon its surface. A similar
effect was observed very recently in Manchester, during
some experiments made to determine the influence of
pressure upon the melting points  of solids. Melted
spermaceti contained in a brass cylinder was subjected
to a pressure so great that the liquid was forced in
invisible jots through the pores of the brass until the
cylinder was quite emptied of its contents.

7. It is now known, however, that liquids are com-
‘pressible in a small degree, and various
instruments have been constructed to de-
monstrate the fact. Perhaps the simplest
proof is the following :—A vessel d, fig. 8, %
carefully filled with water, has a solid
cplunger p entering through its neck; on J
the plunger, and immediately in contact 4
with the mouth of the vessel, a ring is fitted
8¢ as to be capable of being pushed along
the plunger, still claspiug the latter so  Fig s
tightly as to remain in any position in which it is
placed. Such a vessel was sunk to a great depth in the
sea, and on being raised again, it was fovnd that the
ring had been moved, and stood at some distance above
the mouth of the vessel. This proved that the plunger
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had been forced into the vessel below, or, in other
words, that th® water within the vessel had been
squeezed into a smaller compass : when the vessel was
drawn up, the liquid within i¢, being relieved from the
pressure, resumed its former dimensions, and forced out
«the plunger which carried the ring along with it.

8. Principle of Archimedes—We now®*phoceed to
cansider a point which has a great traditional interest
connected with it. It is reported that Hiero, king of*
Syracuse, having given a quantity of gold to a gold.e
smith to make him a erown, suspected that the man °
had substituted for a portion of the gold a base? metal,
and that the crown returned to him, although of*the
proper weight, was not of the proper material. He
asked Archimedes, one of the most celebrated characters
of antiquity, te determine whether his suspicions were
correct. It must be remgmbered thht in those days
people knew nothing of the tests which would now
render the solution of the problem a very simple matter,
and that it was therefore a question of exceeding diffi-
culty: but a problem must be very difficult indeed
which resists the contifiued application of the human
mind ; for such application is almost always rewarded
by the streaming in of light, even from umsuspected
quarters. Archimedés found ®his to be the case.
While pondering upon the subject, he chanced to
enter.a bath which had been filled brim full of water,
and observed, as he entered, that the liquid flowed
over the edge. Prepared by she mental discipline
which he had previoflsly gone through, the solution
of the problem at once flashed upon kim, and it is
related that he sprang in ecstasy from the bath, and rane
through the streets of the city, crying, ¢ Eurekal
Eureka !” T have found it! I have foundit!” We'%ill
now consider how the simple circumstance to which We
have referred could have proved so instructive as to
make the great ancient philosopher almost mad with joy.

9. By comparing a shilling with a sovereign, any
boy can satigfy himself that gold is much heavier than
silver—indeed, it is nearly twice as heavy; A pound ci
silver is therefore larger than a pound of gold, aud if
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immersed in a vessel accurately filled with water, the
former will cause nearly twice as muth water to flow
over as the latter. If a mixture of gold and silver of
the same weight were immersegd, the quantity of water
displaced would be something less than that displaced
by pure silver,;and something greater than that dis-
placed by ‘pure gold; and here was the secret of the
test of Archimedes. e took the king’s crown, and
procured a quantity of pure gold of the same weight ;
 he immersed the crown and the gold successively in
water, and found that the crown displaced more of the
liquid than the gold«lid. The problem of the king was
thiis solved, and the dishonesty of the astonished gold-
smith completely demonstrated.

10. But we have not yet derived all the instruction
possible from this impurtant discovery, and this we
must endeavour‘to do.. When a bather walks in water
which reaches to his chin, he finds that the soles of his
feet press very lightly upon the bottom ; a portion of
his weight is borne hy the water; if it were deep
enough to reach a little abuve his eyes, his whole

“weight would be borne by the liquid, and the bottom
would not be at all necessary for his support. Hence it
is that a. person finds it easy to lift a mass of stone
under water, which, when he btings it to the surface,
altogether surpasses his strength, and that a body
weighed in water appears to lose a considerable portion
of its weight. The question now is—how much of its
weight does the body,lose? How much of its weight is
the water able to support? “ :

11. When,a lead bullet is immersed in water, it dis-
places a sphere of water exactly equal to the bullet in
size: imagine such a sphere of water in tii midst of a
mgss of the liquid : it is evident that the sphere is borne
by the water, and neither sinks nor rises. Hence when
the lead bullet occupies the place of the sphere, a por-
tion of its weight, equal to the weight of a sphere of
liquid of the size of the bullet, must be borne by the
water. This leads us'to the statement of the most im-
portant principle of hydrostatics, called the principle of
Archimedes, namely, that a body immersed in a liguid .
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loses a portion of its weight equal to the weight of the
quantity of liuvd which it displaces.
12. If what I have here stated should be found dif-
ficult to understand, the difficulty will disappear when
» we go through the experimental proof of the principle.
Let a kollow cylinder, e, be attached to ong arm of a
balance, fig. 9, and to this let another soli cylinder,

&=

o Fig. 9.

p, be attached, of such a size as accurately to fill the

hollow cylinder placed above it. By placiag weight.

in the opposite scafepan, the ®alance-beam may be

brought into a horizontal position ; and when this is

accomplished, let the cylinder p be caused to dip into a*
vessel of water. "The equilibrium is now destroyed ; p

loses a portion of it§ weight, @nd consequently the

end of the balance t8 which it is attached is raised

by the weights in the opposite scalepaa. The ques-

tion now is, how much of its weight has p lost? or,e
more correctly, how much of its weight is borne by

the water? Let water be poured into the hollow

cylinder ¢, and it will be found that when the cylind®r

is full of water the, balance-beam stands once more

exactly horizontal. #he weight, therefore, lost by p is

exactly made good by the weight of a mass of water

equal in sizeyto p, and this is the experimental proof of

the principle of Archimedes. ’
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LESSON VIL
SPECIFIC GRAVITY.

I. WE shall now see the utility of the principle which
we have just established. 1Tt is of course of the
highest practical importance to be able to compare the
weights of different substances with each other. This
might be accomplished by reducing the substances to
the same size, and then weighing them in the ordinary
manner; in this way it would be found that if the
weight of a cube of siiver be 10 grains, or 10 ounces, or
10 Ibs., the weight of a cube of gold, of the same size,
would be very, nearly 19 grains, 19 ounces, or 19 lbs.
It would, however, be a work of great difficulty, and
indeed, in many cases impbssible, to reduce bodies to the
same dimensions, and here the principle of Archimedes
comes to our assistance. Supposing a body which
weighs 6 ounces to lose 2 ounces of its weight in
water, the principle referred to teaches us that these 2
ounces are the weight of a mass of water of the same
size as the body immersed, and hence the weight of this
body would be three times that of water. In like manner,
supposing’ the weight of a body of 27 ounces to be re-
duced to 24 ounces in Water, we khow that the difference,
3 ounces, would be the weight of a bulk of water equal to

" that of the body ; and lence the latter must be regarded

as 9 times heavier than the former. Calling the weight
of water 1, the weigkts of the two bodies last alluded
to would be represented -by the numbers 8 and 9 ;
and these nu.nbers, 1,73, and 9, are called the spe-
cific gravities of the substances to whigh they corre-
spopd. In the determination of specific gravities, the
weight of distilled water, at a certain temperature, is
usually taken as a standard,.and represented by the
number 1; and when in printed tables we find the spe-
cific grayity of gold stated to be 19°26, and that of
silver 10°47, it is understood that the specific gravity
of water.is unity. Reflecting on what -has been said,
the reason of, the following practical rule will be evi-
dent :—Drvide the real™weight of Whe body by the
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weight it loses in water ; the quoticnt will be the specific
gravity. .

2. In order to illustrate the foregoing, and to pre-
pare us for what is yet to come, we will here propose a
Jew exercises.

ExamrLE 1. A body, weighing 521bs., loses 13 1bs.

*of its weight in yater ; another body, weighing 16 Ibs,,

loses 21bs. of its weight in water ; what ratio does the
weight of a cabic inch of the former substance bear ta
the weight of a cubic incheof the latter?

A cubic inch of the former body is readily found, by .
the method we have just described, tp be equal i Weléht
to 4 cubic inches of water, wlu]‘ a cubic inch of the
atter body is found, by the same process, to be equal in
weight to 8 cubic inches of water; # is, therefore,
p]am that a gubic inch of the first body welghs only
half as much as a gubic inch of the sacond.

ExamMrLE 2. A body, Welghmg 25 1bs., loses., when
immersed in water, 5lbs. of its wel‘rht It is then
joined to a second body weighing 12 Ibs. ; and it is
found that the compound body, formed by the union of
both, loses 9 lbs of its weight in water: required the
speclﬁc gravity of the second body ?

Heré we find the weight of a mass of wafer equal in
bulk to the first bodysto be 51bsy: and the weight of a
mass of water equal in bulk to both bodies together
equal to 9 lbs. Deducting 5 from 9, we find the weight,
of a mass of water, equal in bulk to the second body,
to be 41bs. ; but the weight of the body itself ] Js 12 Ibs.,
and consequent]y, dividing }2 b} 4, we “obtan its spe-
cific gravity
" ExAMPLE d Let everythmg remain *as in the last
question, except that the compound body loses 201hs.,
instead of 9lbs., by immersion ; required the apocxﬁc
gravity of the second body ?

Here, as before, the weight of a mass of water, equal
in bulk to the first body, is 51bs., and the weight of a
mass, equal in bulk to the compound body, ds 20 1bs. ;
deducting 5 from 20, we find 15 Ibs. to be the weight of
a mass of ‘vhter equal in bulk to the sccond body. Dt
the weight of the body itself is 121bs., and couse-

[]
- E
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quently its specific gravity, found by dividing 12 by
15,1 =0-8.

3. In our first illustrations we intentionally re-
stricted ourselves to those hodies which are heavier than
water, and which therefore sink -in the liquid ; but the
last example reveals to us the,method employed when
the specific. gravity of a body lighter than water is
sought. The body is attached to a second one of such
a density that both together sink in water, and the pre-
cise steps indicated by the question are pursued.

. 4. In the determination of the specific gravity of
liquids, <he difficulty of reducing the bodies to the same
dimensions disappears, The method pursued by che-
mists, who aim at very accurate determinations, is to
provide a smali glass flask with a ground-glass stopper,
and ascertain the precize weight of the quantity of
liquid® which theflask is able to coptain. Filling the
flask, first with water, anJ ‘afterwards with the liquid
whose specific gravity is to be determined, we can com-
pare the weights together, and thus obtain the specific
gravity sought. There is another way, however, of
determining the specific gravities of liquids, which de-
pends upon the principle that the denser a liquid is, the
less deeply will a floating body sink in it, Salt water
being heavier than frech, a floating body will not sink
so far in the former as in the-latter, a fact well known
.to those who are accustomed to swimming in‘rivers and
in the sea. In sulphuric acid a floating body will sink
to little more than half the depth that it sinks to in
water ; and many bodfes which gink wholly in the latter
continue floating in the former. Mercury is a still more
striking example of the influence of density, for iron

“will float upon it just as wood floats upon Water,

5¢ The whole weight of afloating body is borne by
the liquid in which it floats, and the weight of the
liquid it displaces is exactly equal to the weight of the
body. A piece of wood, weighing 5 ounces, displaces
5 ounces of the liquid which supports it; it will dis-
place 5 ounces of water, or 5 ounces of alcohol ; but s
water is heavier than alcohol, the latter 5%cunces will
be larger than the former, and consequently the body
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must sink deeper in alcohol than in water. It is easy to
see that the speeific gravities of two liquids are inversely
proportional to the quantities of them displaced bv the
same floating body ; if, the ,quantity displaced, or, in
pther words,’if the bulk of the immersed portion of the
Jfloating body in one lignid be twice what it is in the
other, the specific gravity of the former sig* evidently
oge-half that of the latter. ¢

6. To ascertain with precision the quantity of liqui¢
displaced by the floating body, a shape is given to it
similar to that sketched- in fig. 10. @ is a hollow globe,
to which, on the opasside, a tulle, ¢, of
uniform thickness, is attached, and which
is united on the other with a vessel, v, in
which a quantity of merchry is enclosed.
oL'he use of the mercury is to cause the
instrument to stand uptight in a liquid,
and its quantify is so regulated that when
the instrument is immersed in the hea-
viest liquid which it is destined to test,
the hollow ball shall be barely covered
by the liquid, while when it is immersed
in the lightest liquid which 1 is intended
to test, the stem ¢ also shall, be nearly
submertyed. SupPosing the volume or
bulk of the instrument up to the point
where the stem is cut by the surface ofe
the heavier liquid to be expressgd by the
number®1000, and, the volume up to the
point witere the stem is cut by the sur-
face of the lighger liquidgto be 1100, it

Fig. 10. is evident that the specific gravities ofy
the two liquids are to each other in the inverse ratio of
these numbers, and supposing the lighter liquid tb, be
water, the specific gravity of the heavier one would be
1-1. If we divide the interval between the two points
alluded to into a number of equal parts, it is plain that
by observing the point at which the surfate of any
liqid cuts ?he stem, we can ascertain the specific gra-
vity of the liquid. In practice the stem is so graduated
that the specific gravity can be at once rtad off.
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There are various mechanical contrivances for the
determination of the specific gravities of solid and
liquid bodies ; but if the pupil understand the principles
which we have endeavoured tq expound, he will find
little difficulty in comprehending such contrivances, or
indeed in adding to them new inventions of his own.

v LESSON VIIL'
MECHANICAL PROPERTIES OF AIR.

1. Borr liquids and gases' are comprised under thu
more general term fluids. The Germans have no single
word answering te gur word liquids, and they distin-
guich liquids from gases, by calling the former ¢ droppy
luids” —fluids capable of being poured out into drops
like water, anl elastic fluids, of which air is a type.
If you compress air, youewill find that it resists, and on
removing the pressyre, it expands again to its former
size. Air is elastic becauseof the mutual repulsion of
its particles; if the volume of a vessel containing a
given quantity of air be doubled, this repulsion will
cause the air to expand and fill the vessel. Here a re-
flecting boy may ask why it is tkat the atmosphere is not
dissipated lpy this elastic force, since the atmosphere is
enclosed ju no vessel, and bas free space to diffuse in.
The reason is, that the: earth is within the atmosphere,
and holds the Jatter swathed round it by the force of
« gravity, which acts in opposition to the force by which
the particles of air mutually repel each other.

2. The atmosphere is in fact*an ocean of gas, which
encompasses the earth. We have seen in the case of
liquids, that gt great depths, the water of the sea is

(compressed into a smaller space: this folds true in a
far more striking degree in the case of air. The air
nea?d the surface of the earth, or in other words near the
beftom of the air-ocean, is far more dense than at some
elevations which even man has attained. Had De Lue,
or Gay Lussac, or Mr. Walsh, in his recent -balloon
ascent, taken with him a bladder half filled with air from
the earth’s surface, he would have found that before his
highest elevation was attained, the air woulti have filled
the bladder. ‘Being relieved from the weight of a
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stratum of dense air, eighteen or twenty thousand feet
in thickness, the elastic force of the air within the
bladder would cause it to expand, until at length the air
would press against the sides of the bladder and dis-
end it.
y 3. But does the air possess weight? Most certainly;
as may be proved,in the following manner :Let a flask
A, fig. 11, exhausted of air, be.suspended from one end

S

Fig. 11.

of a delicate balance ; and let weights exactly sufficient
to sustain the flask be placed upon the opposite scalepan,
If the cock ¢ be now opened, the air will enter the flask
A, and the moment is does so, ghe flask will’sink, thus
" demonstrating the weight of the air which has entered it.
4. Pressure of the Atmosphere.—The air being thus,
proved to possess weight, the atmosphere under which
- we live must exercise®a certain pressure on the earth’s
surface, and on all things ypon that surface. This is
the case. Conceive a columy of air with a base of
one square inch, extending from the surtace of the sea
to the top of the atmosphere; such a column would
weigh about 15 lbs., and consequently would exest a
pressure of 15 lbs. on the square inch of surface whigh
supports it. For this reason an amount of pressure
equal to 15 1bs. per square inch is called an atmosphere ;
80 1bs. per square inch,two atmospheres; 45 lbs. per
square inch, three atmospheres, and so on. As in the
case of liquffds, the pressure is equal in all directionss
every square inch of the human body bears a pressure.
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of 15 lbs,, and hence the total pressure upon a full-
grown man must amount to several tens. Why then
are we not crushed? our answer must be the same
as that already given in allusion to fish at great sea
depths. The solids, liquids and gases of the humap
body exert an outward pressurg which exactly balances,
the inward pressure of the atmosphere.

5. Discovery of the -Weight of the Atmosphere.—
.The discovery that the atmosphere possesses weight is
2 very celebrated one. Before the time of Galileo,

, a man eminent in science, and who was chiefly instru-
mental «n overturpipg the system of false philosophy
which was prevalent in his day, it was never thought
that the air possessed weight. Pumps had been used ;
but nobody se¢med to entertain the idea that there was
any limit to the height to which water ¢onld be raised
by apump. I will herp givea very brief deseription of
this machine. A B, fig+ 12, is a tube, one end of
which, B, dips into water: into
the tube a piston p is fitted air«
tight, and can be pushed down-
wards or raised upwards by means
of a handle attached to the rigid . 2,
rod ¢ d. Through the piston A(

a passage is bored,: and this
passage is closed at times by

.a little door or walve, which
can only open upwards. Con-
ceive first the space immee
diately below the piston,to he
filled with air: when the piston
is pushed downwards, the air be-

‘low it will lift the valve and P !"
escape: when the downward mo-
tigh ceases, the valve falls by its
own weight. If now the piston
be drawn up, the valve being
closed, noeair can reach the space
below it ; the space, if it remained B
empty, we should call a vacuum, Figt 12.
But it does ot remain empty; for, as the piston

= =
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ascends, it is followed by the water; and when the
piston descenqs again, water instead of air rushes
through the valve and gets above the piston. On
raising the piston again, this water is lifted, for it cannot
Jeturn through the valve, and finally escapes through
the spout of the pump.

* 6. In this experiment the piston appears {o suck the
water after it, aiid hence the pame of sucker which is
sometimes applied to this portion of the machine. Before
¢he time of Galileo, it was never thought that there
was a limit to the height to which water could thus
follow the so-called sucker. Some gardeners in Florence
chanced to sink a very deep pwfip, but found to their
great astonishment that they could not get the water to
rise to a greater height than 32 feet. ‘The explanation
given by the philosophers of those days of the ascent of
water in a pump was, that nature adfiorred a vqcuum,
and that hence the water mushed in to fill the empty
space created by the ascent of the piston. By this
pompous langnage they deceived themselves, and hid
their ignorance under a figure of speech; nevertheless,
the explanation was syfficient to satisfy the world for
two thousand years. The gardeners in their difficulty
came fo Galileo, and he, old man, embittered by the
persecutions he had suffered fogdeclaring tite truth and
opposing error, replied sarcastically to his questioners :
It is evident that nature abhors a vacuum only to the
extent of 32 feet.” He did not however solve thé
problem: this was reserved for his pupil Tdrricelli to
accomplish. ¢« . °

7. Torricelli reasoned thus :—These 32 feet of water
must be lifted by something. Theii® weight is the
measure of the force which lifts them : what can this
force be? Perhaps the atmosphere has weight, ang that
it presses upon the surface of the water withoud the
pump : if this be the case, and the air within the pump
be removed by the piston, the outward pressure of the
atmosphere being no longer balanced, the,water will
rise in the pump. But when the liquid column has
attained slch a height that its weight balances the
weight of the atmosphere, beyond this the column cannut
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rise. From the experiment made by the gardeners, it is
therefore to be inferred that a column of water 32 feet
high exactly balances the weight of the atmosphere.

8. Experiment of Torricelli.—But if this be the
case, when we take a liquid heavier than water, the
height to which it can be lifted ought -
to be less,than the height to which
water is raised. Mercury, for ex-
ample, is about 13 times heavier than
water, granting then that a column
of water 32 feet high is sustained by
the atmqspheric pressure, the column
of mercury sustained ought to be
only the thirteenth part of 32 feet,
or in round nambers, 30 inches in
height. Here then the gexperiment
was suggested, which has made the,
name of its author famous. » Torricelli
took a tube ¢, fig. 13, more than 30
inches in length, open at one end,
but closed at the other. Filling it
with mercury, he stopped its popen
end by his thumb, and inverted it in
a vessel v containing a quantity of the Fig. 13.
liquid metdl. Judge ¢f his satisfaction when he saw
the liquid descend until the surface of the column
within the tube was 30 inches above the surface without,
and remain stationary in this position; thus fulfilling,
in the mbst complete manner, the conclusion at which
he had arrived. Y v ;

9. I would here direct_your attention to the manner
in which thoughtful reflection and experiment go hand
fm hand with a true natural philosopher, # Torricelli
provgd himself to be. If the'former be not the prompter
and' guide of the latter, we wander blindly amid our
experiments, and amass facts to little purpose. The o
nents of Torricelli—for we must remember that he and
his great master had nearly the whole world opposed to
them—furnish us with an instructive example of the
influence of prejudice upon the human mind. Sooner
than accept thesimple explanation of Torricelli, that the

*
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column of mercury was supported by the atmosphere, a
distinguished Abbé in those da¥ affirmed that it was
suspended: by invisible threads! Natural Philosophy
does not demand of its followers any unsteadiness of
JLCcharacter, or unstable shifting from one opinion to
, another ; but it requiresthat the love of truth shall be
sa predominant, that whenever truth appear$, fio personal
fgelings of our own shall be strong enough to prevent
us from accepting it. )
L]

LESSON IX. ‘

s
CHANGE OF ATMOSPHERIC PRESSURE—THE
BAROMETER.

1. Decrease of Atmospheric Pressure with the Height.
—TFollowing &he Torricellian® experiment to its gonse-
quences, we should infer,tha® the dolumn supported
by the atmosphere in its higher regions ought to be less
than that supported near the earth’s surface; for as we
ascend, the weight of the atmosphere above us diminishes,
Pascal was the first to test the truth of this deduction.
He took with him a Tdtricellian tube to the summit of
a lofty mountain in France: he found, as he ascended,
that the height of the column of mercury became gra-
dually less; and that' it rose a®in as he descended.
This result has been abundantly confirmed by subsequent
experimenters. De Lue, in a balloon ascent, found the*®
height of the mercurial column to be only 18 inches,
his elevation at the tim® being esgimated at 20,000 feet.
As is easy to conceivegthe mercmial column may be,
and indeed has been, actually canverted imto a means of
determining elevations. '

We have already described the methods by which, the
specific gravities of liquids are determined. A new
method presents itself to us here, namely, that of weigh-
ing the liquid against the atmosphere. Supposing the
pressure of the latter to be constant, the heights of the
columns supported would be evidently inversel}y propor-
tional to the gpecific gravities of the liquids.

2. Two cubic inches of mercury weigh 1 lb., and
hence a column of the metal, with a square jnch for its
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base, and 30 inches in height, would weigh 15 lbs.
Thus it is that we infer the pressurec of the atmo-
sphere to be 15 lbs. on each square inch of the earth’s
surface. .

3. Arrangements were soon made to read off the
height of the mercurial colump with greater precision
than was ‘decmed necessary on the first experiments.
The instrument had a uscale attached to it near the
summit of the column, and it was quickly observed that
the surface of the mercury did not always stand at the
same point of the scale. Within certain limits the
height of the colurey varied, thus proving that the at-
mospheric pressure varied also. In its improved form,
the instrument was called a barometer.

4. Inthe réading off of a barometer, the thmg to be
determined is the differenee of level be-
tween’ the mercural surface without the
tube and that within it. ‘It"is evident
that when the mercury sinks or rises,
both of these surfaces change their
level: now it is a matter of great
convenience to be able to bring the
surface of the mercury outside to the
level of a.fixed point, from which the
barometer-tube is grad.ated. To effect
this, the vessel v, fig. 14, containing
the mercury, is furnished with a move-
able bottom, which can be raised or
lowered by means of the screws. A
pointed index %, of ivory.or steel, is
caused to depend from ghe upper por-
_tion of the vessel, and before reading
off the mstrument, the level of the
mereury is so adjusted, that the point of
tke index barely touches the surface.
The numbers on the scale denote the -
heights above this point, and conse-
quently farnish us immediately with
the difference of level between the two
surfaces.

In the ordinary wheel-barometer, the fluctuations
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of the barometric column are transferred to an index
- which moves like the hand of a elock
over the face of a dial. The arrange-
ment will be understood from fig. 15.
‘The glass tube, instead of being im-
mersed, in a vessel of mercury, is bent
supwards, and the atmospliferic pressure
on the surface G, sustains the column
within the tube. When the atmo-
spheric pressure diminishes, the column
falls, and the surface at G becomes
elevated. On pkis surface 8wims a
small adjusted float, from whi¢h a
string passes over the pulley p : when
the float is lifted, the’ weight w de-
scends, and «draws the pulley round:
when the floatsigks, the motion ‘of the
index is ih the opposite direction. It
is plain that if the index be long enough,
a very small change in the level of

=== the surface at ¢ will produce a very

Fig. 15. sensible motion of the index.

5. How the Barometer may predict Rain.—The
barometer has received the name of the weagher-glass ;
and in the hands of % skilful Wserver it may indeed
be of great value in assisting him to make a close
guess at the weather to be expected. Let us examine ®
how this is possible. It is a fact, which we sball have
occasion to refer to in Bur articlg upon heat, that when
air is warmed it swells, and thus becomes specifically

"lighter. As a consequence of this, the atmosphere
in our polar regions is denser than at the equator, and
when the direction of the wind is from the north or
north-east, the superior density of the moving air calges
the barometric column to stand high. When, on
the contrary, the wind blows from the south or south-
west, the moving air conveyed to us from the equatorial
regions is comparatively warm and light, and the light-
ness is accoppanied by a corresponding depression of
the barometric column. But you may here urge, that
this does not explain why the barometer®prgdicts rain,

e L T R L
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for the direction of the wind has alone been spoken of.
Both, however, are connected. It is a well-known fact
that the higher the temperature of the air, the greater
is the quantity of water which it can preserve in'the
form of vapour. Hence, if a mass of air, saturated with
vapour, be transported from a ~older place to a warmer
one, the vdpbur remains uncondensed ; but if it be moved
from a warmer place to 4 colder one, condensation takes
place, and a portion of the vapour is precipitated as
avater. Conceive, then, a current of air coming fron.
the south or south-west: it approaches us laden with
the vapburs which i has contracted in passing over the
oceén ; but, inasmuch as it moves towards colder regions,
this vapour is continually precipitated ; and hence it is
that the south-west wind brings us such plentiful
showers. The wind from the north, on the contrary,
has its moisture“alreadsy precipitater to a great extent,
and what it still holds, indsmuch as the air moves from
colder to warmer regions, is preserved in the state of
vapour: hence it is that the north and north-east winds
are usually dry; and thus the barometer justifies, in
some measure, its right to the popular name of weather-
glass.

6. How. the Barometer may predict a Storm.—But
the barometric columt has sometimes been observed to
fall suddenly before a storm. Otto von Guerike, whom
we shall have occasion to allude to again, predicted, in
1660, from the sudden fall of a barometer during a
calm, that a storm must be raging somewhere: two
hours afterwards the gale burst upon his own neighbour-
hood. On the 2nd of Amgust, 1837, the harbour-master

«-of Porto-Rico warned the seamen in the haven that a

storm was to be expected, as the barom&er had fullen
18 Yines in a few hours. The warning was vain : the
storm arrived, and of the 33 ships which the harbour
contained not one escaped. At St. Bartholmew, 250
houses were destroyed, and at St. Thomas the hurricane
carried a 24-pounder cannon along with it. Numerous
other instances of a similar nature have been observed.

7. We will now proceed to consider how it is possible
that the bafometer can foreshow storms in this way,
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From the most accurate observations it has been deduced
that storms cdnsist of bodies of air rotating round a
centre. The little eddies that we observe upon the
street, on a dusty dayy are examples, on a small scale,
oof what we mean. Here it will be noticed that the
« particles of dust are carried round and round, and that,
along with this motion of rotation, there i8 4 motion of
teanslution, as it is called, of the entire whirling mass
from one place to another. In the case of great storms
%these two motions are also combined; the air whirls
with great violence round a centre, while, at the same *
time, the centre itself is continauily carried forward.,
Imagine a rotating cylinder of air thus impelled? the
base of the cylinder, being in contact with the earth, en»
counters friction and other obstructions, 1s retarded, and
hence the cylinder leans forutard. The upper gortion
of the cylinder nmy, thepefort, be 8ver a place long
before the bottom has reached it; the storm may be
active above, while all is ealm below. How then is the
pressure of the air influenced by one of these atmospheric
whirlpools? Owing to its swift rotation, the air is
driven out from the centre on all sides, so that in the
neighbpurhood of the centre the space is partly emptied
of air, and consequently cannot support a shigh baro-
metric column, At fhe centre Telf the depression is a
maximum. Reflecting upon these facts, there is no
difficulty in conceiving how the barometer may be’
affected, long before the storm has reached itpand thus
serve as a valuable warning to ghose who are able to
interpret its indicationdd ¢
[ ] [ ]

LESSON X, 4

THE RELATION BETWEEN THE VOLUME AND
THE PRESSURE OF ELASTIC FLUIDS. »

1. Law of Mariotte.—Having learned that air is
compressible, our next step is to determine the exact
relation between the amount of the compréssion and the
force which qroduces it. This is done by means of the
apparatus sketched in fig. 16. aBc i3 a bent tube
of glass, open at A, and furnished at c with a good
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stop-cock. 'When the cock is open, let a quantity of mer-
cury be poured into A, suffi- "

cient to close the bent portion \ A

of the tube at B, and to rise to «

the level of dd’, half an inch

or an inch above the bent por-«

tion. Let the cock ¢ be now

closed : we have then a*quan-

tity of air enclosed in the space

above the mercury surface d’,

and this is the air which we

will submit to cexzpression.

Let"mercury be poured in at ¢

A: as the column in A B l;kl

heightens, the surface d’ will

be observed to ascende gra-

dually, the air dbove it being

squeezed into a smaller space i

by the pressure of the mercury. é .

When the vclume of air has

been squeezed into exactly Fig. 16.

half its bulk, let the pouring “in at A cease. Let the
difference of level of the mercury in both arms of the
tube be now ascertained : it will be found that this differ-
ence is about 30 inch&s. If A B“be long enough, mer-
cury can be poured in at A until the air in B ¢ has been
* squeezed into one-third of its original volume ; weshould
then find the difference of level in both arms of the
tube to be 60 inches. ; To reduce the air to one-fourth
of its volume, a column of Q0 iuthes would be requisite,
and so on. Bat how isdt that the increase goes on by
¢ additions of 30 inches ? Let us consider the state of the
air in the tube Bc before the cock at c was closed.
It Ys evident that it then bore the pressure of the
afmosphere above it, which, as already explained, is
equal to that of 30 inches of mercury. When the
tube A B is filled to a height of 30 inches above the
level in B¢, it is plain that two atmospheres, as they
are called, are pressing on the air in B, When the
height of the pressing column is 60 inches, three atmo-
spheres press upon the air; when 90 inches, a pressure
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of four atmospheres is exerted, and so on. Now, the
experiment shoWs us that by douhling the pressure we
reduce the volume of air to one-half, by trebling the
pressure we reduce it to one-third, by increasing the
pressure four times we diminish the volume four times ;
and hence we arrive at the important law—a law first
discovered by thes celebrated Robert Boylé, and redis-
cowered by Mariotte, whose name it usually bears—that
the volume of a gas is inversely proportional to the pres-
sture under which it exists. .

2. For a long time it was considered that this law
was perfectly true for all gases;®vut it is now kngwn
that this is not in strictness the case. When compressed
in the manner we have described, some ggses are finally
reduced to the liquid condition. By cold and pressure,
Mr. Faraday has liquified nuntbers of them. And it is
found that those gases which grd most éasily liquifiable,
or which, in other words, are nearest to their points of
condensation at ordinary temperatures, exhibit very
sensible deviations from the law of Mariotte. Carbonic
acid and sulphurous acid are examples of gases of this
class; while other gases; amongst which are the con-
stituents, of our atmosphere, have resisted all attempts
hitherto méde to liquify them. Qith these the law of
Mariotte is true to a f{r greater eéxtent than with the
others.

3. To imprint the important principle above esta-
blished vpon the mind, jt would be useful to wotk a few
examples in which the law is appdied. Want of space
prevents us from giving ‘more®than one here.

Example 1.—Assuming the ¥law of Mariotte to be
true for all pressures, and that water is incompressible ;
at what depth below the surface of the sea woulq a
bubble of air have the same density as the surroundn%
water, supposing the weight of the water to be 84
times that of the air at the surface, and that a column
of 32 feet of water exercises a pressure of ope atmo-
sphere ?.

What is required here is to know what pressure will
reduce a volume of air to ylgth part of the bulk it
possesses at the surface of the sea, where the pressure
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upon it is one atmosphere. According to the law of
Mariotte, a pressure of 840 atmosphercs would accom-
plish this ; and, hence,a depth of 32 feet of water being
equal to one atmosphere, it might be thought that we
have only to multiply 840 by 32 to find the depth
sought. But it must be reme.nbered that theair at the
surface already bears the pressure of\ an atmosphere of
air, and to these 839 atmospheres of water pressure
must beadded to make up the 840. Hence, multiplying
* 839 by 32, we obtain 26,848 feet as the depth sought.

Below this depth, if the above conditions continued
to hold, the air wtuld be heavier than the water, and
would therefore sink instead of rise. It must not,
however, be forgotten, that the case here supposed is
an imaginary one, for water is not incompressible, and
it is certain that long before the pressure referred
to has been atfained, whe Jaw of MMariotte ceases to be
true.

4. Further Effects of Atmospheric Pressure—In the
parometer we see a column of mercury prevented by the
pressure of the atmosphere from flowing out of the tube
which contains it. If the top Jf the tube were perforated
s0 as to permit the air to enter, the mercurial e¢olumn
would ifimediately sink. Such a perforation is made
in the lid of a teapot; and if the'lid fit tightly, you will
observe that the water flows, or ceases to flow, according
as the vent-hole is opened or closed. In water-glasses
for birds, the liquid within the glass is sustained by the
atmospheric pressura; the bird drinks from the -
bowl a (fig. 17), and finslly the water within
the bowl sirks, untilta small bubble of air
enters by the tube &, and ascends to the gummit
of the glass ; here, by its elastic force, it presses
the liquid downwards, and again partially fills
‘the bowl @. In this way the process is con-
tinued until the whole of the water hag been TE===5
used. The pneumatic ink-bottle ismade upon &
the same principle as the bird-glass: the bowl Fig.17.
ifito which the pen dips is supplied in the same manner
as that from which the bird drinks. Many lamps are so
constructed that the oil is gradually supplied to the

[T
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wick in the same manner as the water is supplied to the
bird, or the inkito the pen.

5. In speaking of the weight of air, we referred to
the case of a flask from which the air had been removed :
we will now describe how this removal may be accom-
- plizhed. A sketchof theexhausting

syringe is given infige18. cisa

cylinder on which the solid piston

P moves air-tight; ¢ is a cock by

means of which the external atmo-,

sphere may beadmitted to, or shut
off from, the snace underneath the
piston ; d is a tube furnished with

a thread at its lower extremity,

on which the vestel to be ex-

hausted, #, isscrewed ; e is a cock
» by meanssof whieh a commdnica-
tion fiay be established at pleasure
between the flask and the cylin-
der ¢. The vessel being screwed
on, let the cock e be opened, and

c slosed. When the piston p is

raised, a portion of the air passes
v from r through e, and giffuses it-
Fig. 18. self in the wpace below the piston.
After the piston has reached its highest limit, let e be
closed and ¢ opened ; in forcing r down, the air beneath
it will escape through ¢ into the atmosphere. ,Closing
¢ and opening e again, the same process is repeated ; at
each successive ascent of the piston, a portion of the air
is taken from r, and if the gumping gontinue long
enough, it is evident that we can exhaust ¥ almost
completely.

We might modify the exhausting syringe by doing
away with the cock ¢, and inaking an aperture through
the solid piston, to be closed by a valve opening up-
wards, as in tht case of the common pump.

6. In the aér pump the exhaustion is hastened by
making use Q.f two cylinders, instead of one, the pistons
of both being worked by a single winch. The instru-
ment is shown in fig. 19, cc’ are the two ?linders in
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which work the pistons p and ¥', furnished with valves
which open upwards. The pistons are rdgised by meauns ot

Fig. 19,

two racks 7 ', and a pinion pw A tube g connects the
cylinders with the vessel v, called a receiver, from
which the air is to be exhausted. The edgt of v is
smeared with lard, #, make the junction between it
and the plate E air-tight. E is pierced at its centre
with an aperture which communicates with the passage
g. ¢ iga cock which is opened when the receiver is
exhausting, and closed when it is required to preserve
the exhausted vessel ffom commanicating with the atmo-
sphere. A glass tube T, dipping into a cup of mercury,
is usually connected with the passage leading to the
receiver : according as the vessel is exfhusted, the mer-
cyfy is forced up in the tube T, and from the height at
v."ilich itstands we infer the exact amount of exhaustion.

7. Experiments with. the Air-pump.—If a closed
bladder, half filled with air, be placed' within the re-
ceiver vSfas the latter becomes exhausted the air within
the bladder swells, and finally quite distendy the bladder.
A shrivelled apple, under the-same circumstances, be-
comes plump‘and fresh-looking through the expansion
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of the gases within it.” When the air i> again admitted

to v, through a cock provided for this purpose, the

bladder collapses, and the apple becomes shrivelled once
more. Thereal substance of wood is heavier than water,

.and the wood floats, on account of the air within its

o pores. 'When a piece of wood, swimming on water, is
placed under theyreceiver, the air escapes 8n°exhaustion
from the pores of the wood, the latter consequently be-
comes heavier, and finally sinks like a brick.

* 8. Magdeburg Hemispheres—But the most celo-
brated air-pump experiment is that
made by its inventor, Otto von
Guericke, burgomaster of Magde-

burg, in northern Germany. The
A apparatus he used consisted of two

hollow: hemispheres of metal, fig. 20.
. The edgessof, the hemispheres are
—

fitted aclurately to each other, and
before the experiment are smeared
with lard to make their junction more
perfect. From the lower hemisphere
a tube issues, which can be screwed
A into the aperture in the centre of the
A air-pump plate, and thusghe sphere,
edmposed ofdthese two halves, may
- be exhausted. This being aceom-
plished, the cock ¢ closed, and a°
Fig. 20, suitable handle screwed ow at 4, it
will be found that tWo of thg strongest boys, each
pulling at a handle, will nos be able to force the hemi-
spheres asunder; and if theyswere large enough, the
strength of two horses might be exerted for the sames
purpose in vain. With such force does the external
atmosphere squeeze the exhausted hemispheres togethpr !
On opening the cock ¢, so as to admit the air, the
hemispheres separate without difficulty. The hemi-
spheres with which this celebrated experiment was first
made, and which the united strength of six horses was
unable to fgrce asunder, are still preserved in the city
of Berlin,
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LESSON XL .
UNDULATORY MOTION.

1. THERE are few things more pleasant than to stand
by the sca on a stormy day, and to watch the billows
advancing 'and breaking in foam upon the shore. Look-
ing at the agitated ocean, we observe a swell at a
distance, which comes nearer and nearer, increasing
apparently in height as it approaches; the side of the

« wave next the shore becomes more steep, the crest leans
forward, overlaps and falls, sending its foam and spray
high' up the beach. When we follow the course of a
wave in this manner we can hardly resist the belief that
the water itself is moving forward ; there appears to be
a manifest motion from ‘the ocean towatds the shore;
but if our spectator be'an gbservart boy, he will soon
learn that the motion of the wave is very different from
the motion ot the water. He watches a sea-bird float-
ing securely among the billows ; sometimes he sees it
lifted aloft and seated on the summit of a wave, while
at the next moment the wave has passed under it and
the fowl is in the trough between two waves; he
naturally doncludes thet this coyld not be if the water
were carried onward by the wave. When a boy, I took
Jpleasure in swimming in a rough sea, and when weary
with climbing the billows, it was my habit to turn and
rest myself by floating. The advancing waves rocked
me pleasantly up and dowp, bup they did not carry me
forward. Thig fact noy helps me to understand the
(veal nature of the motion which produces waves, and
thus illustrates one of the charactelistics of natural
philbsophy. By it the commonest acts of a boy are
carased to furnish food for thought; they suggest pro-
blems by which his attention is engaged, his knowledge
augmented, and his pleasures refined.

2. Letbne end of a rope be fastened to a wall or post,
and the other end taken in the hand. The rope being
held loosely, give the hand a sudden jerk. An undulation
will bg observed to rush along the rope from the hand to
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the other extremity, and by repeating theact, a series of
waves may be baused to follow each other in succession.
In this case it is manifest that although the waves move
forward, the particles of the rope make short excursions
oto and fro in a direction at right angles to that in which
* the waves proceed. Tle case is almost exactly similar
with the waves of the sea. If the water of thé sea moved
forward with the wave, a fowl seated on the crest of a bil-
low would be carried along with it : the same would occur
o ahoat or ship ; but the fact that both the fowl and the

boat are merely affected by an up-and-down movement ¢
proves that the particles of water oscillate through a
comparatively small space : strictly speaking,in ascend-
ing and descending, they move in curves more or less

circular.

3. REFLEC?ION OF WAVES.'-—When.a stone is cast into

A

P

B

Fig. 1.

a tranquil Jake a series of waves spread themselves round
the point of disturbance. Supposing C ig. 1) to be



78 NATURAL PHILOSOPHY.

the point thus disturbed, and that the waves propagate
themselves to the wall A B, which form¢ the boundary
of the lake. Each ring arrives at the point M of the
wall first, and after a certain time it reaches the points
A and Balso. If no obstacle existed, the foremost.
part of the wave would reach the point O at the
moment thé foints A and B are attained by the portions
corresponding to them. On reaching the point M,
however, the wave is reflected, and the ring thus sent
back moves with the same velocity as the direct one ;°
the consequence is, that the reflected wave will have
reached the point (' ix the same time that it would have
takefi to proceed to O. As each point of the wave
successively meets the wall, reflection takes place, and
the result is, that the sum of these reflections constitutes
a wave A O' B whose cestre is at C', as far behind the
wall A B as the point.C \is bgfore it. «

4. Let any radius C P be drawn from the centre C to
the circumference which the direct wave would have
had if it could have proceeded forward ;. this radius cuts
the wall at the point N. Through N let a second
radius C' P’ be drawn from the tentre to the circumfe-
rence of the reflected wave, and from the point N let a
perpendicular N Q be erected to the wall A B. The
angle C N @, which thefiadius of the direct wave makes
with this perpendicular is called the angle of incidence,
while the angle R N Q, which the radius of the reflected
wave makes with the same perpendicular, is called the
angle of reflection. Eyery boy who knows a little of
the first book of Euclid will be able to prove that the
angle C N Q isequal to RN Q; and even a boy who
does not know Kuclid will, on reflection, be able to see
that this is the case. We thus arrive at the important
law.£a law of the most extensive utility in physics—
that the angle of incidence of a wave ts equal to the
angle of reflection. Supposing the wall A B to be a
perfectly-hard obstacle, and that a boy shoots against it
from the puint C along the line C N a perfectly elastic
marble, it also would be reflected along thg line N R,
the law of reflection of waves being the same as that of
perfectly-elasti¢ bodies,
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5. REFPLECTION FROM AN ELLIPSE.—No matter what
the nature of*the surface may be, whether curved or
plain, this law holds good. ‘T'hereare two curves which
possess a peculiar intexest in reference to this law, and
swhich we will therefore now describe. The first is the
» ellipse, which is constructed in the following manner:
take two common pins, and with them fast®n'a sheet of
paper to a table, the pins being at the points F F, say
six inches asunder: take a string fourteen or fifteen
‘inches in length, uniteits ends and throw it over the ,
pins: with the point of a pencil at P stretch the string,
and while keeping it stretched le# the pencil Pe carried
round. The curve described by the point of the gencil
is an ellipse.

* Figa
"6. The points FF are called *the foci of the ellipse,

and it is a property of the curve ¢hat two Yines drawn from
any point P to the foci make equal angles with the per+y
pendicular to the curve at this point. If therefore we
suppose a lake to be of the shape of an ellipse, and*that
a boy drops a stone into the focus F; the waves pso-
ceeding from,this focus, when they strike the boundary
of the lake a} P, will be reflected in the direction P I
towards thé second focus, and around the pdint I will
be furmed a geries of rings like those existing round the
point F. This elegant experiment might be made on 4
small scale with mercury instead of watet. |
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7. RerLECTION FROM A PaAraBora.—The second
curve is the parabola, which differs from the ellipse in the
circumstance that it is not what we call a closed curve :
it does not yeturn into itself, so +as to enclose a space.
The curve is sketched in fig. 8; it possesses a single
focus F. The line V M is called the axis of the para-
bola, and the nature of the curve is such, that when we
draw two lines from any point P in the curve, one to the
focus F, and the other P p parallel to the axis V M,

.P/‘ Y
P7A\ ’
VN o

W

/-
\Vi

¢\
Fig. 3.

these two lines are equally inclined to a perpendicular
at the pofnt P. Hence if we suppose a portion of the
boundary of a lake to be a parabolic curve, and a stone
to be dropped into the lake at thé focus, the waves pro-
ceeding from tifis point will be reflected in the direction
%f the line Pp. Let W W' be a line dwn perpen-
dicular to the axis V M, and let usinquire for an instant
at what time the various portions of the reflected wave
will reach this line. A second property of the parabola
is that the two lines P F and Pp, taken together, are
always' of the same length, no matter at what portions
of the curve the point P may fall. Thus the sum of
the two lines P F, P p is equal to the sum<f the lines
P’ F, Pp or to any other two drawn in a similar
mannez, The point of the wave reflected from P will

w
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therefore reach the line W W' at precisely the same
moment as thé point of the wave reflected from P, for
both of them have to travel over thesame distance. The
consequence is that the reflected wave will present the
sappearance of a straight line perpendicular to the axis of
» the parabola. . o s

8. It is quite®manifest that if we suppese the wave
W W', instead of proceeding from the curve, to be
moving towards it, it would, upon reflection from the sur-
Tace, retrace its course, and form a circular wave around
the focus F. Or, instead of supposing the wavg thus to
return upon its own footsteps, I8t a second parabolic
reflector be placed in the path of the wave: the series
of waves proceeding from the focus of thg first reflector,
will move forward in straight lines towards the second,
and after reflettion from it, th8¥ will eollect themselves
in rings around the focus of the seeond reflector.  This
arrangement of reflectors is shown in fig. 4.

pd

A= —)
(¢ K \/\
. e 1y
AVA!
A\ /4
~N 7
Fig, 4. 4

9. INTERFERENCE OF WavEs—We now arrive at
a point of great importhnce 1n wave motion, to whufh 1
will briefly direct your attention. Let A B and K D,
(fig. 5, p. 82). be two branches of a canal which unite at ®
F to form single channel F C. Let L be a_lake which
supplies the canals with water, and let a series of waves
W W' advance along the lake towards the canals. Let
these waves Ye supposed to enter A B and ED at
the same moment ; if the distance from A to I be per-
fectly equal to the distance from E to F, & particle
of water ateF will be lifted upwards or depresse:
downwards at the selfsame moment by the waves fioin
both canals, and the cousequence is that ghe distauce
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through which the water at F is lifted or depressed
will be greater than if only one of the waves acted upon

y

Fig. 5.

it. Let us now suppogs that the two ‘channels A B,
E D are not of the same leagth, and that the difference
in length is such that at the precise moment when the
elevations of the waves from A B reach the point F, the
depressions of the waves from E D reach the same point.
The action of the former would be to lift the point F,
while the effect of the latter would be to depress it: the
point F is thus pushed upwards and pulled downwards
at one and the same tig >, and the,consequence is that it
will move neither up nor down. The waves annihilate
«each other. The effects which I have thus endeavoured
to describe are known under the name of interference.
The principle of interference iscone of the utmost im-
portance in physics, an& it will therefore be worth some
trouble on your part to comprehend, as faras it is possible
from this brief description, the nature of the principle.
10. O~ THE ErFecTs oF O1L uroN Wamer.—I think
I mey, without improperly wandering from the subject of
the present article, say in this place, a few words on
the remarkable influence of oil upon agitated water, as
you will often find, in the works of pofts especially,
allusions % this subject, which might otherwise be un-
intelligible to you. Here is an example which just

oceurs to nie :—
¢ I pour on life’s tempestuous sea
o The oil of peace with thoughts of thees
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The celebrated Benjamin Franklin was once informed
by a friend, that the fishermen on the coast of Gibraltar,
when they wished to make the surface of the sea smooth,
and thus obtain light esufficient to enable them to see
‘the large oysters at the bottom, were accustomed to pour

»0il upon the surfaice. @n other parts of the Spanish
coast the divers earry oil in their mouths, and when
they want light they spurt it out; the oil ascends to
the surface, spreads over it, and smooths down the
ripples which interfere with the entrance of the light.
Even in the case of shipwreck, oil has been used to still
the water. Mr. Richter, who actompanied a Danish
captain to Saint Thomas, stood, during a terrific storm,
upon the coast of the island of Santo Porto, and wit-
nessed the wreck and sinking of the ship which had
carried him tosthe island. Iwdmediately after the dis-
appearance of the ehip, ity boft was dbserved in the
middle of the bay, being driven towards the coast
by the storm. When it reached the strand, the sea
around the boat appeared to be tranquillized, as if by
magic; the white foam disappeared from the surface,
and all was still for a! instant. Tmmediately after-
wards, however, the billows reared their heads with re-
doubled force, and without bursting into foamyfiung the
boat high upon thestrind. Somé‘nen sprang out of the
boat, and ran up the beach in order to save themselves
trom being laid hold of by the succeeding wave. It had
been the precaution of the captain to carry witle him at
all tindes a small cask of’oil : this id excellent service in
the present instance, and without it a successful landing
would have been impossible; for, whenethe boat was
about to be overwhelmed by the breakers at the edge of
the bay, the cask was stove in, and the oil poured upon
the water—a sudden change of the surface was thereby
effected, which was observable from a considerabld
distance., Theoil could not, indeed, render the waves
still, but"it prevented them from being converted into
breakers, and caused them to roll up the beach, ‘earrying
the boat along with them to such a distance that its
crew were enabled to escape. .

11. If you place a piece of silk cloth upoga smooth
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table, and push the cloth obliquely with your finger,
the cloth yields, and glides over the table, which is
thus in a great measure relieved from the effect of the
push. So also when water is covered by a layer of oil,
which does not cling to i%, the oil, acted upon by the
wind, glideg over the surface ‘of the water, and thus'
lessens the action of the wind upon the surface. It is
true that oil cannot level down the larger waves when
they have been once formed, but the sides of large
waves are always ridged and furrowed by smaller
waves, which render the large ones rough, and thus
enables the wind to act upon them with greater power.
The oil hinders the formation of these smaller ripples,
and by thus lessening the friction it diminishes the
effect of the wind. Franklin made some experis
ments on the effect of gil upon the ponds on Clapham
Common. Choosiniz a time when the surface was
ruffled by the wind, he first poured a little oil upon
that side of the pond fowards which the wind blew
across the water. Here the waves were largest; but
the oil had no effect in rendering the surface smooth,
He next went to that side of the pond from which the
wind blew, and poured a quantity of oil, not exceeding
a teaspoonful, upon the surface, which immediately
became tranquil for a space of several square yards.
. This tranquil space extended itself in an astonishing
manner, and spread gradually, until it reached the
opposite bank of the pond; and thus a surface of half
an acre was rendered as smooth as a mirror, On a
small scale, Franklin’s experiments appeared all to
succeed ; an éxperimenc, however, which he made on
- the sea-coast near Portsmouth in 1773 wes not attended
with equal success.

LESSON XII.
SOUND. # -
1. WaiLe I write these lines the sound of a piano
reaches my ear. I hear notes of different kinds, some
high, some low, some discordant—for tue performer
is a boy—and.some blending together so as to, produce a
pleasing hurmony. How do these sounds travel from
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the piano to me? Why is it that one note is :hrill
and another dgep? Why do one pair of sounds unite
to produce harmony while another pair united together
produce discord? Surely here is a subject werthy of
our efforts to understand it. We will approach it care-
.Tully and by easy degreeg.

* C

A B

D
Fig. 6.

2. VipraTION OF A STRING.—Let s suppose an
elastic string tp be stretched besween the points A and B,
fig.6. The line A B is the yosiﬁoq of equilibrium’of the
string, or that position in®which it will rest, if left to
itself. Let the string be taken in the fingers, forcibly
drawn aside to G and then let loese: it will instantly
return towards its position of equilibrium, but when it
reaches it, it will not stop there. On coming towards
the position A B, it has acquired a certain velocity, and
on accdunt. of its inertia, will pass A B and go on to D
at the other side of is. Fromed it will return again
towards C, and thus execute a series of vibrations before
it finally comes to rest. The principle is exactly the.
same as that of the pendulum. If youdraw a gendulum
aside from the verticalline in which it hangs, and let it
go, it will not only return tq, its fosition of equilibrium,
but will swing beyond it, and yill contigue so to swing
until it is arrested by the friction of the air, or by that of
its points of support.

3. CoMMunICATION OF MoTrioN To THE ATtvo-
SPHERE.— A string cannot, however, vibrate in oyr
atmosphere igthe manner indicated without communi-
cating ifs motfou to the air around it. When the string
passes swiftly from C towards D it presses the particles of
air in the diggetion of D more closely together; and on
the contrary, when the string recedes from D to C, its
effect is to leave the space behind it in‘*some measure
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deprived of air. So that the total effect of the string
upon the atmosphere is to produce in yuick succession
condensations and rarefactions of the air.

4. Now, the sound of such a string travels on a frosty
day at therate of 1086 feet in asecond. Is it then to b2
supposed that the air struck by the string is driven over so
greata spade in so shortatithe? By ro means, We have
here a case quite similar to that of waves in water:
the particles of air, like the particles of water, make
only short excursions to and fro. Sometimes théy
approach each other, and are for an instant crowded
together ; they then vecede from each other to a certain
distance, then close up again, then recede, and sg on;
the oscillations of each individual particle being thus
confined within very narrow bounds.

5. ,Not so, however, ‘with the undulatory motion of
the air thus proliuced. ¢ As he undulations run along a
rope when it is shaken by the hand, so each condensation
produced by the string moves forward through the air,
and is followed by a rarefaction ; thece are followed by
a second and a third condensation and rarefaction, and
this effect continues to be produced as long as the string
continues to vibrate. One difference, however, exists
between the motion of the rope and the motion of the
air; the particles of fne former éscillate at right angles
to the direction of the wave, while the particles of the
" latter move to and fro in the direction in which the wave
is moving. Along the line in which the motjon of the
vibrating string is prqpagated we have, therefore, a state
of things which may be represehited by fig. 7.

. 9

A - B

Fig. 7. ¢ +
Here the portions where the lines are far apart are
meant to represent the spaces where the air is rarefied,
while the packing of the lines closely togkther is meant
to show the eondensed portions of the air, In the case
of water a‘ridge and its adjacent depression constitute &
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wave ; in the case of the undulations, which we are now
considering, a condensation and its accompanying rare-
faction constitute a wave. In the case of water the
length of a wave is the distance between two adjacent
esSummits or furrows; in the present case the length of a
» wave is-expressed by the distance from the centre of one
condensation or sarefiction to the centre of the preced-
ing or succeeding one. There are, therefore, three
complete waves shown in fig. 7.
* 6. Errect oF UNDULATIONS UPON THE EAR.—
Supposing a stretched membrane—the head of a drum *
for example—to be placed at B. The waves of air
proceeding from a vibrating string, situated in° the
direction of A, will strike upon the membrane, and
throw it into a state of vibration. Now, within
the human ear, and drawn Across the passage which
leads to the bram, therg .is’ stretcfled a tremulous
membrane called the tympanum, or drum of the ear,
from its resemblance to the instrument just referred to.
This receives the shocks of the waves of air, transmits
them through an appropriate nerve to the brain, and in
this way the sensation f sound is excited.

7. On Mevrony, PircH, AND Harmony.—The
famous’ philosopher Galileo, to whom we hawe already
réferred, was once pasding throufd the cathedral of Pisa,
when his attention was arrested by a suspended lamp
which had been set swinging by the wind, or by some *
other cause. He observed, as the lamp swungeless and
less widely, that the time which i; required to perform a
swing remained thesamt : an oscillation of short length,
or amplitude, as it is called, required ammuch time for
its performance as a long one. Reflecting upon this, he ®
was led to'the invention of the pendulum as a means of
measuring. time. The swing upon the playground is a
capital instrument for verifying the observation of
Ga]ileo.‘ Letboy swing to and fro through the space of
one foot, he will find that this occupies just as much time
as when he swings through ten times the distance; at
least, the difference of time is too small to be noticed.

- Now this is exactly the case with our vibrating string ;
its oscillations become less and less wide,,or, in the
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language of science, the amplitude of the oscillations
diminishes ; but it requires the same time to performn a
small oscillation as a large one. Hence the waves
which it produces are all of the same length; they
follow each other at a fixed interval of time, and com-
municate to the tympanum g regular succession of
impulses.t The regularity of these ingpulses produces a
musical sound—it is the physical cause of melody. |
8. This is a very beautiful result, but we will unravel
the subject still further. A short string vibrates morz
quickly than a Jong one; a light string vibrates more
quickly than a heavy one; consequently, by using
strings of different lengths or of different thicknesses,
we can produce sonorous waves of different lengths.
‘What is the eifect upon the ear? It is this; the short
waves produce a shrillercsound than the Jong ones. If
a string four fee! in,lergth be cut in two halves, each
half, when it vibrates, will sénd out twice as many waves
in a second as are despatched by the entire string ; the
note produced by the short string in this case is the
octave of that produced by the long one. The sole
physical difference between a note and its octave is that,
in the production of the former, only half the number
of impulsgs reach the ear in a second as are uecessary
to produce the latter.e ' .
9. Tue Gamut; T™iE MonocHORD.—We will now
examine a little more closely the nature of those tones
which cpme into application in music. The seven suc-
cessive notes of the gamut may'be expressed in musical
symbols as follows :— . '« ’

s . « — 02

N} 9 o N x At} A B C

« 10. There is an instrument which enables us to tell
the lengths of the strings which prodiuty  theie various
notes : this is called a monocherd, anlf?is sketched in
fig. 8. Astring of catgut, or wire, is attached to the fixed
point ¢, and supported by two bridues at.fand A: the
string passes over a pulley m, and is stretched by a
weight p. Under the string is @ hollow sounding-
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board, which serves to increase the intensity of the
notes ; the bridge f is moveable, so that by causing it to
approach or recede from the fixed bridge %, any requined
length of string may be thrown into vibration.

g - S »
o . o o]
9

Fig. 8. .

11. By meaps of this instruraent let the first note C of
the gamut be soundeg, and then 18t the st#ing be shortened
until the note D is producell § on measuring the string
which produces D we find that its length is §ths of that
which produces the fundamental note C. Let the
string be now shortened until the note E is produced ;
the length of string which produces this note will be
found to be $ths of that which produces C. Shortening
the string further, we find that the length which pro-
duces the note F is 4ths of that ¢ehich produces C. In
the same way we learn that G is produced by $rds, A
by 3ths, and B by +#;ths of the length which produces
the note C. Finally, we should find that the sscond C
in the series is producéd by a stéing whose length is
one.half of that corresponding to the fundamental note :
the second C is the octave of thefirst. o

12. Calling then the length of string which pro-
duces the fundamental note C, unity, the lengths which
correspond to the seven notes of the gamut Are
expressed as follows :— »

¢ M E F ¢ A B C
r 3 + 32 + & & A

Now it is a Jaw of musical vibration that the number
of vibrations performed in a given time increases exactly
in proportion as the length of the string’ djminishes;
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«or, in other words, the number of vibrations is inversely

proportional to the length of the string. , Hence, if the
number of vibrations corresponding to the fundamental
note C be expressed by unity, by simply inverting the
above fractions we obtain the proportionate vibrations
corresponding to the seven notes of the gamut, viz:— *

¢C'D E F G A.B C

1 5 ¢+ ¢+ 3 + 5 2
13. These numbers simply express the proportior
which the vibrations corresponding to the various notes
bear to'each other. ,It is manifest that if, instead of
expressing the number of vibrations corresponding to
the fundamental note C by 1 we express it by 8, the
numbers corresponding to the other notes must be
increased in the same (proportion. The octave, for
example, would cthen b. 16 instead, of 2; the note E
would be 10 instead of 2tid, and so on. By multiply-
ing the whole series by 24, or in other words by express-
ing the number of vibrations corresponding to the first
C by 24, we clear the geries entirely of fractions, and
find the following numbes's as.expressive of the vibra-
tions necessary to produce the seven respective notes of

the gamut:— ' .

¢C D E-F G*A B C
24 27 30 32 36 40 45 48

The second C, as we have stated, is the octave of the
first: should it be required to find the number of vibra-
tions corresponding # the octaves of the other notes,
we should simply have to inultiply the number of vibra-
tions corresponding to &ch of those notes by 2. Thus
54 would be the number answering to the qetave of D ;
60,would answer to the octave of E, and so on.

If, therefore, in any given time the string producing
the fundamental note C, make 24 vibratjons; the string
producing the note D will make 27 ; tha? prodi*cing the
note E Eill make 30; that producing F, 82; that pro-
ducing G, 36; that producing A, 40; that producing
B, 45, and that producing the octave C, 48 in the same
time, «
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14. But why are these particular notes chosen for the
gamut? The answer is, that in combination they pro-
duce the most pleasant impressions upon the ear: this
leads us to consider what it is that makes one pair of
notes harmonious, and another pair discordant.

If we inquire which are the notes that sounded
simultaneously with the fundamental note*C will pro-

, duce the most agreeable sensation, we shall find them
to stand in the following order :—

First, the octave, which makes the most perfect har-
mony : this impression is produced by two series of waves;
each wave of one series being twice the lenth of the
other. Every second wave of the octave strikes the ear
at the same moment as the wave from the fundamental
note C. * \

Secondly,ythe fifth ; this ia produced when the fiilnda-
mental note C is,sounded with G. By reference to the
row of proportionate vibfations, at paragraph 12, it
will be seen that three vibrations of G are performed
in the same tijne as two of C. Hence a wave from
G enters the ear with every second one from C.

The next harmony is that of the fourth, which is pro-
duced when C and F are sounded together. By
referénce .to the proportionate vibrations, gve find that
four of k’s vibrations are exc®ated in the same time as
three of C's. Here therefore we have a coincident
vibration at the commencement of every third vibratioh
of the fundamental note C. .

The harmony nex® to the fourth is that of the third,
which is due to the simultaneods sounding of the notes
Cand E. Referring again ¢p paragraph 12, we find
that for every four vibrations of C we have five of Ee
The coincidences in this case are therefore at every
fourth vibration of the fundamental note. ’

15. Thus we find the two facts constantly accam-
panying eaajsother : the more frequent the coincidences
the mére peMect the harmony, and hence it is fair to
infer, that these coincidences in vibrations ate the true
physical capse of harmony. When the coincidences
become less and less frequent we roon merge ‘in‘v
discord, and where a number of waVes of different
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lengths strike in an irregular and confused manner upon -
the ear, the impression of harmony is completely de-
stroyed, and we are sensible of mere noise.

16. INTERFERENCE OF Sounp,—We have already
referred to the interference of waves formed in water,
and a little reflection enables us to conceive of the pos-
sibility of twoevaves of air encountering each other so
that they shall mutually destroy each other. TLet us ,
suppose the condensed portion of one wave and the
rarefied portion of another to reach the same spot at the
rame moment. During condensation the direction of
the motion of the particles of air is opposed to that
during rarefaction, hence the possibility that while one
wave may tend to cause the particles to close up, a second
wave may tend to cause the same particles to open out,
and that acted upon by thgse two opposing: forces the
motion of the particles m.y be quite destroyed. Each
of the waves taken separately would produce sound, but
acting together they produce none, and thus we arrive
at the singular conclusion that by adding sound to sound
we can produce silence. It is worthy of remark that a
similar effect can be obtained with rays of light; by
adding light to Light it is possible to produce darkness,
This fact hgs led to the modern belief that. light is
caused by undulations, agd not, as Newton supposed it
to be, by the darting off of little particles from the
leminous body. Recent investigations have proved
that a simjlar result can be obtained with the rays of
heat; by adding heat to heat it i¥ possible to produce
cold, and this fact amolig others has led philosophers
to believe that radiant heat is also the product of
yadulatory motion.

t - LESSON XIIL

1. MoODES OF DETERMINING THE ABSOLUTE NUMBER
oF ViBRATIONS OF MusicAL Notes.—We haye thus
far confined ourselves to the consideratiof of tif» pro-
portion which the vibrations corresponding to the seven

_notes of the gamut bear to each other. But supposing

that we hear a certain tone—the shrill voice of an opera
singer, for example—is there any means by which wa,
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can ascertain the absolute number of vibrations to which
this tone isedue? Can we by any mechanical means
count the number of impulses imparted by the vocal
organs of the singes to the atmnosphere in a second of
time? Wecan. Let astrong wooden disk about seven
inches in diameter he weighted by a coating of lead,
and upon this disk let a second disk of ¢hih pasteboard,
a foot in diameter, be placed. Let the rim of the latter
disk be pierced with round holes, each about two lines
in diameter, ‘and -exactly the same distance apart all
round : the disk thus prepared will present the appear~
ance shown by fig. 10. Let ¢his disk be placed upon
the vertical axis of a )
whirling-table and caused
to rotate. Let a glass
tube of a déiameter some-e ®
what less than that of the |
holes in the pasteboar
be so fixed that when the
disk rotates the holes shall
pass one after another
exactly underneath ‘the
end of the glass tube.
.Supposing now that a
person blows constantly ©® Fig. 10,
through the glass tube, and that the number ot holes in
the disk is twenty, it is manifest that every time the
disk goes once round twenty pufls will escape through
the apertures, By causing the disk to revolve quickly,
"a musical note will soon she heard, which increases in
keight as the disk increases i velocity. Let the singer
whose voice it is our intention to examine be placed
near the instrument, and let the velocity of the disk be
augmented until it sounds the same note as that sbunded
by the singer. The number of impulses imparted by
both go tMir will then be thé same, and knowing the
number of Yimes the handle -of the whirling-table is
turned in a second, we can readily calculaté the number
of vibrations.
Suppose, for example, that the disk when brough: to
the pitch of the voice, makes one huiidrgd revolutions
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in a second: for each revolution we have twenty ime
pulses, and consequently one hundred times twenty, or
two thousand impulses in a second, will be the number
produced by the singer. '

In like manner if we compare the sound of our
rotating disk with that of a vibrating, string we shall
find that if a dtring, which produces a certain note be
cut in two, to produce the note of the half string the .
disk must move with twice the velocity necessary to

. produce the note emitted from the whole string. If
6ur disk be furnished with a second series of holes ten
in number, and the note’ produced by blowing a stream
of air‘against the series of ten, be compared with that
produced by blowing against the series of twenty, it
will be found that the latter note is the octave of the
former. , ko ¢

2. Tue Syrex. Thés dimple description will render
plain to you the principle of a very beautiful instrument
called the Syren, which was devised many years ago
by a French philosopher, named Cagniard de la Tour.
A circular brass vessel, ff" (fig. 11), is closed at the

top by a smboth plate »v': from

the bottom of the vessel issues a

tube y y', through which air can be.

3 foretd from siitable bellows into
the.vessel ff*. The plate v v' which

covers the vessel is peiforated with
holes nearits circumference. Above
thisplate is another, % #, which is
supported with such delicacy thav
the leust impulse causes it to10tate.
This plate is also pierced with the:
same number of holes as the under
one, but, instead of being drilled
perpendicularly through the plate,
they are cut through®z" obNquely.
A plan and section of the pldie are
given in fig. 12. Supposing the
holes in the upper plate to coincide with those of the
under one, the air from the bellows will be forced
through: but in passing thiough the cblique bLoles it
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is mdnifest that part of its force will be expended in
causing the wpper plate to rotate, and by this artifice
the plate is set in motion without a whirling-table or
any other special appagatus. As the upper plate rotates,
, the air from the vessel beneath is alternately cut off
and permitted to escape; when the holes below coincide
with those above a puff escapes, but when®they do not

Fig. 13.

coincide the current is “ifterrupted. The puffs thus
escaping create undulations in the air, and when these
are quick enough they produce a musical sound. By a
little tact with the bellows the motion of the upper disk
can be preserved uniférm, and then we have a uniform
note ; by working the bellows vigorously, the velocity
of thé upper disk is increased and the note Jieightened.

Connected with the disk,®#nd rotating along with
it, is an axis x, and on this axis is a worm or eudless
screw, which imparts motion to a little clock-work
mechanism above, and causes the toothed wheels ¢ and
r to rotate. Attachied to the axes of these wheels are
two indexes or hands which move over dials, such as are
shown in fig. 13 : one dial tells us thequmber of single
revolutions, while the index of the other wheel movas
forward one division every time a hunded revolutions
are accomplished. Hence supposing after the lapse of
a second’s rotation the index of the latter dial stands at
the 'I‘"'T"bm and that of the former at the number 20,
we shuld kiow the number of revolutions accomplished
in a second to be 520, and multiplying *his number
by the number of perforations in the disk, we obtain
the number of waves despatched by the disk in a seccud.
This instrument has been recently modffieg by M. Dove,
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of Berlin : one at present in my possession has four series
of apertures. The series nearest the centre has eight
holes, that nearest the circumference sixteen, the other
two have ten and twelve apertures respectively. 'When
the disk is in motion the outer series sounds the octave.
of the inner one, C, while the nates sounded by the other .
two series dre*those marked E and G ir the gamut.

3. Supposing one hole only to be in the under plate,
and that only one series of holes are used, we should
have a case exactly similar to that first described, where a’

‘single stream of air from a glass tube was projected
against d pasteboard+disk. This single hole would
prodtice the same note as that produced when the num-
ber of perforations in the lower plate is equal to that in
the upper one.” But the sound would not be at all so
intense: by letting a puf’ escape from ten or twelve
holes at the same°time ith aetion upou the ear is much
more powerful than could be produced by the puff from
a single aperture. I must warn you here against con-
founding pitch and infcnsity: the pitchs depends solely
upon the number of the puffs; while the intensity
depends purely upon the force df the puffs. "When all
the holes in the upper disk correspond to those in the
under one, the issue of air through all must be regarded
as a single puff. The fltiplicatibn of the holes of the
under disk increases the force of the puff, but as it does
not increase the number of puffs, the pitchis just the same
as if only a single aperture were used. ’

4. There is still ano}per instrument made use of to
determine the number of vibratioms due to any particular
note, It is based on theoprinciple that a succession of
taps, if they follow each other with sufficignt rapidity,
unite together to form a musical note. The instrument
is skéiched in fig. 14: @ a is.a solid frame which sup-
ports the large wheel &; from this wheel motion is
communicated by a band , to a toothpu whzel o,
‘The teeth of the latter are caused to strike agdinst a
piece of cdrd or other suitable substance. The suc-
cessive shocks given to the card are impurted by it
to the atmosphere, and when the velocity of the wheel
d is small, a succession of taps merely is audible, .
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‘When, however, the velocity increases, the taps appear
to unite together and produce a continuous note, the

cevarree, o’
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Fig. 14.

pitch of which 3% determined by}he rapidity with which
the card is struck by the tecthof the wheel. When we
know the number of times the handle has gone round
in a second, and also the number of teeth in the wheel
d', we can readily calculate the number of taps given
to the card in a second of time. With either this in-
strument or that of Cagnidrd de la Tour we can produce
a note of the same pitch as that produced by.a musquito,
a gnat, 4 bée, or a beetle, and thus infer avith the
greatest accuracy the ntimber of Yimes that the insect
claps its wings in a second.

5. By experiments with these instruments §___.

it has been ascertained that the lower A of {@—O—
the treble clef, written thus by musicians,

is produced by vibration$ whose rate of production is
440 in a second. Knowing thesnumber ®of vibrations
performed in a second, it is very easy to calculate the
length of the corresponding waves of air. We knoy,
for example, that in a second of time, sound passes
over a space of 1120 feet, hence, in the case of a string®
which vib;@tes’.v 440 times in a second, at the moment
when the’string makes its 440th vibration, the first
wave is already 1120 feet distant; in the space there-
fore of 1120 feet, 440 waves must exist, and hence to
find the length of one wave we must divide 1120 by
440,.and find the quotient to be 2} feet nearlys Again,
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let it be required to determine the length of the waves
produced by a gnat which flaps its wings 13,000 times
a second. IHere in the space of 1120 feet we have
15,000 waves. Reducing the fet to inches, and divid-
ing by 13,000, it will be found that the length of each
of these waves would be one inch nearly.

6. There'is a tone which marks the limit of the pow er
of the human ear, and beyond which its power of hear-
ing fails; this limit is fixed at about 24,000 undulations
per second ; beyond this the sound becomes so thin and
shrill that it vanishes altogether. It is perfectly possible
however that there dre animals  possessing organs capable
of appreciating sounds which are
. quite inaudible to human ears. To

* ascertain the number of vibrations
a’ cofresponding to the deepest note
cof'w ng-h the human ear is sensible,

[—,

/ M. Savart devised the apparatus
: sketched in fig. 15. Here, instead
Fig. 15. of the toothed wheel @' in fig. 14,

a single bar was caused to revolve, and at one point
of its revolution it came vety close to two plates of
wood placed on opposite sides of it. It did not strike
the plates of wood, but a minute interval, sometimes
not more than the %000th pdrt of an mch existed
between the plates and the bar where it pa.ssed them,
At the moment of its passage, however, a deafening
sound was emitted ; and when the velocity was slow,
these explosions, for, they mxght be culled such, were
heard in succession. But when a velocity was 1mparted
to the bar sufficientlygreat to produce eight shocks a
second, the sound became contintious, agd a deep musical
ngte was heard, of such intensity that it drowned all
ordinary sounds A note corresponding to eight im-
‘pulses per second is the gravest of which the human ear
has as yet been rendered sensible. v ‘%W

7. ON THE ReFLEcTION OF SoUnD.—We have
already‘learned that liquid waves striking against a sur-
face are reflected according to a certain Jaw : the same law
holds strictly true of the waves of sound. This reflec-
tion is the cause of echoes. Supposing the air to be in
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such a state that the velocity of sound is 1120 feet in a
second ; if a boy etand at 560 feet distance from a high
wall and shout, the impulse travels through the air, ir
reflected from the wall, and reaches the ear as an echo,
one second afler the boy has shouted. I say one second,
because the wave has had o travel first from the boy te
the wall, and seconqly from the wall back to th& boy, in
all a distance of 1120 feet. If instead of standing before
a single wall, a boy stand between two walls, he will
have an echo from each of them; if the boy stands
midway between the walls, both echoes reach him at the
sane instant, but if nearer to one wall than to the other
he hears the echoes in succession, the reflection from the
distant wall reaching him latest. It is manifest that the
wave proceeding from one of the walls may’ travel on to
the other and be reflected there ® second time, and that
in this way echoes may be ufltiplied.® Between the
towns of Coblentz and Mayence the river Rhiue makes
its way between high precipitous cliffs. Betwcen these
cliffs an enchantress named the Lurlei is said in former
ages to have sung, and by enticing vessels on to the
rocks and shallows of the'river, caused disastrous ship-
wrecks. Sometimes when the steamers from Rotterdam
pass betweeh these precipices, a man comes put of a
little hut by the river side and fir&®% gun. The echoes
sound from side to side like the rumbling of thunder,
and at this pldce the echo has been fuund to be repeated
seventeen times. There is a chasm among thesHartz
mountains, where a gun is fired gnd a similar effect
produced: in mountainous district$ indeed this effect is
very common. I once met a humter on éhe Wengern
«Alp in Switzerland, right opposite to the Jungfrau
mouatain: he sounded an Alpine horn, and its sound,
reflected from the sides of the mountains, returned to u$,
first strong, then by degrees feebler and softer, until
finally it di#d #vay in delightful tones which resembled
the notes of a flut® sounding from the distant solitudes of
snow. A single shepherd’s boy, sitting on a cfag and
performing the so-called Jodel, can fill a ravine with
the most wonderful melody, owing to the multiplication
of echoes from the surrounding rocks and mouptains.
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8. If we speak through a tube, the sound, instead of
diverging into the atmosphere, is refleated from the sides
of the tube, and in this way a far greater body of
sound may be sent to the ear than by the unaided voice.
This is the philosophy of the speaking-trumpet. Gutta
percha tubes are very much ;used at present to convev
sounds * from one portion of a hpilding to another.
Some time ago I stood near a friend in Manchester
while he sent a whisper to a servant in the kitchen,
which was twenty or thirty feet distant; the whisper
was promptly responded to, although I, standing at a
distance of three feet from my friend, heard nothing.
The ear-trumpet presents a wide mouth to the rays
of sound; while its narrow end is caused to enter the
ear. In this way a greater number of tlese rays are
collected by reflectiono than would otherwise reach the
ear. In the whispering gallery of St. Paul’s a speaker
stands at one end of tne diameter of the circular
gallery while the person who hears stands at the op-
posite end.with his ear to the wall. . The wall is quite
smooth and the whisper is reflected by it on both sides,
the reflected impulses meeting at the point in which the
hearer is placed. 'The law of reflection of waves of air
is precisely the same as the law for liquid waves: the
angle of incidence isrequal to the angle of reflection.
If a sound be produced at one focus of an elliptical
reflector it will be collected together at the second
focus., In like manner, if we make use of the pair of
parabolic mirrors already deScribed, the ticking of a
watch placed in the foeus of one mirror is distinctly
heard at the, focus of the other, while when the ear is
drawn aside a little from the focus tie ticking ceases tos
be audible,

« 9. SOUND AFFECTED BY THE STATE OF THE AIR.—
If the air were cut away no sound would be possible; an
explosion under the receiver of an airpt.np s not heard
unless the sound be transmitted through the%olid parts
of the pump. Even when the air is much rarefied the
sound is much weakened. A man's voice on high
mountain summits, where the air is thin, is feebler than
in the valleys; and the sound of a pistol fired by
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Saussure on the summit of Mont Blanc was not louder
than that of a common cracker. 'The intensity of the
sound grows less as we ascend, but strange to say the
velocity of sound on the tops of mountains is just the
sage as in the valleys. This of course is a mere puzzle
when we do not understand it, but when it is understood
it is very beautifu). Tt is, indeed, the character of
science to confer beauty and interest upon facts which
would otherwise possess no more value for us than for the
day or ihe horse. It would be far from wise to shut out
the beauty which natural philosophy reveals to us, and
to seek to restrict it to the satisfactiomof those necetsities
which we possess in common with animals, Natural
science, indeed, helps us to do the latter, but it does
more, by appealing to faculties which mant alone pos-
sesses, by exercising his intellecty and filling him with
sweet joy, in the resognition of’begutysand order in
the creation. . e

The velocity of sound depends upon the elastic force
of the air. Hot air, is more elastic .
than cold, and hence, on a warm A
summer’s day, sound travels more
quickly than in winter. When the
air is at £ freezing temperature— ] o
that is, at a temperature of O° o1P®
the centigrade, or of 32° on the
Fahrenheit thermometer, the velo-
city of sound is, as before stated, .
1086 feet a second. A%t a tem-
perature of 10° C. or 50° Fakr., *
the velocity is nearly 1107 feey o
.a second. The velocity of sound
depends, however, not only upon
the elastic force of the air, but
also upon its weight. Fig. 16,

upon the :AMBinAis the same as -
that used #to denfonstrate the law - .
of Marriotte, at page 317 of the

Second -Bouk of Lessons: refer- Flg. 16.

ring to this page, you will be reminded, that when the
air has been squeezed into half its bulk, if presses with
a double, force upon the sides of the u:{‘: which
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contains it ; if it be reduced to one-third of its volume,
it presses with a treble force against the sides of the tube,
and the pressure thus exerted is a measure of the elastic
force of the air. Now we have said that the more elastic
air is, the more quickly will sound travel through it, apd
hence you might be disposed to conclude that sound.
passing *tlerough this air, with its .elasticity increased
by pressure, will proceed at a higher velocity than
through uncompressed air. But remember, that in this
experiment we have done more than increase fhe
elasticity of the air ; we have also augmented its density,
and we find that ahile the elastic force has become
gteater, the amount of matter to be set in motion has
increased in precisely the same proportion. The addi-
tional weiglit exactly neutralises the additional elasti-
city, and sound will net, therefore, travel more quickly
in Such condemed.alr‘than in unaondensed. It is thus
with the atmosphere, éxcept when heat, which adds
nothing to weight, is the cause of its increased elasticity.
The elastie force at the surface of the sea is certainly
greater than at the summit of a mountain; but the
weight of the air is greater in the same proportion, and
hence sound travels as quickly above as below.

10. V,ELOCITY OF SOUND IN DIFFERENT SUBSTANCES.
—The velocity of etand is different in different sub-
stances. In alcohol its velocity at 10° C., or 50° Falr., is
3796 feet in a second ; in water of the same temperature it
is 4767 feet a second, and in saturated water of ammonia
it is no less than €044 feet 2 second. In solid sub-
stances the velocity® of sounds is still higher: through
mahogany apd elm its velocity is upwards of 14 times -
its velocity in air; through iron and steel it travels.
with nearly 17 times its speed through aig. Ifa boy
place his ear at one end of a long beam of timber, while

«another boy scratches the opposite end with a nail or
pin, it is surprising with what distimtieststhe sound
will be heard. If one end of a lon§ iron wailing be
struck with a hammer, an attentive boy standing at the
other end will hear the sound of tha stroke twice.
The sound travelsthroughthe metal and through the air at
the same time, but through the former it reaches the ear
first, and ‘this is the reason why the shock is heprd double.
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. LESSON XIV.

1. In conclusion, I will write down a few questions

which will cause you to think on what I have written,

and thus impress it upon your mind. In all the questions

. Y will suppose the velocity of sound in air to be 1120 feet
in a second. .

Question 1.—The flash from a cannon fired from a
vessel at Spithead is observed by a person on shore at
precisely 8 o’clock in the afternoon ; he hears the report
at 1 minute 32 seconds past 3. What is the distance
of the ship from the observer, the passage of light over
this distance being supposed to be sensibly instan-
taneous ?

Question 2.—The report of a gun fired in the dock-
yard at Portsmgouth reaches amobject at Gosport 5200
feet distant, from which it is reflected ot a right dngle.
The sound thus reflected refidhes the ear of an observer
‘standing 4 miles distant from the object ; and who has
previously heard the sound proceeding direct from the
cannon. ‘The direct sound being heard at noon, at what
o’clock will the echo reach the observer?

Question 3.—An iron water-main, 3 miles long,
receives’a blow at one end ; the shock is tran§mitted to
the other, and then communicsied to water, through
which it is propagated for a distance of 2 miles: it
afterwards passes through 1 mile of air to an observer:
required the time of its passage from heginning to end?

2. To prepare you for some of the following ques-
tions, I must make you aaquainted ¥ith certain important
laws, which have been establishegl by expgriments made
with the monochord deseribed in paragraph 10, page 250.

a. When two strings of the same thickness and
material, but of different lengths, are stretched by she
same weight, the rates of vibration, as already stated,
are inverswyprogortional to the length of the string.

b. Twp strings of the same length and material, but
of different thicknesses, being stretched by the same
weight, the rages of vibyation are inversely proportional
to the diameters of the strings. If one string, for ex-
ample, be three times as thick »= the other, tl.xe number
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of vibrations executed by the thick string in a second will
be only one-third of the number executed, by the thin one.

c. T'wo strings of the same length, material, and
thickness, being stretched by different weights, the rates
of vibration are directly proportional to the square root
of the stretching force. Thus if one string be stretchea
by a force ef 4 lbs. while the other is stretched by a
force of 9 1bs., the rates of vibration of these two strings
will beas the square root of 4 is to the square root of 9;
oras2: 3.

Question 4.— A string 4 feet long, and stretched by
a weight'of 14 lbs.,sepds out 840 undulations in a second :
to what length must we reduce this string, so that the
number of undulations despatched in a second shall be
4620? Thiswus solved by law a.

Question 5.—A string of catgut 5tk of an inch in
thickaess vibrates 964 times in a secpnd : another string
of the same length, and stre.ched by the same force, ac-
complishes 4820 vibrations in a second: required the’
diameter of the latter string ? This is solved by law &.

Question 6.—Two strings of the same material and
thickness, one 4 feet and the other 16 feet in length form
successive monochords : the first is stretched by a weight
of 12 lbs.: with what weight must the long one be
stretched,”so that basl strings .shall sound the same
note? ‘This is solved by law e.

Question 7.—Required the lengths of the waves cor-
responding to the lowest note of which the human ear is
sensible’: the rate of undulation being that stated in
paragraph 6 page 98¢ | . .

Question 8.—The length of the undulations produced
by an insect’s wing being three-quarters of an inch : it is
required to calculate from this the number ofgtimes the
insget flaps its wings in a second.

There is no difficulty in devising such questions as
the foregoing ; and they will be found gemezt<instructive
and entertaining exercise for the pupil. « "
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*HEAT.

- LESSON XYV.
MEASUREMENT, ETC.

1. ON THE MEASUREMENT OF IEAT.— The sense of
touch is our first thermometer. If I lay hold of a hot
body it prodnces a certain change in my land ; the intel-
ligence of this change runs up along the sensor nerves
to the brain, and the fecling.expericpeed furnishes a
rough estimate of the tempemature®of the body. Suni-
larly, if T place my hand upon a lump of ice, I am con-
scious of cold. But these sensations or feelings cannot
be expressed by fuumbers, and this numerical estimate of
temperature is what we at present require. The senses,
in fact, may wholly deceive us. If I come into a room,
and lay my hand in succession upon the metal, wood,
and cloth which it contains, I gyperience thre different
sensations. When the air of the room is hot, the cloth
feels warm, the wood warmer, and the metal warmest,
of all. If the air of the room be cold, the series is
reversed, and the meta} becomes coldest of all. ® But ail
‘these snbstances, while they affece the venses thus diffep-
ently, have, in reality, one &nd the same temperature,
namely, that of the air in the rdbm. TWo persons have |
been known to meet on a mountain, the one ascending
and the other descending ; the descending traveller gasts
his cloak from him, complaining of its warmth, while the
ascending, traveller draws his cloak more closely abodt
him, and complatns of cold. The fact is. our bodies are
perpetuflly changing within certain limits, We have
winter bodies and summer bodies; and a day which we
should considkr warm 4n winter would be bitterly cold
H
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in summer. It is manifest that no certain science could
be founded on the indications of an instrument so vary-
ing as the sense of touch. What then are we to do?
Heat has been called a fluid; but we cannot measure
this fluid by the quart—indeed we cannot measure heat
directly at'all ; but we can measure with great accuracy
the effects which heat is capable of producmg, and these
effects furnish us with an estimate of its quantity.

2. Whenever we speak of “quantity” in science, a cer-
tain fixed standard is alwaysimplied. Let me briefly indi-
cate how this standardds obtained in the case of heat. The
ordinary thermometer consists of a glass tube with a fine
bore, which is blown out into a bulb or a cylinder at one
end. The bullrand tube are partially filled with mercury.
Now, one of the commquest effects prodyced by heat is
that the addition of, it causes bodies to expand, while
the abstraction of it causes them to contract. Let our
glass bulb and stem be surrounded by melting ice at
the level of the sea, say on the coast of England; the
mercury contracts as it becomes colder, the column in
the glass tube sinks, and finally, when the mercury has
assumed the temperature of the melting ice, the column
will become stationary. You may now sail away from
England to the Northc Pole and make the experiment
there; to the Torrid Zone and try the experiment

vthere. You will always find that the mercury, sur-
rounded, by the melting ice, stands at precisely the same
pomnt all the world over. It is¢not that the mercurial
column cannot be caustd tosink Jower. For if the ice be’
suffered to fall below the exact temperature at which it
melts, the thermometric column sinks immediately. Its
constancy when placed in the melting ice is simply due to
thecfuct that ice melts, or that water commences to freeze,
gt precisely the same temperature in all parts of the world.

3. Let the pointat which the mercu g:21ds be care-
fully marked—it is the freezing point oifsxe thermometer.
Let the same instrument be immersed in boiling water
at the sea level on the English coast—the mercury
expands and rises in the tube, until it attains the tempes
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rature of the boiling water. Here it remains stationary.
Let the point at which it stands be marked—this is the
boiling point of the thermometer. You may now repeat
the experiment as before: travel north or south as you
may ; so long as you keep at the level of the sea, or,
, more accurately, so long as the height of your baro-
metric column remains constant, the height®at which
the mercury stands in the thermometer plunged in boil-
ing water will be perfectly constant also. The distance
between the freezing point and boiling point is divided
into a certain number of equal parts called degrees,
which are sometimes marked uponsthe glass tub8 itself,
and sometimes on a scale attached to the instrument.*®
4. The possession of these two fixed points enables us
to compare one thermometer with another.® 1t is manifest
that the length to which the thermometric column ex-
pands between the freezing and the,boiling temperature
must depend upon the size df the bulb and the bore of
the thermometer tube. If the bulb be large and the
bore fine, the length through which the column expands
will be greater than if the bulb be small and the bore
wide. Thus the degrees of different thermometers may
have different lengths; but they are of equal values.
If in two thermometers the distance between the boiling
point and the freezing point bé divided into the same
number of equal parts, it is plain that the body which
shows 10° or 50° of temperature with one thermometer
will show 10° or 50° with the other. R
5. On the thermomefer of Fahrenheit, which is the
one mostly used in this country, th® distance between the
freezing point and boiling point is divided into 180
equal parts. Kahrenheif dipped his thermometer into a
mixture of snow and salt, and found that the mercury
fell much below the freezing point of water. He wn-
wisely concluded that the temperature of the snow and,
salt was tiee lowest attainable; and hence he was
induced o mark that temperature O upon his thermo-
meter: starting from this, he found that the €reezing
point of water, was 32 of his degrees higher in tempera-
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ture; aad on his thermometer accordingly the freczing
point is marked 82° This number, sdded to 180°,
gives 212° as the boiling point of water, according to
.Fahrenheit’s scale.

On the thétmometer of Celsius, which is that most
commonly used in France, the freezing point of water
is called 0, &ud the distance between the freezing point
and boiling point is divided into 100 equal parts. It is
therefore usually called the Centigrade thermometer.

The thermometer of Reaumur is very commonly usec
in Germany, and on it the distance between the freez-
in ‘and boiling points is divided into 80 equal parts,

. Hence we see that 180° of Fahrenheit equal 100°
of Celsius, and 80° of Reaumur; or 9° of Fahrenheit
equal 50 of Celsius, and 4° of Reaumur. From this
proportion it is easy to €onvert the degiees of one scale
into those of dnother, but this variety of division is
neverthelessa perpetual source of inconvenience. When
a scientific man is intent upon his work, he does not
wish to have his attention distracted by having to
translate the language of one thermometer into that of
another. Besides, the term degree is sometimes used
without mention of the scale to which it belongs, and
thus uncertainty and error are introduced. Buv nations
arc inert, and alter flicir habits with reluctance. To
cope with this inertia a corresponding cnergy, the energy
of youth, is required. Is it too much to hope that some
of my readers may at a future day lend a hand in re-

" moving the inconvenjence attendant on the use of three
different thermometric scales? « °

7. ON THEBOILING? POINT OF L1QUIDS.— Let us here
endeavour to comprehend clearly the circyustances
under which a liquid boils. Look, for example, at a
vellsel of boiling water: the water by heat is converted
4nto steam, which rises in bubbles to the surface; and
sometimes, where the action is not toorvididhh, you may
see one or more of these bubbles floatifiy on the surface

-for a cohisiderable time., Just consider the state of the
film of water which constitutes such a biibble., It has
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steam within it and air without it. Supposing the
bubble to possess a surface of one square inch, we know,
from a preceding article, that the atmodpliere presses
upon its surface with a force of 15 Ibs. How is it then
dhat the fragile thing is not crushed by this immense
pressure? simply becawse the pressure of the steam
within is exactly equal to that of the air whhout. The
film is in fact enclosed between twé elastic cushions
which press upon it equally in opposite directions; and
"this explains an expression that you will often mcet
with, namely, that the pressure of steam-ar 212° Falr,
is equal to that of one atmospiere, But you may
retort by saying that if the bubble thus depends upon
the pressure of the atmosphere upon it, the boiling point
of a liquid must vary as the atmospheric pressure
varies, Take*for example'the®asec of a bubble flgating
on a vessel of boiling wagey at the Summit of Mont
Blanc; the pressure of the steam within such a bubble
is also equal to the pressure of the air without it. But
the pressure of the air must be far less than at the level
of the sea,as we have here a great part of the atmosphere
below us, and hence the steam within the bubble cannot
have the same elastic force as when the water is boiled
at the 'sea level. This reasoning would be in exact
accordance with facts. The' Steam above has less
elastic force than the steam below, and to produce this
feebly-elastic steam less heat is required ; or, in other”
words, the boiling point on the mountain is lower than
at the level of the sea. On ,Donkia mountain in
the Himalaya, at an 8levation of 18,000 fect above
the sea, water boils at a temperature®of 180° Fahr.
At the Hospice of St. Gothard, which is nearly 7,000 *
feet above the sea, the boiling point is 199°. At
Berlin, which is very low, being only 131 fect alfove
the sea, the boiling point is 211:6° or nearly 212%,
I have st adother place that the heights of moun-
tains are ascertdined by means of the barometer. Pre-
eisely the same information may be obtained by means
of a theimometer, on account of the gradual lowering
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of the boiling point as we ascend above the level of the
sea. "

8. People who take chocolate for breakfast can tell
when the servant has omitted to make the water boil ;
for if the water be not boiling, or nearly so, the cho-
colate will not swell. Were such people transported
to Donkia mountain they must be cortent with an in-
ferior beverage, for there the heat of boiling water
would be insufficient to make good chocolate. Tea,
soup, starch, all of which require a temperature near
212°, must be very inferior when made at such a height.

9, But it is not recessary to ascend a monntain in
order to see the dependence of the boiling point upon
atmospheric pressure. If a vessel of hot water be
placed under the receiver of an air-pump, on exhausting
the receiver, and thus ¥moving the preSsure from the
surface, the water will bojl, In the case of the more
volatile liquids, it is not necessary to heat them at all.
For example, alcohol at an ordinary temperature will
boil violently when the atmospheric pressure is removed
by the air-pump. Let the neck of a flask half filled
with water be furnished with a stop-cock, and let the
water in the flask be boiled over a lamp. The cock
being oped, the steam generated will escape and carry
with it the air which occupied the upper portion of the

. flask. 'When all the air has been removed, and the space
is filled with pure steam, let the stop-cock be closed and
the flask removed from the lamp. Ebullition ceases.
But if a little cold water be poured upon the upper part
of the flask, the cooled glass ‘partially condenses the
steam within, rélieves the water of its pressure, and the
liquid again boils. The whole flask may begplunged
into a vessel of cold water, and a violent ebullition
is thus produced. _
¢ 10. I think you are now prepared to accompany me in
the examination of a wonderful phefionféffin, which
illustrates in a striking manner the prirciple which we
have been considering. I allude to the Geysers of Ice-
lJand. Let us approach the subject calmly, make our-
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selves clearly acquainted with the facts, and proceed
like philosophers to the explanation. The Great Geyser
of Iceland consists of a tube 70 feet in depth and 10
feet in width, which expands at the top into a basin
between 50 and 60 feet in diameter. The tube and
basin are lined with a_smooth plaster deposited by the
water, and which is so hard that it resisty the blows of
a hammer. On arriving at the Geyser we will suppose
a traveller to find the tube and basin full of hot water.
Explosions which shake the ground are heard at intervals
beneath the earth, and after these explosions the water®
in the basin is agitated. The Geyser columa is lifted
up, producing an eminence in the centre of the dbasin
and causing it to overflow. These liftings of the column
may be regarded as so many unsuccessful attempts at
an eruption.s In time, howesygr, the water in the tube-
becomes hotter, the explosions and the agitation® of the
water in the basin become Ihorerkrequent, the eminence
in the centre of the basin rises higher than before, and
finally the hot liquid wrapped in clouds of steam, is
projected upwards to a height which sometimes exceeds
150 feet.

11. Sir George Mackenzie, who travelled in Iceland,
and has written a description of the island, attempted to
explain this phenomenon, aed his theory met with
general acceptance for many years. He assumed the
existence of a subterranean cavern half filled with hot
water, and communicating by a bent canal with the
tube of the Geyser, *The upper portion of this cavern
he imagined to be filled with® steam, and at certhin
intervals he supposed the w?ter in the cavern to be
suddenly heated, and steam of great foree to be peney
rated, which, reacting upon the surface of the water in
the cavern, pressed it downwards and the Ggyser
column upwards. I mention the theory thus on account
of the ksl wiich it long retained upon men's minds.
I will, not dwell upon it further, but will proceed at
once to the true explanation given by Profesjor Bunsen
of Heidelbeyrg, who visited Iceland in the year 1846.
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12. In natural philosophy we must be able to guess
and speculate, but the true philosopher will check his
speculations whenever it is possible by an appeal to
facts. Bunsen did so in his examination of the Geyser.
By the immersion of suitable thermometers he made
himself accurately acquainted with the temperature of
the water i vhe tube, and found that the heat in-
creased gradually from the top to the bottom. He
ascertained the temperature at 23 hours 13 minutes,
at 5 hours 31 minutes, and at 10 minutes, beforé a great
‘eruption. Ile found that as the time of an eruption
drew near|, the water ia the tube became hotter ; but
what ‘is most remarkable, he also found that even
immediately before the eruption took place. at no portion
of the tube hafi the water attained its boiling point,
that is to say, the boiling point correspording to the
pressure upon it. *T hepe you will understand me here.
The water 1 the basin had ‘nierely the pressure of the
air upon 1t, and its temperature was consulerably under
212°. The water at the bottomn of the tube was, it is
true, considerably ahove 212°, but as it had here to
bear the pressuie, not only of the atmosphere, but also
that of a column of water 70 feet high, its temperature
was actually, several degrees lower than that at which
the liquid could boil und¥ such a pressure.

13. But if the entire column of water be at a tempera-
ture below its boiling point, how is the ebullition in the
basin to be accounted for? How arg those liftings of
the_column, which I have called Gnsuccessful attempts
at an eruption, to be efplained 2. The Geyser-tube is
fed by ducts-whigh ramify through the hot rocks, and
i is the steam suddenly generated in these dugts. and
rushing into the tube at iutervals, which lifts the
colunsi and produces the explosions, I have now to
draw your attention to another very remarkable fact,
and I hope if my facts come too thick thapyowssell pause
and reflect, and thus give yourself time td comonghend
them clearly. Bunsen found that at a height of 30 feet
from the bottom, the water approached ngarer to its
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boiling point than at any other portion of the tube.
The actual temperature here was 252, which was within
3° of the temperature at
which the water would
boil. This near approach

, Yo_the boiling point cay
only be referred to the
heat communicated to the
column of water at this
place by the sides of the
tube.

14. Thus furnished
with the facts, let us now
try to explain how, under
such circumstances, an
eruption is possible. Let
A B fig. 1, be the Gey-
ser-tube and basin, and
a ca stratum of the liquid
at 30 feet from the bot-
tom. The temperature of
a ¢ just before an erup-
tion is 2562°  Suppose
that by the entrance of a quantity of steam frorp the ducts
which feed the tube, the columt 1is lifted so as to briug
a c up to b d, 6 feet higher than its former level. This
supposition, be it remembered, is quite in accordance with
fact, for the eminences in the basin already refprred to,
show that the column is Sometimes lifted more than 6 feet.
When a cis lifted to b d the strattn at b d has 6 feet less
pressure upon it than before. ,Under ghis diminished
pressure its temperature is above its boiling point. It
possesses 252° but it would boil in its new position at
250°. What is the consequence? The excess of heat is
instantly applied to the generation of more steam; th
column 15 alidteds higher, and the water below b d is
relieved of its pressure ; more steam is thus generated,
which 1 its turn diminishes the pressure. el'hus re-
lieved, the mpss of water in the lower portion of the

Fig. 1.
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tube bursts into ebullition, propels the liquid above it
into the atmosphere; and the Geyser eruption takes
place in all its grandeur.

15. The more you ponder upon this explanation, the
more, I think, you will ,be satisfied with its beauty and
sufficiency. But when a test of a theory can be applied,
let us notneglect to apply it. "It will be observed that
the great difference between the theory of Buusen and
that of Mackenzie is, that Bunsen rejects the cavern, and
finds in the tube itself a sufficient cause for the phe-
nomenon: can we not test this by experiment? We
can. I possess a tuhe of galvanised iron 6 feet long,
and about 6 inches in diameter at its bottom. To
increase the effect, and lessen the quantity of water, the
tube tapers gradually towards the top; here it enters
water-tight through the, bottom of a basip of sheet zine
about 5 feet in djame}er. The tube js filled with water;
a fire is lighted beneath it, aad at about 2 feet above the
bottom, the tube is embraced by a second small fire, to
imitate the lateral heating of the pipe of the Geyser.
With this simple apparatus all the pnenomena of the
famous Iceland spring can be imitated to perfection.
One experiment often made with this apparatus is very
striking, and further illustrates the principle at present
under consideration. 'he top of the tube is stopped with
a cork ; the water thus confined does not boil at 212°, but

- goes on heating until its vapour is sufficiently strong to
force out the cork.  Its excess of heat is then instantly
applied to the generation of stea.n, and the consequence
is, that the water is Lrojected upwards to a height of
30 feet. This is an exact imitation of, the action of a
second spring inn Iceland, which 1s called the Strokkur.
The natives throw clods into its tube and chdke it up;
after a little time these are ejected like the cork, and
the water of the spring is projected to a height sur-
Passing even that attained by the Great, Gegsgr.
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LESSON XVI.
LATENT AND SPECIFIC HEAT.

, 1. ON vaTENT HEAT.—Many of the terms of science
are indicative of the theoretic views of those who first
used them., Thus the man who first enlployed the
term at the head of this section imagined heat to be
something which could hide itself,in some way or another,
in the pores of matter, so as to elude ordinary methods
of observation. Latent heat always comes into play |
when a body changes its state of aggregatidn; when
it passes from the solid to the liquid, or from the 1lquid
to the vaporoys or gaseous condition. While the case
of water is still fresh in our minds, let fs take it for an
example. Sappose a lamp which burns with a perfectly °
constant flame, and which always gives out the same
quantity of heat per minute, to be placed under a vessel
containing water at 32° Fahr, that is, just at the
freezing point, gnd a thermometer to be placed in the
water; as heat is communicated to the latter, the
mercury will rise, until the point 212° is attained.
Here the water will commence to boil, and here the
thermometer will cease to rise. You may 4continue to
apply heat, the lamp may be®fust as active as before,
and communicate its due amount of heat per minute to
the vessel, yet higher than 212° the water will not rise
If you immerse your thermometer in the steam which
jssues from the vessel, it also will show a temperature
of 212°, and no higheryso that tflough the heat is given,
it does not show itself anywhege; it has hidden itself in
the steam, or, to use the language of the discoverer o®
the fact, it has become lutent. Let us now seek to be
accurate in our observations, and endeavour to fird the
quantity of heat which is disposed of in this way. Iet
us suppude® the,experiment again commenced, and the
time rgquired by the lamp to heat a single ounce of water
from 32° to 212°, or through 180°, to be accurtely noted.
Let the action now We continued until all the water has
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been reduced to a state of vapour ; it will be found that
the time necessary to produce complete evaporation is
almost exactly 5% times the time required to raise the
water through 180°. Hence, if the water had not boiled,
but had gone on heating after it had reached 212° as.
before, it would, in the time necassary to reduce it all to
vapour, haﬂe”augmented its temperatere by 5% times
1800, or 990°. These 990° have been rendered latent
by the steam, and this number is called the latent
heat of steam. Added to the 212° which the water '
already possessed, it would give 1202° for the total
temperature of such “water; Dut instead of reaching
this,"1t is cut short at 2129, and all beyoud this point is
hidden in the vapour.

2. Let us no¥v reverse Ihe experiment and see whether
we cannbt bring this

v, heat from its hiding
place. Let A, fig. 2_

be a flask containing'
water, and through its

cork let one end of a

glass tube C pass air-

A tight. Let the other

< end of the tube dip

]
g: into water at 32° con-
=5k tained in the vessel B.
Heat being applied to
the flask A until the
‘water boils, the steam
will issue thyough C, and be condensed by the water in
B. By degrees, the water in B becomes heated, and
4t finally boils. We will now endeavour feom this
experiment to determine the latent heat of the steam,
and tfius check the result which we hiave already obtained.
Swvppose the vessel B at the commencement of the ex-
periment to have contained 5% ounces oV wﬂﬁ'r, it will
be found at the moment when it commences toholl to
contain 64‘ounces; that is to say, 1 ounce of water in the
shape of steam has gone over from°A ; thatuteam hud a

Fig. 2.
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temperature of 212°, the water which it boils has a tem-

perature of 212° consequently the ounce qof steam has

boiled the 5% ounces of water without losing‘uny sensible

temperature of its own. It has boiled the water by its
, latent heat. :

3. Now, suppose that a man with 100 shillings in his
purse distributes, these equally among fivespersons, each
person would receive 20 shillings; if instead of thus
dividing his moncy he gave it all to a single individual,

* this person would, of course, possess five times as much
as any one of the five would bave done. So also if the'
ounce of steam, instead of distributing its heat among
5% ounces of water, had given it all to one ounce? that
ounce would have received 5% times the number of
degrees of the larger mass ; and as the nutnber of degrees
received by, the larger mass is $80°, a single ounce would
receive 5% times, 180°, or 990°% ‘¥hus, iu our first
experiment we found that ‘ofle ounce of water on being
reduced to steam, hid 990° of heat; and in our second
experiment, we have brought this heat from its hiding-
place, and found that it would be exactly capable of
beating an ounce of water (supposing it not 1o boil),
990 . Oune result, ther efore, confirms the other. I
may 1emark, however, that recent experimeyts make the
latent heat of steam 967 insteu® of 990°.

4. The enormous absorption of heat which accompanies
the conversion of a liquid iato vapour explains many
singuiar phenomena. If you place a drop of gther upon
the back of your haid, the liquid, being very volatile,
speedily evaporates: heat ,is aBsorbed from the hand,
-and a sensation of cold is produced. J'he wine-coolgrs
of the Fast consist of vessels of porous earthenware, As
bottle of wine is placed within the cooler, and the space
between the two is filled with water. This oozes thsough
the porous cooler, and moistens the outside of it. The
moisture~s evaporated, and its ‘place continually sup-
plied yith waser from behind. Through this coutinued
production of vapour a great amount of leeat is ab-
stracted frog the water ; the latter becomes cooled, and
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produces the desired effect upon the wine. If the
porous vessel be placed in a current of air, evaporation
is hastened, and the cooling is more speedily effected.

5. Again; a stone in Lapland, and a stone on the

burning plains of Sahara, have very different tempera-

tures; but a traveller in Lapland has almost exactly the
same temperature as a traveller in Sahara. The health
of the human body appears to require that its tempe-
rature should only vary within very narrow limits, no
.matter where upon the earth’s surface it may be placed.

How does nature secure this constancy amid such varied.

external conditions? €The evaporation from the body
is the regulator. In hot countries this is greater than
in cold, and thus the excess of heat is carried away.

. 6. Let a watch-glass containing ether be placed upon
a small dish with a littlecwater between the glass and
dish, and let the*whale be placed uuder the receiver
of an air-pump: by working the pump evaporation is
promoted, and in this way cold may be produced suffi-
cient to freeze the watch-glass to the dish on which it
rests. The experiment is most easily made with two
watch-glasses which have their bottoms roughened by
grinding. Turn one upside down, place a drop of
water upon i¢, and on this place the second glass contain-
ing the ether. A very f‘e{:’ strokes of the pump will be
sufficient to freeze the glasses together, Care must be
taken not to allow any portion of the ether to mix with
_the drop of water to be frozen, as this, on account of the
difficulty of freezing the ether, would completely vitiate
the experiment. e

7. The cold praduced Ly evaporation is strikingly ex-’

Yibited by the instrument called the cryophorus. This
instrument consists of two bulbs, A and B (fig. 3) united
by a glass tube. A portion of water is introduced through
amraperture at C, and is boiled until all the air is expelled
through C, when the aperture is sealed ¥ith &blowpipe.
The instrument is now complete. To show its action,
let all the Water be brought into one of the bulbs, say
A, and let the empty bulb B be surrosnded by a

~
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freezing mixture. The water in A evaporates and
makes its way tb B, where it is condensed, thus leaving

lo]

Fig. 3. .

room for the formation of more vapour. . Heat is thus
continually abstracted from the water in A, which, after
a short time, i% converted into # mass of solid ice..

8. But perhaps the most ramarkable case of refrigera-
tjon is that furnished by carbonic acid. At ordinary tem-
peratures this substance is a gas: it is exhaled from the
lungs, it effervesces from champagne and soda-water,
and if an acid be poured upon chalk or marble, the®gas
is liberated in great abundance. By mechanical pressure
this gas can b2 made to assume the liquid condition, and
in this’state it is preserved ir‘xi)ron bottles of great
strength. When the cock of a bottle, filled with this
liquid, is turned so as to open a communicgtion with the,
air, a portion of the substance flashes suddenly into
vapour, but not all. Sp great is the cold produced by
the ‘vaporization that a portion is getually frozen, and the
solid carbonic acid may be’ collected as a pure white
snow. M hd

9. Tt is now necessary to say a word regarding the heat"
absorbed when a body passes from the solid to the
liquid condition. ‘Let us take ice as an exaniple.
Supposing we take the substance in midwinter, at a tem»-
perature lower than the freezing point—say at 15° Fahr.,
and pluce it m a vessel with a constant flame under-
neath it. A thermometer placed in the vessef will first
show an incrtase of temperature; the mercury will rise



120 NATURAL PHILOSOPHY.

until it reaches 32°; at this point the ice will commence
to melt, and at this point also the upward motion of the
mercury will be arrested.  As long as the ice continues
melting, the thermometer will show a constant tempe-
rature of 32° and when the ice has disappeared, but
not before, the mercury will resume its upward motion.

It is manifest that we have here an #nstance similar to
that already described in the case of steam. During the
melting of the ice, heat is continually communicated by
the lamp, but it does not show itself upon the ther-
mometer. It seems to be hidden in the water ; to use
the ordinary term, it'is rendered latent.

10. How are we to estimate the quantity of heat thus
absorbed ?  'We may do it in this way :v-Take a pound
of ice at 329, that is, just at its freezing point, Takea
pound of water at a tesiperature of 175°. Mix these
together ; whenthe experiment is properly made, it is
found that a pound of water at this temperature is |ust
sufficient, and no more, to melt the pound of ice.
When the melting is complete, the resulting liquid is at
a temperature of .329; consequently the ice, on being
rendered liquid, has received 175°— 32°=143° of heat,
without becoming sensibly warmer. To the thermo-
meter and to the hand it is of the same temperature
before it is melted and after it is melted. The 1439 of
heat communicated to it have therefere been rendered
latent, This number expresses the latent heat of
water.

11. We may check fhis resultby the following experi-
ment :—Let two lamps which give out the same quantity
of heat per minute be plared under two equal vessels, one
of which contains a pound of ice at 32°, an# the other
a pound of water at the same temperature. Let a ther-
morheter be placed in each vessel. That immersed in
the water will rise from the commencement of the ex-
perlment, that immersed in the ice will “Fémain sta-
tionary at 32° until all the ice has been melted, At
the momént when the last bit of ice disappears let the
thermometer, plunged in the water, be read off: it will
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show 175°. Subtracting 32° from this, we have 143°
as the quantity,communicated to the water by the lamp;
but the same quantity of heat has been communicated
by the second lamp to its vessel without raising its
temperature at all. It has been applied to liquefy the
*ice; hence, as before, we arrive at the conclusion that

" these 143° have been rendered latent during® the lique-
faction. *

12. It is not difficult to show that water in freezing
syields up the heat thus rendered latent; but the ex-
periment is much more striking with sulphate of soda.
Let as much of this salt as possible be dissdlved in
boiling water, and let the solution be placed M a
flask or beaker to cool: if it be permitted to remain
perfectly quief, it will cool gradually,* and remain,
when cold, insa liquid conditioy. If a thermowmeter be
now plunged into the solution, it jmmediatcly thickens
to a solid round the thermoleter, aud the process ot
crystallization thus commenced speedily ex-
tends itself throughout the entire mass, At
the same time the thermometer will be seen
to rise, the latent heat of the liquid being
rendered free by the passage of the sub-
stance tp the solid state. c

13. The dissolving of a littles mltpetre in
water instantly reduces its temperature, as
may be seen by the falling of a thermno?
meter plunged in the liquid. Air-thermo-
meters, being more sensitive than mercurial
ones, are the best for,sucl exPeriments, .
Any boy may recadily make an air-thergio-
meter for himself. Let a common test-
tube be taken and furmshed with a well- 5
fitting dork. Through this cork let a small il »
glass tube pass air-tight, and let its Jower %
end dip inte a.little coloured water (b, e
fig. 4) at the battom of the test-tube. When the latter
is immetsed in a warm liquid, the air at a %expands,
presses upon jhe surface of the water, and forces it up

a
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in the tube, ¢. Very small differences of temperature
may be thus rendered manifest.

14. If space permitted I might show you the in-
fluence of the facts we have been considering upon the
climates of various countries. Kurope has a remarkably
mild climate, considering its position upon the surface.
of the globeg, The eastern coist of America has a
climate far more severe than the ‘bpposite one of .
western Europe. The river Hudson, which is in
nearly the latitude of Rome, is sometimes frozen during
three months of the year. Nay, so great is the cold
observed in some parts of North America, that it gave
rise o the idea that the north pole of the earth was once
in this region, and that through some great convulsion
of Nature thecaxis of the earth had been shifted from
the position which it once held. But this idea would
scarcely have aiiven had it been known how immovable
the position of the earth’staxis really is ; and, besides
this, our present progress in meteorology has quite
explained the difficulties to which we refer. Compare
the western coast of America with the western coast
of Europe, and the differences of temperature dis-
appear. The land between the Rocky Mountains and
the Pacific Ocean has a European climate; the
reason being that the yrpours drifted towards the con-
tinent from the Pacific are condensed by the moun-
-tains; in condensing, they yield up their latent heat,
and thus preserve the climate mild. It has been
thought' that the warmth of Europe was due to the
descent of air which fhad yassgd over the hot soil of
Africa; but this air, on account of the velocity im-
parted to it from west to east by the diurnal motion of
the earth, does not reach Europe at all. The cradle
of qur southerly winds is the West Indies, and the secret
of the mildness of Europe is, that it is the condenger

f the vapour of the Caribbean Sea.

15. On speciFIc HEAT.—In treating of Tatent heat T
said that the term was suggestive of the theoretic
opinious of the person who first ysed ig. Heat, like
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light, magnetism, and electricity, was ranked among
what were called imponderable bodies—bodies without
weight, but still capable of being mixed up with ordinary
matter. Heat, looked at from this point of view, was
called by the Germans ¢ wirmestoff”’-- that is, the stuff
or material of heat; and in chemical books we still find
the combination of bodies with heat spoken of, just as
such books speak of the combiration of one material
substance with another. This is called the material
theory of heat. Now it is found that different bodies ,
require very different amounts of heat to make them
equally warm. Suppose, for dxample, all the heat
given out by the combustion of au inch of candle to be
communicated to a pound of water at a temperature of
820; the water will have its temperature augmented,
a certain nuthber of degrees.® If the same amount of
heat be imparted» to & poynd of mercury, the tempe-
rature of that liquid would be raised thereby far
higher than that of the water. In fact, to raise a
pound of water,a certain number of degrees in tempe-
rature would require thirty times the heat necessary to
raise a pound of mercury the same number of degrees.
Hence, in accordance with the material theory of heat,
it was*supposed that water possessed a greater power
than mercury of drinking if the heat. This power
was called its capacily for heat, and gometimes its
specific heat. We have referred to two liquid bodies ;
but solids also differ from each other in this respect.
If the same absolute amountof heat be communi-
cated to a pound of leal and a pound of iron, when ex-
amined by the thermometer tlse iron will be found to
be much cooler than the lead; it would require a’
greater amount of heat to raise it to the same tcmpe-,
rature.  Hence iron is said to have a greater capheity
for heat, or a greater specific heat, than lead has, if
we immerst a *pound of lead and a pound of iron in
boiling water, the quantity of heat taken in by the iron
in order to bring it up to the temperature of the boil-
ing water will be greater than that taken in by the
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lead. How can we prove this? Simply by plunging
our lead and iron into two separate vessels contain-
ing the same amount of cold water. The water in
contact with the iron will be much more heated than
that in contact with the lead. Or if a ball of iron and
a ball of lead, heated in the manner described, be
placed upon & thin plate of stearine, the iron will melt
its way through and fall to the ground while the lead
remains sticking in the mass. Such experiments as
dhese inform us in a general way that one substance
has a higher specific heat than another; but they do
not tell us how much the specific heat of one body
exceeds that of another. To ascertain this, more accu-
rate experiments must be resorted to. Perhaps the
. most celebrated experiments on this subject are those of
Lavoisier and vraplace—the
) W—_@o,}ﬂ“ former a great chemist who
LSOO S AN suffered death by the guil-
' lotine during the first French
Revolution;.the second, a ce-
lebrated mathematician. In
their experiments they made
use of an instrument called a
calorimeter,of which the fol-
lowing is a description :—
16. A (fig. 5) is a vessel
of sheet metal ; B is a second
vessel of a similar shape,
placed within the first. A
covei being placed upon each
of the vessels, A and B, there
is a space between the two
vessels all round. Thisspace
is filled with pounded ice,
which, when the vessel is
placed in an atmosphere above 32°, gradually melts, and
the melted water is carried off by the cock C. Within
B is a third vessel, and the space between it and B is
also filled with pounded ice. Each vesselis furnished
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with a cover, so that the ice can be placed all round, as
shown in the figure. Within this third vessel, the warm
body, W, whose specific heat is to be determined, is
placed. Now let us understand the instrument: the
outer jacket of pounded ice effectually protects the ice
in the vessel B from the action of the atmosphere.
The ice in B is thus preserved at 32°, And cannot be
melted by the external air. Hence, whatever is melted
in B must be wholly due to the heat yielded by the
body, W. The liquid thus produced is carried off by
the cock d, and received into the vessel, V.

17. The principle from whicl® Lavoisier and Laplace
started was, that the quantity of heat which a°body
contains will,be measured by the quantity of ice which

it is able to liquefy. If we place one pound of irony

heated up b the temperatu®e of boiling wateg, in the
apparatus, and permit it tq cool dowh to 32°, and then
subject our pound of lead to the same experiment, on
weighing the amount of water produced by each, we
should find them to be in the ratio of 11 to 3, that is to
say,a pound of iron in falling through the same number
of degrees yields nearly four times the quantity of heat
yielded by an equal weight of lead.

18."The specific heat of a body accurately defined is the
quantity of heat which the T)gdy requires to raise the
unit of weight, say a pound of water, 1° jn temperature.
But the quantity of heat required to raise the tempera-
ture of a body 1° is the quantify which it loses in falling
through 1°; and this latter i measured by the-quan-
tity of ice which it is able ¢o liqnefy. *

Supposing a body at 42° ts be plaeed in the calori-
meter and permitted tosink to 320, or through 10°; if th%
quantity of ice melted by the body be 10 grains, this
would be a grain for every degree; or, more gendrally,
if we divide the weight of melted ice by the numbenof
degrees tfirough which the boly melting it has fallen,
we ohtain th® quantity which the body would melt by
falling through 1°. This quantity expresses*the specific
heat of thesbody. -
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19. In tables of specific heat the standard referred to is
that of distilled water: its gpecific heat is set down as 1.
The following table shows the specific heats of a few
other well-known substances :—

Iron - - - - - T - 011379
Zinct-¢ - ‘- - - - - 009555
Copper - - - - - - 009515
Silver - - - - - - - 005701
Lead = - - - - - < 003140
R Bismath - - - - - - 003084
Platinum - - - - - - 003243
Gold - - - - - - - 003244
Mercury - - - - - - 003322

We here see how greatly the specific hsat of water
predominates over those of all the other substances
mentioned. The specific 'neat of water i§ nearly 10
times that of iron, 18 times-hat of sifver, and is more
than 30 times that of mercury. This is the place to
remark how suitable its low specific heat renders mer-
eury for thermometric purposes: it is premptly affected
by changes of temperature, which it would not be if its
specific heat were high.

Calling the specific heat of water 1, that of atmo-
pheric air is?0-25, or justione-fourth part that of water.
Hence a pound of water in losing 1° of heat would heat
a, pound of air ¢°, or it would heat 4 pounds of air 1°,

But a pound of air fills about 770 times the space of
a pound of water, and hence 4 prunds of air fill 3080
times the space of a pourd of water. Therefore a pound
of water by parting with 10 of "temperature would be
pble to raise 3080 times its own bulk of air 10,

20. The vast importance of this property of vater asa
regulator of climate at once suggests itself. No wonder
that the climates of islands are fo much milder and
more equable than those of continents. The surround-
ing sea, thnrsty, as it were, for the suiibeams, drinks
them in, byt nevertheless preserves itself comparatlvely
cool, and }t hus tempers the island air. In winter the
heat thus stored up is slowly given out; évery gallon
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of water on giving up its degree of heat, warming 3080
gallons of ait by the same amount, and thus shielding
the island from winter cold. We here see the explana-
tion of the fact that the winter of Iceland is less severe
than that of Milan. We can also explain why it is that
with us laurels and osher plants thrive in the open air,
which are killed*by the winters of more sduthern lands ;
while our summers refuse to ripen the grapes which
those lands produce in abundance. Thus it is that the
simplest facts which we learn in the laboratory consti-,
tute the stepping-stones by which the human mind
attains to the accurate compreheusion of the grandest
phenomena of Nature. *

- k)
* LESS@N XVIL

EXPANSION BY HEAT.

1. On THE EXPANsION ‘OF soLIDS BY HEAT.—I have
already stated that che expansion of mercury by heat is
made use of as a measure of the heat which produces the
expangion. All bodies, without exception, are affected
in this way by heat, but all ayg not aftectedein the same
degree. A rod of steel, for example, on being heated
from 320 to 2129, expands wyth of ity own length;
whereas a rod of lead similarly heated expands yiyth
of its length: the expansion of lead by heas is, there-
fore, much greater than that of steel. Brass expands
ssth of its length on befng heated from 32° to 2{20,
whereas iron expands only ;¥th. Now suppose a bar
of brass and a bar of iron to be closely riveted tog

ther, so as to form a single compound bar, as shown in

’ Fig. 6. .
fig. 6. When such a bar is heated, what must be the
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consequence? The brass B expands more than the iron
1, and in order to give this difference of expansion room,
the compound bar is bent into a curve, as in fig. 7, the
brass bar forming the outside of the curve. If instead

« B .
/ 1
Fig. 7.

of hepting the straight Eompmmd bar we cool it, the brass
contracts most, and the bar is bent in the opposite
direction. Foqr certain chemical expériments it is
ohecessary to have a metallic wire fused into glass
tubes ; Joth glasy and vAre must of course be red hot
when this fusing takes place; and if,'in cooling, one of
them contracted more than the other, the rupture of the
junction between them would be inevitable. Now
barometer glass expands, on being héated, from 32°
to 2129 ;;yyth of its own length. 'Were we to fuse
a bit of gold wire into such glass, rupture would
assuredly take place in cooling, for gold expands on
being heatéd from the freezing to the boiling point
of water zi5th of its length. Fortunately, however,
there is a metal, platinum, whose expansion is 5 th
of its length, or almost exactly equal to that of glass.
This met#] is therefore always used in the construction
» of the instruments to which I haye referred.
2. In the construction of bridges and buildings where
inetal tubes or Beams are introduced, and also in the
aying down of railroads, care must always be_taken to
allow for the expansion due to variations of tempera-
ture, 'for the force with which a body expands under
the influence of heat is almost irresistible, and might
produce serious consequences if it were pot permitted
free play. There is on the line of rails between Lvndon
and Mancfiester a greater length of iron by about 500
feet in summer than in winter; and to permit this ex-
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pansion to take place, the rails, when they are laid, are
not brought close up end to end. Iron eramps in
masonry often work themselves loose on account of the
inequality of the expansion between them and the
stone, The tires of wheels are heated before they are

" put on; in cooling they contract, and draw ghe wood-
work together with great force. Hot rivdts act simi-
larly. The force of contraction has also been made use
of to set the walls of buildings erect. If I remember
aright, the experiment was tried with the cathedral of
Armagh. The walls of the building gradually leaned
away from each other, and to draw them together hars
of iron were placed across the cathedral, passed through
the walls, and €urnished with nuts at thg ends which
might be screwed tight to the walls. The bars were
heated and expanded. The nut® at the gnds were made
tight, and then the thetal was sufferetl to cool ; during its
contraction it drew the walls together with an irresist-
ible pull; and by repeatirg the process the walls were
finally set erect. *

3. In connexion with this subjecta very interesting
fact has been recently observed. A sheet of lead which
lay on the south side of the choir of Bristol cathedral
was obsérved to have slipped pgdily down ethe roof,
through a space of 18 inches, in two years. You might
imagine that this was simply due to the glope of the
roof, but the slope was such that the lead would never
have slid down it by itssown weight. How thenedid the
lead get down? The case is insgructive, and I would
therefore draw y&ur attention®to it.

4. Tmagine such a sheet of Itad, lyifz upon an in-
clined roof, exposed to the temperature of asunny day.
It expands, If it lay upon a horizontal surface it would
be pushed out in all directions equally by the expansibn,
but as it lieg upon a slope, it will slide with greaters
facility downwapds than upwards. The upward move-
ment is opposed by gravity, while the movement down-
ward is assisted by gravity. If the positioR of the
upper and loWer edges were marked by chalk before
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the expansion took place, the lower edge, for the reason
just given, will extend further over its cualk mark than
the upper. Now suppose the chill of night to act upon
the lead ; it will contract. But it is'easier to pull the
upper edge down than to pull the lower edge up. If,
the position of the upper and lewer edges were marked
with chalk,'as in the former case, bofore the coutrac-
tion, it would be found that after the contraction the
upper edge had moved further-from its mark than the
lower one. By expansion, therefore, the lower edge is
pushed downwards, and by contraction the upper edge is
pulled after it. Thus the mass of
lead creeps like a worm, and although
the space passed over in a day would
be nearly imperceptible, the progress
is swe, and in two yéars amounted,

as I havz said, to‘18 inches.
5. The time which a pendulum
RINT requires to accomplish an oscillation
depends ufn its length : a long pen-
dulum oscillates more slowly than a
short one. Hence a pendulum, acted
upon by variable weather, vibrates
sometimes quicker, sometimes slower,
and consequently would give inac-
curate results. Various means have
been used to render the oscillation
uniform. Yqu will sometimes see a
FllH vesgel of mercury suspended at the
end of 4 perddulum.® When the tem-
peratare of the day increases, both
L the pendulum rod and the mercury
expand, but the form®r expands
downwards, while the latter expands
Fig.6 upwards, and by this opposition the
centre of oscillation, as it is called, is pfeserved constant.
The gridiron pendulum is also very common; its
principlé will be understood from fig. 8. S is the knife
edge on which the pendulum is suspended. A BCD
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is a rectangle composed of iron rods: throngh a hole in
the cross piece G D the rod p ¢ passes. E G is a cross
piece capable of moving up and down; and attached
to this cross piece are the two brass rods E F and G H,
which also rest upon the cross piece C D. When the

ewarmth of the day incregses, the rods A C and B D
expand, and also the central rod p ¢. Albthese tend
to push the pendulum bob ¢ farther from the point of
suspension. But the brass rods E F and G H also
expand, and their action is to lift the pendulum bob and
cause it to approach nearer the point of suspension.
In the construction of the pendulutn it is so arranged
that these opposing actions exactly balance each other,
so that the pendylum is maintained ata constant length.
In fact we know from experiment.that the %expansion of
brass is to that bf iron as 14 istcsl ; hence if the length
of iron to that of brass in the pendwum®be in the same
ratio, the expansions neutralize each other, and a perfect
‘ compensating pendulum ” is obtained.

6. It has already been sh#wn that different solid bodies
expand differently when heated ; but in some cases the
same solid body expands differently in different direc-
tions. It is easy to conceive that in crystalline bodies
the atoms may be packed more closely together in some
directions than in others, and W¢hce we might expect
that, when such a body expands under the influence of
heat, the atoms would be pushed asunder whth different
forces in different directions. Experiment justifes this
conjecture. When the crystal gypsum is_heated, it
changes its shape, whickk would not be the case if it
expanded equally in all directiens. The crystal Ice-
land spar, when heated, expands considerably in the
direction of its axis, but, strange to say, in a direction
at right angles to the axis it contracts.” This contrac-
tion, however, is not sufficient to balance the expansion ;,
and the final Yesult is that the volume of the crystal is
augmentgd, It%s easy to conceive that when a crystal-
line body of which the component crystals are confusedly
arranged is heated, the unequal expansion of its various
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parts may produce rupture among them to a greater or
less extent, and this is doubtless the caase of the snap-
ping noise sometimes heard during the cooling of melted
zinc or antimony, and sometimes even in the case of
the bars of a grate. '

7. ON THE EXPANSION OF LIQUIDS BY HEAT.—.
Liquids éxpand more than solids under the influence of

Fig 9

heat. Let a retort be filled with water as in fig. 9, and
let the vessel be chosen with a neck so narrow that
when it is filled and inclined as ip the figure, the
capillary attraction of the neck shall be sufficient to
prevent the liquid from flowing out. A lamp being
placed underneath the retort, the dropping of the water
into the beaker, B, soon demonstrates the expansion of
the liquid. '

8. When a vessel containing water is placed upon a fire,
the lower portion of the liquid expands, and becoming
thereby lighter, it ascends, while the heavier liquid sinks
to supply its place. This in its turn becomes heated,
and rises, being replaced by -cooler liquid as before;
and thus the heat communicated to the bottom of the
vessel is distributed through the liquid. By placing in
the water cochineal, or some other opaqie powder of
nearly the same specific gravity as the water, the
existence of these up-and-down currents may be demon-
strated. Similar currents exist in the tube of the Great
Geyser already described. When scraps of pgper are
cast into-the centre of the basin, they are driven from
the centre towards the edge, and thence sucked down-
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wards. The tube has an ascending current along its
centre, and a descending current along its sides.

9. Let us now reverse our conceptions, and consider
the case of a sheet of water exposed to the chilling in-
fuenceof a freezing atmosphere. Thesurfaceof the water

» in contact with the air ig cooled ; it contracts, becomes
heavier, and sinks, while the lighter water frem below
rises to supply its place. In this way the warmth is
drawn from the depths and given to the atmosphere.
This process continues till the superficial layer is cooled
down to 39° Fahr., and at this point the contraction of
the water ceases. At 39° Fahr.swater possesses the
greatest density that it is capable of possessing, and as
it sinks below this temperature, and approaches the
freezing-point, it expands. Hence the water which is
at the surface’ when the tempegature 39° is attained,
remains there; it does not sipk, but continues to’ float
like a layer of oil upon the heavier water. When it
reaches 320 it freezes, and thus forms a solid lid of ice,
which shuts down the warmer water. Beneath this lid the
fish may dwell unharmedj whereas if it were otherwise,
if the abstraction of heat continued until the entire
mass were frozen, the fish would be crushed to death by
the act of congelation. Does it not appear as jf Nature,
in arresting the contraction ®f water at 39°, had
stepped aside from her wonted course in order to pre-
serve her creatures! On this point I wifl not dwell,
as, with our limited knowledge of the purpoge which
runs through Nature, we are very liable to make
mistakes, The metal bismuth, of cooling ffom a state
of fusion, behaves exactly like, water, glthough in its
case there are no fish to be protected.

10. In cooling from 39°to 32° the expansion of water
is gradual; but in the act of congelation a sudden
expansion takes place, and the ice which results is
considerably’ lighter than the water from which it is
produced. The force of this expansion is irresistible ;
it will burst the thickest bomb-shell. It is ascommon
experiment te fill an iron bottle with water, screw it
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close, and place it in a freezing mixture to congeal.
The act of congelation is accompanied. by the bursting
of the bottle, Befure filling a bottle for this experi-
ment, it is well to boil the water and expel the air.
The same experiment may be made with fused bismuth.
I once filled an iron bottle with the melted metal,
and closing it with a screw tap, permitted it to cool.
The bottle was rent from neck to bottom by the
expansion of the metal on solidifying.

11. ON THE EXPANSION OF GASES BY HEAT.—Of all
bodies, gases undergo the greatest change of dimensions
onthe application ol heat. It resulted from Dalton’s ex-
periments that 1000 cubic inches of air, on being heated
from 320 to 212°, expanded to 1392 cubic inches. It
was found Ly Gay Lussac, in 1804, that 1000 cubic
inches of air, on being heated from 32° to 2129,
became 1375 cubic inches, Tle more recent re-
searches of Rudberg, Magnus, and Regnault, show that
these numbers are above the mark. Instead of 1375 it
ought to be 1367 cubic inches. Hence, on being
heated 180 degrees, the volume of a mass of air
becomes augmented by %/,ths of the volume it pos-
sessed at 320,

12. Experiments prove that the expansion of air is
uniform, that it is augirented by the same quantity for
every degree of temperature imparted to it, so that the
expansion dile to 180° is 180 times the expansion due
to 1°. Hence, to find the expansion due to 1°, we
have to divide the fraction %27 by 180: this gives us
53%%0, or, reduced to its lowest terms, .4;. This
result may be thus expressed in words ;—When atmo-
spheric air, at a temperature of 320, is heated 19, it
expands }sth of its volume. If rdfsed 29, the
expangion would be;§yths ; if 89, ;§,ths of the volume
which it possessed at 320, 'What is true of atmospheric
air is true of other gases. "They all expand in the
same proportion, except those which tare near their
point of condensation.

13. Supposing, then, that I asked at what temperasure
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a cubic foot of gas at 32° would enlarge its volume by
one-half, you would of course reply, at a temperature
of 245° abové 329, for here the expansion would
be %4gths, or one-half, If again I asked at what
temperature a inass of gas which measures a cubic foot
=t 32° would double its volume, you would reply to
me, at 4900 above 32, o, in other words, at a tempera-
ture of 4904322 5220, as shown by the tifermometer.

14. It is easy to show the expansion of air by heat.
Let the neck of a retort dip into a vessel of water asin
fig. 10; on bringing a spirit-lamp underncath the retort,
the air within it expands, and ig driven in ebubbles
through the water, On allowing the retort to cool,ethe
air will shrink to its former dimensions, and the conse-
quence is, thab the water, pressed upon Py the atmo-
sphere, will follow it and partially fill the vessel. In
like manuer, in the process of cipping,.a glass, with the
air within it rarified by hedting, Is inverted over the
wound ; the air cools and contraets, and the blood, and
even flesh, are forced by the pressure of the atmosphere
into the glass, judt as the water is forced into the retort.

» F'.gilo. L * .

15. On its expansion by heat, %ir becotnes lighter, and
will, if it can, ascend into the atmosphere. While I
write, the flame of a candle is before me; the grect
position of that flame is due to the ascent of the column
of heated aif. I place my hand above the candle, and
find it struck by this *“hot blast.” I pluck a hair from
my head, and make it act as a weather-cock ; when
placed above the flame it is blown upwards, " Take a
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bent tube, such as that shown in fig. 11, and heat the
corner at A by a spirit-lamp ; the
air will ascend the leg A B, and,
to supply ‘its place, a descending
current will establish itself in the
other leg. If a smoking taper
be held at C,the smoke will be
carried down, and will make its
appearance at B.

Fig. 17

16. The products of the combus-

tion of coal-gas are very injurious
to health, and it is therefore desir-
able to have them carried away
from the room in which the gas is
burned. To accomplish this, Mr.
Faraday invented a lamp, the principle ard construction

A

|

!

Fig. 13,

of “wkich there will, I
think, be now no difficulty
in understanding.

The gas enters the lamp
from the pipe, G (fig. 12):
immediately round the
flame is a common glass
chimney, and around this
again a Jarger one, which
has a plate of transparent
mica placed upon the top
of it. Round both chim-
néys is a spherical shade
of diaphanious porcelain,
not open at the top as or-
dinary shades are. A B
is a tube of b#onze, the end
A of which communicates
with the atmosphere; the
other end of the tube
communicstes with the
space between the two

glass chimneys. At p is a small gas jet,, and the Grst
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thing done is to ignite this. It heats the corner, B, of
the bronze tube, and thus produces an upward current
through the latter. Let the lamp be now lighted, and the
chinmeys and shade arranged as in the figure, The
current’of heated gases from the lamp ascends through

.the inner chimuey, and o supply the place of the air

displaced at 13, the current turns downwards, as shown
by the arrow, reaches B, and is carried off through
A. B into the atmos<phere. Thus, you see, not a single
particle of the gases generated by combustion enters
the room. The noxious nature of these gases may be
demonstrated by placing a candl€ at A, It will be
immediately extinguished by the carbonic acid present
there, After the lamp has been in action for a little
time, the jet, p, may be extinguished ; Tor the tube,
A B, being once heatzd by the gases proceeding,from
the lamp, will itself keep up she netessary current.
17.-The following experiment is also instructive :—Let
a candle, C, be placed upon a plate, P (fig. 13), and let
a glass jar with its mouth open be b
placed over the candle, a litile PLA

. water being poured upon the plate

to prevent the entrance of air at

the bottom of the jar. Let a glass

chimney, A B, be placed upon-the

jar. Although in this arrangement

the lighted candle communicates

with the atmosphere, i will never-

theless go out; for the products oOf S
combustion, seeking to “ascehd, are ; i
opposed by the pressure of the?ex- -

ternal air. Let a piece of cardboard,

D E, be now introduced so as to di-

vide the tube, A B, into two halves.

The products of combustion choose

one-half of’ the* tube and ascend, fo
while she air Uescends through the

other half to supply their place. In Figha,

this wdy fresh air is supplied.to the candle, and it
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burns as long as it lasts. Of course the principle of
ventilation here described applies as much to the shaft
of a mine as to the tube used ip our experiment.

18. It is the currents produced by heated air that ven-
tilate our rooms. The air about the fireplace is carried
up the chimney, and the entrauce of air through doors,
and chinks*makes good the loss. In this way draughts
are produced, which, though they may afflict us with
rheumatism, at all events clear away the carbonic acid
and supply us with fresh air. In a warm room the
heated air will ascend towards the ceiling ; if you open
a door into such a room and place a candle near the
floor, the flame of the candle will lean inward, showing
the direction of the air below. If you place the
candle near the door-top, the flame will lean outwards,
showing the escape of ‘the warm air. In the centre of
the doorway the fiame ~tands upright. This simple
experiment illustrates a great natural effect produced by
the heat of the sun. ‘The torrid regions of the earth
are in the condition of our warm rcom. The heated .
air of the tropicsrises and flows towards the poles, while
its loss is supplied by an under-current of heavy air_
Jrom the poles. Were the earth without diurnal
rotation, these two currents would flow directly north
and south ; Lut, as 1s seen in the case of the Gulf
Stream, the motion of the earth from the west to the
east combines with the motion of the air from north to
south, and thus we have, in the northern hemisphere
for example, a south-westerly current above and a
north-easterly one in thé lower regions of the atmo-
sphere. The Gower current constitutes the trade-wind.
But how do we know that the upper eyrént, exists ?
No man ever lifted a weathercock so high, yet still we
may conclude with certainty that the under-current
from the poles is balanced by an upper current towards
them. But neither are we without experimental proof
of the existtnce of the upper stream. I cannot, I
think, better describe to you this experiment, made by
Nature herself, than by translating the “account of it
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given by Professor Dove, while addressing a public
audience in Berglin,

19. “On the night of the 30th of April,” says M.
Dove, ¢ explosions like those of heavy artillery were
heard a$ Barbadoes, so that the garrison of Fort Saint
Auna remained all night under arms. On the Ist of
May, at daybreak, the eastern portion of $hé horizon
was clear, while the remainder of the firmament was
covered by a black cloud, which soon spread over the
east, quenched the light there, and finally produced a
darkness so dense that the windows in the rooms could
not be distinguished. A shower of é#shes now destended,
under which the tree-branches bent, and were brokén.
Whence came these ashes? From the direction of the
wind-we should’infer that they came from*the Azores:
not 8o, however; they came from the mountain Morne
Garou in St. Vincens, which lies abeut & hundred miles
westerly from Barbadoes. The ashes had been cast into
the upper current of the trade-wind, and thus borne
forward in a direction opposed to the lower current, A
second example of the same kind occurred on the 20th
of January, 1833. On the 24th and 25th the sun was
darkened in Jamaica by a shower of fiue ashes, which had
been discharged by the mountain Coseguina. The people
learned in this way that explwhns previously heard
were not those of artillery. These ashes could only have
béen carried by the upper current, as Jamaich lies north-
east from the mountain.  The eruption furnishes, also a
beautiful proof that thé ascending air-current divides
itself above into two portiens, ane pFoceeding fowards the
North Pole, and the other towards the South ; for ashes
also fell upon the ship ¢ Conway ’ while in the Pacific,
at a distance of seven hundred miles south-west of Cose-
guina.” .

20. Though the remainder of M. Dove’s description
does not striotly apply to our subject, still it is so in-
teresting that I¢hink you will not be displeased if I
translate'it for you :— .

“Even on the highest of the Andes,” he proceeds,
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“no traveller has as yet reached this upper current,
and from this fact some notion may be, formed of the
force of the explosions : they were indeed tremendous
ori both the iustances referred to. The roaring of
Coseguina was heard at San Salvador, a distat.ce of a
thousand miles. Union, a segport on the west coast of
Conchagua, was in absolute darkngss for forty-three
hours ; and as light began to dawn, it was observed that
the sea-shore had advanced eight hundred feet upon the
ocean, owing to the quantity of ashes which had fallen.
The eruption of Morne Garou seemed to form the last
link in a chain of vast voleanic actions. In the month
of July, 1811, near St. Michael, one of the Azores, the
Island Sabrina rose with smoke and flame from the
bottom of tne sea. The depth of water was a hundred
and fifty feet, the height attained by toe island three
hundred feet, and it was g mile in ¢ircumference. The
small Antilles were shaken afterwards, and subsequently
the valleys of the Mississippi, Arkansas, and Obhio.
But the elastic forces found no vept, and they next
sought one on the north coast of Columbia. The 26th
of March began as a day of extraordinary heat at
Caraccas: the air was calm and the sky cloudless.
It was a,holiday, and a regiment of troops of the line
stood under arms in® Jhe barracks of the quarter San
Carlos, ready to join in a procession. The people
streamed to the churches. A loud subterranean
thundgr was heard, and was immediately followed by a
shock so violent that the Church of Alta Gracia, a
hundred and fifty feet high; and supported by pillars
fifteen feet thick, was, reduced to a heap of rubbish not
more than six feet in elevation. In the evening the
nearly full moon looked down with mild®lustre on the
ruins of the town, under which lay the crushed bodies of
upwards of ten thousand of its inhabitants. But even
here the elastic forces found no outlet. Fmally, on
the 27th of April, they succeeded in opening the
crater Of Morne Garou, which had been closed for a
century ; and the earth, for a distance equal to that
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from Vesuvius to Paris, rang with the shout of the
liberated prisoner.”

LE§SON XVIII.

CONDUUTION AND RADIATIOX.

1. ON THE coNDUCTION OF HEAT.—If you thrust one
end of a poker inta a fire, the heat will propagate itself
through the metal and finally make itself felt at the
other end. This travelling of the heat from article
to particle of the iron is called the conduction of héat,
and the metal itself the conductor. You will observe
here, at the oufset, that this is a very diff€rent process
from that by *which heat, as glready described, dis-
tributes itself through a liquig. This process is some-
times called conveetion ; the heated particles, it will be
remembered, rise and diffuse their heat through the
cooler ones; but, there is no such wandering of the
articles in the case of the poker. When a column of
iquid is heated at the top, the propagation of heat
through it is immeasurably slower than when 1t is
heated at the bottom, for the warm layer jof liquid
remains at the top, and muse *thus communicate its
heat to the Jower ones by the process of conduction,
and not by that of convection. With th& poker it is
imamaterial whether yoy thrust it upwards, thrqugh the
bars, or downwards ; the heat will propagate itself alike
from the hot end to the ¢old one. * * .

2. Metals are the best conductors of heat, but they
differ widelg#om each other in this respect. The first
experiments made to determine this conductibility were
very defective, nevertheless a certain celebrity still
attaches itself to those of Ingenhousz. He coated a
number of different bars with wax, and dipping one end
of the bars inte a bath of hot oil, he was able to trace
the progress of the heat by the melting of the wax upon
the surface. e« M. Despretz, however, was the first to
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confer experimental accuracy upon this branch of
science. He took bars of various metals, and arranged

a & e 1 e

fl

Fig. 14,

each of them as‘A B in fig. 14. At one end is a lamp
L, the flame of which is preserved constant; this com-
municates heat to the end of the bars: at equal distances
asunder, and fitting into cavities made in the bar, are
the thermometers @, b, ¢, d, e. 'The heat imparted by
the lamp travels through the bar, and the mercury in
the thermometer @ is soon observed to rise; b is next
affected ; the heat reaches the others in succession, and
causes them to rise. 17 your attention upon any slice
taken across the bar, say at s. This slice receives heat
‘ from the end A of the bar, and sends it on to the end
B. As long as the quantity received from A exceeds
that given up to B, the temperature of the slice will
increase; but after & sufficieht time these quantities
will become evactly equal to each other, and thus,
though there is a flow of heat through the slice, its
temperature remains constant. M. Despret? waited until
this: condition had established itself throughout the
whole bar: his thermometers then ceased to rise ; the
mercury then stood highest in a, and lowest in e,
gradually diminishing from one to the other. From
this he wes enabled to calculate, and express in numbers,
the conductibility of each bar for heat. o
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3. The following are the results of the most recent
experiments made upon this subject :—

Substances. (Conductibility|Conductibility
for Heat. l-llcrt;orl;city.
Silver - - 100 100
Copper - ° - 73:6 %33
Gol - - 53:2 58°5
23:6 215
Tin = - - 14'5 14°0
gonl- - . 119 12:0
ee - - 1156

Lead - - 8 ”8:2'.7
Platinum - - 84 793
German Silver 6-3 5°9
Bismuth - - 18 ~19

»

"Thus silver stands at the head of thd list of metallic
conductors and bismuth at the foot. The numbers in
the second column express the relative counductive
powers of the metals used. I have also added a third
column, which shows the conductive powers of the same
substances for electricity ; and here the suggestive fact
will be observed, that the best conductors of the one
agent are alsv the best conductors of the othqr.

4. Next to the metals, crfstals, stones, glass, and
similar bodies are the best conductors of heat, but they
differ as much among themselves as the metals do. A’
crystal of quartz, for example, has a conductive power
greatly superior to that of a crystal of gypsum : rock salt
conduets heat much betfer than sugar. Flint conduéts
better than marble. It is pemhaps werthy of remark
that substances which belong to the animal and vege-*
table kingdoms are extremely imperfect conductors;
and both animals and vegetables are in some meussure
protected by this property from the injurious effects of
sudden chanlges of temperature,

5. Ihave alteady referred to the fact that in a cold
room, metals, when touched by the hand, seef coldest,
and the wooMen fabrics least cold. We are now in a
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condition to understand this. The metal is a good con-
ductor, and diffuses the heat communicated to it by the
hand quickly through its mass, it thus abstracts the
heat speedily from the hand and produces the sensation
of cold. Wool, on the contrary, cannot thus disj.ose of
the heat; the superficial layer in contact with the hand
is all that'th2 hand has to warm, and the quantity of
heat necessary for this is almost inappreciable.

6. You will sometimes see metallic pipes used for the
.conveyance of steam, and which it is desirable to keep
warm, wrapt round with straw bands, coarse flannel, or
some other similar mhterial. Were the pipe in contact
with the atmosphere it would yield up its heat quickly,
but the interposition of the non-conducting .material

_ prevents thiS.” Precisely in the same manner the in-
terposition of nonwcondreting woollen cloth saves our
bodies from the dbstraction of heat Ly the chill of the
atmosphere, The philosophy of wooden handles to
coffee-pots and kettles, the reason why a piece of ivory
is interposed, where it is deemed desirable to have a
metallic handle to a teapot, and other things of the
same kind, will be so evident to you as not to need a
word of explanation.

7. Not enly do different bodies possess different con-
ductive powers for hedl; but in some cases the same .
body possesses different powers in different directions.
‘Many ecrystals exhibit this peculiarity. Wood also
exhibits it. If the surface of a plate of wood be thinly
coated with wax, or with stearine, and a wire be intro-

’ ' duced’ through a small hole

in the plate, and heated while

in this position, the heat pass-
ing from the wife into the
wood will melt the wax; bat
it will not melt it equally
well in all diveetions, Let

] a, b, ¢, d (fig.15), be such a

wFig. 15. plate of wood, and A the aper-
ture in which the wire is inserted ; the hea* passes most
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freely in the direction of the fibre of the wood, which
» in the figure 4s parallel to the sides a , and ¢ d; the
consequence is that the melted wax forms an oval, with
its length along the fibre. If the wood conducted
» equally well in all directions, the figure melted away
would form a circle. )

8. T cannot quit this subject without peinting out a
very common mistake made in treatises on Natural,
Philosophy, and repeated by lecturers upon heat. To
illustrate the different conductive powers of different,
bodies, short cylinders of these bodies are taken and
placed upright upon a heated surface—for example,
upon the flat lid of a metallic vessel containing boiling-
water. A bit,of wax or of phosphorus isrplaced upon
the upper end of each cylinder, and it is Stated that the
cylinder on which the wax is first melted, or thg phos-
phorus first ignited, is the best conductor.

Now, if two cylinders an inch in length, ene of iron
and the other of bismuth, be each furnished with its bit
of phosphorus, and placed at the same instant upon the
heated surface, it will be found that the phosphorus
upen the bismuth ignites sooner than that upon the iron.
Hence, according to the lecturers and books referred to,
bismuth ought to be a better conductor thag iron. By
reference to our table at page? 143, it will, however, be
seen that bismuth is greatly inferior to iron as a con-
ductor of leat; it stands lowest among the metals, and

*is actually less endoyed in this way than seme non-
metallic bodies. How then are we to reconcile this
apparent contradiction? o :

9. In fact, when such a mode ofe experiment was
adopted, it was wholly forgotten that something else than®
mere «conduction came into play and modified the result.
1t is undoubtedly true that the greater the conductive
power of our cylinder, the greater will be the quantity
of heat taken up by it in a given time from the hot
surfacg upondvhich it rests, and thus iron will take up
more heat than bismuth. But if you look #t the table
at page 126, you will see that -while iron possesses a
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specific heat of 0:11379, the specific heat of bismuth
is only 0'03084. What is the consequence? ' Why,
that though bismuth takes in far less heat than iron, yet
on account of the low specific heat of the former metal,
the small quantity which it takes in heats it* con-
siderably, and thus produces a speedy effect upon the
phosphorus. «Iam the more induced to.call your atten-
tion to this, from the fact that during a recent public
examination nineteen out of twenty-two candidates, mis-
ded by what they had heard in lectures and read in books,
fell into the error of supposing that the experiment to
which I have referred was a true test of conduction.
The proper way would be to wait until the body has
taken in as much heat as it can: that body then which
«is heated to the greatest distance is the best conductor.

10. ON THE RADIATON OF HEAT.—If you stand
before a fire without touchirg it, you feel heat, and if a
goose be suspended before it, you may, without at all
bringing it into contact with the fire, roast the goose.
Here there is no conductor between the goose and the
fire, yet the heat reaches it and cooks it. You may reply
that there is air between both, and that i¢ may be the
carrier of the heat. But you may allow a current of air
t0 pass across between both ; you may blow with a pair of
bellows between them ; ydu blow away the air, but you
cannot blow away the heat ; it will cross the current of
air and reach the goose as before. Nay, you might by
suitable means take away the air altogether, and still
find that the heat would cross the vacuum. Heat which
thus travels without the interposition of a conductor is
called radiant keat: it passes from a warm body
exactly as light is radiated from a luminous one.

11. There is a striking analogy between the action of
radiaht heat and of light, Heat can be reflected like
light; it can be refracted, it can be polarized. You can
cause two rays of light so to act upon -each’ other that
they shall mutually destroy each other’s actions,, or, in
other woréis, by adding light to light you can produce
dvrkness ; and so in like manner by addingrheat to heat
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you can produce cold. For the meaning of the terms
which I haVethere used, I must refer you to the article
upon Light. We soon notice striking differences in the
manner in which this radiant heat is received by dif-
ferenf bodies, some bodies absorb it greedily, others
reject it, those bodies which absorb it greedily also
radiate it plentifully, while those which do’not absorb
it readily are feeble radiators. The metals, though the
best conductors, are the worst radiators, and instead of
absorbing radiant heat, they reflect it. If you place 3
bright silver teapot containing cold water, before a fire,
the water will warm with extremé slowness, for nearly
all the heat that falls upon the teapot is reflected. If
the same teapot be coated with lamp-black, op even with
a thin sheet of varnish, the warming of The water wil
be imnxensefy accelerated, forsthe coating absorbs the
heat and commutficates it ¢o the métal. Let us now
reverse the experiment. Let two teapots, one polished
and the other coated with lamp-black, be filled with hot
water, and let.a thermometer be immersed in each.
It will be found that the water in the blackened vessel
cools more quickly than that in the polished one.
This effect is not due to the abstraction of heat from
the teapot by the cold air; werg this the cage the bright
teapot would be chilled quicKest, for the lamp-black is
a bad conductor, and thus tends to check ghe flow of heat
to the air. The quicker cooling of ‘the blackened
vessel is due solely {o the fact that the lawip-black,
though it conducts much worsg, radiates much better
than the metal. T *
12. A very thin film on thesurface of a body is suffi-
cient to alter its power of absorption and radiation?
Let the quantity of heat radiated by clean lead be 19;
the same lead, when tarnished by. contact with the
atmosphere, will radiate a quantity expressed by the
number 45, or nearly 24 times as much as before,
Experimerts on this subject may be satisfactorily
performed with the air thermometer of LesMe. A de-
scription of the best instrument would necessitate, a
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knowledge of certain electrical actions, and therefore
such a description cannot be introduced hete! The air
thermometer is represented in fig. 16. It
consists of two thin glass bulbs, united by
a tube bent as in the figure. The bent
tube contains a celoured liquid, which
@ Gtands, let us suppose, ir one leg at @,
and in the other at b. If heat be com-
municated to the bulb above a, the air
within it will expand, press down the sur-
face a, and lift the surface b; the descent
of the liquid is measured by a scale which
is attached to the instrument. Air, as

4 _we know, is much more exnansible than
¥ig 1.  Mercury, and the thermomefer here deo-

seribed is proportionally more sensitive
than the mercurial thermometer. >

13. Radiant heat is subjected to the same laws of
reflection as light and sound. I have in a former article
described the parabolic mirror, and wovld now recom-
mend you to turn to the place and refresh your memory
upon the subject. Let A B (fig. 17), be such a mirror,

S
L .

I

w

<~

@)

T

¢ Fig. 11,

and let W be a cubical vessel filled with hot water.
The parallel rays of -heat which proceedwfrom W are
all collecte to a point by the mirror A B, and if ‘the
bulb of the air-thermometer be placed in the focus, the



HEAT. 149

°
liquid in the stem underneath it will immediately sink,
1f one side of the cubical vessel be kept bright, and
another be coated with lamp-black or white-lead, it will
be seen, on turning the coated surface towards the
mirrer, that the depression of the liquid is greater than
where the heat radiateg directly from the metal.

14. In lecturg experiments, two such mjrrors are com-
monly used. Let a hot sphere of metal be placed upog
the stand in the foeus of the mirror A’ B' (fig. 18), the
heat will be reflected from A’ B' in parallel lines, and will
be collected by the mirror A B into its focus. If the
bulb of the air-thermometer be ylaced in this focus, the
liquid column underneath will be forcibly depfessed.
That this is due to the reflected heat, and not to the
heat falling directly from the ball &p3% the ther-
mometer, may be proved by gcausing the thermometet
to approach thes ball; if j¢the actiod were due to the
direct heat, the depression of the liquid would be
augmented, but the contrary is observed ; when the bulb
quits the focus, the liquid rises.

/ 3

Fig. 18,

The mirrors, when large, are sometimes placed one
above the other ; one, for example, is placed on a table,
and the other drawn up to the eeiling by means of a rope
and pulley. ¢ Placing a red-hot ball in the focus of the
upper mirror, a lucifer-match may be &mnited, and
some other iuflammable substances caused to explode:
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or even a fowl might be roasted, by placing it in the
focus of the lower mirror. .

15. Let me now endeavour to apply the knowledge
which we have gained to the explanation of a beautiful
natural phenomenon—the formation of Dew. On.a fine
autumn morning you may see the grass-blades loaded
with liquill pearls, while metals ang other bodies
exposed to the night-air remain quite dry. Let us pre-
pare the way for the explanation by calling to mind one
pr two facts. The pure vapour of water is as trans-
parent as the air; and when I stated, in describing the
Geyser eruption, that the water was wrapped in clouds
of steam, I expressed myself popularly, but not with
scientific gecuracy. This visible cloud is not steam, but
Jwater in a hne state of division: fog, in li.e manner, is
not vapour, but a collegtion of water paiticles: pure
steam or vapour, it must be yemembered, is transparent,
and invisible in the air.

The warmer the air is the greater is the quantity of
vapour which it can preserve in this transparent state,
During some days of great serenity, especially in au-
tumnn, the air contains a large quantity of transparent
vapour, and it is in the nights of such days that dew is
deposited most copiously: you will find no dew de-
posited on & cloudy or a‘w.ndy night,

16. Imagine, then, a meadow lyin® at night under a
serene sky. 'The heat imparted to the grass-blades
during the day is now sent off from them by radiation ;
they are excellent radiators, and send out the heat
they possess lavishly inco space: Were clouds in the
heavens, they wovld intercept and return a portion of the
neat sent out, and thus protect the grass from being
chilled ; but when no clouds exist, it is a%ase of pure
loss, as far as the grass is concerned; the heat once
radiated returns to it no more,

Grass is also a very bad conductor, and it is there-
fore unable to draw from the earth on which it grows a
supply to make good its loss by radiation. The conse-
quence is, it becomes more and more chilled; and if you
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place a thermometer among such grass, you will always
find its temperature lower than that of the air a few feet
above the meadow.

The little grass-blades thus chilled condense the
atmoSpheric vapour upon their surfaces. The warmth
gained by the precipitation of the moistyre is again
radiated, and thus throughout the night the grass is kept
cold. The process of condensation continues, and the
quantity of moisture deposited is at length so great
that we see it in the morning as shining pearls weighing
down the blades of grass. What has been sajd regard
ing grass applies especially to those fine cobwebs which
we see in the country hedges; they also become chilled,
and liquid spherules are ranged like beadsmalong the
tiny threads.,

[ ]
17. NorE oN THE NATURE oF HEAT.—In theforego-

ing article I have*alluded t» what is called the material
theory of heat. Within the last few years scientific
men have more and more seceded from this theory, and
the belief is now gaining ground that heat is not a kind
of matter as once suppo:ed, but that it is a motion of the
particles of matter. A vibrating string or bell commu-
nicates its motion to the atmosphere ; the motion reaches
our eats and produces the sensatjon of sound. A luminous
body is supposed tp be also in" a state of vibration, and
its motion is transmitted, not by air, Qut by a finep
medium, called ether, to the nerve of the eye, thus
producing the sensatijon of light. So, alopa waim
body is one whose particles are jn a state pf vibration,
communicating this motiort also to the ether, and pro-

ducing, when they strike the pfoper nerve, the sensation,

of heat. The waves or undulations excited in the ether
by a warm body differ from those produced by a
luminous body, by being of greater length and of 18nger
duration, The same ray may, by falling upon one
nerve, produce the sense of light, and by falling upon
another, profuce the sense of heat. The sunbeams
probably act in this way. The molecufir motion
which we ¢@all heat may be produced by mechanigal
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means. KEvery time that ordinary mechanical motion is
destroyed or retarded, heat is developed. * When a stone
falls to the ground, or a cataract casts its waters over a
ledge of rocks, the checking of its motion upon striking
the earth is"accompanied by the development©of an
amount of heat exactly equivalent to the quantity of
motion destréyed. By the compressior. of air you can

<produce heat sufficient to iguite tinder. In some books

the air is described as a sponge holding the heat within

-it; and it is said that the heat is squeezed out by the
act of cpmpression.  The new view says, “ No! it is
the ;meclianical force exerted in compressing the air
that has thrown the particles into the motion that we
call héatg, We know exactly how much heat is
developed by’ the expenditure of a givén amount of
force. . We can calculate the quantity of heat generated
by a cannon-ball on striking a fortress, if we ‘know the
velocity of the ball. We kn_ow that if our earth were
brought by a shock to a state of rest in her orbit, the
amount of heat gencrated would be equal to that pro-
duced by the combustion of fourteen earths of solid
coal; and if afterwards the earth fell into the sun,
which she would do if her orbital motion were destroyed,
the amourt of heat generated by the shock would be
four hundred times greater. I canpot enter fully into
.this subject here: it is new, and not quite suited for
boys. Nevertheless, I was .unwilling to leave you in
ignorance of the notions now entertained regarding the
nature of heat. The paterial theory is, as I have said,
losing ground more and mére ; and it is probable that
in a few years it will nét number among its adherents a
slnq]e individual whose opinion is of any authorlty in
science.
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LIGHT. BY ROBERT HUNT.

LESSON XIX,
RADIATION.

1. Lieut.—The alternations, of day ahd night, ;egu-
lated by the appearance and disappearance of the sun,
must prove to every one that a most intimate connection
exists between the phenomenon of LiGHT and that enor-
mous orb around which the earth revolves. Our world
is a spheroid, which, having a motion around its axis, is
regularly advancing one section of its surface fowards
the sun, while - corresponding portion is as gniformly
receding from it. To the inhabMants of that division
which is advancing, the sun is said to be rising; it is
morning, and the industrious begin the labours of the
, day. To the men who dwell upon those lands, which
are receding, the sun is regarded as setting—the quiet
of evening invites them td repose-2sleep nalurally fol*
lowing the loss of light. If we suppgse the larger
cirele in the accompanying

figure (1) to represent the e,
sun and the smaller one the ;Y
earth, then admitting the o

former to besthe source

of illumination,%and the

latter the recipient of the Fig... ®

light, a very beief consideration of motion around an,
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axis in the smaller body will render the fact evident,
that the side of the earth faciug the cun will be in
day light, while the other hemisphere will be under
the cloud of night. With those varations in the length
of the day and night—in the duration of light and
darkness—which are dependent upon the annual motion’
of the earth around the sun—the Seasons—it is not
proposed to deal in this section.

2. The sun is the great original source of light to
the earth ; our satellite, the moon, is but as a mirror,
reflectipg some of the solar rays back to us, and all the
planets, of our sysfem, shine in the blue vault above,
but by reflected beams. Many of the fixed stars, how=
ever, axgsuns shining with their own light, and illumi-
nating other spheres with their rays, asour sun pours
all the blessings of light upon our earth. We say the
sun is the source of light, yet we have to confess our
ignorance of what this principle or agent is by which
we see. We know it by its effects—the cause which
produces these effects is, apparently, beyond the reach
of human intellect. An important problem, connected
with the source of this illuminating power, has re-
ceived a satisfactory solution, It was: desirable to
determine if the light of the sun came from & mass of
solid matter intensely heated, or from a gas in some
condition of combustion, By having previously ex-
amined into the nature of the light proceeding from a
sphere«of white hot iron, and that which is propagated
from a gas:flame, certain facts connected with the phe-
nomena, known as the polarization of light—to be here-
after explainel—weré determined ; and these have
enabled the astronomer to prove that the light of the
sun is derived from a gaseous envelope,%o which has
betn given the name of the plotosphere or light sphere.

3. Artificial light can be produced in various ways,
which it is important to remember. By hammering a
piece of iron briskly it soon becomes hot, and even-
tually M grows red hot, or gives out red light. By
(rubbing pieces of dry wood together wes may set them
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on fire; that is, we develop heet and light. All
bodies, whatever may be their character, begin to-emit
light at the same temperature; and whether the expe-
riment is tried with a piece of inflammable paper, a
bar ofairon, or a block of stone, they equally begin to
shine with light when they acquire a temperature, indi-
cated by about, 1000% on the scale of JFuahrenleit’s
thermometer—and not before. .

4. Violent mechanical disturbance occasions then the
development of this principle, whenever powerful,
chemical changes occur, we have luminous phenomena,
and the excitement of electricity @ives rise to® extraor-
dinary manifestations of light. Phosphorescence, As it
is called, or the shining of phosphorus in the dark, and
the evolution/ of light from decaying vefitable and
animal mattcr, is due to chepical changes; and the®
phosphorescence of living angmals is probably due to the
same cause, under the influence of nervous excite-
ment. .

5. Such being the conditions under which we know
light to be produced upon this earth, it becomes pro-
bable that one or more of these causes may be active
in maintaining the disturbance, which appears necessary,
to secure tha continuance of that unceasiyg flood of
light which the earth and the @ther planets receive from
their solar centre.

6. Supposing we are in a dark room, ind a point of
light, such as a small taper, is introduced, all tje bodies
in that apartment are more or less illuminated. The
rays from the taper sprefd in evely directiofl, and enable
the eye to distinguish objects, bw the rqflection of these
rays from the surfaces upon which they fall back to that®
organ of vision. Here we have two striking facts—the
passage (transmission) of light in radiant lines, or mays,
in every direction from fhe source of illumination, and
the turning back of these rays, or their reflection, from
the bodies illuminated. This we must endeavour to
comprehend. Instead of employing a candde as our
source of light, let us admit & fine sunbeam through
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a small hole into the dark room, a white spot of light
will appear upon the floor,and the apartment is partially
illuminated thereby, because the surface of the floor
reflects the rays to the ceiling and walls. But if we
place, to receive the ray, some body which has but
very slight powers of reflexion, guch as a piece of black
velvet, and‘adopt the precaution of preventing any radia-
«tions, except the direct sun-rays, from entering the hole,
the result is that the room remains dark, except the small
round spot of light formed upon the velvet. If we place
a sheet of white paper to receive the ray, it will be dis-
persed and reflected from that surface ; and if we use a
polished piece of steel or a looking-glass, we shall throw.
an imagg of the spot of light, upon the wall, exactly
.correspm?a'ﬁ@“to the image formed on the\floor. In the
first example nearly all the light is absorbed by the black
velvet ; in thesecond it suffers dispervion, is reflected in
all directions; and in the third is reflected, with but
little dispersion, along a well-defined line.

7. Light, therefore, is liable (1.) to,.be absorbed by
somne substances, (2.) it undergoes dispersion in different
degrees from others, and (8.) it is reflected, either en-
tirely or partially, from such as are capable of re-
ceiving a high polish. .

8. The round spot fofnied upon the floor is an image
of the disc of the sun. If the eye, protected from in-
jury by a piece of dark glass, is placed in the path of
the ray, the whole image of the gun will be seen ; or if
the experiment is made during an eclipse of the sun, the
im‘a(ie formed will exactly eorréspond with that of the

cbrig t portion of the sum, the other parts being cut off,
This may be simply illustrated. Take a lighted candle,
fig. 2, and having made a fine pin-hole in a pieee of card-
board, place it in such a manner that the rays from the
candle pass through the hole and fall upon a screen—an
inverted image of the candle will thus be fortaed upon it.
From every point of the flame, light has passed through
the pin-hble in straight lines, so that the hole is the
vertex of a cone prolonged in both directions, The
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image of the sun is produced in the same manner; and

Fig. 2.

the beautiful pictures formed in the camera-obscura, or
dark chamber, are dependent upon these conditions.

9. Light, therefore, progresses in straight lines from
every part of any luminous body. For it progress
time is nece.féary. If a point of light is suddenly ex-s
tinguished, and two observers ®are at gifferent distances
from it, 1t will not disappéhr to each at precisely the
same time. The velocity is too great to render thi
appreciable in any experiment of an ordinary kind on
this earth, but gome astronomjcal phenomena render it
quite evident. The planet Jupiter has several moons,
which are often eclipsed by, or eclipse portions of the
planet, accordingly as they pass béhind it or over its disc,
Now J\ upiter varies greatly in ifsdistance froi the earth ;
the periods when these eclipses and emersions take place
are exactly known, and it is found thag they become
visible nearly fifteen minutes sooner when the planet is
at its least, than whenvit is at its greatest, disténce from
us. While a ray of light is passing from any of the
stars to the earth, the earth is moving onward in its
orbit round the sun, consequently bétween the times
when the ray leaves a star, and when it reaches the
eye of an observer on the earth, the latter will have
shifted his place, and the star will consequently appear
removed frgm its true place in the direction in which
the earth ismgving. This astronomical phenomenon is
called the aberration of light, and observations founded
on it confirm the results obtained by those of the
eclipses and’ emersions of Jupiter’s satellites, viz., that
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light travels at the enormous velocity of 191,515 miles
in a second of time. To form some idea of this velocity
it will be suffiéient to conceive a cannon ball fired with
the greatest force from the sun, and continuing itg velo-
city unabated till it reaches the earth, it would require
more than. seventeen years to traverse the space over
which a ray 8f light passes in seven minutes and a-half.
" Notwithstanding this high velocity, it has been demon-
strated, that, if the nearest of the fixed stars were sud-
"denly extinguished, we should not notice its disappear-
ance for« five yearsys the last ray of dight leaving it
requiring that time to pass through the intermediate
space.
10. Ifwdstradiating from any lnminous,body, diffuses
« itself as the distance from its source incréuses, This is
capable of easy i{]ustrat’lonc in this way. Let a candle,
fig. 3, be placed behind an” opaque screen in which are

Fig. 8.

pierced % number of holes over ‘one square inch of its
surface. New, upon ¢ sheet of white paper placed im-
mediately behind the screen we shall see specks of light
. marking out a Square inch. As the sheet of paper is
removed further from the screen, the space4lluminated
, increases, and at the same time the intensity of illumina-
tion diminishes. And if we remove the paper to regular
distances we shall discover that this increage being, in-
deed, as the squares of the distances from, the vertex, m-
dicates a diverging pyramid of rays..
The shadow of any body, larger than ghe source of
light by which the shadow is produced, in like manner
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enlarges uniformly with the increase of distance. But
if the body-is emaller than the illuminating source, the
shadow as regularly diminishes.

11. Photumeters—as instruments employed for mea-
suring the relative illuminating powers of lights are
named—are usually copstructed upon the principle of
measuring the gistances necessary to produce equally
bright spots of light upon a screen, or equal intensities
of shadow. For example, it is desired to know the
illuminating power of a gas-flame as compared with
that of the flame of a wax candle. If they are placed,”
fig. 4, side by side, and the light from each i¢ made to

» ¥ig. 4.

pass through a hole in a screen, and fall upon a white
sheet of paper, placed to receive it, two spots will be
formed, one ‘spot will appear very much bl.-ighter than
the other, the candle being k&t at the same distance
from the paper, the distance between it and the gas-lame
is increased, until the two spots of light are of precisely
the same character ; the difference then between the
distances of the two illuminating bodies will give the
measure of their relalive Jintedsities. BY a little «in-
genuity, it will be seen, the exrangefgents of a photo-
meter may be greatly varied—so as to render the instru-#
ment portable and its indications easily understood.
Light progresses in straight lines when traversing any
homogeneous medium, but if there is any variation in
the density of the media through which it passes,-as in
air, water, Jr glass, it is bent or refracted out of its
former path, Or, if any medium is interpased in the
path of a my, which will not allow of the transmission
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of light, it is then turned back, or suffers reflexion.
As many very important phenomena depand upon the
refraction and reflexion of light, the laws which re-
gulate these conditions must be understood.

LESSON XX,

REFRACTION AND REFLEXION OF LIGHT.

1. RerFracrion, a term derived from the Latin, sig-
nifying breaking back, takes place whenever a ray of
light passes from one medium, as air, into another
which isggenser than it, as water—or the contrary.
‘When we view a body under water, we dd, not see it in
the plage which it actually occupies, I.f the spot a, fig. 5,

were a white stone at the bottom of a pond, an observer
at B would perceive its image at ¢; supposing this line
Bc'to be contihued—ad by a rodl with which we desire
to strike the stonp—it wi'l fall at @. An instructive ex»
‘periment, is to place a coin in the bottom of a basin, and
then retiring so far from it, that the edge of*the basin
prevents the eye from seeing the coin, request an
attendant to pour in water, steadily, without removing
tle coin; when the fluid rises to a certain rheight the
coin will again become visible. If the liie B @ in the
figure repasents a stick placed in air and water, it will
appear as if broken at d from the same causc.
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2. If a ray of light falls perpendicularly upon a
trausparent °*body,
.as a plate of glass,
(fig. 6,) it passes
through, withoutsuf-
fering refraction as
the line A b ¢ which
we suppose to pass
through a piece of

lass with parallel
aces. If, however,
a ray B b falls at
any angle upon the
surface it is bent to c
d, and on emprging :
again into the air, it
will be again refract- i Fig. 6.
ed in a direction d e
parallel to B b.

3. It will nowsbe understood that a ray of light, while
it is passing through a medium of unvarying density,
suffers no deviation from a straight line, but that in pass-
ing from one medium into another, differing, howsoever
slightly, in density, it is bent, The lawsbeing that
when light passes out of a Yare into a dense medium
the angle of incidence is greater than the angle of re;
Jraction ; and when light passes out of a dense into
rare medium, the angle of incidence is less than the
angle of refraction. The twilight of oup climate is
entirely dependent upon the refracting power of the
air. The suns sinks below the ‘horizonse a, (fig. 7,) but,
its rays still fall upon the upper regions of the air.
They are there bent in upon the next denser stratum of
air, and still more so in passing into the next,so tifat at
A the sensation of light is experienced, long after the sun
has set, as long, indeed, as the direct rays of the sun
can reach th&t portion of our atmospheric envelope
indicated by B in the diagram, Many othe® remark-
able natural phenomena, as mirage, the apparept
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elevation of sea-coasts, halos, and the rainbow, are due

Fig. 1.

, to vefraction. The production of coloul by refraction
will form a subject for adnsideration in a future page.

4. The properties whiclt lenses pbssess of enlarging
any object, as in the glasses of spectacles, of the mi-
croscope, or of the telescope, are entirely due to the
phenomena of refraction. The consideration, however,
of the laws of refraction, from spherical surfaces, belong
more especially to that section of our work which we
have devoted to optics and optical instruments,

5. Reruexion.—If we look into a silvered-glass, a
polished plate of metal,'or a pond of still clear water,
, . ! we see our own
image. 'This is
due to Reflexion.
The radiations,
from the surface
of the body, illu-
minaged by solar
or artificial light,
are reflected from
- the surface upon

Fig. 8. which these rays

fall. But let us

examine Yhe condition with a single source of light,
spch as a taper, A A (fig. 8.) If M M i} a mirror of
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any kind, and A is placed so that its rays fall perpen-
dicularly a a,"they are all reflected back along the same
line.  If, however, the taper is placed at A, and its
rays are incident at the point @, they then suffer re-
flexion® to 4. The eye being placed at b would per-
fectly see the image at A, which, supposing it was a
single ray of light admitted through a hole at a, and
totally reflected, would not be seen at any other point.*
The line A @ is called the angle of incidence, and
the line @ b the angle of reflexion. We therefore say.
the angle of incidence and the aygle of reflezion are
equal, but on contrary sides of the perpendicylar.
Accordingly as we vary the form of the reflecting sur-
face so we alter the size of the reflected image#*but the
above law of #eflexion is equally true for curved as it is,
for plane surfaces. . . ’

6. Under the inHuences of the laws of reflexion and
refraction all the blessings of light which we enjoy are
determined. The eye (fig. 9) isa beautifully-constructed

» Fig, 9. » []

refracling instrument, by which® the r#ys from external,
objects are brought to a focus on a peculiarly-sensitive
tablet, on which the images are painted, and upon
which, indeed, we see them, The eye being mbrely
the instrument into which the mind looks, and discovers
the objects, by, which the individual to whom it belongs,
is surrounded. Accordingly as the various surfaces of
the organic and inorganic bodies in nature’have the
power of abdorbing, reflecting, and refracting the rays
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of light, so are they toloured 1o our perceptions. There
are no substances which possess an innaté colour. The
colours of flowers, which give so much beauty to the
garden, the tints which the dyer produces upon textile
fabrics, and the hues which the painter employs to
embody on, the canvas the conceptions of his genius, are
all alike due to a surface action, by which some rays are

« sent to the eye, while others are absorbed.
7. 'The phenomena of colour now claim our attention.
«The boy blows his soap bubble, and is delighted to
witness, .as it floats in the air, the beautiful play of
colours upon its surface. A drop of yellow oil, or of
spirit varnish falls upon water, and as it spreads upon
the surfaae of the liquid, it passes through a variety of
. the most intense colours. Thin films o’ glass, or of
mica, give similar colours., Sir Isaac Newton was the
first to investigate these chromatic phenomena, and he
shows that at certain thicknesses all transparent bodies
possess this power of decomposing white light into
coloured light, each particular colous, for the same
medium, depending upon the thickness of the film.
By placing two lenses,
as a @/, (fig.10), a plano-
, convex lens, and A4a',a
double convex lens to-
B, gether, it is obvious
they can only touch at
one point, and that
“Fig. 10, around that point the
. ) space regularly increases
_In size. By mcans of*screws, these surfaces can be
squeezed closer together, and thus are produeed a series
of coloured rings dependent on the thicknesses of the
filmof air: the curvature of the lenses being known,
the thickness of the film producing any colour can be
determined. The tenuity of these films is so great that
their thicknesses can only be reckoned in millionths of
an inch. *These vary from 1 millionth to ‘77 millionths.
¢8. The colours produced by fibres and by grooved
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surfaces are the result of analogous conditions. Qur space
will not allow of our entering into the consideration of
these, we therefore proceed to the analysis of a ray of
white light by prismatic refraction.

9. I¥ we allow a pencil of sun-light to pass through
a small hole into a darkened room, after the manner
previously described, and place a trianguar piece of
glass—which we call a prism—so that the rays fall upon «
the first surface A B (fig. 11), and emerge at its second

who<Xawnd

surface c1 at the same angle, the white beanj which fell
originally at a is altered in diYection, or it undergoes
refraction, and an oblong coloured figure, which is a
distorted image of the sun, is produced upon any screen’
placed to receive it. ,This image is called the solar
spectrum, or the prismatic spectrum, and has usually
been regarded as consisting of scven rays—red, orange,
yellow, green, blue, indigo, and violet,4indicated in the
diagram by the respective initials; » or extreme red'
being added. Sir Isaao Newton conceived that these
rays depended upon the angle to which the rays was
bent out of its path by the prism, and he conceived that
some rays were more susceptible of this deviation than
others, t.e. that a violet or a blue ray was in a condition
to suffer a greater degree of refraction thurea red ra;

or a yellowsray. His expression of the law whig
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he imagined was a true explanation of the phenomena
was to this effect—a given angle of refrangibility indi-
cates @ given colour—a given colour argues a given
angle of refrangibility. 'There are some reasons, how-
ever, for doubting the entire correctness of thic New-
tonian hypothesxa

10. If we look at the prlsmatlc spectrum through a
piece of glass stained blue with the oxide of cobalt, we
discover another ray below the ordinary red ray, which
is of a very beautiful crimson. This ray is usually
termed the extreme red, or the crimson ray. 1f the
spectral image is thrown upon a piece of paper stained
with some vegetable yellow, as turmeric, a new ray
becomeqyisible, at the most refracted end beyond the
violet, to which the name of the lavendek ray is given,

' a]though its colour may, be regarded as a neutral grey.

Modern research’ has still enlarged the prismatic spec-
trum. There are several solutions, such as those of
sulphate of quinine, of the astringent principle of horse-
chestnut bark, or, some of the resinous ¢ils obtained from
coal-tar, a green variety of fluor-spar, and a peculiar
yellow-glass usually termed Bohemian canary-glass,
which possess the remarkable property of transmitiing
either whitg light, or light coloured in correspondence
with the colour of the mé@ium through which it is trans-
mitted, while they disperse from their first surfaces rays
‘of a colour totaily different, these being either blue,
purple, er green. If the prismafic spectrum is thrown
upon these dispersive gurfaces, we discover the remark-
able fact, that these rays have 4 much higher degree of
refranglblluy than any* luminous rays with which we

" were acquainted. They appear beyond the Newtonian

spectrum, formmu as it were, a new spectrum, slnmng
withea peculiar phosphorescent light.  This peculiar
effect has been called ﬂuorescence, from the circum-
stance that fluor-spar exhibits the phenomenon in a
striking manner,

11. Ittwill be evident, from this statement, that
white light may be decomposed into mort than seven
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coloured bands. We may now reckon ten or more,
which we enpmerate, (fig. 12,) commencing with the
least refrangible, and proceeding to
those of the highest refrangibility.

Thg crimson ray; red, orange,
yellow, green, blue, indigo, violet,
lavender; and the filiorescent rays,
which are seen 2s celestial blue, pea-
green, or purple. -

12. There is, however, every reason
for believing that many of these rays
are but combinations of some of*the
others. It is thought the orange
may be due to a mixture of the red
and the yellew, that the green band
may be produced by the blending of
the yellow and ,the blue, ‘Indeeds
Sir David Brewster and some others,
consider that white light consists of
only three primary rays, red, yellow,
and blue, the other rays resulting from
the intercombination of these rays.
The subject is, however, still under
examination. Certain it is that white .
light consists of several colomtd rays Flg. 12.
—that the coloured rays are manifested by refraction, and
that by recombiaation we can reproduce {Jhite light ; for
if we place a second prism against the face of the first,
the rays are recombined, and a white spot of light is
produced. Or we may recombine the riys, and thus
produce white light by means of a lgns. The illumi-
nating powers of these rays are very different; th®
greatest intensity of light exists in the yellow ray while
it diminishes towards either end. Of course whitg light
has a greater degree of illuminating power than any
one of the, coloured rays, since the entire reunion of
all the rays is necessary to produce whiteness,

13. If we interrupt any one ray, we prodguce colour.
Thus if wq stop the violet rays, the light will become

MO ~ © W N~ < Fluoregent Rays
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yellow ; or if we interrupt the blue or green rays, we
shall produce different tints of redness: on,the contrary,
if we check the passage of the red, and the other rays
at the least refrangible end, we produce every shade of
green, blue, and violet. In this way we may imitate
every tint in nature, and that, too, with a perfection and
brilliancy which cannot be matched by art. If these
experiments are tried on a sheet of white paper, they
afford a satisfactory explanation of the colour of
natural objects, and confirm the truth of Newton's
hypothesis, that the colour of natural bodies are not
qualities inherent in the bodies themselves by which
they cmmediately qffect our sense, but are mere con-
sequences of that peculiar disposition of the particles of
each body, by which it is enabled more ,copiously to
veflect the rays of one particular colour, and to transmit,
stifle, ot absorb the others. "

14. In producing a very pure prismatic specimen, by
means of a perfect glass prism, which decomposes the
line of light admitted through a fine slit, seme new and
curious conditions attract attention, It is then dis-
covered that the cliromatic bands forming the spectrum
are crossed by a great number of black lines—spaces, in
which there is an entire absence of light, These spaces
were first observed by D:. Wollaston, but from their
having been carefully examined by Fraunhofer, of
Munich, they are commonly called Fraunhofer's dark
lines, In figure 12, a few of the more important dark

»spaces alone are marked, with the letters attached by
which they ace designa.ed. , The causes which lead to
these interruptions in the.spectrnm are unknown ; it is
viot improbable but they may be referred to the absorp-
tian of rays by the medium through which the light
passes,, in its passage from the sun to the earth.

15. In cohsidering the phenomena of light, the
peculiar conditions of Double Refraction and Polariza-
tion must not be omitted. -

The douple refraction of a ray of light, that is, the
splitting of it into two rays, takes place. when the
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medium throngh which the light passes is of unequal
density, or i} which the arrangement of the particles
constituting the mass is subject to variations. The most
remarkable body in nature possessing this power is
Icelarld spar. Let A B ¢ p fig. 13, represent a crystal
of this substance, if Lisa ray of light , .
falling upon it, & will within the crystal »
split into two rays,l I, and form two
spots of light upon any screen placed
to receive them. If instead of this we
place the crystal on a piece of paper
marked with a black stripe or spot, and
look through it, two stiripes or spots
will be scen; these two images are
called the crdinary and the extraor-
dinary ray: on turning the crystal,
one will be sech to revdlve around
the other.  Although Iceland spar
possesses this power in a high degree,
a great number of bodies have the
same power under certain conditions,
and amongst others the crystalline
lenses of the eyes of most animals are endowed with
this property. .

16. It is not easy within our preqcnbed limits to give
a clear explanation of the polurization sof light. “An
account of its discovery will convey the best impression
of some of its pherfomena. A French phllosopher,
M. Malus, was iooking at the dight of the setting pun
1eflected from a window In ghe Luxembourrr Palace,
through a prism of calcareous spar.® He found thaty
when he held the prism in one position he saw the
golden rays most perfectly, but that if he turned the pnbm
round through a quarter of a circle, although ht con-
tinued to sge the window, all the light which was pre-
viously reﬁected so brilliantly had disappeared. Upon
turning the prlsm round another 90° the rays passed
as freely as before, but upon turumg it tlnron'gh another
similar space, the rays were again extinguished. Khe

Fig 13.
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light was here reflected from the surface of glass in the
window at an angle of 56°. Now, if we place a plate
of glass at this angle and receive a ray of light upon it,
the reflected beam and the transmitted beam will be
found to be altered in their conditions. They will have

undergone polarization.

17. An ordinary ray of light will pass through a
*transparent plate of glass in whatever position it way
be placed relative to the incident beam, the polarized
‘ray will not pass through it in all positions. An
ordinaryeray is likewise reflected in all positions; from
the neflecting-glass a polarized ray is not reflected in all

—

Fig. 14.

positions of the mirror.
A polariscope (fig. 14),
asthe instrumentis called
for producing these con-
ditions, is easily con-
structed : take two tubes,
A and B, the one fitting
within " the other, and
hence capable of revolv-
ing ; fit on to the end of
A a plate of glass not
quicksilvered, and capa-
ble of turning round so
that it may form different
angles with the axis of
the tube, a similar plate
of glass is fixed on to the
other tube, B. By an
arrangement of this kind
the two plated of glass
can be placed in any
position relative to each
other. If we let a pen-
cil of light, L, fall upon
the glass A, at an angle

of 56° 45', and let the glass be so placed. that the re-
flccted ray will pass along the axis of the tubes and fall
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on the second plate B, also at an angle of 560 45/, it will
be found on turning this round that there are two positions
in which none of the rays are reflected, although in
other positions the reflection is more or less perfect.
‘The alight has undergone polarization. It is not easy
to explain what really takes place; the explanation
usually given i3 of this order. Each rgy” of common
light progresses with two systems of vibration, one waye
moving in a horizontal plane, and the other in a vertical
plane; the act of polarization is the separation of these
two systems from each other, and hence it is that the!
horizontal wave is only reflected o} transmitted in certain
positions of the reflecting or the transmitting* body,
and the same with the vertical wave. 'Whether this be
a correct explanation or not, the phenomena of the
polarization of light are ampngst the most beautiffl
with which physical Opticsm%as mdde us acquainted,
Spectra, far more intense aud beautiful than those
produced by ordinary light, dre produced, and forms of
the most remagkable, but at the same time symmetrical
character, mark the path of the polarized rays through
transparent bodies.

18. Our knowledge of polarized light enables us to
trace out the molecular constitution of transparent
bodies, and to determine tA& lines along which the
particles of matter have arranged themselves to form
crystals. Numerous practical applications have also
been made of the phenomena ; the sugar rgfiner and
the cultivator of beet-root for the manufacture of sugar
determine, by its aid, problets of muth importance
to them; the medical man aliscovegs by it conditions
of health and disease, which he could not otherwif
detect; to the surveyor it becomes the means by which
he can calculate the depth of water over a shaal at a
safe distance from it; and it enables the astronomer to
determine’ whether the stars are suns, shining with self-
emitted ligitt, and to define the luminous conditions of
even the Cometary Nebule which fly so rapidly across
the immen3ity of space.
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LESSON XXI.
HEAT AND CHEMICAL POWER.

1. Heat.—Tiie warmth of the solar .ays every one
thust have observed, and experience teaches us that the
variations of the seasons are mainly due to the increase
and decrease of the heat-rays which are associated
with lightt  If we place a red and a blue glass in the
sunshine with delicate thermometers behind them, the
highest temperature will be attained by that one on
which the rays passing the red media fall. An obser-
vation of this sort led Sir W. Ilerschel to measure the
temperature of the prisn.atic rays. This he did by
placing very sensitive thermometers across the coloured
rays already described. The experiments made gave
the following results :—

In the blue rays the heat was 56°

»  green ' . 58°

5 yellow “ 62°
“yyoored ” 720
Ld )

Below the red ., ' 79¢

Therefore 1t was proved that the greatest heat existed
in the lea3t refrangible rays, where they cease to give
ight- o ' 0

2. A very pretty experiment by Sir John Herschel
chows this 1 a yet clearer manner. A piece of thin
paper, blackened on one side, is placed so that the
prismatic spectrum falls on the unblackened side, which
is thert washed with strong ether. When any body dries
unequally it reflects light unequally ; the dry parts be-
coming white, while the wet portions appegr gray. The
spectrum dries out such an image as that represented,
(Fig. 15.) “ "The spot r corresponds with a space a little
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below the red ray of the spectrum, and the diminishing
action of the heating rays is indicated by the elongated
cone between r and c. By this experiment it is proved
that heat rays exist yet lower, and the spots ¢ b ¢
indicute rays of considerable thermic power,
which are scarcely at all refracted by the
prism. From sthis we learn that the maxi-
mum points of light and heat in the spectrum
are not coincident, and that the refracting
powers are widely different.

3. We have the power of separating thg
heat and the light rays from each other by
absorbent media. A slice of black mica, or & B
of obsidian, obstructs nearly all the light, buts" 8 L
all the heat freely passes; on the contrary,
a glass, stained green with okide of copper, .
scarcely interferés with th® passage of light,
but stops nearly all the rays which possess
any heating power, and more particularly
those which are the least refrangible. Glass pg 15,
slightly tinged green by copper has been
employed, at the suggestion of the author of this paper,
in glazing the Palm-house in the Royal Botanic Gardeus
at Kew, for the purpose of preventing theaetion of the
most scorching of the solar’rays on the plants, and it
has proved eminently successful. .

4, CuemicaL POWER.—If the sun’s rays fall upon
some preparations of silver, which are white—as the
chloride of silver—they change colour, and become
nearly black. This power®f producing chemical ehange,
or of effecting the decomposilion of the metallic salt ey-
posed to solar influence, is one of the most remarkable
phenomena which have engaged the investigations of
men of science. It cannot be doubted, but that through
all time, men must have observed that some colours were
bleached, 4nd that others were darkened by the sunshine ;
but no one appears to have inquired into the phenomena.
At length the alchemists observed that tHe solar rays
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changed the colour of seme salts of silver. They were
then disposed to believe that gold was silver, ¢ pierced
through with the sulphurous principle” of the sun-
beams, and they believed themselves near the discovery
of the principle of transmutation, in search of which
they wasted their lives. From this false interpretation
of a remarkable fact, no progress was made until about
the latter end of the eighteenth century, when a young
Swedish chemist discovered that chloride of silver was

,hot blackened equally by all the rays. Scheele’s expe-
riments and observatigns were repeated and confirmed ;
it wag, proved that all the least refrangible rays—the
red, orange, and yellow rays—produced no change in
the coloux-of this salt, but that the most refrangible—
the blue, violet, and rays beyond this space,—were
most chemically active. -

5. 1f a paper covered witu chloride of silver is ex-
posed to the action of the prismatic spec-
trum, it begins to darken in the blue ray,
and the darkening extendc with rapidity
to the end of the violet; it is continued
some considerable space beyond the spec-
trum where there is no light. By long
exposure the red ray effects a slight che-
mical change, but the extreme red ray
prnduces none, There are two or three
points which must be remembered. By
the diffused light which is always present,
when such an experiment as this is made,
the paper is tinted over every part but two
spaces, one wnere there is the most heat a,
and the other where there is the moat light
b, are preserved absolutely white and un-
cha.nged the greatest change taking place
at e. These three dissimilar maxima will
be best understood by the following dia-
gram, (fig. 17,) where the three curved
lines represtnt respectively the variations of intensity,

Fig. 16.
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and the maxima of luminous power L, of heating power
H, and of chemical action ¢. As we can separate
light and heat from each other, so can we exhibit the
luminous and the chemical forces apart. If we take a
rolutiop of the yellow bichromate of potash, we shall
find that no chemical rays permeate it, although the light

. »

C IL

I Zuminous Speth;um . l

Mg
.

shines through it with much brilhancy ; and chloride of,
silver, placed in full sunshine lehind speh a traneparent

medium, undergoes no charlye. But if we take a deep

purple solution of sulphate pf copper and ammonia,

although scarcely any light passes it, we shall discover

that chloride of silver will blacken as readily behind it,

as if it was exposed to the full sunshine,—because the

chemical rays pass it freely.

6. It is yet to be decided whether those three prin-
ciples are modified forms of one, or whether shey are dis-
similar agents united in the dhinbeam. We have three
very distinct phenomena ; these are light, heat, and this
chemical power, to the cause of which the term actinism
has been applied. This last power or principle is that
by which is produced all the varjety of pictpres grouped
under the general term of photographic drawings. Pic-
tures are obtained upon silvef platesy on glass, and on,
paper, and for their production a preparation known as
the iodide of silver, is usually employed. 'The pictures
are obtained in two ways—first, by placing the leaVes of
plants, engravings, or anything else which we desire to
copy on thé prepared surface, pressing them close with
a plate of glass, and exposing directly to the sunshine,
when all the exposed parts darken, leavingdthe spaces
covered unchanged, or only changed in proportion to the
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quantity of light which penetrates the superposed body ;
or second, by the use of the camera obscura. The
images of external objects falling on the prepared surface,
produce a change exactly proportional to the quantity of
chemical radiations proceeding from the external bbject.
These pictures are then develeped or exalted by the
application of some chenical compound, possessing the
crequired power, and fixed or rendered permanent by
employing another chemical material, which has the
power of dissolving all the silver salt which remains
unchanged. .

7. PnosrHoresCENCE.—This term is applied to the
emission of light from any body, under peculiar cir-
cumstanzes. The whiting, and some other fish, speedily
2ssume this condition. Many varieties of decayed wood,
in likes manner, glow in the dark. Phosphorus, com-
bining with the oxygen of the air, undergoing indeed
slow combustion, shines brilliantly in the dark, hence
the term phosphorescence. There are two substances,
combinatious of sulphur and lime or barytes—known
as Canton’s and Baldwin’s phosphorus; which being
exposed to the sunshine, and then carried into a dark
room, give out a considerable quantity of light. 'This
appears to show something like the absorption of the
solar rays, and their subsequent emission, Yet it is
curious that the effect is due to those rays of the
spectrum which possess the least illuminating power.
If either of these solar phosphori, when smeared over
paper, be exposed to the action.of the prismatic spec-
trum, it will be found that ihey only become luminous
Jupon the spaces vovered by those rays which are most
chemically active—all the other parts continuisg per-
fectly dark. This proves either that the chemical rays
excit€é this phosphorescent power, or that it is due to
those -extra-spectral luminous rays, which have been
described as becoming visible in sulphate of quinine
solution, or in uranium glass, We know the conditions
by which the phenomenon can be brought about, but
the cause producing it is involved in mystery, notwith-
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standing the long and earnest investigations which have
been made fiom time to time by the most eminent
scientific observers.

8. Nature or riGur.—The excitement producing
vision s explained, by one of the two theories of light,
which we have avoided, mentioning until the chief phe-
nomena of this agent had been described  Sir Isaac
Newton supposed light to be an emission of infinitely .
fine particles of matter from the sun, these particles
travelling at the enormous rate of more than 190,000,
miles in a second of time. In conscquencg of this
velocity, notwithstanding the particles are supposgd to
be 1000 miles apart, they appear as a continuous stream,
Matter was supposed to cxert certain forces, by which
the eye was protected from injury by the beating of
light upon its membranes, or passing through its,lenses,
and the phenomend of colout, &ec., were explained upon
the hypothesis of variations in jhe rates of progression.

9. The undulatory theory, as it is termed, supposes
all space to be filed with a peculiar attenuated medium
called ether, which interpenetrates even the most solid
masses of matter. 'When. by the action of some force,
this is put in motion, such motion being a system of
waves or undulations, light is the result. o

Colour, as exhibited by the prismatic spectrum, this
theory supposes to be due to different Jengths in the
wave, and variations as to the number of undulations
in a given time. ’ .

Beyond this, accordipg to thg undulatory theory, a
certain amount of wave-mdtion is supposed to produce
heat. 'This being increased, Tight i the result; and,
eventually, the vibratious still increasing, the power of
producing chemical change is obtained.

10. Most luminous phenomena can be explained® upon
either theory; but the conditions of the polarization
of light aré more satisfactorily elucidated by the hypo-
thesis of undulations.

11. The consideration of the action of thedprinciples,
heat, light, *and chemical power, involved in the sofar
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beam in producing the great phenomena of creation,
opens a wide and interesting field of inquiry. The fuist
spring of life in the germination of the seed has been
proved to be due to the chemical power of the sunbeam ;
the growth of the plant and the formation of woo€ to the
light; and the process of flowerjng and the perfection of
the fruit to the solar heat rays. Theoanimal, like the
«vegetable economy, depends for its very existence on
lvrht Before its creation the world was a chaos: but
“God said, Let there be light: and organization, life,
and boau,ty at once overspread the face of the earth,

TIIE END.,

London. Printed by Cassell, Petter, & Galpin, Belle Saurage Works, E.C.
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Little Ones. Twenty-scven
Original Drawingsby ProcTeR.

With  Prose and  Verse by
Granpmamna, Cloth gilt, gilt
edges, 75 6d. .

Favourite Poems b
Gifted Bardg. lllustrated,
cloth gilt, 75 6d.

The Child’s Garland of

Bictionaries.

Cloth plain, ss.; full |

Dedicated

Little Folks. Volume I.
With soo Tllustrations  Cloth
boards, :&c , cloth gilt, ss,

Swiss Family Robinson.

New Edition, complete,  Cloth
Ylain, s 5 full gilt, 6s. 6d.

Old Friends and New
Faces. Demy 4to, Twenty-
four Coloured Plates by Kron- |
HEIM. 35S

The Story of Don Quixote.
By Miss MATEAUX Re-narrated
in a familiar manner, especially
adapted for Younger Readers,
and 4Allustrated with numerous
Engravings. Fcap. 4to.

about Fifty Engravings. Cloth
gilt, 6s. .

The Story of Captain e
£ook. By M. Jones.” With
about Fifly Engravings. Cloth
gilt, 65,

N .
Little Poems: Rhymes for
Little People. With exquisite
INustrative Borders by Giaco-
MmeLLL  Cloth gilt, 100 pp. fcap
4to, 75 6d

Beauties of Poetry and
Gems of Art. ith 32
Illustrations, cloth gilt, 7s. 6d.

Jawels Gathdred from

*Painter and Poet. Cloth
gilt, gilt edges, 7s. 64.

’

Bible Dictionary, Cassell's. With 6go Illustrationg. One or Tyo
Volumes, 215 ; bound 1n morocco, ¢os. .

Blographical Dictionary, Cassell's. 1,152 pages, imp. 8vo. Il
lustrated with full-page Portraits of Eminent Mch. gCloth,pzxs.; half
morocco, or calf, 35s.

Brewer’s Diotionary of Phrase and Fable; giving the Deriva-
tion, Source, or Origin of Common_Phrases, Allusions, and Words that
have a Tale to Tell. By the Rey. Dr. BRewgr. Demy 8vo, 1,08 pp.,
cloth, ros. 6d.

Casseoll’'s Webgter's Etymologioal Dictionary. 3s. 6d.

Dictionary of the English Language, A, 16th Edition. 3s. 6d.

French and English Diotionary. Crown8vo, 956 pp., eloth, 3s. 6d.

[]
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Germa.n-Engush and English-German Pronouncing Diec-
tlonary. Crown 8vo, cloth, 864 pp., 3s. 6. ¢

Latin-English and English-Latin .Dictionary. By J. R.
Beaxp, D.D , and C. Bearp, B.A. Cloth, gr4 pp, 3+ 6d.

Illustrated National Dictionary, The, on the basis of Webster.
With 250 Engravings.  Crown 16mo, 1s.

Dictionary of Derivations, The. By Professor SuLLivan, LL. D.
11th Lchnon 25,

Cuurational TWorks,

Algebra, Elements of. Paper covers, 15, ; cloth, 1s 6d.
Ar{thmetic.

Hudson’s Arithmetic for L of the Ncw Code. 64 pp.
Séhool and College Use. Witha 4d. KEY,
dopious (.o]lecuon of kxercises, | Cassell’s Ar)thmetle Part
and Key. 6d 11., adapted to Standards ITI,
Wall.nce s erthmetlc. and 1V. of the New Code,
Cloth, 1 8opp 61 KLY,
Arlthmetw for the Young. Cassell’s Anthmet,lc Part
Cloth, 1s. ! 1IT, adapted to Standards V.
Cassell's Arithmetic? Part and VI of the New Code.
1., adapted to Standards 1. and (,‘Ioth, gd. KEY, 3d.

Book-Keeping, by Single and Double Entry. 1s. Ruled Account
Books to Ditto, extra, 1s 6d. cach Set.

Book-Keeping for the Million. By Turonore Jonrs. Cloth, 3s.

Book-KeePlng for Schools. The English System. By THEODORE
Jonks. s, ; cloth, 35, Sq

Book-Kgeping for Schools, The Key to. zs.; cloth, 3s.
» Books for Joues’s System, Ruled Sets of. 2s.
Brewer's Series of First Books, Price 6d. each,
[ ]

Reading and Spclllng French History.

1ble mog . Astronomy.

istory of ngland Chemistry.
Geograghy.s Facts and Discoveries.
Science Grecian Histo
Common Things. The History l?lame.

Brewer's, The Young Tutor, First Series. Being (he First Six
Books in this Series, bound in One Volume. Cloth, 3s. 6

Brewer’s, The Young Tutor. Second Series Bem the latter Six
Books in this Series, bound in One Volume. Cloth, 3s. i

Brewer's Guide to Every-Day Knowledge. 284 pp., 2s. 6d.
e e ————
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Cassell's :Beginner's Atlas.

CASSELL, PETTER

Cassell's Technical Manuals, for Joiners, Car
Builders, Cabinet Makers, Stonemasons, Tin-plate

and Artisans, and Students generally.

Linear Drawing.
A Davipson. uh 150 Tlus-
trations. 128 pp., extrasfcap.
8vo, cloth limp, .

Orthographic and Isome-
trical Projection. DBy the
same Author. With 4o whole-
page Diagrams. 128 pp , extra
fcap. 8vo, cloth limp, 2s,

Linear Drawingand Pro-
jection The Two Volumes in
One. Cloth, lettered, 3s. 6d.

Building Construction, the
Elements of, and Architcctnal
Drawing ByLLLnA Davip-
soN  With 130 Illustrations.
Extra fcap. 8vo, 128.pp., cloth
limp, 2s. »

Bystematic Dra,wmg and
Shadin, ﬁ By CHARLES RYAN,

Head aster, Leamington
School of Art. With numerous

By ELuis

New mem;i

Cassell's Elementary Atlas. 16 Colourcd Maps.
Cassell's Proparato
Cassell's First School Atlas. Coloured Maps,
Cassell’s

Atlas.

Atlas.
cloth, zs. 6d

4to, cloth, 2s

16 Coloured Maps.
24 Coloured Maps, and Index.
24 Coloured Maps, and Index.

, AND GALPIN,

enters, Machinists,
orkers, Plumbers,

Illustrations and  Drawing
Coptes 120 pp, extra feap.
8vo, cloth imp, &

Drawing for C enters
and Joiners. SLLIS Ay
DAVIDSON. Wuh 253 IHustra-
tions and Drawing Copies. 104
pp , extra fcap 8vo, cloth, 3s.6d.

Practical Perspective. B
Euris A, Davinson. With 36
dodble-page Ilustrations. gopp.
cloth, 35

Drawing for Machinists.
By ErLLis A. Davingon. With
40 double-page, 6 Trgble-page,
and contamnng over 200 1llus-
trations and Diagrams. Ex

» ﬁ,.&) B\q.)cloth, 45, 68,

el "Drawing. With 20
smgle and 6 double-page plates.

Cloth, 35
Models,
consisting of 25 Blocks.  £2.

Fcap. 4to, 6d.
Crown Zto, 6d.
Crown 4to, 1s.
Crown 8vo

Crown

ca.ssell's introductory Atlas. »38 Coloured ans and Index.

cmen's Select Atlas, 23 Coloured Maps, and Iedex. Impenal 8va,

Ca.uou's Comprehenllve Atlas. 42 Coloured Mapﬂ‘ and Index,
105. 6

Chemistry, Elementu-y By the Rev H. MaRTYN HART. 299 pp.

crown 8vo, cloth, 3s
Copy-Books for %(Lhoola. Ca.a!sell's. With Set Copies on every

eac!
9. SmaIl Hind.

page. Price 2d.
10. Text, Round & Small

1. Initiatory Exercises.
2. Letters and Combina-
11, Introduotiontoladxeu’
Hand.
12. Ladies’ Hand.

tions.
3. Short Words,
4. Capitals.
5. Text Hand.

8. Text and Round, ° 13. Commercial Sen-
7. Round Hand. tences.
8. Round & Small Hands. | 14. Figures.

*,* These Books are now very largely used in Schools, hxd have been
descPibed as the ckeasest and best ever pubhshed. o
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Drawing Coples, Cassoll's Sixpenny.

Series A._Floral and Vege-
table Forms. Twelve Parts,
6d. each; T'welve Packets on
Cardboard, 1s. each

Series B. Model Drawing.
Twelve Parts, 6d each; Twelve
Packets on-Cardboard, 1s. each.

Series C. Landscape Draw-
ing. Twelve Parts, 6d. each;

Twelve Packets on Cardboard.
' 1s. each.

Series D.  Figure Drawing
Twelve Parts;sgil: eacti; Twelve
Packets on Cardboard, 1s. each,

Series E. _Animal Drawing.
Twelve Parts, 6d each ; Twelve
Pav;}(cts on Cardboard, 1s.
each.

The Drawing Copies, in 6d Parts, and 1s. Packets on Cardboard, may be
had in separate Parts or Packets.

Drawing Copy-Books,
contains Fourteen mef’ng

» The First Grade Series cone-
prises—
1. Right Line Forms.
2. Curved Line Forms.
3. Right Line and Curved

ine Forrs in Yrer-

spective.
4. Ornamental Forms.
5. FloralForms, Fruit,&c.
6. Groups of Objects.

The Second Grade Serzes cone- .

Prises—

7. Freehand—Elementary !

Forms of Plants.

Cassell's Penny. Each Penny Book
Copies and Paper to Draw upon. Fcap. 4to.

| 8, Freehand —Advanced
| Studies of Plants.
9. Freehand — Conven-
tional Ornament,
rincipally based on
lant Forms.

10. Geometrical Pro-
blems.

11. Linear Perspective.

12, Model Drawing-—
Sim¥ple Objects of
clearly-defined
Forms.

These are followed Iﬁ Books of Liandscape and Marine Sub-

jects, Birds,Dogs,
rawing.

A
copy Books.

Drawing Coples.

Gregery’s First Grade '

8eli-teaching Free-hand
N Outline Drawing E—am-
ples. In Two Packets, each
containing Twenty-four , Ex-
amples on 2ard,“price 1s. per
Packet. Enlarged for black-
board, 2s. 6d. per Packet.

Gregory’s Outlines from
Models wsed in Schools,

iscejaneous Animals, and Mechanical

T;ﬂoﬁfm] Edition is also issued on L'inted Paper of these Dyawing-
13 4

o1 Twelve Cards, 18.; and en-
larged for black-board, as,

| Gregory’s Outlines from
Flowers. Twelvelarge Cards,
in Packet, 1s. 6d.

Gregory’s Fasy Drawing
Examples. Twinty - four
Cards in Paoket, 13} enlarged

| for black-board, 2s. 6d.

rammar. By Professor SuLLivan, LL.D. 8sth Edition. 1s.

BEnglish G:
Etymology, a Manual
Edition. 10d

of. By Professor SuLLivan, LLD. 3rd

English Speliin# and Reading Book. Wih upwards ef 160
y IS.

{lustrations, clotl

Euolid, Caysell’s,

Edited by Professor WaLLACE, A.M.,, of the Glas-

gow University. 1s.; cloth, 1s. 6d. Key to Ditto, 4d-
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Euclid, The First Four Books of. Pagper, 6d. ; cloth, od.
French, Casscll’s Lessons in. Plofessor FASQUELLE ~ New
Edition, Revised and Imrroved By rofessor De Lotmr. Parts I.
and 1I. in paper, 2s ; cloth, each 2s 6d. Complete 1a One Volume,
lscﬁp, 4s 6d. KEY, cloth 15, 6d.
Shilling Lessons in, 1s. ; cloth, 1s. 6d.
Fronch, Sixpenny Lessons in. 6d. »
French and English Correspondence for Bdys, 2s.6d.
rrenoh and English Correspondence for Young Ladiey.

!‘rench and English Commercial Correspondence. 2s 6d.

!‘rel?cll: R%ﬁdel’, The. New Edion. By Professor De LoLm.
Cloth, 23

Galbraith and Haughton's Solent{fic Manuals, Cloth, red ®

edges.

Arithmetic. Cloth, 3s. 6d. Steam Engine. 3s. &d.
Plane Trigonometry. 2s.6d. Third Editi Part
Euolid. lements L, 1., 111 A}fiﬁ’gg_; co‘,{,p,;{‘,"‘“,’;‘_' el

. ', .| Tides and Tidal Currents.
Buclld.  Books IV, V, VI | " New Edition, with Tal Cards:

Mathematical Tables. 3s 6’ 3’
Mecgdmms. Cloth, lettered, | Natural Philosophy. With

. 3s. # 160 Illustrations. 3s. 6d.
Optios, 2s 6d. Th .
. 6 Three Kingdoms of
Hydrostatics.s 3s. 6d. Nature. With 230 Illustra-
Astronomy. ss. tions. 5s.

Geography. By Professor SuLrivan, LL D.
Geography GﬁneraHud 3 with Maps and Illustranons By Professor
ULLIVAN, LL 2%
Reader, The International, for the Usg of Colleges and *
Schools. By Enwaxrp A. OpreN, 9 Hmleybury College. 4s. 6d.
German, Lessons in, By W. H. Woopnury. Parts I and I1., 2s,;
cloth, each 24. 6d. _ Complete in One Volume, cloth, 4s. of.
, Key to Lessons in, 1s.; cloth, 1s. .
Germa.nc 2 Sixpenny Lessons in. By E. A. Orren, of Haileybury
ollege
Literary Class Book, The, By Professor SuLLIvAN, TL.D. 2s 6d.
Morell's Complete Mamhal oaSp 11ing. With Numerous Exer-
cres by J.D.MorerLL, H Irspector of Scl ools 128 pp., crowi 8vo,
cloth,
Natural Hlstor{) of the Raw Mhterialsof Gommeroe,
Yuars, LL. F.R.G.S. [Intended for &tudents and for Young
ferchants, Manufacturers and Business Men. 452 pp., crown 8vo,
cloth, 55 Second Editios.
or TRCHNICAL HisTorY oF COMMERCE, se¢ page 13 }
Natural Philosophy, The Memﬁtl of, for the Use of Schools.
By the Rev SamurL HauGHTON, F.R.S., Fellow of Trinity -
Na tq‘oll.l , D blm With ‘x’go ll-lustraixgns ClothB Pﬁd'_ T
sophy, in Easy ms, By Professor TYNDALL,
F.R.S. llluQraled New Edition, as. 6d.
Penny Table Book, Casse asgell’s, for the Use of Schools. 1d.
Poetical Reader, 's, For Pupil Teachers aM School Use.
208 pp. Cluth, 1s.
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Popular Education and School-keeping, 2s.

Popular Educator, Cassell's New. Revised to the Present Date,
with Numerous Additions. Vols 1., 1L, ITI, IV,, V., and VL. now ready,
best cloth gilt, 6s each, complete in T'hree Volumes, half-calf, 452 10s.

Series. An enure{y new and onginal Series of Volumes,

specially prepared for the use of Elementary, National, and other Schools,

:ll)ﬁr first-clas§ practical men. "

lementary Astronomy. The Animal Xingdom,

. Illustrated, 128 pp  Cloth, 15, With abundant  Illustrations.

Elementary Arithmetic: & Double Vol, cloth, lettered,
Simple Rules. 4d Key to ,  2o00pp, 3s

o _ditto, 3d. |

Elementary Arithmetic.

Compound Rules. 6d. Keyto

ditto, 3d.

Elymentary British His-
tory. 6d.

CASSELL'S NEW CODE
SERIFS,

Adapted to the Reguivements of
the New Code.

Readers.

The .Boy’s Elementary
Reader. L'or Boysunderfour
years of age  64pp. Cloth, 4d.

The Cirl’s Elementary
Reader. For Girls under four

and Commerce. 15 years of age L.,Iulh, 4d. .

Our Bodies: An Elementary ' The Boy’s First Reader.
Text-Book of Human Physio- *  Standaid 1. 64 pp. Illustrated.
logy. _1s Cloth, 4d .

Our Houses, and what | The GHrl’s First Reader.
thoy are Made of. 1s Standard 1. 64 pp Illustrated.

Element, Geogrtghy. d.
A Handy Book on Healt
and How to Preserve It.
N Cloth, gd. -
England at Horae: An fle-
mentary Text-Book of Geo-
graphy, Manufactue, Trade,
r

Qur Food. Supplying Kle- | ° Cloth, ¢d .
mentary Lessons m Domestic | The "Boy’s and Girl’s
Economy. 1s. Second Reader. Standard

Our Firs® Grammar: An 1L, 112 pp. lllustrated. Cl.6d.
Elementary Text-Book for Le- | The Boyls & Girl’s Third
inners,  1s. Reader. Standard I1I. 128
Tﬁe ses @f Plants in pp _Cloth, 7d.

Food, Arts, and Com- | The Boy’s & Girl's Fourth
merce. With Hllustrations 1s. Reader. Standard IV. 160
Right Rinesin their Right Ep Cloth, 8d. N
» Places; or, Geometry without | The Boy’s and Girl's Fifth
Instruments. With Dracrings dReader. Standard V. 1;6pp.

‘ on Wood by the Author. 1s. Cloth, 10d . X

Vegetable Physiology; in | The Boy's and Girl’s S8ixth
Easy Lessowd, with humerous Reader. Standard VI. 208
Illustrations  1s. 6d. pp. Cloth, 1s -

For New CoDR ARITHMETICS, see page 6.)
“Technical Educator, Cassell's. Vol. 1., 412 pp, crown 4to, pro-
fusely Illustrated. Cloth, 6s.
'Tec&ml?al History of Commerce. By J.Yeats, LL.D.,F.R.G.S.
oth, ss.
‘The Spolilns-nook Superseded.’ By Professor Sutrivan, LL.D.

15. 4d

anm:-dl of Four Hundred Words, Spelled in Two or Morec Ways;
B Profes%)r SuLLivan, LL.D.  r1od.

Wn‘nmns Shakespeare Copy-Books, for Sch~ol Use. 3z pp.
and Wrapper, 6d.
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* Fine Art Tolumes,

ZEsop’s Fables. With over One Hundred Illustrations from Original
Designs by Ernust GriseT. Imperial 8vo, 236 pp, cloth, 7s. 6d.;
filllzilt, gilt edges, ros. 6d.

r Ophir, By Captam A. F. LiNDLEY. lllustrated. with Seventy-five
Engravigs, cloth gilt, 73, 6d. .
Armour. By Cuarris Boutrrg, M.A., Author of
““ English Heraldry.”  With numerous Engravings. 7. 6d »

Beauties of Poetry and Gems of Art. With Thirty-two Illus-
trations by J. C. HorsLey, R.A., J. Tenaiee, C. W. Corg, R.A,,
PiLKERSGILL, &c.  With Ornamental Borders, &c 75 6d .

Book of Historical Costumes, The. With Nmety-six full-page
Coloured Engravings  sos. o

Bunyan The Pilgrim's Progress. Cluth, 7. 6d ; gilt edges,
108. Gd ; morocco antique, 21s, »

B an. The Holy War Uniform with above, and same price.

Chefs-d'ccuvre of the Industrial Arts. With zop lllustrations.
By PuiLtere Bukry, Edited by W. Ciarrers, F.S A,y Cloth, 16s, ;
extra cloth gilt, £1 1s. :

Crusos, Life and Adventures of. Wih 100 llustrajions by Mart
Morgar, Haruson Weir, R. P L#itch, &ca Cloth, 7s. 6d , full glt,
108 6d.; morocco) 215 »

Dore Gallery, Thé. Containing Two Hundied and Fifty of the finest
Drawings of Gustavie Dokt Lytterpress and Memorr by EpDMUND
Ocuiigr. Cloth gilt, £5 5s. ; full morocco, clegant, S10, m L'wo Yols,
cloth gilt, £5 10s.

Doré bele (se@ ‘ Bibles and Religious Literature,” page 1).

Dore's Miiton's Paradise Lost. Illustrated with full-page Draw-
ings by Gusiavi Dork  Cloth, £5; best polished morocco, gilt
extra, 410, .

Dore’s Dante's Inferno. Cloth, £2 10s., morocco antique, with gilt
edges, 54 45.  full morocco, £6 6s.

Dore's Dante's Purgatory and Paradise. ® Uniform with the
INFERNO, and same price. ¢

Doré’'s Don Quixote. With 4oo Illustrations. Clotit, £1 10s.; half
morocco, 42 s5s.; full morocco antique, £3 105.9 .

Doré's Atala. By Cuarteavsrianp. Cloth, £2 2s.; morocco gilt, £4 4s.

Dore’'s La Fontaine’s Fables. With 86 full-page }nd many other
Engravings. Cloth, £t®10s. ; half morocco, £2 ss.; full forocco antique,

43 108. .,

Dore"s Fairy Realm.*® fﬂystratc! with Twenyy-five full-page En-
gravings by Gusrave Dorg. ™ Cleth gilt, gils edges, £1 1s.

Dore’s, The History of Croquemitaine, gnd the Times of
Charxlemagne. With nearly 200 Engravings.” Cloth, 10s. 6d.

Dore's, The Adventures of Munchausen. With 3 full page
Engravings. _Cloth, 10s. 6d.

Dore's, ‘l;he Logend of the Wandering Jew. Folo, 1ss.;
extra gilt, 218, .

Ecolesiastical Art in Ge during the Middle Ages.
By W. LiiBkE, Professor of Art History medtuttgart. ‘Lranslated by
L. A. Wheatley. With 184 Engravings.” £t 1s

English Hemaldry. By CuakLss Bourery, M.A, Author of “ Arms
and Armour,” &c. With 460 Engravings. New Editon. Cloth, 5s.

[ Y .
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12 CASSELL, PETTER, AND GALPIN,

Favourite Poems by Gifted Bards. With Twenty-four En-
gravings. Cloth, gilt edges, 7s 6d. N

Foxe’'s Book of Martyrs. Illustrated with 181 Engravings. Plain
cloth, 12s ; gilt, 1ss.

Goethe Gallery. A Series of beautiful Photographs from KAULBACKH’S
Drawmgs of “the Heromes of Goethe.  Handsomely bognd in
MOrocco, 42s.

Goethe'’s Heroines, A Series of Twenty one exquisite Engravings on
Steel. Cloth, lettered, £% 75. a

Greece, The Scenery of. By W. Linton. Fifty exquisitely beauti-

¢ ful full-page Steel Engravings. ~ Cloth, lettered, gilt edges, 21s.

Gulliver’s Travels. By Dean Swivr Illustrated with Eighty-eight
Engravings by MorTEN. With an Introduction, Annotations, and a LIFB

s oF SWIFT, by J. F. WarLer, LL.I).,, M R.I A. Imperial 8vo, 400 pp.,
plain cloth, 75 6d.; full gilt, gilt edges, 10s. 6d , morocco, 21s.

Homely Soencs from Great Painters. Dy Goorrey. With 2¢
full-gage Plates, printed by the Woodbury Process,  Cloth gilt, 155,

Illustrated Readings, Vol I, cloth gilt, 75 6d., full gilt, gilt edges,
105 6d. ¢Vol. I1., cloth, 7s. 6d ; full gilt, gilt edges, 10s. 6d. Or, the
Two Vals in Oxe, cloth, 125, 6d ; half moioceo, 15s.

* INustrated Travels: a Record of Discovery, Geography, and Adven-
ture  Kdited by H W. Bateg Assistant-Secretary of the Royal Geo-
graphical'Society. Vols I. and LI¢ each, clotha1ss. ; cloth, extra gilt,
gilt edges, 18y, ~ Or, the Two Vols. n One, cloth, 25s. , best cloth, gilt
edges, 318. 6d

Illustrations, Millals’, A Chllection of Eighty Drawings on Wood,
by Joun EvireTT MiLLats, R A, Cloth, gilt edges, 165

Insect World, The, From the French of Louist FiGuiEr. With 570
Illustrations. Edited by E. W. Jansen. Cloth, 16s.; gilt, 21s.

» Jewelzd Gathered from Painter and Poet, Cloth gilt,
7s. 6d.

Log of the Fortuna, The, By Captain A. F. LinpLey. Feap. 4to,
256 pp., cloth gilt, 7s. 6d

Ocean World, The. From ti:,French of Louis Figuier. Edited by
C. 0.G Narirr F.GS Cloth, lettered, 16s. ; extra cloth gilt, 21s.

0ld Friends an  New Faces. With T'wenty-four full-page Illustra-

* tions, beautifully printed in colours by KRONHRIM, 58
Pictures from English Literature. With 20 full-page Illustra-
tions by Jo C. HorsLEY, R A, W. F. Yramss, A.R.A., MARCUS STONE,
. Gieert, H K. Browng, W. Cave THomas, LawsoN, HuGhgs,
ARNAKD, FiLDhS, &c &c. ¢y Ornamentgl chapter heads and title page
by T. SuLman. The Text by Dr. WaLLrr. Crown 4to, cloth gilt, a1s.

Reptiles and Bir From the French of Louis FiGuigr. Edited by

(. PARKER GILMOKE .xﬁ 18<. ; extra cloth gilt, 23s. )

Saored Poems, The Book of. Fdited by the Rev. R. H. Bavnes,
M.A. Cloth, plain, 75. 6d.; cloth, extra gilt, gt edges, 10s96d.;
MOroCCo antique, 41s.

Sohiller Gallery, The, A Series of choice Photographs from Kaut-
BACH'S Paintings of Scenery from SCHILLRR. £ i 55

Selection of One Hundred of the Finest Engravings by
the late G. H. Thomas. Cloth gilt, a1s.

Thorwaldsen’s Triumphal Entry of Alexander the Great
into Babylon. With Twenty-two Plates, folio, cloth, 42s.

. L
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CASSELL, PETTER, AND GALPIN, 13

‘Vegetable World, The, With 471 Illustrations. From the French of
Louis Fiuirg. Edited by C. O. G. Narieg, F.G S. Cloth, lettered,
16s ; extra choth gilt, 21s, .

Viecarof Wakefield, The, and Poems. Beautifully printed on Toned
Paper, and Illustrated with 108 Engravings  In one handsome imperial
8vo Volume, 378 pp, bound in cloth, 75 6d.; full gilt cloth, with gilt
edges, 105 6d.; full morocco antique, 215,

‘World before the Deluge, The, With 233 Illustrations. F
the French of Louts Figuine, Edited by H.W. Bgistow, F.R.§.
Cloth, lettered, 10-. ; extra cloth gilt, 215, °

‘World of the Sea. With 18 Coloured Plates, and numerous Wood
Engravings. Cloth lettered, 21s. R

PHand-Books and Guides, .

Bacon's Guide to America and the Colonies, With Maps,
&c. Cloth, 2s 6d.

Civil Service, Guide to Employment in the. Revis®d to the
Present Time. Cloth, 2s, 6d.

Civil Servico, Guide to the Indian. By A. C. EW\Lp, F.S.A.
Cloth, 2s. 6d. ’ ¢

‘Guide to Ameriea for the Capitalist, Tourist, or Emigrant. By G. W.
Bacon, F.R S, With Coloured Mag, 15. * .

Emigrant's Guide o the Cojonies of Great Britain. 6d.

Hand-Books, Cassell’'s Popular, Cloth, 1s. each, free by post for
13 stamps.
Art of Conversation. |° Elocution and Oratory.
Book-Keeping, by Single and | Emergencies.

Double Entry.e Ruled Account | Etiquette for Ladies and

Books to dittg, extra, 1s. 6d. Gentlemen,
each Set. Gardening.
Chemistry. Investments,

Domestioc Recipes. Natural Philosophy.
Drawing-Room Magio. Railway Sitgations.

Household Guide, The. Vols. I, 1., and III, each containing Two
Coloured Plates and Illustrations on nearly every page. oCloth gilt, 6s.
per Volume, ° .

Thames and Tweed.—New Work on Fishing. By Grorce
Roorgr, Author of ““Fl Io.od, Field, and Forest.” 2s. 6d. - X

Rigtory, -,

Emﬁhnd. Iustrated History gf. Coudplete in Eight Volumes
ound in cloth, 6s. and 7s. 6d. each. Ditto,®ous Volumes, stronglp
bound in half-calf, with full gilt backs and cloth sides, £4.

e o= ‘I'he T'oned Paper Edition, Vols, 1., IL., IIL., IV., and V.

Engiand, History of, from the First Invasion by the Romags to th

. of, from the First Invasion by the Romags to the
Accession of Wi‘l'Ham and Mary in 1688. By JouN LiNcarp, D.D.
In Ten Volumes. Lettered, 35s.

Techniocal History of Commerce, By J. YraTs, LL.D., F.R.G.S,
Cloth, se.

Domestic Pets. ‘ Letter-Writing.
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Miscellancous.

A Poet Hero. By Countrss Von BoTumer. TDeing a Biography off
the German War Poet, Theodoie Kdrner  (loth, lettered, 6s
Appropriation of the Railways by the Stato. I'y ArTaur
Jonun WiLL1AMS, Barrister-at-Law. The People’s Edition  Ciown 8vo, s,
Arms and Armour. By Cuaxres Boutserr, M A. With Sever .y-one
Iustrations. Cloth, gilt top, 75 6d.
Belle Sauvage Library, The. A Se-ws of Volumes for Home
Reading. Pricg.3s 6d per Vol,, cloth, fcap 8vo
1. Pulpit Table Talk, By | 4. The Life of Bernard

¢ Dean Ramsay, M A, Palissy, of Saintes. By
2. The Search for the Gral. Professor MORLLY

. Bg Juria Gonbarw. 5. The Young Man in the
3. Sermons for Boys. Dy Battle of ILiife. By Rew.

V) the Rev Atrkren Barev, D.D, Dr. LANDELS.
Principal of King's College.

Cassell’s Magazine,

Vor I., New Series, containing *“ Man and Wife,” by WiLk1s CoLLINs.
6oopp of Tetterpress and Engravings  Cloth, eilt lettered, 65 6d.
Vol. 1T, ¢ontaming Mt ] S Lk Fant’s New Story, *“Checkmate,”

. complete.  Profusely THustrated  Cloth, 5 6d.

Daybreak in Spain. By the Rev. Dr. Wyvria. Deing the first
account that has yet appeared ~f the extraoidinary reformation now
goingon m Spain -~ With Twelve Ilustiations. .Gs.

Gregory's Hand-Book of Equivalent Prices, British and
Metric. Cloth, 2s. 6d

History of thoe Pianoforte, Bj Encar Drinsmeap, Illustrated. 3s.

Italian Finances. By GArTANO SEMENzA, Member for Como in the
Italian Parhament, Cloth, ss. ]

Little Gem Series, The. Cloth, 6d. each; red edes. gd. each.

® Bhall we Know One | Words of Help for Everye

Another? By the Rev. J. day Life. By the Rev. W,

C. RYLE. M. STATHAM.
The Grounded Staff. By | Pre-Calvary Martyrs. By
the Rev R, BIAGUIRE.

the Rev. | B. Owen, M A,
The Voice of Time. ByJ. | Home Reéligion. By the late
STROUD. ¢

Rev. W. B. Mackenzig, M.A,
Modern Breech-loaders., By W.W. Grerner, Cloth, 7s. 6d.”
Natural History of the Raw Materials of Commerce, The.
By J. YEags, LL.D. Intended for the stndy of Young Merchants,
Mvanufncturers, and Pusiness Men, also for School and College use.
5 452 pEi crown 8vo.-loth, 55. »
Penny Libr ¢f Popular Autbors.
1. Foxe’s Boiok of -L: Bunyan’s Pilgrim’s.

Martyrs, o Prive 1d. ogress. Price 1d,
Pructical Poultry Keeper, The, By L. Wricwr. Fourth
Edjition. With 36 Plain 1llustrations. Cloth, 3s8.6d ; with 12 Coloured
Ready’ Reckoner. Caseell’ ”ﬂ Cloth, 6d. !
eckoner, 8 enny. oth, 6d.
R.ld; %eok&er. Cassell's 8 ll.ing. Containing Calculations
from ¢ of 1d. to £1, Interest, Profit, and Commission Tables, &c. &c.
Romance of Trade. By H. R. Fox Bourne. Cloth, ss.
San Juan Water Boundya.ry Question, By Viscount MiLTon, M.P..
Cloth, lettered, 10s. 6d. °
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Woman: Her Positien and Power.

Cloth, lettered, 3s 6d.

AND GALPIN, 15

By W Lanvuis, D.D.

Wonders, Library of. TFully mustrated. A Series of Gift Books and

School RewalPds,

Wonders of Animal In-
stinet. With 55 I]]u\lmnnn\

Wonders of {
Skrength and Skxll Wu
70" Engravangs.

Wonders in Acoust;ics.
With 58 Mlustr. gons.

World of Wonders, The.
full gilt, 1os. 6d,

With 130 HNlustiations,

Cloth gilt, gilt edges, each ss.

‘Wonderful Balloon As-
cents. With numerous Illus-
Lrations

Wonderful Escapes. With
26 full-page Fngiavings,

‘Wonders of Architecture.
With 54 THuygations

Cloth, 75 6d.4

Patural Pistorp.

Book of Birds, Cassell’'s Brehm's. 'lianslated from the Text o?
Dr Breum by T Rymer Jones, F.R.S.eVols. I, and IT, contaming
Ten Coloured Plates and 384 pp. letterpress, with numerous Illu;tntlons.
Cloth, 7% 6d., extra gilt, 105 Od,

Natural History, Cassell’s Popular., Twn Volumes, cloth, j0s.3
half-calf, full gilt back, 458 . half-morocco, full gilt, sos, Do with:
Coloured Hlusnanmn Eour Volumcs cloth, 425,

Natural History, Picture.
With 6oo Illustrations.

World before the
Deluge. With 233 Illustra- -
tions. Cloth, 16s,; mlt L1s.

The Ocean World. 427 [lus-
trations. Cloth, %65 , gilt, £r 15,

Transformatiens of In-
sects. Second Edition. ‘I'rans-
lated and Adapted by Dr. Dun-
CAN, Secretary of the Geological
Society, and Professor of Geo-
logy, King’s (>llege, London,
from the Froch of Emug
BLANCHARD. With 240highly-
fwished Engravings, Clot
gilt, gilt edges, 16s. -

Poetry.

Edited by the Rev. C. LOUTEI L, MR
Cloth, letterefl, 3s. 6d. o

Poglllnla.r Scientific Library, *The.

The Vegetable World.
® With 471 [lustrations,  Cleth,
168, ; extra doth gilt, £t 1s.
The Insect World. 576 Illus-

trations. Cloth, 16+, gilt, £ 1s.
Reptiles and Birds.  With

307 Hlustrations Cloth, lettered,

18s. , extra cloth gilt, [,'1 S
World of the Sea. Trans-

lated from the French of Mo-
¢ QUIN TaNDON®Dy the Rev. H.
M. Harr. With 18 Coloured
and Tinted Plates, and numerous-
Wood Engﬁvings. Best cloth,
lettered, 21s.

Barr's Poems. Newand Revised Editin, Cloth, % 5%

Book of Sacred Poems., With®z00 Illustrations  kdited Ly the Rev.
R. H. Baynes, M A. Cloth, 7. 6d. pgilt, 108 ﬁd 0rocco, 215,
Cassell's Library Edition of the British Poets. Vols. L.,

1L, and 111, comprising Scott’s Poetical Works complete. Price 2s,
each volume.
Child’s Garland of Little Poems, 'l'he.
trative Borders by Giacomelli. ® Cloth gilt, 75 6d.
Favourite Poems by Gifted Bards. With Twenty-four Iflustra
tions. Cloth, g1t edges, 7s. 6d.

Golden Leisurgs. By W. GORDON SMYTHIES, 18.

With Exquisige Illus~
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Hours of Sunshine, By MaTt;ruias Barr, Author of ““ Little Willie,”
&c. With Siateen Coloured Plates.  Cloth gilt, 3s. 6d.
- Jewels Gathered from Painter and Poet. Clotl, gilt edges, 7s. 6d,
Poets, Cassell's Three-and-Sixpenny Editions of the. In
feap. 8vo, priuted on Loned Paper, elegantly bound n cloth, extra gold
and colours, 35 6d. each, best moroceo, mlaid with enamel letter-piece,
6s.6d. each LONGFELLOW; ScOTT, ByRoN; Mooki; WoXDyWORTH §
Cowrgr; Mu.ton; Pore; Burns; Tue Casker or Grus, THE
Book oF HumMorous PorTrY, BALLADS, ScorTisit anp ENGLISH §
L1ves oF THE BririsH PorTs,
.Poems and Pictures. With 1oo Illwstrations.  Cloth gilt, 215.
.Shakespeare, Cassell's Illustrated. With soo 1llustrations by
H. C. SeLous. lmp 8vo. Edited by CHARLES and Mary CowbpEN
Crakke. Vol I, COVIEDIES;, 12s ; Vol. IL (HisroricAL Pravs),
& 308.6d.; Vol. ITL, (TRAGEDIKS), 125.6d. The Complete Work, in Three
Volumes, cloth lettered, uniform, £1 155, Half morocco, £z 105, The
Separate Plays may be hud, price 1s. each.

Serial Publications,

Cassgells Popular Natural | Cassell's Household

» History. Monthly, od.; Guide. Monthly, 7d.;
Wak% 1d. Weikly, 1hd.

Little Folks, Moxthly, 6d.; | ,Doré Milton, Alonthly, =s.

The Quiver. Jlontkly, 6d.;
Weekly, 1d

Cassell's Family Bible.
Montily, 7d., Weekly, 1}d.

Matthew Henry's Come
mentary. AMMouthly, 7d.;
Weekly, 1,d>

Cassell’s Technic¢al

Weekly, 1d.

‘Cassell’'s History of the
War between France and
Germany. Monthly, 7d ;
Weekly, 13d.

'Casseli,'s Penny Drawing-
Copy Books, [Veekly, 1d

Cassell's Book of Birds.
Monthly, 7d.

'Ca.sse{i's Magazine.
Monthly, €d ; Weekly, 1d.

Educator. Aonthly, 7d.;
Weekly, 14d.

Illustrated Travels,

'mmmill' 6dFlrlt.ish Poets. Monthly, 1.
.Casselis Tllustrated | Cassells History of
« Goldsmith, Monthly, sd. England. Jonthly, ,d.;
and 6d. ; Weckly, 1d.. Weekly, 13d.
Cassel)s Dore Don | Railway Time Tables and
Quixote. Mouthly, 7d.; Trides Directory.

Weekly, 14d. 1‘1. onthly, 2d.

amiuals, Amdnarks, &,

{assoll's Illustrated Almanack. 6d.

“The “Quiver” Christmas Annual. 6d. ,
Morton's Farmer's Almanack. 1s. Issued Yearlse
Leslie’s-Annual, 2. 6d. -

*o* For detailed particulars of all the Works suserted in the foregoing
List, consnlt CAssrLL, PETTER, AND GALPIN'S Drscrirrive CATALOGUE,
supplied by all Booksellers, and forwarded post free by th. Publishers.
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