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PREFACE.

It is with increased diffidence that the
author offers this little work to the public.
The encouraging reception which the Con-
versations on Chemistry, and Political Eco-
nomy have met with, has induced her to
venture on publishing a short course on
Natural Philosophy ; but not without the
greatest apprehensions for its success. Her
ignorance of mathematics, and the imper-
fect knowledge of natural philosophy which
- that disadvantage necessarily implies, ren-
ders her fully sensible of her incompetency
to treat the subject in any other way than
in the form of a familiar explanation of the
first elements, for the use of very young
pupils. It is the hope of having done this

in a manner that may engage their attention,
A2



iv PREFACE.

which encourages her to ofler them these
additional lessons.

They are intended, in the course of ele-
mentary science, to precede the Conver-
sations on Chemistry ; and were actually
written previous to either of her former
publications.
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CONVERSATION I

ON GENERAL PROPERTIES OF BODIES.

INTRODUCTION, — GENERAL PROPERTIES OF BODIES., —
IMPENETRABILITY.—EXTENSION.—FIGURE.—DIVISI-
BILITY.—INERTIA.—ATTRACTION.—ATTRACTION OF
COHESION.—DENSITY.—RARITY.~—HEAT,— ATTRAC-
TION OF GRAVITATION. o

e SRR —

EMILY. -

I sevsr request your assistance, my dear Mrs, B.,
in a charge which I have lately undertaken : it is
that of instructing my youngest sister, a task, which I
find proves moredifficult than Ihad at firstimagined.
1 can teach her the common routine of children’s
lessons tolerably well ; but she is such an inquisi-
tive little creature, that she is not satisfied without
an explanation of every difficulty that occurs to her,
and frequently asks me questions which I am at a
loss to answer. This morning, for instance, when
I had explained to her that the world was round
B



2 GENERAL PROPERTIES OF BODIES.

like a ball, instead of being flat, as she had supposed,
and that it was surrounded by the air, she asked me
what supported it. I told her that it required no
support; she then enquired why it did not fall as
every thing else did. This I confess perplexed me ;
for I had myself been satisfied with learning that
the world floated in the air, without considering
how unnatural it was that so heavy a body, bear-
ing the weight of all other things, should support
itself.
MRS. B.

I'make no doubt, my dear, but that I shall be able
to explain this difficulty to you; but I believe that
it would be almost impossible to render it intelligi-
ble to the comprehension of so young a child as your
sister Sophia. You, who are now in your thirteenth
year, may, I think, with great propriety, learn not
only the cause of this particular fact, but acquire a
general knowledge of the laws by which the natural
world is governed.

EMILY..
Qf all things, it is. what. I should most like to
learn; but I was afraid it was too difficult a study,
aven: al my age.
MRS. B.
Not when familiarly: explained: i yow have
petienes to attend, I will mest willingly give you
all the information, in- my power. Yeu mmy, per-
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haps,. find the subject ratbex dry at first: but if I
suceeed. in explaining the laws of nature, so as te
make you understand them, I am sure that you
will derive not only instruction, but great amuse-
ment from that study.

EMILY.
B mrake no doubt of it, Mrs. B.; and pray begin
By explaining why the earth requires no suppert ;
for that is the point which just now most strongly
_ excites my curiosity.

MBS. B

My desr Emily, if I am to attempt to give.you a
geweal idea of the laws. of nature, which is no less,
thar te introduce you to a knoewledge of the science
of watural philosophy, it will be necessary for us te.
proceed with some degree of regularity, I do not.
wish to confine you to the systematic order of &
geientific treatise ; but if we were merely to examine
every vague question that may chance to oequs, omr
prograss would be but very slow. Let us, therefare,
begin by taking a shart survey of the general pro~
parties. of badies, some of whick must neceseazily be
explained before I can attemapt to. make yow unsder-

atand why the: garth requires na suppest.
- When. | speak. off bodies, ] menn substances, of
whatevar nature, whether solid ox fluid ; and: magier
i the geweral tarm used to denote the substance,
* whateven its naiure be, of which the diffarent bodias

: B 2



4 GENERAL PROPERTIES OF BODIES.

are composed. Thus, wood is the matter of which
this table is made; water is the matter with which
this glass is filled, &c.

EMILY.

I am very glad you have explained the meaning
-of the word matter, as it has corrected an erroneous
conception I had formed of it: I thought that it
~ was applicable to solid bodies only.

MRS, B.

There are certain properties which appear to be
common to all bodies, and are hence called the
-essential properties of bodies; these are, Impenetra-
bility, Extension, Figure, Divisibility, Inertia, and
Attraction. These are called the general properties
of bodies, as we do not suppose any body to exist
without them. -

* By impenetrability, is meant the property which
bodies have of occupying a certain space, so that,
where one body is, another cannot be, without dis-
placing the former ; for two bodies cannot exist in
the same place at the same time. A liquid may be
more easily removed than a solid body ; yet it is not
the less substantial, since it is as impossible for a
liquid and a solid to occupy the same space at the
same time, as for two solid bodies to do so. For
instance, if you put a spoon into a glass full of water,
the water will flow over to make room for the spoon.
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EMILY.

I understand this perfectly. Liquids are in reality
as substantial or as impenetrable as solid bodies ;
and they appear less so, only because they are more
easily displaced.

MRS. B.

Air is a fluid differing in its nature from li-
quids, but no less impenetrable. If I endeavour
to fill this phial by plunging it into this bason of
‘water, the air, you see, rushes out of the phial in
bubbles, in order to make way for the water; for
air and water cannot exist together in the same
space, any more than two hard bodies; and if I re-
verse this goblet, and plunge it perpendicularly into
the water, so that the air will not be able to escape,
the water will no longer fill the goblet.

EMILY.
But it rises a considerable way into it.

MRS. B.

Because the water compresses or squeezes the air
into a small space in the upper part of the goblet;
but, as long as it remains there, no other body can
occupy the same place.

EMILY.
A difficulty has just occurred to me, with regard
to the impenetrability of solid bodies; if a nail is
B 3



© GEXERAL PROPERTTES OF BODIES.

driven into a piece of wood, it penetrates it, and
both the wood and the mail oocupy the same-space
that the wood alone ‘did before? i

MRS. B.

The nail penetrates between the particles of the
wood, by forcing them to make way for it; for you
know that not a single atom of wood can renmin in
the space which the nail oceupies’; and if the woed
is not increased in size by the addition ef ‘the mafl,
it is because wood is a porous substance, like sporge,
the particles of which may be coempressed er

“squeezed closer together; and & is thusthat they
make way for the nail.

‘We may now proceed to the next genera] pro-
perty of bodies, estension. A Body which occupies
a certain space must necessarily have extension ;
that is to say, length, breadth, and depth ; these are
called the dimensions of extension: can you form
an idea of any body without them ?

EMILY. )
No; certainly I cannot ; though these dimensions
must, of course, vary extremely in different bodies.
The length, breadth, and depth of a box, or ¢f a
thimble, are very different from those of a walking-
stick, or of a hair.
But is not height also a dimension of extension ?
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MRS. B.

Height and depth are the same dimension, con-
sidered in different points of view; if you measure
a bedy, or a space, from the tap to the bottom, you
call it depth ; if from the bottom upwards, you call
it height : thus the depth and height of 2 box are,
in fact, the same thing.

EMILY.
Very true; a moment’s consideration would have
enabled me to discover that; and breadth and width

are also the same dimension.

MRS. B.

Yes. The limits of extension constitute figure or
shape. You conceive that a bedy having length,
breadth, and depth, cannot be without form, either
symmetrical or irregular ?

EMILY.

Undoubtedly; and this property admits of almost
an infinite variety.

MRS. B.

Nature has assigned regular forms to her pro-
ductions in general. The natural form of mineral
substances is that of crystals, of which there is a
great variety. Many of them are very beautiful,
and no less remarkable by their transparency or
colour, than by the perfect regularity of their forms,

B 4



8 GENERAL PROPERTIES OF BODIES.

as may be seen in the various museums and col-
lections of natural history. The vegetable and
animal creations appear less symmetrical, but are
still more diversified in figure than the mineral
kingdom. Manufactured substances assume the
various arbitrary forms which the art of man designs
for them; and an infinite number of irregular forms
are produced by fractures, and by the dismember-
ment of the parts of bodies.

EMILY.
Such as a piece of broken china, or glass.

MRS. B.

Or the fragments of mineral bodies, which are
broken in being dug out of the earth, or decayed
by the effect of torrents and other causes. The
picturesque effect of rock-scenery is in a great mea~
sure owing to accidental irregularities of this kind.
‘We may now proceed to divisibility ; that is to
say, a susceptibility of being divided into an inde-
finite number of parts. Take any small quantity
of matter, a grain of sand, for instance, and cut it
into two parts; these two parts might be again
divided, had we instruments sufficiently fine for the
purpose; and if, by means of pounding, grinding,
and other similar methods, we carry this division to
the greatest possible extent, and reduce the body
to its finest imaginable particles, yet not one of the
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particles will be destroyed, and the body will con-
tinue to exist, though in this altered state.

CAROLINE.

I have heard that a single pound of wool may be

spun so fine as to extend to nearly 100 miles in

length ; this appears to me a very remarkable in-
stance of the powers of divisibility.

MRS. B.

It is certainly. The melting of a solid body in
a liquid also affords a very striking example of the
extreme divisibility of matter; when you sweeten a.
cup of tea, for instance, with what minuteness the
sugar must be divided to be diffused throughout the
.whole of the liquid.

EMILY.

And if you pour a few drops of red wine into a
glass of water, they immediately tinge the whole of
the water, and must, therefore, be diffused through-
out it.

MRS. B.

Exactly so; and the perfume of this lavender-
water will be almost as instantaneously diffused
throughout the room, if I take out the stopper.

EMILY.
Butinthiscaseitis only the perfumeof thelavender,.
and not the water itself, that is diffused in the room ?
B b
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MRS. B.

The odour or smell of a body is part of the body
itself, and is produced by very minute particles or
exhalations which escape from odoriferous bodies.
1t would be impossible that you should smell the
lavender-water, if particles of it did not come in
actual contact with your nose.

EMILY. ,
But when I smell a flower, I see no vapour rise
from it ; and yet I can perceive the smell at a con-
siderable distance.
MRS. B.

You could, I assure you, no more smell a flower,
the odoriferous particles of which did not touch your
nose, than you could taste a fruit, the flavoured par-
ticles of which did not come in contact with your
tongue.

: EMILY. :

That is wonderful indeed ; the particles, then,
which exhale from the flower and from the lavender-
_ water, are, I suppose, too small to be visible ?

MRS. B.

Certamly you may form ssome idea of their ex-
treme minuteness, from the immense number which
must have escaped i -order to perfume the whole
room; and yet there is no'sensible dimination of
the Kquid in the phial.
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EMILY.
But the quantity must really be diminished ?

MRS. B.

Undoubtedly : and were you to leave the bottle
open a sufficient length of time, the whole of the
water would evaporate and disappear. But though
so minutely subdivided as to be imperceptible to
any of our senses, each particle wonld continue to
exist; for it is not within the power of man to
destroy a single particle of matter; nor is there any
reason to suppose that in nature an atom is ever
annihilated. :
EMILY.

Yet, when a body is burnt to ashes, part of it, at
least, appears to be effectually destroyed. Look
how small is the residue of ashes bencath the
grate, from all the coals which have been consumed
~within it.

MRS. B.

That part of the coals, which you suppose to be
destroyed, evaporates in the form of smoke and
vapour, whilst the remainder is reduced to ashes.
A body, in burning, undergoa, no doubt, very re-
markable changes it is generally subdivided; its
form and colour altered; its extension increased ;
but the various parts, into which it has been sepa-
rated by combustion, ‘continue in existence, and
retain all the essential properties of bodies.

B 6



12 GENERAL PROPERTIES OF BODIES.

EMILY.

But that part of a burnt body which evaporates
in smoke has no figure. Smoke, it is true, ascends
in columns into the air, but it is soon so much dif-
fused-as to lose all form; it becomes indeed invisible.

MRS. B.

Invisible, I allow; but we must not imagine that
what we no longer see no longer exists. Were
every particle of matter that becomes invisible anni-
hilated, the world itself would in the course of time
be destreyed. The particles of smoke, when dif-
fused in the air, continue still to be particles of
matter, as well as when more closely united in the
form of coals: they are really as substantial in the
one state as in the other, and equally so when by
their extreme subdivision they become invisible.
- No particle of matter is ever destroyed : this is a
principle you must constantly remember. Every
thing in nature decays and corrupts in the lapse of
time. We die, and our bodies moulder to dust :
-but not a single atom of them is lost ; they serve to
nourish the earth, whence, while living, they drew
their support.

Observe that when you divide a body, its surface
or exterior part is augmented. I cut this apple in
‘two, and you see that in addition to theroundsurface,
-there are now two flat surfaces ; divide the halves of
the apple into quarters, and two more surfuces will
be produced.
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CAROLINE.
But these new ones are not so large as the
original surface.
MRS. B.
No doubt; the surface of a body, though always
increased, is never doubled by one division.
The next essential property of matter is called
- inertia; this word expresses the resistance which
inactive matter makes to a change of state. Bodies
appear to be not only incapable of changing their
actual state, whether it be of motion or of rest, but
-to be endowed with a power of resisting such a
change. You know that it requires force to put a
-body which is at iest in motion; an exertion of
strength is also requisite to stop a body which is
already in motion. The resistance of the body to a
change of state, in either case, is called its inertia.

EMILY. .
In playing at base-ball I am obliged to use alt
my strength to give a rapid motion to the ball; and
when I have to catch it, I am sure 1 feel the re-
sistance it makes to being stopped. But if I did not
catch it, it would soon fall to the ground and stop
of itself. ‘
MRS. B.
Inert matter is as incapable of stopping of itself,
as itis of putting itself into motion. When the ball
censes to move, therefore, it must be stopped by
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some other cause or power; but as it is one with
which you are yet unacquainted, we cannot at pre-
sent investigate its effects.

The last property which appears to be common
to all bodies is attraction. All bodies consist of
infinitely small particles of matter, each of which
possesses the power of attracting or drawing to-
wards it, and uniting with any other particle suffi-
ciently near to be within the influence of its attrac-
tion : but in minute particles this power extends to
so very small a distance around them, that its effect
is not sensible, unless they are (or at least appear to
be) in contact; it then makes them stick or adhere
.together, and is hence called the attraction of coke-
sion. Without this power, solid bodies would fall
in pieces, or rather crumble to atoms.

" EMILY.

I am so much accustomed to see bodies firm and
solid, that it never occurred to me that any power
‘was requisite to unite the particles of which they
are composed. But the attraction of cohesion
does not, I suppose, exist in liquids ; for the par-
ticles of liquids do not remain together so as to
form a body, unless.confined in a vessel ?

MRS. B. :

I beg your pardon; it is the attraction of cohe-
.ston which holds this drop of water suspended at
the end of my finger, and keeps the minute watery
particles of which it is composed united. Bat as
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this power is stronger i proportion as the particles
ef'bodies are more closelyunited, the cohesive attrac-
tion of solid bodies ismuch greater than thatof fluids.
- The thinner and lighter a flaid is, the less is the
cohesive attraction of its particles, because they are
further apart; and in elastic fluids, such as air, there
is no cohesive attraction among the particies.
EMILY.

That is very fortenate; for it-would be impossible
to breathe the air in a soli(_l mass; or even in &
liquid state.

But is the air a body of the same nature as other
bodies ?

MRS. B.

Undoubtedly, in all essential properties.

EMILY.

Yet you say that it does not possess one of the

general properties of bodies —cohesive attraction ?
MRS. B.

The particles of air are not destitute of the power
of attraction, but they are too far distant from each
-other to be influenced by it; and the utmost efforts
of human art have proved ineffectual in the attempt
to compress them, so-as'to bring them within the
sphere of eaeh other’s att.ractlon, and make fhem
cohere.

EMILY.

If so, how is it possible to prove that tbey are

endowed with this power?
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MRS. B.

The air is formed of particles "precisely of the
same nature as those which enter into the composi~
tion of liquid and solid bodies, in which state we
have a proof of their attraction.

EMILY.

It is then, I suppose, owing to the different de-
grees of attraction of different substances, that they
are hard or soft; and that liquids are thick or thin?

' MRS. B.

Yes; but you would express your meaning better
by the term density, which denotes the degree of
closeness and compactness of the particles of a
body: thus you may say, both of solids and of
liquids, that the stronger the cohesive attraction, the
greater is the densil.y of the body. In philosophical
language, density is said to be that. property of
bodies by which they contain a certain quantity of
matter, under a certain bulk or magnitude. Rarity
is the contrary of density; it denotes the thinness
and subtlety of bodies: thus you would say that
mercury or quicksilver was a very dense fluid;
ether, a very rare one, &c.

' EMILY.

But how are we to judge of the quantity of

matter contained in a certain bulk?
MRS. B

By the weight: under the same bulk bodies are

said to be dense in proportion as they are heavy.
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EMILY.

Then we may say that metals are dense bodies,
wood comparatively a rare one, &c. But, Mrs. B,
when the particles of a body are so near as to at-
tract each other, the effect of this power must
increase as they are brought by it closer together;
so that one would suppese that the body would
gradually augment in density, till it was impossible
for its particles to be more closely united. Now,
we know that this is not the case; for soft bodies,
such as cork, sponge, or butter, never become, in
consequence of the increasing attraction of their
particles, as hard as iron ?

MRS. B.

In such bodies as cork and sponge, the particles
which come in contact are so few as to produce but
a slight degree of cohesion : they are porous bodies,
which, owing to the peculiar arrangement of their
particles, abound with interstices which separate
the particles; and these vacancies are filled with air,
the spring or elasticity of which prevents the closer
union of the parts. But there is another fluid much
more subtle than air, which pervades all bodies;
this is keat. Heat insinuates itself more or less
between the particles of all bodies, and forces them
asunder; you may therefore consider heat, and the
attraction of cohesion, as constauntly acting in oppo-
sition to each other.
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EMILY.
- The one endeavouring to rend a body to pieces,
the other to keep its parts firmly united.

MRS B,

And it is this struggle between the contending
forces of heat and attraction, which prevents the ex-
treme degree of density which would result from the
sale influence of the attraction of cohesion.

EMILY.
The more a body is heated, then, the more its
particles will be separated.

MRS. B.

Certainly. We find that bodies swell or dilate by
heat: this effect is very sensible in butter, for in-
stance, which expands by the application of heat,
till at length the attraction of cohesion is so far di-
minished that the particles separate, and the butter
becomes liquid. A similar effect is produced by heat
on metals, and all bodies susceptible of being melted.
Liquids, you know, are made to boil by the appli-
cation of heat; the attraction of cohesion, then, yields
entirely to the expansive power; the particles are
totally separated, and converted into steam or va-
pour. But the agency of heat is in no body more
sensible than in air, which dilates and contracts by
its increase or diminution in a very remarkable de-
gree.
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EMILY.
The effects-of heat appear to be one of the most
terestimg pares of nataral philosophry.

MRS. B.

That is true; but heat is so intimately connected
with chymistry, that yoa must allow me to defer
-the investigntion of its properties till you become
“acquainted with that science.

To return to its antagonist, the attraction of cohe~
sion; it is this power which restores to vapour its
liquid form, which unites it into drops when it falls
to the eatth in a shower «of rain, which gathers the
-dew into brifliant gems on the blades of grass.

EMILY.

And T have ofien observed that after ‘a shower,
‘the water collects into large drops on the leaves of
‘plants ; but T eannot say that I perfectly understand
how the ateraction of cohesion produces this effect.

MRS. B.

Rain does not fall from the clouds in the form of
drops, but in that of mist or vapeur, which is com=
posed-of very small watery particles; these, in their
“descent, mutually attract each other, and those that
“are sufficientty near in consequence unite and form
a drop, and thus the mist is transformed into a
shower. The dew also was originally in a state of
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vapour, but is, by the mutual attraction of the par-
ticles, formed into small globules on the blades of
grass: in a similar manner the rain upon the leaf
collects into large drops, which, when they be-
come too heavy for the leaf to support, fall to the
ground.
EMILY.

All this is wonderfully curious ! I am almost be-
wildered with surprise and admiration at the num-
ber of new ideas I have already acquired.

MRS, B.

Every step that you advance in the pursuit of
natural science, will fill your mind with admiration
and gratitude towards its Divine Author. In the
study of natural philosophy, we must consider our-
selves as reading the book of nature, in which the
bountiful goodness and wisdom of God is revealed
to all mankind; no study, then, can tend more to
purify the heart, and raise it to a religious contem-
plation of the Divine perfections.

Among the wonderful phenomena of nature, I
must not omit to point out to you a curious effect
of the attraction of cohesion. It enables liquids to
rise above their level in capillary tubes: these are
tubes the bores of which are so extremely small that
liquids ascend within them, from the cohesive at-
traction between the particles of the liquid and the
interior surface of the tube. Do you perceive the
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water rising above its level in this small glass tube,
which I have immersed in a goblet full of water ?

EMILY.
Oh yes; I see it slowly creeping up the tube, but
now it is stationary. Wil it rise no higher?

MRS. B,

No ; because the cohesive attraction between the
water and the internal surface of the tube is now
balanced by the weight of the water within it. If
the bore of the tube were narrower, the water would
rise higher; and if you immerse several tubes of
bores of different sizes, you will see it rise to dif-
ferent heights in each of them. In making this ex-
periment you should colour the water with a little
red wine, in order to render the effect more obvious.

All porous substances, such as sponge, bread,
linen, &c., may be considered as collections of ca-
pillary tubes: if you dip one end of a lump of
sugar into water, the water will rise in it, and wet
it considerably above the surface of that into which
you dip it..

' EMILY.

In making tea I have often observed that effect,

without being able to account for it.

MRS. B. -
Now that you are acquainted with the attraction
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of cohesion, I must endeavowr to explais te you
that. of Gravitatian, which is a medification of the
same power: the first is perceptible only in very
minute particles, and at very small distances; the
okher acts on the lazgest bodies, and extends; to
immense: distances..
EMILY.
You astonish me; surely you do not mean to say,

that. large bodies attraet, each. other?

MRS. B:

Indeed I do: let us take, for example,.one-of the
largest. badies in nature, and observe whether it
does not attract other bodies. What!is it: that oer
-aasions the fall of this book, when I no: longer
smppeort it ?

EMILY.,
. Gan it be the attraction of the earth: I thonght
that all bedies had a.netural tendency to fall ?

MRBS. B.

They have a.natural tendency to fall,, it is true;
but that tendency is produced entirely by the. at-
traction of the earth: the earth being so much
laxger- tham sny bedy en its surface, forces every
body, which is nek supported, te fall upon i,

EMILY,
If the tendeney which, hedies haxe ta fall, xesults
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from the earth’s attractive power, the earth itself
can have no such tendency, since it cannot attract
itself, and, therefore, it requires no support to pre-
vent it from falling. Yet the idea that bodies do
not fall of their own aceord, but that they are
drawn towards the earth by its attraction, is so.new
and strange to me, that I know not how ta recon-
cile myself to it.
MRS. B.

‘When you are accustomed to consider the fall of
bodies as. depending on this, cause, it will appear to
you as natural, and surely much more satisfactory,
than if the cause of their tendency to fall were to-
tally unknown. Thus, yon understand, that all mat-
ter is attractive, from the smallest particle to the
largest mass; and that bodies attract each other
with a force proportioned to the quantity of matter
they contain.

EMILY.

I do not peiceive: any difference between the at-
traction of cohesion sod that of gwavitation: is it
not because every particle of matter is endowed
with an attractive power, that large bodies, consist-
ing of a great. number of particles, are so stromgly
stirestive ¥

MRS, B.

True.. There is, however, this.difference be-
twesn. the attxaction of particles, and thatefmasses,
that the former is stronger than the latter, in pro-
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portion to the quantity of matter. Of this you have
an instance in the attraction of capillary tubes, in
which liquids ascend by the attraction of cohesion,
in opposition to that of gravity. It is on this ac-
count that it is necessary that the bore of the tube
should be extremely small; for if the column of
water within the tube is not very minute, the at-
traction would not be able either to raise or sup-
port its weight, in opposition to that of gravity.

You may observe, also, that all solid bodies are
enabled by the force of the cohesive attraction of
their particles to resist that of gravity, which would
otherwise disunite them, and bring them to a level
with the ground, as it does in the case of liquids,
the cohesive attraction of which it not sufficient to
enable them to resist the power of gravity.

EMILY.
And some solid bodies appear to be of this na-
ture, as sand and powder, for instance : there is no
attraction of cohesion between their particles ?

MRS. B.
Every grain of powder or sand is composed of a
great number of other more minute particles, firmly
united by the attraction of cohesion ; but amongst
" the separate grains there is no sensible attraction,
because they are not in sufficiently close contact.
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. EMILY.
Yet they actually touch each other?

MRS. B.
The surface of bodies is in general so rough and
uneven, that when in actual contact, they touch
each other only by a few points. Thus, if I lay
upon the table this book, the binding of which ap-
pears perfectly smooth, yet so few of the particles
of its under surface come in contact with the table,
that no sensible degree of cohesive attraction takes
place ; for you see, that it does not stick, or cohere
to the table, and I find no difficulty in lifting it off.
It is only when surfaces perfectly flat and well
polished are placed in contact, that the particles
approach in sufficient number, and closely enough,
to produce a sensible degree of cohesive attraction.
Here are two hemispheres of polished metal, I
press their flat surfaces together, having previously
interposed a few drops of oil, to fill up every little
porous vacancy. Now try to separate them.

EMILY.

It requires an effort beyond my strength, though
there are handles for the purpose of pulling them
asunder. Is the firm adhesion of the two hemi-
spheres merely owing to the attraction of cohesion?

MRS. B.
There is'no force more powerful, since it is by
this, that.the particles of the hardest bodies. are.
c
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held together. It would require a weight of several
pounds to separate these hemispheres.

o EMILY.

In making a kaleidoscope, I recollect that the
two plates of glass, which were to serve as mirrors,
stuck so fast together, that I imagined some of the
gum I had been using had by chance been inter-
posed between them ; but now I make no doubt
but that it was their own natural cohesive attraction

which produced this effect.

: MRS, B. D
Very probably it was so ; for plate-glass has an
extremely smooth flat surface, admitting of the con-
tact of a great number of particles, between two
plates, laid one over the other.

)

EMILY.

But, Mrs. B., the cohesive attraction of some
bodies is much greater than that of others; thus
glue, gum, and paste, cohere with singular tenacity.

MRS. B.

_That is owing to the peculiar chemical proper-

ties ‘'of those bodies; independently of their cohiésive
attraction.

There are some other kinds or medificatiors of

attraetion peouliar to certain bodies; namely, that:
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of magnetism, and of electricity ; but we shall con-
fine our attention merely to the attraction of cohe-
sion and of gravity. The examination of the latter
we shall resume at our next meeting.

c 2
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CONVERSATION II.

ON THE ATTRACTION OF GRAVITY.

ATTRACTION OF GRAVITATION CONTINUED.— OF
WEIGHT.—OF THE FALL OF BODIES.—OF THE
RESISTANCE OF THE AIR.—OF THE ASCENTA OF
LIGHT BODIES. ¢

EMILY.
I nave related to my sister Caroline all that you
have taught me of natural philosophy, and she has
been so much delighted by it, that she hopes you
will have the goodness to admit her to your lessons.

MRS. B.
_ Very willingly; but I did not think you had any
taste for studies of this nature, Caroline ?

CAROLINE.
I confess, Mrs. B., that hitherto I had formed no
very agreeable idea, either of philosophy, or phi-
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losophers; but what Emily has told me, has excited
my curiosity so much, that I shall be- highly pleased
if you will allow me to become one of your pupils.

MRS. B.
I fear that I shall not find you so tractable a
scholar as Emily; I know that you are much biassed
in favour of your own opinions.

CAROLINE.

Then you will have the greater merit in reform-

ing them, Mrs. B.; and after all the wonders that

Emily has related to me, I think I stand but little
chance against.you and your attractions.

MRS. B.
You will, I doubt not, advance a number of ob-
.jections ; but these I shall willingly admit, as they
will be a means of elucxdatmg the subject. Emily,
do you recollect the names of the general properties
of bodies ?
EMILY.
Impenetrability, extension, figure, divisibility,
inertia, and attraction.

MRS. B.
Very well. You must remember that these are
properties common to all bodies, and of which they
c$8
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cannot be deprived ; all other properties: of ibodies
are called accidental, :because . they.depend on:the
relation or connection of one body to.anather.

CAROLINE.

Yet, surely, Mrs. B., there .are other. properties
which are essential to bodies, besides .these you
have enumerated. Colour and weight, for instance,
are common to all bodies, and do not arise from
their connection with each.other, but exist in the
bodies themselves ; . these, therefore, cammot. be acci-
dental qualities ?

MERS. B. :

I beg yeur pardon ; these propertus do.not exist
in bodies independently of their connection with
other bodies.

CAROLINE.

What ! have bodies no .weight ?. Does not. this
table weigh heavier than this boek ;.and,.-if one
thing weighs heavier than another, must there not
be such a thing as weight ? . :

- MRS. B.

No doubt : but this property does not appear:to
be essential to bodies; it depends upon their con-
nection with each other. ‘Weight is an effect of

-the power of attraction, without:which the table
and the book would have no weight whatever.
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EMILY.

~T think I understand you; is it not the attraction
of gravity, which makes bodies heavy ?

MRS. B.

You are right. I told you that the attraction.of
gravity was proportioned to the quantity of matter
which bodies contained : now the earth consisting
of a much greater quantity of matter than any body
upon its surface, the force of its attraction must
necessarily be greatest, and must draw every thing
towards it; in consequence of which, bodies that are
unsupported fall to the ground, whilst those that
are supported press upon the object which prevents
their fall, with a weight equal to the force with
‘which they gravitate towards the earth.

CAROLINE.

The same cause then which occasions the fall of
bodies, produces also their weight. It was very
dull in me not to understand this before, as it is
the natural and necessary consequence of attrac-
tion; but the idea that bodies were not really heavy
of themselves, appeared to me quite incomprehen-
sible. But, Mrs. B., if attraction is a property
essential to matter, weight must be so likewise;
for how can one exist without the other ?

Cc 4
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MES. B.
~ Suppose there were but one body existing in uni-
sersal space, what would its weight be ?

CAROLINE.
That would depend upon its size; or, more ac-
curately speaking, upon the quantity of matter it
contained.
EMILY.
No, no; the body would have no weight, what-
ever were its size; because nothing would attract

it.. Am I not right, Mrs. B.?

SMRS. B.

You are. You must allow, therefore, that it would
~be possible for attraction to exist without weight ;
for each of the particles of which the body was
composed, would possess the power of attraction;
but they could exert it only amongst themselves;
the whole mass, having nothing to attract, or to be

attracted by, would have no weight.

CAROLINE.

I am now well satisfied that weight is not es-
sential to the existence of bodies; but what have
you to object to colours, Mrs. B.; you will not,
I think, deny that they really exist in the bodies
themselves.

MRS. B.
‘When we come to treat of the subject of colours,
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I trust that I shall be able to convince you, that co-
lours are likewise accidental qualities, quite distinct
from the bodies to which they appear to belong.

CAROLINE.
Oh, do pray explain it to us now, I am so very
curious to know how that is possible.

MRS. B.

Unless we proceed with some degree of order and
method, you will in the end find yourself but little:
the wiser for all you learn. Let us, therefore, go on
regularly, and make ourselves well acquainted with:
the general properties of bodies, before we proceed
further.

EMILY.

To return, then, to attraction, (which appears to
me by far the most interesting of them, since it
belongs equally to all kinds of matter,) it must be
mutual between two bodies ; and if so, when a stone
falls to the earth, the earth should rise part of the
way to meet the stone ?

MRS. B.

Certainly; but you must recollect that the force-
of attraction is proportioned to the quantity of
matter which bodies contain; and if you consider
the difference there is in that respect, between a
stone and the earth, you will not be surprised that

csh
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-you do not perceive the earth rise to meet the stone ;

- for though it is true that a mutual attraction takes
place bétween the earth and the stone, that of the
latter is so very small in comparison to that of the
former, as to render its effect insensible.

' EMILY. :
But since attraction is proportioned to the quan-.
tity of matter which bodies contain, why do not the
hills attract the houses and churches towards them ?

CAROLINE.

Heavens, Emily, what an idea! How can the
houses and churches be moved, when they are so
firmly fixed in the ground?

"MRS. B.

Emily’s question is not absurd, and your answer,
Caroline, is perfectly just; but can you tell us why
the houses and churches are so firmly fixed in the
ground ?

CAROLINE.

I am afraid I have answered right by mere
chance ; for I begin to suspect that bricklayers and
carpenters could give but little stability to their
buildings, without the aid of attraction.

MRS. B.
It is certainly the cohesive attraction between the
bricks and the mortar, which enables them to build
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-walls, and these are so strongly attracted by the
earth, as to resist every other impulse; otherwise
they would necessarily move towards the hills and
the mountains; but the lesser force must yield to
the greater. There are, however, some circum-
stances in which the attraction of a large body has
sensibly counteracted that of the earth. If, whilst
standing on the declivity of a mountain, you hold a
pluinb-line in your hand, the weight will not fall per-
pendicular to the earth, but incline 2 little towards
the mountain ; and this is owing to the lateral, or
sideways attraction of the mountain, interfering with
the perpendicular attraction of the earth.

EMILY.
But the size of a mountain is very trifling, com-
pared to the whole earth ?

MRS. B.

Attraction, you must recollect, diminishes with

distance; and in the example of the plumb-line, the

weight suspended is considerably nearer to the

mountain than to the centre of the earth,—then the

inclination of the plumb-line towards the moun-

tain js very small.  So small that it is not sensible

to the eye without the help of instruments contrived
for the purpose.’ '

CAROLINE,

Pray, Mrs. B,, do the two scales of a balance

-hang parallel to each other ?
c6
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MRS. B.

You mean, I suppose, in other words to inquire
whether two lines which are perpendicular to the
earth, are parallel to each other ? I believe I guess
the reason of your question ; but I wish you would
endeavour to answer it without my assistance.

CAROLINE.

I was thinking that such lines must both tend by
gravity to the same point, the centre of the earth;
now lines tending to the same point cannot be
parallel, as parallel lines are always at an equal dis-
tance from each other, and would never meet.

MES. B.

Very well explained. You see now the use of
your knowledge of parallel lines; had you been
ignorant of their properties, you could not have
drawn such a conclusion. This may enable you
to form an idea of the great advantage to be derived
even from a slight knowledge of geometry, in the
study of natural philosophy; and if, after I have
made you acquainted with the first elements, you
should be tempted to pursue the study, I would
advise you to prepare yourselves by acquiring some
knowledge of geometry. This science would teach
you that lines which fall perpendicular to the sur-
face of a sphere cannot be parallel, because they
would all meet, if prolonged to the centre of the
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sphere; while lines that fall perpendicular to a
plane or flat surface, are always parallel, because,
if prolonged, they would never meet.

EMILY.

And yet a pair of scales, hanging perpen(hcular
to the earth, appear parallel ?

MRS. B.

Because the sphere is so large, and the scales con-
sequently converge so little, that their inclination is
not perceptible to our senses : if we could construct
a pair of scales whose beam would extend several
degrees, their convergence would be very obvious;
but as this cannot be accomplished, let us draw a
small figure of the earth, and then we may make a
pair of :.cales of the proportion we please. (Fig. 1.
Plate I.)

CAROLINE. v

This figure renders it very clear: then two bodies
cannot fall to the earth in parallel lines?

MRS. B.
Never.
CAROLINE.
The reason that a heavy body falls quicker than
a light one, is, I suppose, because the earth attracts
it more strongly ?

{m~
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MRS. B.
The earth, it is true, attracts a heavy hody more
than a light one ; but that would not make the one
fall quicker than the other.

CAROLINE.
Yet, since it is attraction that occasions the fall
of bodies, surely the more a body is attracted, the
more rapidly it will fall. Besides, experience
proves it to be so. Do we not every day see heavy
bodies fall quickly, and light bodies slowly.

EMILY.

It strikes me, as it does Caroline, that as attrac-
tion is proportioned to the quantity of matter, the
earth must necessarily attract a body which con-
tains a great quantity more strongly, and therefore
bring it to the ground sooner than one consisting
of a smaller quantity.

MRS. B.

You must consider, that if heavy bodies are at-
tracted more strongly than light ones, they require
more attraction to make them fall. Remember that
bodies have no natural tendency to fall any more
than to rise, or to move laterally, and that they will
ot fall unless impelled by some force; now this
force must be proportioned to the quantity of mat-
ter it has to move. A body consisting of 1000
particles of matter, for instance, requires ten times
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~as. much-attraction. to bring it to the ground in the
same space of time as a body consisting of only 100
particles.

' CAROLINE.

Y do not understand that; for it seems to me,
that the heavier a body is, the more easily and
readily it falls.

EMILY.

I think I now comprehend it; let me try if I
can explain it.to Caroline. Suppose that 1 draw
towards me two weighty bodies, the one of 1001bs.
the other of 10001bs., must I not exert ten times
as much strength to draw the larger one to me, in
the same space of time as is required for the smaller
one? And if the carth draws a body of 10001bs.
weight to it in the same space of time that it draws
a body of 1001bs., does it not follow that it attracts
the body of 1000lbs. weight with ten times the
force that it does that of 1001lbs.?

: CAROLINE.

I comprehend your reasoning perfectly ; but if
it were so, the body of 1000lbs. weight, and that
of 1001bs. would fall with the same rapidity : and
the consequence would be, that all bodies, whether
light or heavy, being 4t an equal distance from the
ground, would fall to it in the same space of time.
Now it is very evident that this conclusion is ab-
surd; experience every instant contradicts it: ob-
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serve how much sooner this book reaches the floor
‘than this sheet of paper, when I let them drop
together.
EMILY.
That is an objection I cannot answer. I must
refer it to you, Mrs. B.

MRS. B,

I trust that we shall not find it insurmountable.
It is true that, according to the laws of attraction,
all bodies at an equal distance from the earth,
should fall to it in the same space of time; and
this would actually take place if no obstacle inter-
vened to impede their fall. But bodies fall through
the air, and it is the resistance of the air which
makes bodies of different densities fall with different
degrees of velocity. They must all force their way
through the air, but dense heavy bodies overcome
this obstacle more easily than rarer and lighter
ones.

The resistance which the air opposes to the fall
of bodies is proportioned to their surface, not to
their weight. The air being inert cannot exert a
greater force to support the weight of a cannon-
ball, than it does to support the weight of a ball
(of the same size) made of leather ; but the cannon-
ball will overcome this resistance more easily, and
fall to the ground, consequently, quicker than the
leather-ball.
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CAROLINE.

This is very clear, and solves the difficulty per-
fectly. The air offers the same resistance to a bit
of lead and a bit of feather of the same size; yet
the one seems to meet with no obstruction in its
fall, whilst the other is evidently resisted and sup-
ported for some time by the air.

EMILY.

The larger the surface of a body, then, the more
air it covers, and the greater is the resistance it
meets with from it.

MRS. B. 4

Certainly ; observe the manmer in which this
sheet of paper falls; it floats awhile in the air, and
then gently descends to the ground. I will roll the
same piece of a paper up into a ball: it offers now
but a small surface to the air, and encounters there~
fore but little resistance: see how much more
rapidly it falls.

The heaviest bodies may be made to float awhile
in the air, by making the extent of their surface
counterbalance their weight. Here is some gold,
which is the most dense body we are acquainted
with; but it has been beaten into a very thin leaf,
and offers so great an extent of surface in propor-
tion to its weight, that its fall, you see, is still more
retarded by the resistance of the air than that of the-
sheet of paper.
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CAROLINE.

That is very curious ; and it is; I suppose, upon
the same principle that iron beats may be made te
float on water ?

MRS, B. :
.Certainly. 'When bodies have but little bulk in
proportion to their weight, the resistance of the air
has but a very trifling effect, and stones of different
sizes, let fall from the top of a house, will all
reach the ground nearly at the same time.

» EMILY. ,
But, Mrs. B., if the air is a real body, is it not
also subjected to the laws of gravity ?

MRS. B.

Undoubtedly.

EMILY.

Then why does it not, like all other bodies, fall
to the ground?

MRS. B,

The fact is, that it actually does, since the lower
stratum of the atmosphere is really in contact with
the earth; but the strata above do not fall because
they are supported: the particles of air which are
nearest to the ground support those that are above,
Jjust as the water at the bottom of a basin supports
that which is at the surface.

The only difference is, that air is an elastic fluid ;
a species of bodies, the peculiar property of which



ON . THE ATTRA€TION -OF GRAVITY. 148

+is to resume, .after compression, their original di-
~mensions; and you.must consider the air of which
the atmosphere is composed, as-existing in a state
of compression; for its particles being drawn
towards the earth by, gravity, are brought closer
together than they would otherwise be, but the
spring or elasticity of the air, by which it endes-
+vours to.resist compression, gives it a constant ten-

" dency to expand itself.

EMILY.

The air then is, I suppose, thicker, or I should

rather say more dense, near the surface of the

earth, than in the higher regions of the atmosphere ;

.for that, part of the.air which is nearer the surface
of the earth must be most.strongly attracted.

MRS.:B.

The :diminution of the force of gravity, at so
small a distance as that to which the atmosphere
.extends (compared with the size of the earth) is.so
inconsiderable asito-be scarcely sensible; but the
weight of the upper parts of the atmosphere resting
.on those beneath, renders the air near the surface
.of the-earth .much more dense than the .upper
regions. - The pressure of the atmosphere has been
compared: to :that of a pile of fleeces of wool, in
which the lower fleeces are pressed together by the
weight of those above; these lie light and loose,
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“in proportion as they approach the uppermost
-fleece, which receives no external pressure, and is
confined merely by the force of its own gravity.

CAROLINE.

It has just occurred to me that there are some
bodies which do not gravitate towards the earth.
Smoke and steam, for instance, rise instead of
falling.

MRS. B.

It is still gravity which produces their ascent;
at least, were that power destroyed, these bodies
would not rise.

CAROLINE.

I shall be-out of conceit with .gravity, if it is so

inconsistent in its operations.

MRS. B.

There is no difficulty in reconciling this appa~
rent inconsistency of “effect. The air near the
earth is heavier than smoke, steam, or other
vapours ; it consequently not only supports these
light bodies, but forces them to rise, till they reach
a part of the atmosphere, the weight of which is
not greater than their own, and then they remain
stationary. Look at this basin of water; why does
the piece of cork which I throw into it float on the
surface ?



ON THE ATTRACTION OF GRAVITY. 45

EMILY.
Because, being lighter than the water, it is sup-
ported by it?
MRS. B.
And now that I pour more water into the basin,
why does the cork rise?

EMILY.

The water being heavier than the cork, gets be-

neath it, and obliges it to rise.
MRS. B.

In a similar manner are smoke and vapour forced
upwards by the air; but these bodies do not, like
the cork, ascend to the surface of the fluid, because,
as we observed before, the air being thinner and
lighter as it is more distant from the earth, vapours - -
rise only till they attain a region of air of their own
density.  Smoke, indeed, ascends but a very little -
way ; it consists of minute particles of fuel carried
up by a current of heated air from the fire below.
Heat, you recollect, expands all bodies; it conse-
quently rarefies air, and renders it lighter than the
colder air of the atmosphere: the heated air from
the fire carries up with it vapour and small particles
of the combustible materials which are burning in
the fire. 'When this current of hot air is cooled by
mixing with that of the atmosphere, the minute -
particles of coal or other combustible-fall, and it is -
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this which produces the small black flakes which
render the air-and every thing in contact witlit, in
London, so dirty.
CAROLINE.

~You must, however, -allow me to make one more
objection to the universal gravity of 'bodies ; it is’
the ascent of air-balloons, the materials of which
are undoubtedly heavier- tham air : how, therefore,
can they be supported by-it?

MRS. B. :

I admit that the materials of which balloons are
made are -heavier than the air; but the air-with
which: they are filled is an elastic fluid, of a different"
nature from the atmospheric air; and considerably
lighter ; so that, on the whole, the balloen-is lighter -
than the air-which it-displaces, and’consequently"
will rise, on the same prin¢iple as smoke and’
vapour. Now, Emily, let-me-hear if you can ex-
plain how the gravity -of bodies-is modlﬁéd'by the
effect of the air?

EMILY. -

‘The-air forces bodies which-are-lighter- than it
self to ascend; those that are of -an eqital weight-
will remain. stationary in it; and .those that are-
heavier will descend through it: but- the air will*
have some-efféct on these lasts fot if 'théy are not *
mruch : heavier, they- will' with difficulty‘ ovéreome: -
the resistance they meet with in passing thiroughi it;
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they will be borne up by it, and their fall wxll be
more or less retarded. .

MRS. B.

Very well. Observe how slowly this light fea-
ther falls to the ground, while a heavier body, like
this marble, overcomes the resistance which the air
makes to its descent much more easily, and its fall
is proportionally more rapid. I now throw-a
pebble into this tub of water; it does not reach
the bottom so soon as if there were no water in
the: tub, because it meets with resistance frbm the
water. Sappose that we could empty the tub, not
only of water, but of air also, the pebble:would
then fall quicker still, as it would in that case meet
with: 110 resistance at all to counteract its gravity.

- Thus you see that it is not the different degrees
of gravity, but of the resistance of the air, which
prevents bodies of different weight from falling with
equal velocities. If the air did not bear up the
feather, it would reach.the ground as soon as the-
marble.

Here'is a dollar-and a piece of - wntmg-paper of
exactly the same dimensions. - I let'them fall at
the same instant; you see how much sooner the
dollar reaches: the ground thanthe-paper: but if
I place the paper upon the dollar, so closely that
no air shall intervene, what. will be the conse-

quenoe?:
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CAROLINE. -

The paper can no longer meet with resistance :
from the air, it is true, but it will be supported by
the dollar. .
EMILY.

If it has no other support it will fall as rap1dly~
as the dollar. Let us see if it is not so, Mrs. B.? —
Precisely ; this is a charming experiment, it is at
once so simple and so conclusive.

CAROLINE.

Yet I do not feel quite satisfied. I wish there
was any place void of air, in which the experiment-
could be made.

MRS. B.

- If that proof will satisfy your doubts, I can give -
it you. Here is a machine called an air-pump,
(fig. 2. pl. I.) by means of which the air may be
expelled from any close vessel which is placed over-
this opening through which the air is pumped out.
Glasses of various shapes, usually called receivers, .
are employed for this purpose. We shall now ex-:
haust the air from this tall receiver which is placed
over the opening, and we shall find that bodies of
whatever weight or size within it, will fall from the:
top to the bottom in the same space of time.

CAROLINE. :
Oh, I shall be delighted with this expeﬁment‘
what a curious machine ! how can you put the two
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bodies of different weight within the glass, without -
adnuumg the air.
MBRS. B.

A guinea and a feather are already placed there
for the purpose of the expenment here is, you see,
4 contrivance to fasten them in the upper part of
the glass. As soon as the air is pumped out, I
shall turn this little screw, by which means the
brass plates which support them will be inclined,
and the two bodies will fall. — Now I believe I
have pretty well exhausted the air.

CAROLINE,

Pray let me turn the screw. — I declare, they
both reached the bottom at the same instant | Did
you see, Emily, the feather appeared as heavy as
the guinea?

EMILY.

Exactly; and fell just as quickly. How wonder-
ful this is ! what a number of entertaining experi-
ments might be made with this machine.

MRS. B.

No doubt there are a great variety; but we shall
reserve them to elucidate the subjects to which they
relate: If I bhad not explained to yoy why the
guinea and the feather fell with equal velocity, you
would not have been so well pleased with the ex-
periment.

D
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" EMILY.

I should have been as much surprised, but not.
so much interested ; besides, experiments help to
imprint on the memory the facts they are intended
to illustrate. It will be better therefore for us to
restrain our curiosity, and wait for other experi-
ments in their proper places.

CAROLINE.

Pray by what means is the air exhausted in this
receiver ?

MRS. B.

You must learn something of mechanics in order
to understand the construction of a pump. At our
next meeting, therefore, I shall endeavour to make
you acquainted with the laws of motion, as an in-
troduction to that subject. » :
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‘CONVERSATION IIL

-

ON THE LAWS OF MO TION.

OF MOTION. — OF THE INERTIA OF BODIES. — OF
FORCE TO PRODUCE MOTION. — DIRECTION OF MO-
TION. — VELOCITY, ABSOLUTE AND RELATIVE. —
UNIFORM MOTION, — RETARDED - MOTION. =~ ACCE-
LERATED 'MOTION. — VELOCITY OF FALLING BODIES.
o= MOMENTUM. == ACTION AND RE-ACTION EQUAL.
— ELASTICITY OF BODIES. — POROSITY OF -BODIES.
-== REFLECTED MOTION: —-ANGLES OF INCIDENCE
AND un.ne'nou.

MRS. B.

TuE science of mechanics is founded on the laws
of motion; it will therefore be necessary to make
you acquainted with these laws before we examine
the mechanical .powers. Tell me, Caroline; what .
do you understand by the word motion ?

T pe
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CAROLINE,
I think I understand it perfectly, though I am at
a loss to describe it. Motion is the act of moving
about, going from one place to another, it is the
contrary of remaining at rest.

MRS. B.

Very well. Motion then consists in a change of
place. A body is in motion whenever it is changing
its situstion with regard to a fixed point.

Now since we have observed that one of the
geueral propernes of bodies is Inertia, that i is, an
entire passiveness either with regard to motion or
resk it follews that 8 bedy cannot move without
being put into motion ; the power which pats a bedy
into motion is called foree ; thusthe stroke of the
hammer i3 the force whieh drives the nail; the
pulling of the horse, that which draws the carriage,
&c. Force, then, is the cause which produces
motion.

EMILY.

And may we not say that gravitation is the force

which occasions the fall of bodies ?

MR8, B,
Undoabwdly I have given you the most fami-
liar itlustrations in order to render the explanation
clear; but since you seek for more scientific exam-
* ples, you may say that cohesion is the force which
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binds the particles of bodies together, aid heat
that which drives them asunder,

The motion of a body acted upon by a single
force is always in & straight line, in the direction in -
which it recgived the impulse.

. CAROLINE.

That is very natural ; for as the body is inert,
and can move only because it is impelled, it will
move only in the direction in whick it is inypelled.
‘The degree of quickness with which it moves, mast,
I suppose, also depend upon the degree of foree
“with which it is impeﬂed. :

MRS. B.' ;

Yes; the rate at which a body moves, or the
shortness of the time which it takes to move from
,oneplace to another, is called its veloclty ; and it
is one of the laws of motion that the velocity of the
moving body is proportional to the force by which
it is put in motion. 'We must distinguish between
absolute and relative velocity.

The velocity of a body is called absolute, if we
consider the motion of the body in space, without
any veferance to that of other bodies. When;, for
instance, a horse goes fifty miles in tenhouu,lns
veloeity is five miles an hour.

The velocity of & bodthmedrmm
compared with that of another body which is iteelf

D 3
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:in motion, -taking into consideration the difference
only of these two velocities.  Thus a man sailing in
a ship may remain at rest relatively to the vessel,
though he partakes of its absolute motion ; but if
he walk the deck in the same direction as that in
which the ship is sailing, his relative motion will be
the diﬂ‘erence between t.hese two velocities.

 EMLy.
Let me see if I understand it. — The re}auve
_velocity of a body is the degree’ of rapidity of its
motion compared with that of another bedy ; thus
if one ship sail three times as far as another ship in
the same space of time, the velocity of the former is
equal to three times that of the lattzr

. - MRS.B., .
. The general rule may be. expressed thus: the
velocity of a body is measured by the space over
. which it moves, divided by the time which it employs
,in that motion: thus, if you travel one hundred
" miles in twenty hours, what is your velocity in each
hour? .
: . EMILY. .
. I must divide the space, .which is one hundred
. 'miles, by the time, which is twenty hours, and the
answer will be five miles an hour. Then, Mrs. B.,
. may we not reverse this rule and say, that the time
. is equal to the space divided by the velocity ; since
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the space one hundred miles, divided by the velo-
city five miles, gives twenty hours for the time?

MRS. B,
Certainly; and we may say also that spwe is
equal to the velocity multiplied by the time. Can
-you tell me, Caroline, how many miles you will have
travelled, if your velocity is three miles an hour
and you travel six hours ?

CAROLINE.
Etghteen miles; for the product of L] muhphed
by 6, is 18. C

MRS. B,
I suppose that you understand what is meant by
the terms uniform, aocglerate'd and retarded motion. -

EMILY.

I ‘conceive uniform motion to be that of a body
‘whose motion is regular, and at an equal rate
throughout ; for instance, a horse that goes an equal
number of miles every hour, But the hand of a
watch is a much better example, as its motxon is so
regular as w mdleate the time,

-~ MBS.B. - '
You have a right idea of uniform motion ; but it
would be more correctly expressed by saying, that
the motion ofa body is uniform when it passes over
D 4
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-otal spaces in equal times. Uniform motion is
produced by a force having acted on & body once,
and having ceased to act; as, for instance, the stroke
of a bat on a cricket ball.

CAROLINE. '

But the motion of a cricket ball is not uniform ;
-its. ‘velocity gradnallydxmmuhes ulllt falls to the
ground.

MRS. B,

Recollect that the cricket ball is inert, and has
‘110 more power to stop than to put itself in motion ;
if it falls, therefore, it must be stopped by some
force superior to that by which it was projected,
-and which destroys its motion.

' CAROLINE.
And it is no doubt the force of gravnty which
counteracts and destroys that of prajection ; -but if
there were no such power a3 gmvnty, would the
cncket ball never stop ?

MRS, B.

If neither gravity nor any other force, such as

the resistance of the air, opposed its motion, the

cricket ball, or even a stone thrown by the hand,

would proceed onwards, in a right line, and with
=n upiorm velocity, for ever.
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'CAROLINE.
You astonish me! I thought tlutntwuunpos-

sible to produce perpetual motion ?

MRS. B.
Perpetual motion cannot be produced by humaxi
power, because gravity ultimately destroys all mo-
tion that human powers can produce.

EMILY.
But independently of the force of gravity, I can-
not conceive that the little motion I am capable of
giving to a stone would put it in motion for ever.

MRS, B. .
The quantity of motien you communicated to
the stone would not influence its duration. Ifyou
threw it with little force, it would mave slowly;
for its velocity, you must remember, will be pro-
portional to the foree with which it is projected ;
but if there be nothing to obstruct its passage, it
will continue to move with the same velocity, and in
the same direction as when you first projeeted it.

CAROLINE.
This appears to me quite incomprehensible ; we
do not meet with a single instance of it in nature.
MBES. B,

.1 beg your pardon. When you come to study
D5
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the motion of the celestial bodies, you will find that
nature abounds with examples. of perpetual motion ;
and that it conduces as' much to the harmagny of the
system of the universe, as the prevalence of it would
to the destruction of all comfort on our globe. The
wisdom of Providence has therefore ordained insur-
mountable obstacles to perpetual motion here be-
low, and though these obstacles often compel us to
contend with great difficulties, yet there results from
it that order, regularity and repose, so essential to
the preservation of all the various beings of which
this world is composed.
Now can you tell me what is retarded motion ?

‘ o c;nouma. :
.. Retarded motion is that of a body.which moves
«every moment slower and slower. = Thus when I am
tired with walking fast; I slacken my pace ; or when
a stone is thrown upwards, its velocity is gradually
‘diminished by the power of gravity.

' MRS. B.

Retarded motion is produced by some force
acting upon the body in a direction opposite to that
which first put it in motion. You who are an
animated being, endowed with power and will, may
slacken your pace,_or stop to rest when you are
tired ; but inert manner is incapable of any feeling
of fatigue, can never slacken its pace, .and never
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-stop, unless retarded or arrested in its course by
some opposing force; and as it is the laws of inert
bodies which mechsnics treats of, I prefer your
:illustration of the stone retarded in its ascent. Now,
:Emily, it is your turn ; what is accelerated motion ?

- ’ - BMILY. .

Accelerated motion, I suppose, takes place when
the velocity of a body is inereased. If you had not
objected to our giving such active bodies as our-
selves as examples, I should say that my motion is
accelerated if I change my pace from walking to
running. Icannottbinkofany instance . of acce-
lerated motion in inanimate bodies. All motion of
inert mianner seems to be retarded by gravity.

MRS. B.
Not in all cases; for the power of gravntatlon
sometimes produces accelerated motion; for_in-
stance, a stone falling from a height moves with -a
regularly accelerated motion.
L " EMILY. - ) :
True: because the nearer it approaches the earth
the more it is attracted by it.

. MRS, B,

" You have mistaken the cause of lts aceeleranon

of motion. For though it is true that the force of
s D6
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-grawity incnéasés a8 8 body dpprosches the earth,
the differerice: is so trifing at any sinell distance
frem ‘its suyface as not to be perceptible. '
Accelerated motion is produeed, when the force
‘which put a body in motion continuwes to act upon
it during its motion, so that its velocity is continually
increased. When a.stome falls from a height, the
imspulse which it veceives from gravity during the
fiest instant of its fall, would be sufficient to bring
-it, to the-gremnd with a uniform welocity : for, as we
have observed, a body having been once acted npen
by a force, will continue to mowve with a uniform
velacity. Butthe stone is not actad upen by gravity
merely at the first instant of its fall; this power
continnes. to impel it during the whole of its descent,
and it is this contmued nmpulse which accelerates
its motlon
- : EMILY. -
I do not quite understand that.

MRS B.

Let us suppose that the instant after you have let
fall a stone from a high tower, the force of gravity
were ainikilated, the body would nevertheless con-
tinue to move downwards; for it would have re-
ceived a first impulse from gravity, and a body
once put in motion will not stop unless it meet
with some obstacle to impede.its course. In this
case its velocity would be uniform; for though
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there would be no obstacle to obstruct its descent,
there would be no force to accelerate it.

EMILY.

That is very clear.

MBS, B.

Then you have only to add the power of gravity
constantly acting on the stone during its descent,
and it will not be difficult to understand that its
motion will became accelerated, since the gravity
‘which acts on the stone during the first instant of
its descent, will continue in force every instant till
it reaches the ground. Let us suppose that the
impulse given by gravity to the stone during the
first ingtant of its descent be equal to one; the next
instant we shall find that an additional impulse gives
‘the stone an additional velocity equal to one; so
that the accumulated velocity is now equal to two;
the following instant another impulse increases the
velocity to three, and so on till the stone reaches
the ground.

CAROLINE. .

Now I understand it. The effects of preceding
impulses must be added to the subsequent veloci-
ties.

MRS. B. :

Yes. It has been ascertained, both by expeu-
ment and calculations, which it would be too diffi-
cult for us to enter into, that heavy bodies descend-
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ing from a height by the force of gravity, fall
sixteen feet the first second of time, three times
that distance in the next, five times in the third
second, seven times in the fourth, and so on, regu-
larly increasing their velocities ‘according to the
number of seconds during which the body has
"been falling.
EMILY.

" Then the height of a mountain, or the depth of
a well, might be measured, by observing the length
of time which a stone takes in falling from the top
to the bottom ?

CABOLINE.

I recollect the depth of the well of Carisbrook
"Castle being shown by that means: the guide
throws a pebble into the well, and four seconds
elapse before it reaches the bottom, which proves
‘that the well is above 300 feet déep.

EMILY.

If you throw a stone perpendwularly upwards,
is it not the same length of time ascending that it
‘is d&ecending ?
: ' MRs.B.

Exactly In ascending, the velocity is diminish-
ed by the force of gravity ; in desoendmg, it is ac-
“celerated by it:
" " CAROLINE.

"+ I should then have imagined that it would have
fallen quicker than it rose ?



"ON THE LAWS OF MOTION. 63

MRS. B.

“You must recollect that the force with which it
is projected must be taken into the account; and
that this force is overcome and destroyed by
gravity before the body falls.

' " 'CAROLINE.

But the force of projection given to a stone in
throwing it upwards, cannot always be equal to the
force of gravity in bringing it down again, for the

-force of gravity is always the same, whilst the de-
gree of impulse given to the stone is optional. I
may throw it up gently, or with violence.

* MBRS. B.

If you throw it gently it will not rise high, and
gravity will soon bring it down again: if you throw
it with violence it will rise much higher, and gravity
will be longer in bringing it back to the ground.

' Suppose that you throw it with a force which
will make it rise only 16 feet, in that case, you
know, it will fall in one second of time.

Now it is proved by experiment, that an impulse
requisite to project a body sixteen feet upwards, will
make it ascend that height in one second ; here
then the times of the ascent and descent are equal.
"-But ‘supposing it ‘be required ‘to throw. a stone
‘twice that height, the force ‘must be propomonally
greater. '
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You see then, that the impulse of projection in
throwing a body upwards, is always equal to the
action of the force of gravity during its descent;
and that it is the greater or less distance to which
the body rises, that makes these two forces balance
each other.

I must now explain to you what is meant by the
momentum of bodies.. It is the force, or power,
with which a body in motion strikes against another
body, so as to set it in motion. The momentum of
a body is composed of its guantity of matter, multi-
plied by its quantity of motion ; in othex words, its
weight and its velocity.

CAROLINE.

The - quicker a body moves, the greater, no
doubt, must be the force with which it would strike
against another body.

EMILY.

/Therefore a small light body may have a greater
momentum than a large heavy one, provided its
velocity be sufficiently great. For instance, the
momentum of an arrew shot from a bow, must be
greater than that of a stone thrown bgy the hand.

‘CAROLINE. .

We know also: by experience, that the heavier a
bady is, the greater is its force. It is, therefore, not
difficult to understand, that the whole pawer or
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momentum of a body must be composed of these
two properties. But I do not understand why they
should be multéplied, the one by the other. I
.should have supposed that these quantities should
have been added together.

MRS, B.

It is found by experiment, that if the weight of
a body be represented by the number 8, and its
velocity also by 8, its momentum will be repre-
sented by 9; not 6, as would be the case, were
these figures added, instead of being multiplied
together. I recommend it to you to be eareful to
remember the definition of the momentum of
bodies, as it is one of the most important pointsin
-mechanics ; you will find, that it is from opposing
motion to matter, that machines derive their
powers. *

The re-action of bodies, is the next law of mo-
tion which I must explain to you. When a body

¢ In comparing together the momenta of different bodies
we must be attentive to measure their weights and velocities,
by the same denomination of weights and of spaces, otherwise
the resuits would not agree. Thus if we estimate the weight
.of one body in ounces, we must estimate the weight of the
rest also in ounces, and not in pounds; and in computing the
velocities, in like manner we should adhere to the same stan-
dard of measure, both of space and of time ; as, for instance,
the number of feet in one second, or of miles in one hour,
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in motion strikes agsinst another body, it meets
with resistance from it ; the resistance of the body
at rest, will be equal to the blow struck by the body
in motion; or to express myself in philosophical
language, action and re-action will be equal, and in
opposite directions.

CAROLINE.

Do you mean to say, that the action of the body
which strikes, is returned with equal -force by the

~body which receives the blow ?
MRS. B.
Exactly 50..
CAROLINE.

" But if a man strikes another on tbefaee with hxs
fist, he surely does not receive as much pain by the
re-action, as he inflicts by the blow ?-

' ‘ MRS. B,

~ No; but this is simply owing to the knuckles
having much less feeling than the face.

Here are two ivory balls suspended by threads,
(Plate L. fig. 8.) draw one of them, A, a little on
one side, — now let it go; —it strikes, you see,
against the other ball B, and drives it off, to a dis-
tance equal to that through which the first ball fell;
but the motion of A is stopped, because when it
struck B, it received in return a blow equal to that
it gave, and its motion was consequently destroyed.
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' 7 EMILY. ‘
I should have supposed, that the motmn of the
ba]l A was destroyed, because it had communicated
. all its motion to B.

MRS. B.

It is perfectly true, that when one body strikes
against another, the quantity of motion communi-
-cated to the second body, is lost by the first; but
this loss proceeds from the re-action of the body
which is struck.

Here are six ivory balls hanging in a row,
(fig. 4.) draw the first out of the perpendicular, and
let it fall against the second. None of the balls
appear to move, you see, except the last, which
flies off as far as the first ball fell. Can yon ex-
plain this ? )

CAROLINE.

- I believe-so. When the first ball- struck the
- second, it received a blow in return, which de-

stroyed its motion. The second ball, though it

did not appear to move, must have struck against

the third, the re-action of which set it at rest ;-the
“ action of the third ball must have been destroyed
- by the re-action of the fourth, and so on, till mo-
- tion was communicated to the last ball, which, not
' being re-acted upon, ﬂew off. :

MRS. B.
Very well explained. Observe, that it 'is only
when hodies are elastic, as these ivory balls are,
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that this effect takes place. I will show you the
difference with these two balls of clay, (fig. 5.)
which are not elastic. When you raise one of
these, D, out of . the perpendicular, and let it fall
against the other, E, the action and re-action not
being augmented by the force of eldstitity, is insuf-
ficient to destroy the metion of the former; enly
part of the motion of D will be communicated to E,
and the two balls will move on together to d and e,
which are less distant from the vertical line than
_the ball D was before it fell,

Observe how useful re-action is in nature. Birds,
in flying, strike the air with their wings, and it is
the re-action of the air which enables them to rise,
or advance forwards ; re-action being always in a
contrary direction to action,

' CAROLINE.
I thought that birds might be lighter than the
air, when their wings were expanded, and by that
means enabled to fly. :

MRS. B

‘When their wings are spread, they are better
supported by the air, as they cover a greater ex-
tent of surface; but they are still too heavy te re-
main in that situation, without continually flapping
their wings, as you may have noticed, when birds
hover over their nests. The force with which their
wings strike against the air must equal the weight



ON THE LAWS OF MOTION. 69

of their bodies, in order that the re-action of the
air may be able to support that weight ; the bird
will then remain stationary. If the stroke of the
wings is greater than is required merely to support
the bird, the re-action of the air will make it rise ;
if it be less, it will gently descend ; and you may
have observed the lark, sometimes remaining with
its wings extended, but motionless; in this state it
drops rapidly into its nest.

CAROLINE,

What a beantiful effect this is of the law of re-
action ! Bu if flying is merely a mechanical oper-
ation, Mrs. B., why shonld we not construct wings,
adapted to the size of our bodies, fasten them to
our shoulders, move them with our arms, and soar
into the air?

M”» B

Such an experiment has been repeatedly at-
tempted, but never with success; and it is now
considered as totally impracticable. The muscular
power of birds is greater in proportion to their
weight than that of man; were we therefore fur-
nished with wings sufficieptly large to enable us to
fly, we should net have strength to put them in

GAROLINE. '
- But Mrs. B, a bird, .in flying, moves his wings
both daciwonds and forwards, and must, therefore,
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strike the air alternately in two opposite directions.
It appears ‘to me, therefore, that there would also
be two: re-actions in opposite directions, which
would counteract each other, and prevent the bird-
from p'roc'eeding.

: MRS. B.

Let us suppose the bird to fly upwards. It is
true that it is only the downward stroke of his
wings which can make him rise; and that when he
elevates his wings they strike against the air above
him, the re-action of which would make him de-
scend. In order to prevent this, the bird folds in
his wings when he raises them ; whilst he again ex-
pands' them and spreads out the feathers when he
gnves the downwald stroke which is to make him’
rise. ’

CAROLINE. :

And in whatever direction he flies, I suppose he
expands his wings when he gives the stroke, the
re-action of which is to impel him onward, and:
contracts them when in the opposite direction.
And the swimming of ﬁsbes is, I'i lmagme, on the‘
same prmclple.

| MBS, B. '

- Yes, the fins of fishes are expanded and con-

tracted in a similar manner ; and a man in. swim-

ming strikes his hands out to produce the re-action

which impels him forward, and turns them edge-

wise to lessen the effect of the contrary re-action.’
1*
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In rowing, the oars, you know, are lifted out of the
water after every stroke, so as completely to pre-
vent any re-action in a backward direction; and-
even in moving them through the air-they are
turned edgewise, or feathered, as it is called, from
its resemblance to the action of the feathers of a
bird in flying. ' o
EMILY.
Pray what bodies are elastic besldes those you
have mentioned?
MRS, B. : o
In speakmg of the air, I think we defined elas-
ticity to be a property, by means of which bodies'
that are compressed return to their former state.’
If I bend this cane, as soon as I leave it at liberty,’
it recovers its former position ; if I press my finger
upon your arm, as soon as I remove it, the flesh,
by virtue of its elasticity, rises-and destroys the im--
pression- I made. Of all bodies, the air is the.
most eminent for this property, and it has thence
obtained the name of" elastic fluid. Hard bodies-
are in the next degree elastic: if two ivory, or me-’
tallic balls are struck together, the parts at which
they touch will be flattened ; but their elasticity will
make them mstanmneously resume their former
shape. :
CAROLINE.
But when two ivory balls strike against each
other, as they constantly do on a billiard table, no
mark or impression is made by the stroke. ’
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’ MRS. B.

I beg your pardon; but you cannot perceive-any
mark, because their elasticity instantly destroys all.
trace of it.

Soft bodies, which easily retain impressions,
such as clay, wax, tallow, butter, &c. have very
little elasticity ; but of all descrxpuons of bodies
liquids are the least elastic. *

EMILY.

If sealmg-wax were elastic, instead of retammg
the impression of & seal, it would resume a smooth
surface as soon as the weight of the seal was re-
moved. But pray what is it that produces the
elasticity of bodies ? :

MRS. B.

Thete is great diversity of opinion upon that
point, and I cannot pretend to decide which ap-
proaches nearest to the truth. Elasticity implies
suseeptibility of compression, and the susceptibility
of compression depends upon the porosity of
bodies ; for were there no pores or spaces between
the particles of matter of which a body is com-
posed, it could not be compressed.

CAROLINE:
That is to say, that if the particles of bodm

¢ This small degree of elasticity is shewn by the power of
water to transmit sound, see page 500,
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were a5 close together as possible, they could not
be squeezed closer.

EMILY.

Bodies, then, whose particles are most distant
from each other, must be most susceptible of com-
pression, and consequently most elastic ; and this,
you say, is the case with air, which is, perhaps, the
least dense of all bodies ?

MRS, B.

You will not in general find this rule hold good
for liquids have scarcely any elasticity, whilst hard
bodies are eminent for this property, though the
latter are certainly of much greater density than
the former.  Elasticity implies, therefore, not only
a susceptibility of compression, but depends upon
the power of resuming its former state after com-
presslon

CAROLINE.

But surely there can be no pores in ivory and
metals, Mrs. B.; how then can they be susceptible
of compression ?

MRS. B.

The pores of such bodies are invisible to the
naked eye, but you must not thence conclude that
they have none. It is, on the contrary, well as-
certained that gold, one of the most dense of all
bodies, is extremely porous, and that its pores are

E
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sufficiently large to admit water, under great pres-
sure, to pass through them.

EMILY.

If water can pass through gold, there must cer-
tainly be pores or interstices which afford it a pas-
sage; and if gold is so porous, what must other
‘bodies be, which are so much less dense than gold !

MRS. B.

The chief difference in this respect is, I believe,
that the pores in some bodies are larger than in
others. In cork, sponge, and bread, they form
considerable cavities ; in wood and stone, when not
polished, they are generally perceptible to the
naked eye; whilst in ivory, metals, and all var-
nished and polished bodies, they cannot be dis-
cerned. To give you an idea of the extreme
porosity of bodies, Sir Isaac Newton conjectured
that if the earth were so compressed as to be abso-
lutely without pores, its dimensions might possibly
not be more than a cubic inch.

CAROLINE.

What an idea! Were we not indebted to Sir
Tsaac Newton for the theory of attraction, I should
be tempted to laugh at him for such a supposition.
What insignificant little creatures we should be !
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MRS. B.

If our consequence arose from the size of our
bodies, we should indeed be but pigmies; but re-
member that the mind of Newton was not circum-
scribed by the dimensions of its envelope.

EMILY.

It is, however, fortunate that heat keeps the
pores of matter open and distended, and prevents
the attraction of cohesion from squeezing us into a
nutshell.

MRS. B.

Let us now return to the subject of re-action, on
which we have some further observations to make.
It is re-action being contrary to action which pro-
duces reflected motion. 1f you throw a ball against
the wall, it rebounds; this return of the ball is
owing to the re-action of the wall against which it
struck, and is called reflected motion.

EMILY.

And I now understand why balls filled with air
rebound better than those stuffed with bran or
wool; the elasticity of the air re-acts after compres-
sion, so that the action and re-action are increased.

° CAROLINE.
I have observed that when I throw a ball straight.
guinst the wall, it returns straight to my hand;
E 2
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but if I throw it obliquély tipwards, it rebounds still
higher, and 1 catch it when it falls.

: MRS, B.

You shouid not say straight, but perpendicularly
against the wall: for straight is a general term for
lines in all directions which are neither curved nor
bent, and is, therefore, equally -applicable to oblique
or perpendicular lines.

CAROLINE.
I thought that perpendicularly meant either
directly upwards or downwards?

MRS. B.

‘In those directions lines are perpendicularto the
earth. A perpendicular line has always a reference
to something towards which it is perpendicular;
that is to say, that it iriclines neither to the one side
or the other, but makes an equal angle on every
side. Do you understand what an angle is ?

CAROLINE.
Yes, I believe so: it is two lines meeting in a
point.

MRS, B.

Well then, let the line A B (PlateIl. fig. 1.)
represent the floor of the room, and theline CD
that in which ;you throw a ball'against it : the line
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C D, you will ebsexve, forms twd ﬁglﬁ with the
line A B, and these two angles are equal.

EMILY.
'How can the angles, be equal, while the lines
which compose them are of unequal length ?

MRS. B.

An angle is not measyred by the length of the
lines, but by their opening.

: EMILY.
Yet the longer the lines are, the greater is the
opening between them.

MRS, B.
Take a pair of compasses and draw a circle over
these angles, making the angular point the centre.

EMILY.
To what extent must I open the compasses ?

MRS. B
You may draw the circle what size you please,
provided that it cuts both the lines of the angle we
are to measure. All circles, of whatever dimensions,
are supposed to be divided into 860 equal parts,
called degrees; the opening of an angle,” being
therefore a portion of a circle, must contain a cer-

E 3
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tain number of degrees; the larger the angle, the
greater the number of degrees, and two angles are
said to be equal when they contain an equal number
of degrees.

EMILY.

Now I understand it. = As the dimensions of an
angle depend upon the number of degrees contained
between its lines, it is the opening, and not the
length of its lines, which determines the size of the
angle. )

MRS. B.
~ Very well. Now that you have a clear idea of the
dimensions of angles, can you tell me how many
degrees are contained in the two angles formed by
one line falling perpendicularly on another, as in
the figure I have just drawn ?

 EMILY.

You must allow me to put one foot of the com-
passes at the point of the angles, and draw a circle
round them, and then I think I shall be able to
answer your question: the two angles are together
just equal to half a circle, they contain, therefore,
90 degrees each: 90 being a quarter of 360.

: MRS. B,

An angle of 90 degrees is called a right angle,
and when one line is perpendicular to another, it
forms, vou see, (fig.-1.) a right angle on either
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side. Angles containing more than 90 degrees
are called obtuse angles (fig. 2.); and -those con-
taining less than 90 degrees are called acute angles,
(fig. 8.)
CAROLINE. .
The angles of this square table are right angles,
but those of the octagon table are obtuse angles;

and the ‘angles of sharp-pointed instruments are
acute angles,

’ MRS, B,

Very well. To return now to your observatlou,
that if a ball is thrown obliquely against the wall it
will not rebound in the same direction; tell me,

_have you ever played at billiards ?

CAROLINE.

Yes, frequently; and I have observed that when
I push the ball perpendicularly against the cushion,
it returns in the same direction ; but when I send it
obliquely to the cushion it rebounds obliquely, but
on the opposite side; the ball in this latter case
describes an angle, the point of which is at the
cashion. I have observed, too, that the more ob-
liquely the ball is struck against the cushion, the
more obliquely it rebounds on the opposite side, so
that a billiard player can calculate with great accu-
racy in what direction it will return.

E 4
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MRS, B.

Very well. This figare (fig. 4. Plate IL )repre-
sents a billiard table ; now if yow draw 2. line A B
from the point where the ball A strikes perpendicular
to the cushion, you will find that it will divide the
angle which the ball describes into two parts, or
two angles; the one will show the ebliquity of the
direction of the ball in its passage towards the
cushion, the other its obliquity in its passage back
from the cushion.” The first is called tke angle of
incidence, the other the angle of reflection, and these
angles ave always equal.

CAROLINE.

ThlS, then, is the reason why, when I throw a ball
obliquely against the wall, it rebounds in an opposite
oblique direction, forming equal angles of incidence
and of reflection.

MRS. B.

Certainly ; and you will find that the more ob-
liquely you throw the ball, the more obliquely it
will rebound.

‘We must now conclude; but I shall have some
further observations to make upon the laws of mo-
tion at our next meeting.



CONVERSATION 1V.

ON COMPOUND MOTION.

COMPOUND MOTION, THE RESULT OF TWO OPPOSITE
FORCES. — OF CIRCULAR MOTION, THE RESULT OF
TWO FORCES, ONE OF WHICH CONFINES THE BODY
TO A FIXED POINT.— CENTRE OF MOTION, THE POINT
AT REST WHILE THE OTHER PARTS OF THE BODY
MOVE ROUND IT. — CENTRE OF MAGNITUDE, THE
MIDDLE OF A BODY.— CENTRIPETAL FORCE, THAT
WHICH CONFINES A BODY TO A FIXED CENTRAL POINT.
—~—-CENTRIFUGAL FORCE, THAY WHICH INPELS 4 BOPY
TO FLY FROM THE GENTRE. — FALL OF BODIES IN A
PARABOLA.— CENTRE OF GRAVITY, THE CENTRE OF
WEIGHT, OR POINT ABOUT WHICH THE PARTS
BALANCE EACH OTHER.

roreliy—

MRS. B.

1 MUsT now explain to you the nature of compound

motion. Let ussuppose a body to be struck by two

equal forces in opposite directions, how will it move ?
ES )
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EMILY.

If the directions of the forces are in exact oppo-
sition to each other, I suppose the body would not
move at all.

MRS. B.

You are perfectly right. But if the forces, instead
of acting on the body in opposition, strike it in two
directions inclined to each other, at an angle of
ninety degrees, if the ball A (fig. 5. Plate I1.) be
struck by equal forces at X and at Y, will it not
move ?’

‘ , EMILY.

The force X would send it towards B, and the
force Y towards C; and since these forces are
equal, I do not know how the body can obey one
impulse rather than the other, and yet I think the
ball would move, because as the two forces do not
act in direct opposition, they cannot entirely destroy
the effect of each other.

MRS. B. v

‘Very true. The ball will, therefore, follow the
direction of neither of the-forces, but will move in
-a line between them, and will reach D in the same
space of time, that the force X would have sent it
to B, and the force Y would have sent it to C.
Now if you draw two lines from D, to join B and C,
you will form a square, and the oblique line which
the body describes is called the diagonal of the

square.
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CAROLINE,
That is very clear ; but supposing the two forces
to be unequal, that the force X, for instance, be
twice as great as the force Y.

MRS, B,

Then the force X would drive the ball twice as
far as the force Y, consequently you must draw the
line A B (fig. 6.), twice as long as the line AC, the
body will in this case move to D ; and if yon draw
lines from that point to B and C, you will find that
the ball has moved in the diagonal of a rectangle.

EMILY.

Allow me to put another case. Suppose the two
forces are unequal, but do not act on the ball in
the direction of a right angle, but in that of an
acute angle, what will result ?

_ MRS. B.

Prolong the lines in the directions of the two
forces, and you will soon discover which way the
ball will be impelled ; it will move from A to D, in
the diagonal of a parallelogram, (fig.7.) Forces
acting in the direction of lines forming an obtuse
angle, will also produce motion in the diagonal of
a parallelogram. For instance, if the body set out
from B, instead of A, and was impelled by the

EG :
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forces X and Y, it would move in the dotted
diagonal B C.

‘We may now proceed to circular metion : this
is the result of two forces on a body, by one of
which it is projected forward in a right line, whilst
by the other it is directed towards a fixed point.
For instance, whett I whirl this ball, which is fas-
tened to miy hand with a string, the bull moves in
& circalar direction ; because it i acted on by two
forces, that which 1 give it, which represents the
force of projection, and that of the string, which
confines it to my hand. If during its motion you
were suddenly to cut the string, the ball would fly
off in a straight line; being released from confine-
ment to the fixed point, it would be acted on but
by one force, and motion produced by one force,
you know, is always in a right line.

CAROLINE.
This is a little more difficult to comprehend
than compound motion in straight lines.

MRS. B.
You have seen a mop trundled, and have ob-
served, that the threads which compose the head
of the mop fly from the centre ; but being confined
to it at one end, they cannot part from it; whilst
the water they contain, being unconfimed, is thrown
off in straight lines.

}
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EMILY.

In the same way, the flyers of a windmill, when
put in motion by the wind, would be driven
straight forward in a right line, were they not con-
finied to a fixed point, round which they are com-
pelled to move.

MRS. B.

Very well. And observe, that the point to
which the motion of a small body, such as the ball
with the string, which may be considered as revolv-
ing in one plane, is confined, becomes the centre
of its motion. But when the bodies are not of a
size ar shape to allow of our considering every part
of them as moving in the same plane, they in re
ality revolve round a line, which line is called the
axis ¢f motion.” In a top, for instance, when spin-
ning on its point, the axis is the line which passes
through the middle of it, perpendicularly to the
ﬂoor

CAROLINE.

The axle of the flyers of the windmill is then
the axis of its motion. But is the centre of motion
always in the middle of a body ?

MES. B,

No, not always. The middle point of a body, is
called its centre of magnitude, or centre of po-
sition, that is, the centre of its mass or bulk,
Bodies have also another centre, called the centre
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of gravity, which I shall explain to you; but, at
present, we must confine ourselves to the axis of
motion. This line, you must observe, remains at
rest, whilst all the other parts of the body move
around it; when you spin a top the axis is sta-
tionary, whilst every other part isin motion round it.

CAROLINE.

But a top generally has a motion forwards, be-

sides its spinning motion ; and then no point with~
in it can be at rest. -

MRS. B.

What I say of the axis of motion, relates only to
circular motion ; that is to say, to motion round a
line, and not to that which a body may have at the
same time in any other direction. There is one
circumstance in circular motion, which you must
carefully attend to; which is, that the further any
part of a body is from the axis of motion, the
greater is its velocity ; as you approach that line,
the velocity of the parts gradually diminish till you
reach the axis of motion, which is perfectly at rest.

CAROLINE.

But if every part of the same body did not move
with the same velocity, that part which moved
quickest must be separated from the rest of the
body, and leave it behind ?
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MRS. B.

You perplex yourself by confounding the idea
of circular motion, with that of motion in a right
line. You must think only of the motion of a
body round a fixed line, and you will find that if
the parts farthest from the centre had not the
greatest velocity, those parts would not be able to
keep up with the rest of the body, and would be
left behind. Do not the extremities of the vanes
of a windmill move over a much greater space,
than the parts nearest the axis of motion?
(Plate III. fig. 1.) the three dotted circles describe
the paths in which three different parts of the vanes
move, and though the circles are of different dimen-
sions, the vanes describe each of them in the same
space of time,

CAROLINE.

Certainly they do; and I now only wonder, that
we neither of us ever made the observation before:
and the same effect must take place in a solid body,
like the top in spinning; the most bulging part of
the surface must move with the greatest rapidity.

MRS. B.

The force which confines a body to a centre,
round which it moves, is called the centripetal
force; and that force, which impels a body to fly
from the centre, is called the centrifugal force; in
circular motion, these two forces constantly balance
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each other; otherwise the revolving body would
either approach the centre or recede from it, ac-
cording as the one or the other prevailed. '

CAROLINE.
‘When I see any body moving in a circle, I shail
vemember, that it is acted on by two forces.

NRS. B.

Motion, either in a circle, an ellipsis, or any
other curve-line, must be the result of the action of
two forces ; for you know, that the impulse of one
single force always produces motion in a right line.

EMILY.

And if any cause should destroy the centripetal
force, the centrifugal force wonld alone impel the
body, and it would, I suppose, fly off in a straight
line from the centre to which it had been confined.

MBS, B.
~ It would not fly off in a right line from the cen-’
tre ; but in a right line in the direction in which it
was moving, at the instant of its release ; if a stone,
whirled round in a sling, gets ldose at the point A,
(Plate IIL fig. 2.) it flies off in the direction A B;
this line is called a Zangent ; it touches the circam-
ference of the circle, and forms a right angle. with
a line drawn from that point of the circumference
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to the centre of the eircle, C; this force would,
thepefore, with more propriety be called the tan-
gential than the centrifugal force.

EMILY.

You say, that motion in a curve-line, is owing to
two forces acting upon a body; but when I throw
this ball in an horizontal direction, it describes a
curve-line in falling ; and yet it is only acted upon
by the force of projection ; there is no centripetal
force to confine it, or produce compound motion.

MRS. B.

A ball thus thrown, is acted upon by no less
than three forces; the force of projection, which
you commumicated to it; the resistance of the air
through which it passes, which diminishes its velo-
city, without changing its direction; and the force
of gravity, which finally brings it to the ground.
The power of gravity, and the resistance of the air,
being always greater than any force of projection
we can give & body, the latter is gradually over-
come, and the body brought to the ground ; but
the stronger the projectile force, the longer will
these powers be in subduing it, and the further the
body will go before it falls.

CAROLINE.
A shot fired from a cannon, for instance, will go
much further, than a stone projected by the hand.
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MRS. B.

Bodies thus projected, you observed, described a
curve-line in their descent; can you account for
that ?

CAROLINE.

No; I do not understand why it should not fall

in the diagonal of a square,

MRS. B.

If the two forces which act upon a ball both
produced uniformt motion, it would move in the
diagonal of a parallelogram; but the force of pro-
jection alone is uniform, that of gravity is accele-
rated ; and it is this acceleration which brings the
ball sooner to the ground, and makes it fall in a

~curve instead of a straight line. But to under-
stand this more fully, you must consult the diagram.
(PL III. fig. 8.)

If a ball at A be projected, in a horizontal direc-
tion, with a force capable of carrying it to F' (which
we will suppose to be 64 feet) in a second, then, if
it were not acted upon by gravity, it would proceed
from F to G, another 64 feet, in the next second,
and the same distance G H in a third,and Hl in a
fourth second. Now, if the ball, when at A, be
allowed to fall, by the force of gravity alone, from
A towards E, it will fall 16 feet to B during the
first second; * then three times as much, or 48 feet,

- * See page 60.
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the next second; and five times as much, or 80
feet, in the third second ; and seven times as much,
or 112 feet, in the fourth second.

Then, in order to find the line in which the ball
will move, by the united forces of projection and
gravity, we must draw a line BK parallel to the
horizontal line AF, and 16 feet below it; then an-
other line CL, also parallel, at the distance of 48
feet more ; then another line, DM, 80 feet farther.

Then, at the end of the first second the ball
will be at K, at the same distance from B as F is
from A ; at the end of the next second it will be
at L, the same distance from C that G is from A;
at theend of the third second it will be at M ; and
at the end of the fourth second at N : and thus you
see the curve line A K L M N is described. in its
fall,

I have not taken notice of the resistance of the
air, because as it acts in direct opposition to pro-
jection, it diminishes that force without producing

- any change of direction in the falling body.

EMILY.

The resistance of the air, I suppose, increases
with the velocity of the ball, for the particles of air
must re-act on the ball in proportion to the stroke
they receive from it; so that, if you double the force
of projection, you, at the same time, double the re-
sistance of the air.
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MRS. B.

This is not all: for you must observe, that in
doubling the velocity of the ball, you make it pass
through twice the quantity of air in the same time;
let us say a minute, for example; and since it re~
ceives twice the resistance from each particle, the
whole of the resistance must be four times as great
as in the first instance.

CARQLINE.,

Very true; and if you give the ball three times
the velocity, it will pass through three times the
quantity of air; will strike each particle with three
times the force, and receive three times the re-ac-
tion ; which summed up will make nine times the
resistance ; is it not so ?

‘ " MRS B. '

Yes; but a shorter mode of calculating the re-
sistance is to multiply the velocity by itself; thus,
if the velocity be three, multiply it by three, and
the product will be nine. The product of a num-
ber multiplied by itself is called its square; this
you must take care to recollect, as we shall fre-
quently have occasion to refer to it.

CAROLINE.
It is precisely so. Look, Emily, as I throw this
ball directly upwards, how the resistance of the air
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and gravity conquers projection. Now I will throw
it upwards obliquely. See, the force of projection
enables &, for an instant, to act in opposition to
that of gravity ; but it is soon brought down again.

MBRS. B.

The curve-line which the ball has described is
called in geometry a parabola. But when the ball
is thrown perpendicularly upwards, it will descend
perpendicularly ; because the force of projection,
and that of gravity, are in the same line of direc-
tion. :

We have noticed the centres of magnitude, and
of motion ; but I have not yet explained to you
what is meant by the centre of gravity. It is that
peint -about which all ‘the parts of a body exactly
balance each other ; if; therefore, that point is sup-
ported, the bedy will not fall. Do you understand
this ? '

EMILY. - ?

I think so. If the parts round about this poin
‘have an equal tendency to fall, they will be in equi-
librium, and as long as this point is supported, the
body cannot fall.

MRS. B.
Caroline, what would be the effect, were any
other point of the body alone supported ?
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CAROLINE.
The surrounding parts no longer balancing each
other, the body, I suppose, would fall on the side
at which the parts are heaviest.

MRS. B.

Infallibly ; whenever the centre of gravity is un-
supported, the body must fall. This sometimes
happens with an overloaded waggon winding up a
steep hill, one side of the road being more elevated
than the other; let us suppose it to slope as is
described in this figure, (Plate III. fig. 4.) we will
say, that the centre of gravity of this loaded wag-
gon is atthe point A. Now your eye will tell you,
that a waggon thus situated will overset; and the
reason is, that the centre of gravity, A, is not sup-
ported; for if you draw a perpendicular line from
it to the ground at C, it does not fall under the

_waggon within the wheels, and is, therefore, not
supported by them.

A perpendicular line thus drawn from the centre
of gravity to the earth, is called the line of direc-
tion.

CAROLINE.

I understand that perfectly; but what is the

meaning of the other point B?
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MRS. B. -

Let us, in imagination take off the upper part of
the load ; the centre of gravity will then change its
situation, and descend to B, as that will now be
the point about which the parts of the less heavily
laden waggon will balance each other. Will the
waggon now be upset ?

CAROLINE. ,

No, because a perpendicular line from that point
falls within the wheels at D, and is supported by
them ; and when the centre of gravity is supported,
the body will not fall.

EMILY. -
Yet I should not much like to pass a waggon in
- that situation ; for, as you see, the point D is but
just within the left wheel. If the right wheel was
merely raised, by passing over a stone, the point
D would be thrown on the outside of the left wheel,
and the waggon would upset,

CAROLINE.

A waggon, or any carriage whatever, will then
be most firmly supported, when the centre of gra-
vity falls exactly between the wheels; and that is
the case in a level road.



96 ON COMPOUND MOTION.

MES. B.

Yoa have heard how dangerous it is, when a
boat is in any risk of being upset, for the passen-
gers to rise suddenly ; this is owing to their raising
the centre of gravity, and thus increasing the chance
of throwing it out of the line of direction.

When you stand upright the ‘centre of -gravity
of your body is supported by the feet. If you lean
on one side, you will find that you no longer
stand firm. A rope-dancer performs all his feats
of agility, by dexterously supporting his centre of
gravity ; whenever he finds, that he is in danger of
losing his balance, he shifts the heavy pole, which
he holds in his hands, in order to throw the weight
towards the side that is deficient; and thus by
changing the situation of the centre of gravity, he
restores his equilibrium.

CAROLINE.
When a stick is poised on the tip of the finger,
is it not by supporting its. centre of gravity-?

MEHS. B.

Yes; and it is because the centre of gravity is
not supported, that spherical bodies roll down a
slope. A sphere being perfectly round, can touch
the slope but by a single peint, and that point csm-
not be perpendicularly under the centre of gravity,
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and therefore cannot be supported, as you will per-
ceive by examining this ﬁgure. (an. 5. plate HIL.)

‘ EMILY. : '
So it appears. Yet I have seen a cylinder of
wood roll up a slope ; how.is that contrived ?

MRS, B.

It is done by plugging one side of the cylinder
with lead, as at B, (fig. 5. plate I11.) the body being
no longer of an uniform density, the centre of
gravity is removed from the middle of the body to
some point in the lead, as that substance is much
heavier than wood. Now you may observe that in
order that the cylinder may roll down the plane, as
it is here situated, the centre of gravity must rise,
which is impossible. The centre of gravity must
always descend in moving, and will descend by the
nearest and readiest means, which will be by forcing
the cylinder up the slope, until the centre of gravity
is supported, and then it stops.

CAROLINE.
The centre of gravity, therefore, is not always in
the middle of a body ? :

MRS. B.
No that point we have called the centre of mag-
nitude. 'When the body is of an uniform density,

b
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the centre of gravity is in the same point; but
when one part of the body is composed of heavier
materials than another part, the centre of gravity,
being the centre of the weight of the body, can no
longer correspond with the centre of magnitude.
Thus you see the centre of gravity of. this cylinder
plugged with lead, cannot be in the same spot as
the centre of magnitude. The centre of gravity
is sometimes so situated as not to be within the
body, but-in empty space. -

CAROLINE.

I thought that the centre of gravity was always

the heaviest part of a body, and the heaviest
part cannot be in empty space ?

MRS. B.
Your idea of the centre of gravity was incorrect ;
we defined it to be that point about which all the
parts of a body balance each other; you must con-
sider it as an abstract point, since there are cases
in which it may be situated at some distance from
the body. Where, for instance, is the centre of

gravity of a ring ?
CAROLINE.

True ; it must be in the centre of the space which
the ring encircles ; but, Mrs. B., if you support that
point without touching the ring, you will not pre-
vent it from falling.
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MRS. B.

That point. cannot be supported unless you
hold the ring so that the line of direction will fall
within the base of the support, which will be the
case either if you poise the ring on the tip of your
finger, or if you suspend.it by a string, as in fig. 6.

If a body be suspended by that point in which
the centre of gravity is situated, it will remain at
rest in any position indifferently = but if it be sus-
pended by any other point, it- can rest omly in
two positions; can you tell me which these will be?

EMILY.
The body will rest only when the centre of gra~
vity is either exactly above or below the point of

suspension, so that the point of suspension shall be
in the line of direction.

MRS. B.

" Very well; hang up this piece of pasteboard on
the nail, against the wall, by a loop at one of its
corners; and now that it is at rest, and consequently
we know that the centre of gravity is directly be-
low the point of suspension, draw a perpendicular
line from that point to the ground, and it will pass
through the centre of gravity.

EMILY.

Yes, but we shall not know in what part of the
line it is situated.

F 2
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MRS. B.

In order to .ascertain that, you must hang up the
pasteboard by some other part, and draw another
perpendicular from the new pomt of suspensxon ‘to
the ground

EMILY.

Ah now I see how it is; the cehtre of gravity of
the pasteboard must be situated i in both these lines,
and as there is but one pomt in which they meet
and cross each other, in that point must be the
centre of gravity. This is an excellent mode of
discovering the centre of gravity of bodies.

MRS. B.
But observe, that it is calculated only for bodies
of no considerable thickness.

EMILY.
Bodies that consist but of one kind of substance,
as wood, stone, or lead, and whose densities are
consequently uniform, must stand more firmly, and
be more difficult to overset, than bodies composed
of a variety of substances, of different densities,
which may throw the centre of gravity on one side.

MRS, B.
Yes; but there is another circumstance which
more materially affects the firmness of their posi-
tion, and that is, their form. Bodies that have a
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narrow base are easily upset, for if they are the
"least inclined, their centre is no longer supported,
as you may perceive in fig. 7.

CAROLINE.

~ I'have often observed with what difficulty a per-
son carries a single pail of water; it is owing, I
suppose, to the centre of gravity being thrown on
one side, and the opposite arm is stretched out to
endeavour to bring it back to its original situation.
But a pail hanging on each arm is carried without
difficulty, because they balance each other, and the
“centre of gravity remains supported by the feet.

MRS. B.

Very well. I have but one more remark to make
on the centre of gravity, which is, that when two
bodies are fastened together, by a line, string, chain,
or any power whatever, they are to be considered
as forming but one body. If the two bodies be of
equal weight, the centre of gravity will be in the
middle of the line which unites them, (fig. 8.) but
if one be heavier than the other, the centre of
gravity will be proportionally nearer the heavy body
than the light one. (Fig.9.) If you were to carry
a rod or pole with an equal weight fastened at each
end of it, you would hold it in the middle of the
rod, in order that the weights should balance each

_other; whilst, if it had unequal weights at each end,
F 8
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you would hold it nearest the greater weight, to
mgke them balance each other. =

EMILY.

And in both cases we-should support the centre

of gravity ; andif one weight be very consideribly

larger than the ather, the ‘centre of gravity will he

thrown out. of the rod into the heaviest weight.
(Fig. 10.)

) MRS. B.
Untloubtedly.
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CONVERSATION V.

ON THE MECHANICAL POWERS.

OF THE POWER OF MACHINES. = OF THE LEVER IN
GENERAL. — OF THE LEVER OF THE FIRST KIND,
HAVING THE FULCRUM BETWEEN THE FOWER AND
THE. WEIGHT.~-OF THE LEVER OF THE SECOND
KIND, HAVING THE WEIGHT BETWEEN THE POWER
AND TBE FULCRUM. ~— OF THE LEVER OF THE
THIRD KIND, HAVING THE POWER BETWEEN THE
FULCRUM AND THE WEIGHT.

e —

MRS. B.

We may now proceed to examine the mechanical
powers. They are six in number, one or more of
which enters into the composition of every machine.
The lever, the pulley, the wheel and axle, the in-
clined plane, the wedge, and the screw.

In order to. understand the power of a machine,
there are four things to be considered. _1st. “The
power that acts : this consists in the effort of men
or horses, of weights, springs, steam, &c.

F 4
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2dly. The resistance which is to be overcome
by the power; this is generally a weight to be
moved. The power must always be superior to the
resistance, otherwise the machine could not be put
in motion. '

CAROLINE.
If, for instance, the resistance of a carriage was
greater than the strength of the horses employed to
dray it, they would not be able to make it move.

: MRS. B.

3dly. We are to consider the centre of motion,
or as it is termed in mechanics, the fulcrum ; this
you may recollect is the point about which all the
parts of the body move ; and, lastly, the respective
velocities of the power, and of the resistance.

EMILY.
That must depend upon their respective distances
from the axis of motion; as we observed in the
motion of the vanes of the windmill.

MRS. B.

We shall now examine the power of the lever.
The lever is an inflexible rod or beam of any
kind, that is to say, one which will not bend in any
direction. For instance, the steel rod to which
these scales are suspended is a léver, and the point
by which it is suspended the prop or fulcrum,
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which yet is the centre of motion; now, can you
tell me why the two scales are in equilibrium?

CAROLINE.
Being both empty, and of the same weight, they
balance each other.

. EMILY.
Or, more correctly speaking, because the centre
of gravity common to both is supported.

.. _MRS. B,
‘Whereabouts do you suppose the "centre of
gravity of this pair of scales to be? (Fig.1. plate IV.)

o EMILY.

You have told us that when two bodies of equal
wenght were fastened together, the centre of gravity
was in the middle of the line that connected them ;
the centre of gravity of the scales must therefore
be in the fulcrum F of the lever which unites the
two scales.

' MRS. B.
You must recollect, that if a body be suspended
by that point in which the centre of gravity is
situated, it will remain at rest in any position indif-
ferently ; and that you see is not the case with this
‘pair of scales, for when I hold them inclined, they
instantly regain their equilibrium; the reason of
Fb5



106 ON THE MECHANICAL POWERS.

this 4s, that the points of suspension, instéad of
exactly coinciding with that of gravity, is a. little
above it ; if; therefore, the equilibrium of the scales
be disturbed, the centre .of ‘gravity is forced to rise,
and the instant it is restored to liberty, it descends
and resumes its situation immediately below tlie
points of suspension, when the equilibrium is re-
stored. It is this property which renders the balance
so accurate an instrument for weighing goods.

CAROLINE.

But if the scales contained different weights, the
centre of gravity would .be removed towards. that
scale which contained the heaviest weight; and
" since that point would no longer be supported, the
heavy scale would descend and out-weigh the other.

MRS. B.

True: but tell me, can you imagine any mode by
which bodies of different weights can be made to
balance each ether, ‘either in a pair of scales, or
simply suspended to the extremities of the lever ?
for the scales or basins are not an essential part of
the machine, they have no mechanical power, and
are used merely for the convenience of containing
the substance to be weighed.

CAROLINE.
What ! ‘mske a light body balance a heavy one ?
I cannot conceive that pessible. :
5
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. MRS. B.

The fulcrum of this. pair of scales (fig, 2.) .is
moveable, you see; I can take it off the prop, and
fasten it on again in another part; this point is
now become the fulcrum, but it is no longer in the
centre of the lever.

CAROLINE.
And the balance is no longer true; for that which
hangs on the longest side of the lever descends.

MRS, B.

The two parts of the lever divided by the ful-
crum are called its arms: you should therefore say
the longest arm, not the longest side of the lever.
These arms are likewise frequently distinguished
by the appellations of the acting and the resisting
part of the lever.

Your observation is true, that the balance is now
destroyed ; but it will answer the. purpose - of
enabling you to comprehend the power of a lever,
the fulcrum of which is not in the centre.

EMILY.

This would be an excellent contrivance for those
who cheat in the weight of their goods. By mak-
ing the fulcrum a little on one side, and placing
the goods in the scale which is suspended to the
longest arm of the lever, they would appear to
weigh more than they. do in reality.”

F6
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'MRS.'B. _

" You do not consider how easily the fraud would
be detected ;' for, on the scales being emptied, they
would not hang in equilibrium.

EMILY.

True; I did not think of that circumstance. But
I do not understand why the longest arm of the
lever should not be in equilibrium with the other?

CAROLINE.

It is because it is heavier than the shortest arm;
the centre of gravity, therefore, is no longer sup-
ported. :

I MRS. B.

You are right; the centre is no longer directly
below the fulcrum, but if we can contrive to bring
‘the centre of gravity directly below the fulerum as
it is now situated, the scales must again balance
each other; for you recollect that the centre of
gravity is that point about which every part of the
body is in equilibrium.

EMILY.
It has just occurred to me how this may be ac-
“complished ; let us put a great weight into " the
scale suspended to the shortest arm ‘of the lever,
and a smaller one into that suspended to the longest
arm. Yes, I have discovered it — look, Mrs. B.,
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the scale on the shortest arm will carry 2lbs., and
that on the longest arm only one, to restore the
balance. (Fig. 8.)

MRS. B.

You see, therefore, that it is not so impracticable -
as you imagined to make a heavy body balance a
light one; and this is, in fact, the means by which
you thought an imposition in the weight of goods
might be effected, as a weight of ten or twelve
“ounces might thus be made to balance a pound of
goods.

EMILY.

Since a weight increases in power in proportion
as it is distant from the fulcrum, I should think
that a balance might be contrived in which one
single weight would answer the purpose of weigh-
ing any quantity of goods. Let us say a pound
weight, for instance ; by moving it along the lever
in proportion as it receded from the fulcrum, it
would balance 5, 10, 20, or perhaps even a hun-
dred pounds, were the lever sufficiently long. -

MRS. B.

" This ingenious idea, my dear. Emily, has, I am
sorry to say, occurred to others before you; but
you will be consoled for not having the credit of
- the invention, by learning to what a.degree of per-
1fection . the instrument .you. have. imagined has
already been brought. It is called a steel-yard;
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and I have no doubt but that the housekeeper can
supply us with one, as it is very commonly used for
the purpose of weighing meat.

This hook by which the instrument is suspended
forms the falcrum; it is two inches distant from
the basin which is to contain the articles to be
weighed, whilst the opposite arm of the lever ex-
tends two feet; a small weight is suspended to it,
and the graduations. on the lever indicate the dif-
ferent powers of this weight according to the situ-
ation which it occupies on the long arm of the
lever ; when pushed to the extremity, it is, you see,
equivalent to 1001bs.

EMILY.

And yet it does not appear to weigh above a few
ounces. But what is the meaning of this second
hook, Mrs. B., which divides the lever with less in-
equality ?

MRS. B.

This hook forms a secand fulcrum correspond-
ing with another scale of graduation. The steel-
yard, when suspended by this hook, is used for
weighing smaller quantities of goods, and. the
weight, when hung at the extremity, is equal only
to 201bs.

Let us now return to the balance, (fig. 2.) and we
shall take off the basins suspended to the lever, in
order to consider the lever simply ; and in this state
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.you see that the fulorum- is no-longer the line of di-
rection of the centre of gravity ; but it is, and must
ever be, the centre of metion, as it is the enly point
which remains at rest, while the other parts move
-about it.

CAROLINE.

It now resembles the two opposite vanes of a
windmill, and the fulcrum the point round which
they move.

MRS. B.

In describing the motion of those vanes, you may
recollect our observing that the farther a body is
from the axis of motion, the greater is its velecity.

CAROLINE.
That I remember, and understood perfectly.

MRS. B.

You comprehend, then, that the extremity;of the
longest arm of a lever must move with greater ve-
locity than that of the shortest arm?

EMILY.

No doubt ; because it is farthest from the centre
of motion. - And pray, Mrs. B., when my brothers
play at riding on a plauk, is not the plank a kind
of lever?

MRS. B.

Certainly ; the log of wood which supperts it

from the ground is the fulcrum, and those who ride
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represent the power and the resistance at each end

- of the lever. And have you not observed that

- when those who ride are of equal weight, the plank
must be supported in the middle to make the two
arms equal; whilst, if the persons differ in weight,
the plank must be drawn a little further over the

- prop, to make the arms unequal, and the lightest
person, who represents the resistance, must be
placed at the extremity of the longest arm.

_ _ CAROLINE.

.+ That is always the case when I ride on a plank
with my youngest brother. I have observed also
that the lightest person has the best ride, as he
moves both further and quicker ; and I now under-
stand that it is because he is mare distant from the
centre of motion.

MRS. B.

The greater velocity with which your little
brother moves, renders his momentum equal to
yours.

CAROLINE.

Yes. I have the most gravity, he the greatest
-velocity : so that upon the whole our momentums
are equal. — But you said, Mrs. B., that the power
should be greater than the resistance to put the
machine in motion ; how then can the plank move,
. if the momentums of the persons who ride are

equal ?
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MRS. B.

Because each person at his descent touches the
ground with his feet; the reaction of which gives
him an impulse which increases his velocity. This
spring is requisite to destroy the equilibrium of the
power and the resistance, otherwise the plank would
not move. Did you ever observe that a lever de-
scribes the arc of a circle in its motion?

EMILY. ,
No; it appears to me to rise and descend per-
pendicularly ; at least, I always thought so.

MRS. B.

I believe I must make a sketch of you and your
brother riding on a plank, in order to convince you
of your error. (Fig. 4. pl.IV.) You may now ob-
serve that a lever can move only round the fulcrum,
since that is the centre of motion. It would be im-
possible for you to rise perpendicularly to the point
A., or for your brother to descend in a straight line
to the point B.: you must in rising, and he in de-
scending, describe arcs of your respective circles.
This drawing shows you also how much superior
his velocity must be to yours; for if you could
swing quite round, you would each complete your
respective circles in the same time.

CAROLINE.
My brother’s circle being much the largest, he
must undoubtedly move the quickest.
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MBS. B.
Now tell me, do you think that your brother
could raise you as easily without the aid of a lever ?

CAROLINE,
Oh, no, he could not lift me off the ground. -

MRS. B.

Then I think you require no farther proof of the
power of a lever, since you see what it enables your
brother to perform.

CAROLINE.

I now understand what you meant by saying,
that, in mechanics, motion was opposed to matter,
for it is my brother’s velocity which counterbalances
my weight.

MRS. B.

You may easily imagine, what enormous weights
may be raised by levers of this description, for the
longer the acting part of the lever in comparison
to the resisting part, the greater is the effect pro-
duced by it; because the greater is the velocity of
the power compared to that of the weight. Have
you never seen your brother roll over a heavy
snow-ball (fig. 6.) by thrusting the end of a strong
stick beneath the ball, and resting it against a log
of wood, or any object which can give it support,
near the end in countact with the snow-ball? The
stick, in this case, is a lever ; the support, the prop
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or fulerum ; and the nearer the latter is to the re-
sistance, the more easily will the power of your
brother be able to move it.

There are three different kinds of levers; in the
first, the fulcrum is between the power and the
weight.

CAROLINE.

This kind then comprehends the several levers
you have described. .

MRS, B» . 3

Yes. When, in levers of the first kind, the ful-
crum is equally between the power and. the weight,
acfin tho balance, the puwer must be greater than
the weight, in order to move it; for nothing can in
this case be gained by velocity. The two arms of
the lever being equal, the velocity of their ex-
tremities must be so likewise. The balance is
therefore of no assistance as a mechanical power,
but it is extremely useful to estimate the respective
weights of bodies.

But when (fig. 5.) the fulcrum F of a lever is not
equally distant from the power and the weight, and
that the power P acts at the extremity of the
longest arm, it may be less than the weight W, its

deficiency being compensated by its superior ve-
locity ; as we observed ‘in the sce-saw.

EMILY. )
Then, when we want to lift a great weight, we
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must fasten it to the shortest arm of a lever, and
apply our strength to the longest arm.

MRS, B.

If the case will admit of your putting the end
of the lever under the weight, no fastening will be
required ; as you will perceive by stirring the fire.

EMILY.

Oh, yes | the poker is a lever of the first kind ;
the point where it rests against the bars of the grate,
.whilst I am stirring the fire, is the fulcrum; the
short arm or resisting pait of the lover, ic amplayed
in lifting the weight, which is the coals, and my
hand is the power applied to the longest arm, or
acting part of the lever.

‘ MRS, B, .

Let me hear, Caroline, whether you can equally
well explain this instrument, which is composed of
two levers, united in one common fulcrum.

CAROLINE.
A pair of scissars !
MRS. B,
You are surprised ; but if you examine their con-
struction, you will discover that it is the power of
the lever that assists us in cutting with scissars.
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CAROLINE.

Yes; I now perceive that the point at which the
two levers are screwed together, is the fulcrum ; the
handles, to which the power of the fingers is ap-
plied, are the extremities of the acting part of the
levers, "and the cutting part of the scissars are the
resisting parts of the levers ; therefore, the longer
the handles, and the shorter the points of the scis-
sars, the more easily you cut with them.

EMILY.

That I have often observed; for when I cut paste-
board or any hard substance, I always make use of
that part of the scissars nearest the screw or rivet,
and I now understand why it increases the power
of cutting; but I confess that I never should have
discovered scissars to have been double levers ; and,
pray, are not snuffers levers of a similar description?

MRS. B.
Yes, and most kinds of pincers; the great power
of which consists in the resisting part of the lever
being very short in comparison of the acting part.

CAROLINE.
And of what nature are the two other kinds of
levers ?
- MRS. B.
In levers of the second kind the weight, instead
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of being at one end, is situated between the power
and the fulcrum. (Fig.6.)

CAROLINE.

The weight and the fulcrum have here changed
places;.and what advantage is gained by this kind
of lever ?’

MRS. B.

In moving it, the velocity of the power must
necessarily be greater than that of the weight, as it
is more distant from the centre of motion. You
have perhaps seen your brother move a snow-ball
by means of a lever of the second order, as well
as by. one of the first.

" CAROLINE,

Oh, yes. (Fig.8.) The end of the stick, which
he thrusts under the ball, rests on the ground,.
which becomes the fulcrum ; the ball is the weight
to be moved, and the power his hands applied to
the other end of the lever. In this instance there
is an immense difference in the length of the arms
of the lever; for the weight is almost close to the
fulcrum.

MRS. B.

And the advantage gained is proportional to this
difference. Fishermen’s boats are by levers of this
description raised from the ground to be launched
into the sea, by means of slippery pieces of board,
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which are thrust under the keel. The most com-
mon example that we have of levers of the second
kind is.in the doors of our apartments.

EMILY.
The hinges represent the fulcrum, our hands the
power applied to.the other end of the lever; but
where is the weight to be moved ?

MRS, B.

The door is the weight, and it consequently
occupies the whole of the space between the power
and the fulcrum. Nut-crackers are double levers of
this kind: the hinge is the fulcrum, the nut the
resistance, and the hands the power. - -

In levers of the third kind (fig. 8.), the fulcrum
is again at one of the extremities, the weight or
resistance at the other, and it is now the power
which- is applied. between the fulerum and the
resistance.

EMILY.

The fulcrum, the weight, and the power, then,
each in their turn, occupy some part of the middle
of the lever between its extremities. But in this
third kind of lever, the weight being farther from
the centre of motion than the power, the difficulty
of raising it seems increased rather than diminished.
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MRS. B.
That is very true.. A lever of this kind is there-
fore never used, unless absolutely necessary, as is
the case in lifting up a ladder perpendicularly in
order to place it against a wall. The man who raises
it cannot place his hands on the upper part of the
ladder, the power, therefore, is necessarily placed
much nearer the fulcrum than the weight.

CAROLINE.

Yes, the hands are the power, the ground the
fulerum, and the upper part of the ladder the
weight. ..

MRS. B.

Nature employs this kind of lever in the structure
of the human frame. In lifting a weight with the
hand, the lower part of the arm becomes a lever of
the third kind ; the elbow is the fulcrum; the mus-
cles of the fleshy part of the arm, the power; and
as these are nearer to the elbow than the hand, it
is necessary that their power should exceed the
weight to be raised.

EMILY.

Is it not surprising that nature should have fur-

nished us with such disadvantageous levers?

MRS. B.

The disadvantage, in respect to power, is more

than compensated by the convenience resulting
7
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from this structure of the arm ; and it is no doubt
that which is best adapted to enable it to perform
its various functions.

We have dwelt so long on the lever, that we
must reserve the examination of the other mechani-
cal powers to our next interview.
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CONVERSATION VI

ON THE MECHANICAL POWERS.

"OF THE PULLEY. — OF THE WHEEL AND AXLE. — OF

THE INCLINED PLANE. — OF THE WEDGE. — OF THE
SCREW,
g ——

MRS. B.

Tue pulley is the second mechanical power we
are to examine. You both, I suppose, have seen
a pulley ?

CAROLINE.

Yes, frequently: it is a circular and flat piece of
wood or metal, with a string which runs in a groove
round it; by means of which, a weight may br
pulled up. Thus pulleys are used for drawing up
curtains.

MRS. B.

Yes; but in that instance the pulleys are fixed,
and do not increase the power to raise the weights,
as you will perceive by this figure. (Plate V. fig. 1.)

EMILY.
If P represents the power employed to raise
1*
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the weight W, the power must be greater than the
weight in order to move it. But of what use then
are pulleys in mechanics ?

MRS. B.

The next figure represents a pulley which is not
fixed, (fig.2.) and thus situated you will perceive
that it affords us mechanical assistance. Do you
not think that the hand which sustains the cask by
means of the cord D E, going over the moveable
pulley, does it more easily than if it held the cask
suspended to a cord without a pulley ?

CAROLINE.

Yes; because the fixed hook H, te which the
cord D E is fastened at one end, sustains one half
of the weight; the hand therefore has only the other
half to sustain.

MRS. B.

Very well; and the hook will afford the same
assistance in raising the weight as in sustaining it:
if\the hand has but one half the weight to sustain, .
it will also have only one half the weight to raise. '
But observe, that in raising the weight, the velo-
city of the hand must be double that of the cask ;-
for in order to raise the weight one inch, the hand .
must draw the strings D and E one inch each;
the whole string is therefore shortened two inches,
while the weight is raised only one.

¢ 2
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’ EMILY. '

That I understand. If P drew the string but
one inch, the weight would be raised ouly half an
inch, because it would shorten the strings D and E
half an inch each, and consequently the pulley, with
the weight attached to it, can be raised only half
an inch.

' CAROLINE.

T am ashamed of my stupidity; but I confess
that I do not understand this. It appears to me
that the weight would be raised as much as the
string is shortened by the power.

, MRS. B.

I will endeavour to explain it more clearly. I
fasten this string to a chair and draw it towards
me; I have now shortened the strmg, by the act
of drawmg it, one yard.

© CAROLINE.
And the chair, as I supposed, has advanced one

yard.
MRS. B.

" This exemplifies the nature of a single fixed pul-
ley only. Now unfasten the string, and replace
the chair where it stood before. In order to re-
present the moveable pulley, we must draw the
chair forwards by putting the string round it; one
end of the string may be fastened to the leg of the
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table, (which will represent the fixed hook H) and
I shall draw the chair by the other end of the
string. 1 have again shortened the string one
yard ; how much has the chair advanced ?

CAROLINE.

I now understand it. The chair represents the
weight to which the moveable pulley is attached ;
and it is very clear that the weight can be drawn
only half the length you draw the string. I believe
the circumstance that perplexed me was; that I
did not observe the difference that results from the
weight being attached to the pulley, instead of
being fastened to the string, asis the case in the
fixed pulley.

EMILY. ‘

But a fixed pulley seems, in one respect, to in-
crease rather than diminish the difficulty of raising
weights, since you must draw the string double the
length that you raise the weight; whilst with a
single pulley, or without any pulley, the weight is
raised as much as the string is shortened.

MEs. B.

The advantage of a moveable pulley consists in
(hv:dmg the dlfﬁculty ‘We must draw, it is true,
twice the length of the string, but then only half
the strength is required that would be necessary to
raise the weight without such assistance.

G 3
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EMILY.
So that the difficulty is overcome in the same
_manner as it would be, by dividing the weight into
two equal parts, and raising them successively.

'MRS. B. _

Exactly. Since the velocity of the power is
double that of the weight, the power need not be
more than half the welght to make their momen-
tums equal.

CAROLINE. ' ‘

Pulleys act then on the same principle as' the
lever, the deficiency of strength of the power being
compensated by its superior velocity.

MRS. B.

Yes ; and you will find that all mechanical power

is founded on the same principle. 'The pulley may

be explained on the principle of the lever.  In the

single fixed pulley (fig. 1.) the line A C may be eon-

sidered as a lever, and B the centre of motion ; then

the two arms, A B and B C, being equal, thelever

can afford no aid as a mechanical power; since the

power must be equal to the weight in order to ba-

lance it, and superior to the weight in order to
raise it.

' EMILY.
But how can the moveable pulley, which does
afford mechanical aid, be analagous to a lever of
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unequal arms? for one side of the pulley cannot
be made wider than the other.

MRS. B.

No in the moveable pulley (fig. 2.) you must con-
sider the point A, .in which the cord first touches
the pulley as the centre of motion ; A B, or half the
diameter of the pulley, as the shortest arm; and
AC, or the whole diameter, as the longest arm.

- EMILY.
* But may it not be obJected to pulleys, that a
longer time is required to raise a wexght by their

aid than without it; for what you gain in power
you lose in time ?

MRS. B. : '
That, my dear, is the fundamental law in me-
chanics. It is the case with the lever, as well as

the pulley ; and you will find it to be so with all
the other mechanical powers.

CAROLINE,

I do not see any advantage in the mechanical
powers, then, if what we gain by them one way is
lost another.

MERS. B.
- Since we are not able to increase our natural
strength, is not that science of wonderful utility
G 4
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by means of which we may reduce the resistance
or weight of any body to the level of our strength ?
This the mechanical powers enable us to accom-
plish, by dividing the resistance of a body into
parts which we can successively overcome. It is
true, as you observe, that it requires a sacrifice of
time to attain this end, but you must be sensible
how very advantageously it is exchanged for power :
the utmost exertion we can make adds but little to
our natural strength, whilst we have a much more
unlimited command over time.

You can now understand, that the greater the
number of pulleys connected by a string, the more
easily the weight is raised, as the difficulty is
divided amongst the number of strmgs, or rather
of parts into which the string is divided by the
pulleys. Several pulleys thus connected form what
is called a system, or tackle of pulleys. (fig.3.)
You may have seen them suspended from cranes
to raise goods into warehouses, and in ships to
draw up the sails.

EMILY.
But since a fixed pulley affords us no mechanical
aid, why is it ever used ?

MRS, B.
Though it does not increase our power, it is
frequently -useful for altering its direction. A single
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pulley enables us to draw up a curtain, by drawing l

down the string connected with it ; and we should
be much at a loss to accomplish this simple oper-
ation without its assistance.
CAROLINE.

- There would certainly be some difficulty in as-
cending to the head of the curtain, in order to
draw it up. Indeed, I now recollect having seen
workmen raise small weights by this means, which
seemed to answer a very useful purpose.

MRS. B,

In shipping, both the advantages of an increase
of power and a change of dnrectton, by means of
pulleys, are united: for the sails are raised up the
masts by the sailors on deck, from the change of
direction which the pulley effects ; and the labour is
facilitated by the mechanical power of a combin-
ation of pulleys.

, EMILY.
But the pulleys on ship-board do not appear to
me to be united in thé manner you have shown us.

MRS. B.

They are, I believe, generally connected, as de-

scribed in figure 4., both for nautical and a variety

of other purposes ; but in whatever manner pulleys
G &

\
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are connected by a single string, - the mechanieal
<. power is the same,

The third ‘mechanical power is the wheel and
axle. Let us suppose {(Plate V. fig. 5.) the weight
W to be a bucket of water in a well, which we
raise by winding the rope, to which it is attached,
round the axle; if this be done without a wheel to
turn the axle, no mechanical assistance is received.
The axle without a wheel is as impotent as a single
fixed pulley, or a lever, whose fulcrum is in the
centre; but add the wheel to the axle, and you will
immediately find the bucket is raised with much less
difficulty. The velocity of the circumference of the
wheel is as much greater than that of the axle, as
it is further from the centre of motion; for the
wheel describes a great circle in the same space of
time that the axle describes a small one, therefore
the power is increased in the same proportion as the
circumference of the wheel is greater than that of
the axle. If the velocity of the wheel were twelve
times greater than that of the axle, a power nearly
twelve times less than the weight of the bucket
would be able to raise it.

EMILY.
The axle acts the part of the shorter arm of the
lever, the wheel that of the longer arm.

CAROLINE, ;
In raising water, there is commonly, I believe,
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instead * of a wheel ‘attached to the axle, only a°
crooked handle, which - answers the purpose of-

winding the rope round the axle, and thus raising

the bucket.
: * MRS. B.

In this manner (fig. 6.) : now if you observe the
dotted circle which the handle describes in winding
up the rope, you will perceive that the branch of
the handle, A, which is united to the axle, repre-
sents the spoke of a wheel, and answers the
purpose of an entire wheel ; the other branch, B,
affords no mechanical aid, merely servmg as a
handle to turn the wheel.

" Wheels are a very essential part of most ma-
chines. They are employed in various ways; but,
when fixed to the axle, their mechanical power is
always the same ; that is, as the circumference of
the whee] exceeds that of the axle, so much will
the energy of the power be increased.

CABOLINE.

Then the larger the wheel, the greater must be
its effect. ‘

MES. B.

Certamly If you have ever seen any consider-,
able .mills or manufactures, you must have ad-
mired the immense wheel, the revolution of which
puts the whole of the machinery into motion ; and

. GG
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though so great an effect is produced by it, a horse
or two has sufficient power to turn it ; sometimes
a stream of water is used for that purpose, but of
late years, a steam-engine has been found both the
most powerful and' the most convenient mode of
turning the wheel.

CAROLINE.

Do not the vanes of a windmill represent a
wheel, Mrs. B. ?

MRS. B.

Yes ; and in this instance we have the advantage
of a gratuitous force, the wind, to turn the wheel.
One of the great Lenefits resulting from the use of
machinery is, thatit gives us a sort of empire over
the powers of nature, and enables us to make them
perform the labour which would otherwise fall to
the lot of man. 'When a current of wind, a stream
of water, or the expansive force of steam, performs
our task, we have only to superintend and regu-
late their operations.

The fourth mechanical power is the inclined
plane. This is nothing more than a slopé, or de-
clivity, frequently used to facilitate the drawing up
of weights. It is net difficult to understand, that
a weight may much more easily be drawn up a
slope than it can be raised the same height per-
pendicularly. But in this, as well as the other

.89
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mechanical powers, the facility is purchased by
a loss of time (fig. 7.); for the weight, instead of
moving directly from A to C, must move from
B to C, and as the length of the plane is to its
height, so much is the resistance of the weight
diminished. Thus, if a pulley were fixed at F,
and a string fixed to the weight W were con-
nected with another weight P; then if P bear the
same proportion to W that the line B C does to
the line C A, the two weights will balance each
other.
EMILY.

Yes ; for the resistance, instead of being confined
to the short line A C, is spread over the long
line B C. ‘

MRS. B.

The wedge, which is the next mechanical power,
is composed of two inclined planes (fig.8.): you
wmay have seen woodcutters use it to cleave wood.
The rvesistance consists in the cohesive attraction
of the wood, or any other body which the wedge
is employed to separate ; and the advantage gained
by this power is in the proportion of half its width
to its length ; for while the wedge forces asunder
the coherent particles of the wood to A and B, it
penetrates downwards as far as C.

. EMILY.
The wedge, then, is rather a compound than a
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distinct mechanical. power, since it is composed of
two inclined planes.

~ MRS. B.

It is so. All cutting instruments are constructed
upon the principle of the inclined plane, or the
wedge. Those that have but one edge sloped, like
the chisel, may be referred to the inclined plane;
whilst the axe, the hatchet, and the knife (when
used to split asunder) are used as wedges.

CAROLINE.
" But a knife cuts best when it is drawn across the
substance it isto divide. 'We use it thusin cutting
meat; we do not chop it to pieces.

MRS. B.

The reason of this is, that the edge of a kmfe is
really a very fine saw, and therefore acts best when
used like that instrument.

The screw, which is the last mechanical power,
is more complicated than the others. You will see
by this figure, (fig.9.) that it is composed of two
parts, the screw and the nut. ‘The screw S is a
cylinder, with a spiral protuberance coiled round
ity called the thread; the nut N is perforated to
contain the screw ; and the inside of the nut has
a spiral groove, made to fit the spiral thread of the
sCrew.

IS
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CAROLINE.
It is just like this little box, the lid of which
screws on the box as you have described. But what
is this handle which projects from the nut?

MRS, B.

It is a lever, which is attached to the nut, with-
out which the screw is never used as a mechanical
power. The nut with a lever L attached to it is
commonly called a winch. The power of the screw,
complicated as it appears, is referable to one of the
most simple of the mechanical powers; which of"
them do you think it is ? :

v CAROLINE.
In appearance, it most resembles the wheel and

axle.
MRS. B.

The lever, it is true, has the effect of a wheel, as
it is the means by which you wind the nut round;
but the lever is not considered as composing a part
of the screw, though it is true that it is necessarily
attached to it. But observe, that the lever, consi-
dered as a wheel, is not fastened to the axle or
screw, but moves round it, and in so doing, the
nut either rises or descends, according to the way
in which you turn it.

~ EMILY.
The spiral thread of the -screw resembles, I
think, an inclined plane. It is a sort of slope, by
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means of which the nut ascends more easily than
it would do if raised perpendicularly ; and it serves
to support it when at rest.

MRS. B.

Very well. If you cut a slip of paper in the form
of an inclined plane, and wind it round your pen-
cil, which will represent the cylinder, you will find
that it makes a spiral line, corresponding -to the
spiral protuberance of the screw. (Fig. 10.)

EMILY.

Very true; the nut then ascends an inclined
plane, but ascends it in a spiral, instead of a straight
line. The closer the thread of the screw, the more
easy the ascent; it is like having shallow, instead
of steep steps to ascend.

MRS. B.
Yes ; excepting that the nut takes no steps, it gra-
dually winds up or down. Then observe that the
closer the threads of the screw, the greater the num-
ber of revolutions the winch must make; so that
we return to the old principle, — what is saved in
power, is lost in time.

EMILY.
Cannot the power of the screw be increased also,
by lengthening the lever attached to the nut?
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MRS. B.

Certainly. The screw, with the addition of the
lever, forms a very powerful machine, employed
either for compression or to raise heavy weights.
It is used by book-binders, to press the leaves of
books together. It is used also in cyder and wine
presses, in coining, and for a variety of other pur-
poses. :

All machines are composed of one or more of
these six mechanical powers we have examined. I
have but one more remark to make to you, relative
to them, which is, that friction in a considerable de-
gree diminishes their force: allowance must there-
fore always be made for it, in the construction of
machinery.

CAROLINE. .

By friction, do you mean one part of the machine

rubbing against another part contiguous to it ?

MRS. B.

Yes. Friction is the resistance which bodies meet
with in rubbing against each other. There is no
such thing as perfect smoothness or evenness in
nature. Polished metals, though they wear that
appearance, more than any other bodies, are far
from really possessing it ; and their inequalities may
frequently be perceived through a good magnifying
glass. 'When, therefore, the surfaces of the two
bodies come into contact, the prominent parts of
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the one will often fall into the hollow parts of the
other, and occasion more or less resistance to motion.

: CAROLINE. '
" - Bat if a machine be made of polished metal, as
a watch for instance, the friction must be very
trifling ?
MES. B.

In proportion as the surfaces of bodies are well
polished, the friction is doubtless diminished; bug
it is always considerable, and it is usually computed
to destroy one-third of the power of a machine.
Oil or grease is used to lessen friction: it acts as a
“polish by filling up the cavities of the rubbing sur-
faces, and thus making them slide more easily over
each other.

CAROLINE.

Is it for this reason that wheels are greased, and

the locks and hinges of doors oiled ?

MRS. B.

Yes. In these instances the contact of the rub-
bing surfaces is so close, and the rubbing so con-
tinual, that, notwithstanding their being polished
and oiled, a considerable degree of friction is pro-
duced.

There are two kinds of friction;. the one oceca-
sioned by the sliding of the flat surface of a body,
the other by the rolling of a circular body. The
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friction resulting from the first is much the most
considerable; for-great force is required to enable
the sliding body to overcome the resistance which
the asperities of*the surfaces in contact oppose to
its motion, and it must be either lifted over, or
break through them; whilst, in the other kind of
friction, the rough parts roll over each other with
comparative facility; hence it is, that wheels are
often used for the sole purpose of diminishing the
resistance of friction.

EMILY.

This is one of the advantages of: camage-whee]s 3
is it not ?

MRS. B.

Yes; and the larger the circumference of the
wheel, the more readily it can overcome any con-
siderable obstacles, such as - stones, or inequalities
in the road. 'When, in descending a steep hill, we
fasten one of the wheels, we decrease the velocity
of the carriage, by increasing the friction.

CAROLINE.

That is to say, by converting the rolling friction
into the dragging friction. And when you had
casters put to the legs of the table, in order to move
it more easily, you changed the dragging into the
rolling friction.

But pray, Mrs. B,, what is the use of the great
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fly-wheel which is frequently attached to -steam-
engines, and_ other large machines, but yet, I am
told, does not compose a part of the machine itself?

MRS. B.

By adding a fly-wheel to a machine, you load it
with a heavy weight which impedes its free uncon-
trolled motion.

CAROLINE.

A curious mode, truly, of improving the power
of machinery !

MRS. B.

It nevertheless does so, though it cannot be said
to increase that power.

The motion of a machine is always more or less
variable, owing to the irregularity both of the
power which works it, and of the resistance which
it has to overcome, Whether the power consists’
in wind, water, steam, or the strength of animals,
it cannot be made to act with perfect regularity,
nor can the work which the machine has to per-
form be always uniform,

EMILY.

I recollect that when fresh fuel is added to the
fire of a steam-boat, the steam acts with increased
violence, and during a few minutes the velocity of
the boat is considerably accelerated; this is the
more striking, because, previously to the fire being
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recruited, the motion of the boat had been slackened,
owing to the want of fuel. ' ’

MRS. B.

Uniformity of motion in a steam-boat is not re.
quired ; but in manufactures, and most cases in
which machinery is employed, uniformity of action
is essentially requisite, both in order to prevent in-
Jury to the machine, and imperfection in the work
performed. A fly-wheel, which is a large heavy
wheel attached to the axis of one of the principal
wheels of the machinery, answers this purpose, by
regulating the action of the machine; by its weight
it diminishes the effect of increased action, and by
its inertia it carries on the machine with uniform
velocity, when the power transiently slackens; thus
by either checking or impelling the action of the
machine, it regulates its motion so as to render it
tolerably uniform.

There is another circumstance which we have al-
ready noticed, as diminishing the motion of bodies,
and which greatly affects the power of machines.
This is the resistance of the medium, in which a
machine is worked. All fluids, whether of the na-
ture of air, or of water, are called mediums; and
their resistance is proportioned to their density:
for the more matter a body contains, the greater
the resistance it will oppose to the motion of an-
other body striking against it.
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EMILY.
It would then be much more difficult to work a
machine under water than in the air ?

MRS, B.

Certainly ; if a machine could be worked #n vacuo,
and without friction, it would be perfect; but this "
is unattainable. A considerable reduction of power
must therefore be allowed for the resistance of the
air. : :
‘We shall here conclude our observations on the
mechanical powers. At our next meeting I shall
endeavour to give you an explanation of the motion
of the heavenly bodies.
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CONVERSATION VIL

CAUSES OF THE EARTH'S ANNUAL"
MOTION.

OF THE PLANETS, AND THEIR MOTION.— OF THE
DIURNAL MOTION OF THE EARTH AND PLANETS.

et ——

CAROLINE.

Ou! Mrs. B., I have discovered such a powerful
objection to your theory of attraction, that I doubt
whether even your conjuror, Newton, with his magic
wand of attraction, will be able to dispel it.

MES. B.

I see that you are quite elated with the spmt of
opposition ; but tell me, what is this weighty objec-
tion ?

CAROLINE. :

You say that bodies attract in proportion to the
quantity of matter they contain: now, we all know
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the sun to be much larger than the earth; why,
therefore, does it not attract the earth ? You will
not, I suppose, pretend to say that we are falling
towards the sun ? B

EMILY.

However plausible your objection appears, Caro-
line, I think you place too much reliance upon it.
When any one has given such convincing proofs of
sagacity and wisdom as Sir Isaac Newton, when
we find that his opinions are universally received
and adopted, is it to be expected that any objection
we can advance should overturn them ?

CAROLINE.

Yet I confess that I am not inclined to yield im-
plicit faith even to opinions of the great Newton.
For what purpose are we endowed with reason, if
we are denied the privilege of making use of it, by
judging for ourselves ?

MRS. B.

It is reason itself which teaches us, that when
we, novices in science, start objections to theories
‘established by men of acknowledged wisdom, we
should be diffident rather of our own than of their
opinion. Iam far from wishing to lay the least re-
straint on your questions. You cannot be better
convinced of the truth of a system, than by finding
that it resists all your attacks; but I would advise



Digitized by GOOS[@



g iC.
_2ublished by Longman & ¢ 5 June 1% Bsg. ) Lowry Sc



EARTH’S ANNUAL MOTION. 145

you not to advance your objections with so much
confidence, in order that the discovery of their
fallacy may be attended with less mortification.
In answer to that you have just proposed, I can
only say, that the earth really is attracted by the
sun,

CAROLINE.

Take care, at least, that we are not consumed by
him, Mrs. B.

MRS. B.

We are in no danger.  But our magician New-
ton, as you are pleased to call him, cannot extricate
himself from this difficulty without the aid of some
cabalistical figures, which I must draw for him.

Let us suppose the earth at its creation to have
been projected forwards into universal space. We
know that if no obstacle impeded its course it
would proceed in the same direction, and with a
uniform velocity for ever. 'In fig. 1. plate VI, A
represents the earth and S the sun. We shall
suppose the .earth to be arrived at the point in
which it is-represented in the figure, having a
velocity which would carry it on to B in the space
of one month; whilst the sun’s attraction would
bring it to C in the same space of time. You will
perceive by the figure that the two forces of pro-
jection and attraction do not act in opposition, but
perpendicularly, or at a right angle to each other.
Can you tell me now, how the earth will move ?

H
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EMILY. .

1 recollect your teachnng us, that a body acted

upon by two forces perpendicular to each other

wotild move in the diagonal of a parallelogram ; if,

therefore, I complete the parallelogram by drawing

the lines CD, BD the earth will move in the dia-
gonal AD.

" MRs. B.

A ball struck by two forces acting perpendfcu-
larly to each other, it is true, moves in the diagonal
of a parallelogram. But you must observe that
the force of attraction is continually acting upon
our terrestrial ball, and producing an incessant de-
viation from its course in a right line, which con-
verts it into that of a curve line; every point of
which may be considered as constituting the diago-
nal of an infinitely small parallelogram.

- Let us detain the earth a moment at the point
D, and consider how it will be affected by the con-
bined action of the two forces in its new situation.
It still retains its tendency to fly off in a straight '
line; but a straight line would now carry it away
to F, whilst the sun would attract it in the direction
D S; how then will it proceed ?

'EMILY. _
. It will go on in a curve line in a direction be~
tween that of the two. forces.
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MRS. B.

"In order to know exactly what™ course the earth
will follow, draw another parallelogram similar to
the first, in which the line'D F describes the force
of prajection, and the line D S, that of attraction;
and you will find that the earth will proceed in the
curve line D G.

CAROLINE.
You must now allow me to draw a parallelogram,
Mrs. B. Let me consider in what direction will
the force of projection now impel the earth.

MRS. B.
First draw a line from the earth to the sun, re-
presenting the force of attraction; then describe
the force of projection at a right angle to it.

CAROLINE.
The earth will then' move in the curve G I, of
the parallelogram G HI K.

. MRS. B.

You recollect that a body acted upon by two
forces, moves through a diagonal in the same time
that it would have moved through one of the
sides of the parallelogram, were it acted upon by
one force only. The earth has passed through
the diagonals of these three paralielograms in the
space of three months, and has performed one

H 2
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quarter of a circle; and on the same principle it
will go on till it has completed the whole of the
circle. It will thén recommence a course, which it
has pursued ever since it first issued from the hand
of its Creator, and which there is every reason to
suppose it will continue to follow as long as it
remains in existence. -
EMILY.

‘What a grand and beautiful eﬁ'ect, resultmg from

50 s1mple a cause ! _
CAROLINE.

It affords an example, on a magmﬁcent scale, of
the circular motion which you taught us in mecha-
nics. The attraction of the sun is the centripetal
force, which confines the earth to a centre ; and the
impulse of projection the centrifugal force, which
impels the earth to quit the sun and fly off in
a tangent.

MRS. B.

Exactly so. A simple mode of illustrating the
effect of these combined forces on the earth is to
cut a slip of card in the form of a right angle,
(fig. 2. plate VL) to describe.a small circle at the
angular point representing the earth, and to fasten
the extremity of one of the legs of the angle to a
fixed point, which we shall consider as the sun.
Thus situated, the angle will represent both the
centrifugal and centripetal forces; and if you draw
it round the fixed point, you will see how the direc=
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tion of the centrifugal foree varies, constantly form«
ing a tangent to the eircle in which the earth moves,
as it is constantly at a right angle with the centri-
petal force.

. EMILY.

The eart.b then, gravitates towards the sun with-
out the slightest danger either of approaching
nearer orreceding further from it. How admirably
this is contrived | If the two forces which produce
this circular motion had not been so accurately ad-
justed, one would ultimately have prevailed over
the:other, and we should either have approached
so near the sun as to have been burnt, or have
receded so far from it as to have been frozen.

_ MRS, B.

‘What will you say, my dear, when I tell you,
that these two forces are not, in fact, so propor-
tioned as to produce circular motion in the earth,
and that the earth’s orbit, or path which it de-
scribes round the sun, is not a circle?

CAROLINE,
You must explain to us, at least, in what man.
ner we_avoid the threatened destruction,

MRS. B.
Let us suppose that when the earth is at A,
(ﬁg, 8,) its projectile force does not give it a
H 3
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velocity sufficient to counterbalance that of gra~
vity, so as to enable these powers conjointly to. carry-
it round the sun in a circle; the earth, instead of
describing the line A C, as in the former figure,
will approach nearer the sun in the line A B.

.CAROLINE. -

~ Under these circumstances, I see not what is toc
prevent our approaching nearer and nearer the sun.
till we fall into it; for its attraction increases as we
advance towards it, and produces an accelerated,
‘velocity in the earth which increases the danger. :

MRS. B. -

And there is yet another danger, of which you
are not aware. Observe, that as the earth ap-
proaches the sun, the direction of its projectile
force is no longer perpendicular to that of attrac-
tion, but inclines more nearly to it. 'When the
earth reaches that part of its orbit at B, the force
of projection would carry it to D, which brings it
nearer the sun instead of bearing it away from it.

EMILY.

If, then, we are driven by one power and drawn
by the other to this centre of destruction, how is it
possible for us to escape?

' : MRS. B.
A little patience, and you will find that we arg
not without recourse, The earth continues ape
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proaching the sun with an accelerated motion, till
it redches the point E: in what direction will - the
projectile force now impel it ?

EMILY.

In the direction E F. Here then the two forces

act perpendicularly to each other, and the earth is

situated just as it was in the preceding figure ; there-

fore, from this point, it should revolve round the
sun in a circle, :

MRS. B. .
No, all the circumstances do not agree. Inmo-
tion round a centre, you recollect that the centrifu-
gal force increases with the velocity of the body, or
in other words, the quicker it moves the stronger
is its tendency to fly off in a right line. When the
earth, therefore, arrives at E, its accelerated mo-
tion will have so far increased its velocity, and con-
sequently its centrifugal force, that the latter will.
prevail over the force of attraction, and drag the.
earth away from the sun till it reaches G.

CAROLINE.

It is thus, then, that we escape from the danger-.
ous vicinity of the sun; and in proportion as we.
recede from it, the force of its attraction, and, con-.
sequently, the velocity of the earth’s motion, are.
dimuushed

H 4



152 CAUSES OF THE

. MRS. B.

Yes. From G the direction of projection is to-
wards H, that of attraction towards S, and -the
earth proceeds between them with a retarded mo-
tion, till it has completed its revolution. Thus
jou see, that the earth travels round the sun, not
iii & circle, but an ellipsis, of which the sun occu-
pies one of the foci; -and that in its course the earth
alternately approaches and recedes from it, with-
out any danger of being either swallowed up, or of
being entirely carried away from it.

CAROLINE.
And I observe, that what I apprehended to be a
dangerous irregularity, is the means by which the
most perfect order and harmony are produced ?

' MRS. B,

“In ﬁg 8. I have not entered into all the details
which are delineated in fig. 1.; but as I hope you
now understand the laws which govern the earth in
its revolution about the sun, I trust that you will be
able to draw g series of parallelograms in fig. 8. on
the principle of those in fig. 1.; and you will per-
ceive that the power of attraction increases its in-
fluence and becomes superior to that of projection,
in proportion as the earth approaches the sun from
A to E ; whilst the force of attraction diminishes and
that of projection acquires the ascendancy as the,
earth recedes from the sun, in returning from Eito A,
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.

EMILY.
The earth travels, then, at a very unequal rate,
its velocity being accelerated as it approaches the
sun, and retarded as it recedes from it.

MRS. B.

It is mathematically demonstrable, that in mov-
ing round a point towards which it is attracted, a
body passes over equal areas in equal times. The
whole of the space contained within the earth’s or-
bit is, in fig. 4., divided into a number of areas, or
spaces, 1, 2, 3, 4, &ec. all of which are of equal di-
mensions, though of very different forms; some of
them, you see, are long and narrow, others broad
and short; but they each of them contain an equal
quantity of space. An imaginary line drawn from
the centre of the earth to that of the sun, and keep-
ing pace with the earth in its revolution, passes over
equal areas in equal times; that is to say, if it is a
month going from A to B, it will be a month going
from B to C, and another from C to E, and so on.

CAROLINE. _

‘What long journeys the earth has to perform in

the course of a month, in one part of her orbit, and
how short they are in the other part !

MRS. B.
The inequality is not so considerable as appears
in this figure; for the earth’s orbit is not so eccen-

HS5
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tric as it is there described ; and, in reality, differs
buit little from a circle.. That part of the earth’s or-
bit nearest the sun is called its perikelion, that part
most distant from the sun its aphelion; and the
earth is about three millions of miles nearer the
sun at its perihelion than at its aphelion.

. EMILY.
- I think I can trace aconsequence from these dif-
ferent situations of the earth; is it not the cause
of summer and winter ?

MRS. B.
On the contrary, during the height of summer,
the earth is in that part of its orbit which is most
distant from the sun, and it is during the severity
of winter, that it approaches nearest to it.

EMILY.
That is very extraordinary; and how then do
you account for the heat being greatest, when we
are most distant from the sun ?

MRS. B.

The difference -of the earth’s distance from the
sun in summer and winter, when compared with its
total distance from the sun, is but inconsiderable.
"The earth, it is true, is above three millions of miles
nearer the sun in winter than in summer; but that
distance, however ‘great it at first appears, sinksinto
insignificance in comparison of 95 millions of miles,
which s our mean distance from the sun. The
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~

change of temperature, arising from this difference,
would in itself scarcely be sensible. It is, however,
completely overpowered by other causes which pro-
‘duce the variations of the seasons; but these I
shall defer explaining, till we have made some,
further observations on the heavenly bodies,

. CAROLINE.
And should not the sun appear smaller in sum-
mer, when it is so much further from us? i

MRS. B.
It actually does, when accurately measured ; but
the apparent difference in size, is, I believe, not
perceptible to the naked eye.

EMILY. :
Then, since the earth moves with greatest velo-
city in that part of its orbit nearest the sun, it must
have completed its journey through one half of its
orbit in a shorter time than through the other half.

MRS. B.
Yes. It is about seven days longer performing
the summer-half of jts orbit than the winter-half.
The revolutions of all the planets round the sun
are the result of the same causes, and are performed
Jin the same manner as that of the earth.

EMILY.
Pray what are the planets ?
Lo . L H6..
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MRS. B.

They are those celestial bodies, whlch revolve
like our earth about the sun. They are supposed
to resemble the earth also in many other, respects;
and we are led by analogy to suppose them to be
inhabited worlds.

CAROLINE. .
I have heard so; but such an opinion appears to
me too great a stretch of the imagination ?

MRS, B.

Some of the planets are proved to be larger than
the earth; it is only their immense distance from
us which renders their apparent dimensions so
small. Now, if we consider them as enormous
globes, instead of small twinkling spots, we shall
be led to suppose, that the Almighty would not
have created them merely for the purpose of giving
us a little light in the night, as it was formerly ima-
gined ; and we should find it more consistent with
our ideas of the Divine wisdom and beneficence,
to suppose that these celestial bodies should be
created for the habitation of beings, who are, like
us, blessed by His providence. Both in a moral
as well as a physical point of view, it appears to
me more rational to consider the planets as worlds
revolving round the sun; and the fixed stars as
other suns, each of them attended by their respec-
tive system of planets, to which they impart their
influence. We have -brought our telescopes to
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such a degree of perfection, that from the appear-
ances which the moon exhibits when seen through
them, we have very good reason to conclude, that
it is a habitable globe; for though it is true that
we cannot discern its towns and people, we can
plainly perceive its mountains and valleys; and
some astronomers have gone so far as to imagine
they discovered volcanos.

EMILY.

If the fixed stars are suns, with planets revolv-
ing round them, why should we not see those
- planets as well as their suns?

MRS. B.

In the first place, we conclude that the planets
of other systems (like those of our own) are much
smaller than the suns which give them light ; there-
fore at so great a distance as to make the suns appear
like fixed stars, the planets would be quite invisible.
Secondly, the light of the planets being only re-
flected light, is much more feeble than that of the
fixed stars. 'There is exactly the same difference as
between the light of the sun and that of the moon;
the first being a fixed star, the second a planet.

EMILY.
But if the planets are worlds like our earth, they
are dark bodies ; and instead of shining by night,
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we should see them only by day-light. - And why
do we not see the fixed stars also by day-light ?

MRS. B.

Both for the same reason; — their light is so
faint, compared to that of our sun, that it is entirely-
effaced by it, The light emitted by the fixed stars
may probably be as strong as that of our sum, at
an equal distance ; but being so much more re-
mote, it is diffused over a greater space, and is con-
sequently proportionally weakened.

CAROLINE.

True; I can see much better by the light of a
candle that is near me, than by that of one at a
great distance. But I do not understand what
makes the planets shine ?

MRS. B.
‘What is it that makes that -weathercock on the
church steeple shine ?

CAROLINE.

The sun. But if it was the sun which made the
planets shine, we should see them in the day-time,
when the sun shone upon them; or if the faintness
of their light prevented our seeing them in the day,
we should not see them -at all, or the sun cannot
shine upon them in the night'
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MRS, B.

There you are inerror. But in order to explain
this to you, I must first make you acquainted with
the various motions of the planets.

You know, that according to the laws of attrac-
tion, the planets belonging to our system all gravi-
tate towards the sun; and that this force, combined
with that of projection, will occasion their revolus
tion round the sun, in orbits more or less elliptical,
according to the proportion which these two forces
bear to each other.

But the planets have also another motion : they
revolve upon their axes. The axis of a planet is
an imaginary line which passes through its centre;
and on which it turns; and it is this motion which
produces day and night. With that side of the
planet facing the sun, it is day; and with the oppo-
site side, which remains in darkness, it is night.
Our earth, which we consider as a planet, is 24
hours in performing one revolution on its axis; in
that period of time, therefore, we have a day and
a night. Hence this revolution is called the eartl’s
diurnal or daily motion; and it is this revolution
of the earth from west to east which produces an
apparent motion of the sun, moon, and stars ina
contrary direction.

Let us now suppose ourselves to be beings, in-
dependent of any planet; travelling in the skies,
and looking upon the earth, in the same point -of
view as upon the other planets.



160 : CAUSES OF THE

CAROLINE.

It is not flattering to us, its inhabitants, to see it

make so insignificant an appearance.
MRS. B. :

To those who are accustomed to contemplate it
in this point of view, it never appears more glo-
rious. We are taught by science to distrust ap-
pearances ; and instead of considering the stars as
brilliant specks, we look upon them either as suns
or habitable worlds, and we contemplate the whole
together as forming one vast and magnificent
system, worthy of the Divine hand by which it was
created.

EMILY.

I can scarcely conceive the idea of this immensity
of creation ; it seems too sublime for our imagina-
tion ; — and to think that the goodness of Provi-
dence extends over millions of worlds throughout
a boundless universe—Ah! Mrs. B,, it is we only
who become trifling and insignificant beings in so
magnificent a creation !

MRS. B.

This idea should teach us humility, but without
producing despondency. The same Almighty hand
which guides these countless worlds in their unde-
viating course conducts with equal perfection the
blood as it circulates through the veins of a fly, and

19
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opens the eye of the insect to behold His wonders.
Notwithstanding this immense scale of creation,
therefore, we need not fear to be disregarded or for-
gotten.

‘But to return to our station in the skies. We
were, if you recollect, viewing the earth at a-great
distance, in appearance a little star, one side illum-
ined by the' sun, the other in obscurity. But
would you believe it, Caroline, many of the in-
habitants of this little star imagine that when that
part which they inhabit is turned from the sun,
darkness prevails throughout the universe, merely
because it is night with them ; whilst, in reality, the
sun never ceases to shine upon every planet.
‘When, therefore, these little ignorant beings look
around them during their night, and behold all the
stars shining, they cannot imagine why the planets,
which are dark bodies, should shine, concluding,
that since the sun does not illumine themselves, the
whole universe must be in darkness.

CAROLINE.

I confess that I was one of these ignorant people ;
but I am now very sensible of the absurdxty of such
an idea. To the inbabitants of the other planets,
then, we must appear as a little star ?

MRS. B.
Yes, to those which revolve round our sun ; for
since those which may belong to other systems (and
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whose existence is only hypothetical,) are invisible
to us, it is probable, that we also are invisible to
them, A
EMILY.
But they may see our sun as we do theirs, in
appearance a fixed star?

MRS. B. -

No doubt ; if the beings who inhabit thase planets

are endowed with senses similar to ours. "By the

same rule we must appear as a moon, to the in-

habitants of our moon; but on a larger scale, as

the surface of the earth is about thirteen times as
large as that of the moon.

. EMILY. .
The moon, Mrs. B., appears to move in a dif-
ferent direction, and in a different manner from the
stars?
MRS. B,
I shall defer the explanation of the motion of the
moon, till our next interview, as it would prolong
our present lesson too much.

4



163

CONVERSATION VIIL

ON THE PLANETS.

OF THE SATELLITES OR MOONS.—— GRAVITY DIMI-
NISHES AS THE SQUARE QF THE DISTANCE INCREASES.
~—OF THE SOLAR SYSTEM.— OF COMETS.— CON-
STELLATIONS, SIGNS OF THE ZODIAC. — OF COPBERNI»
cus, NEWTON, &c.

MRS. B.
Tx-m planets ave distinguished into primary and
secondary. Those which revolve immediately
about the sun are called primary. Many of these
are attended in their course by smaller planets,
which revolve round them: these are called se-
condary planets, satellites, or moons. Such is our
moon, which accompanies the earth, and is carried
with it round the sun. ~
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EMILY.

How then can you reconcile the motion of the
secondary planets to the laws of gravitation; for
the sun is much larger than any of the primary
planets; and is not the power of gravity propor-
tional to the quantity of matter ?

CAROLINE.

Perhaps the sun, though much larger, may be

less dense than the planets. Fire, you know, is very

light, and it may contain but little matter, though
of great magnitude.

MRS. B. ~ .

We do not know of what kind of matter the sun
is made; but we may be certain, that since it is the
general centre of attraction of our system of planets,
it must be the body which contains the greatest
quantity of matter in that system.

You must recollect that the force of attraction
is not only proportional to the quantity of matter,
but to the degree of proximity of the attractive
body: this power is weakened by being diffused,
end diminishes as the squares of the distances in-
crease. 'The square (you recollect) is the product
of a number multiplied by itself; so that a planet
situated at twice the distance at which we are from
the sun would gravitate four times less than we do;
for the product of two multiplied by itself is four.
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CAROLINE. :

Then the more distant planets move slower in
their orbits ; for their projectile force must be pro-
portioned to that of attraction? But I do not see
how this accounts for the motion of the secondary
round the primary planets, in preference to the
sun ?

EMILY.

Is it not because the vicinity of the primary
planets renders their attraction stronger than that
of the sun ? - '

MRS. B. :

Exactly so. But since the attraction between
bodies is mutual, the primary planets are also
attracted by the satellites, which revolve round
them. The moon attracts the earth, as well as the
earth the moon; but as the latter is the smaller
body, her attraction is proportionally less; there-
fore neither the earth revolves round the moon, nor
the moon round the earth; but they both revolve
rounid a point, which is their common centre of
gravity, and which is as much nearer the earth
than the moon as the gravity of the former exceeds
that of the latter.

EMILY. .
‘Yes, I recollect your saying, that if two bodies
were fastened together by a wire or bar, their com-
mon centre of gravity would be in the middle of
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the bar, provided the bodies were of equal weight;
and if they differed in weight, it would be nearer
the larger body. If then the earth and moon had
no projectile force which prevented their mutual
‘attraction from bringing them together, they would
‘meet at their common centre of gravity.

CAROLINE.

The earth then has a great variety of motions;
it revolves round the sun, upon its axis, and round
the point towards which the moon attracts it.

+ MRS B,

Just so and this is the case with every planet
‘which is attended by satellites. The complicated
‘effect of this variety of motions produces certain
4rregularities, which, however, it is not necessary
'to notice at present.

The planets act on the sun in the same manner
as they are themselves acted on by their satellites ;
for attraction, you must remember, is always mu-~
tual; but the gravity of the planets (even when
taken collectively) is so trifling compared with that
of the sun, that they do not cause the latter to move
so much as one half of his diameter. The planets
do not, therefore, revolve round the centre of the
sun, but round a point at a small distance from its
.eentre, about which the sun also revolves.
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EMILY. :
I'thought the sun had no motion?

MRS, B.

You were mistaken; for, .besides that which I

have just mentioned, which is indeed very inconsi-

derable, he revolves on his axis. This motion is

ascertained by observing certain spots which disap-
pear, and re-appear regularly at stated times.

CAROLINE. S
A planet has frequently been pointed out to'me
in the heavens; but I could not perceive that its
rootion differed from that of the fixed stars, which
scarcely appear to move.

MRS. B,

The great distance of the planets renders their
motion apparently so slow, that the eye is not sen-
sible of their progress in their orbit, unless we watch
them for some considerable length of time: in dif-
ferent seasons they appear in different parts of the -
heavens. The most accurate idea I can give you of
the situation and motion of the planets, will be by
the examination of this dlagram, (Plate VII. fig.1.)
representing the solar system, in which you will find
every planet with its orbit delineated.

EMILY.
But the orbits here are all cu'cular, and you said
that they were elliptical. The planets appear, too,
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to be moving round the centre of the sun ;> whilst
you told us, that they moved round a point at a
little distance from thence.

MRS. B.

The orbits of the planets are so nearly circular
and the common centre of gravity of the solar system
so near the centre of the sun, that these deviations
are scarcely worth observing. It would require a
drawing on a much larger scale to make the differ-
ence visible. The dimensions of the planets, in
their true proportions, you will find delineated in
fig. 2.

Mercury is the planet nearest the sun ; his orbit
is consequently contained within ours; but his vi-
cinity to the sun occasions his being nearly lost
in the brilliancy of his rays; and when we see
the sun, he is so dazzling, that very accurate obs
servations cannot be made upon this planet. He
performs his revolution round the sun in about 87
days, which is consequently the length of his year.
The time of his rotation on his axis is not known; his
distance from the sun is computed to be 37 millions
of miles, and his diameter 3180 miles. The heat
of this planet is so great, that water cannot exist
there, but in a state of vapour, and metals would be
liquified. :

CAROLINE.

Oh, what a dreadful climate!
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MRS. B.

Though we could not live there, it may be per-
fectly adapted to other beings destined to inhabit it.

Venus, the next in the order of planets, is 68
millions of miles from the sun: she revolves about
her axis in 23 hours and 21 minutes, and goes round
the sun in 244 days 17 hours. The orbit of Venus
is also within ours; during one half of her course
in it, we see her before sunrise, and she is called
the morning-star; in the other part of her orbit,
she rises later than the sun,

CAROLINE, :
In that case, we cannot see her, for she must
zise in the daytime,

MRS. B
True; but when she rises later than the sun, she
also sets later; so that we perceive her approaching
the horizon after sunset: she is then called Hes-

perus, or the evening-star. Do you recollect those
beautiful lines of Milton :

Now came still evening on, and twilight gray
. Had in her sqber livery all things clad;
Silence accompanied: for beast and bird,
They to their grassy couch, these to their nests
* Were slunk, all but the wakeful nightingale ;
She.all night long her amorous descapt sung ;
Silence was pleas’d : now glowed the firmament
I
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With living saphirs : Hesperus, that led.

The starry host, rode brightest, till the moon,
Rising in clouded majesty, at length
Apparent queen unveil’d her peerless light,
And o’er the dark her silver mantle threw.

The planet next to Venus is the Earth, of which
we shall soon speak at full length. At present I
shall only observe, that we are 95 millions of miles
distant from the sun; that we perform our annual
revolution in 865 days 5 hours and 49 minutes ;
and are attended in our course by a single moon.

Next follows Mars. He can never come between
us and the sun, like Metcury and Venus; his mo-
tion is, however, very perceptible, as he may be
traced to different situations in the heavens: his
distance from the sun is 144 millions of miles; he
turns on his axis in 24 hours and 39 minutes; and
he performs his annual revolution in ‘about 687 of
our days: his diameter is 4120 miles, Then follow
four very small planets, Juno, ‘Ceres, Pallas, and
‘Vesta, which have been. recently discovered, - but
whose dimensions and distances from the sun have
ot been very accurately ascertained.

Jupiter is next in order: this is the largest of
all the planets. He is about 490 millions of miles
from, the sun, and completes his annual period in
nearly twelve of our years. - He revolves on his
axis in about ten hours. . ‘He is above 1280 times
as big as our earth; his diameter being 86,000 miles.

19
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The respective proportions of the planets camnot,
therefore, you see, be conveniently: delineated in a
diagram. He is attended by four moons.

The next :planet is S8aturn, whose distance from
the sun is about 900 millions of miles; his dimenal
rotation .is performed in ten hoursand a quarter;—
his-annual revolution- in nearly 30 of our years.
His diameter is 79,000 miles. This planet is sur-
rounded by a luminous ring, -the nature of which,
astronomers are much at a loss to conjecture:
he has seven moons.  Lastly, we observe the Geor-
gium Sidus, discovered by Dr. Herschel, and which
is‘attended by six moons.

CAROLINE.

How charming it must be in the distant planets,
to see several moons shining at the same time. I
think I should like to be an inhabitant of Jupiter
or Saturn.

MBS. B.
Not long, I believe. Consider what extreme eold
must prevail in a planet, situated as Saturn js, at
nearly ten times the distance at which we are from
the ssn. Then his numerous moons are far from
making so splendid an appearance as ours; for they
can reflect only the light which they receive from
the sun; and both light and heat decrease in the
same ratio. or proportion to the distances as gravity.
12

LN
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€an: you:tell me, now, how much more light we'
enjoy tlum Saturn?
CAROLINE.

The square of ten is a hundred; therefore,
Saturn bas a hundred times less —or to answer your
question exactly, we have a hundred times more
hght and heat than Saturn:— this certainly does
not increase my wish to become one of the peor
m:etches who inhabit that planet.

MRS, B.

May not the inhgbitants of Mercury, with equal
plausibility, pity us, for the insupportable coldness
of our situation; and those of Jupiter and Saturn
for our intolerable heat? The Almighty Power
which created these planets, and placed them: in
their several orbits, has no doubt peopled them
with beings whose bodies are adapted to the va:
rious temperatures and elements in which they are
situated. If we judge from the analogy of our
own earth, or from that of the great and universal
beneficence of Providence, we must conclude this
to be the case.

CAROLINE.

Kre not comets also supposed to be planeéts ?

MRS. B. -
Yes. they are; for by the re-appearance of some
of thém, at stated times, they are known to revolve
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tound the sun, but in orbits so extremely ecéentricy
that they disappear for a great number of years. 1f
they are inhabited, it must be by a species of beings
very different, not only from the inhabitants of this,
but from those of any of the other planets, as they
_must experience the greatest vicissitudes of heat and
cold ;- one part of theit orbit being s6 near the sun,
that their heat, when there, is computed to be greate¥
than that of red-hot iron. - In this partof its orbity
.the comet emits-a luminous vapour called the taily
which it gradually loses as it recedes from the sunj
and the .comet itself- totally disappears from oy
sight, in the more distant parts-of its orbit, which
extends considerably beyond that of the furthest
planet, .
- The number of comets belonging to our system
cannot be ascertained, as some of them are whole
centuries before they make their re-appearance.
The number that are known by their regular re-
appearance is only three.

EMILY.
Pray, Mrs. B., what are the constellations ?

MRS, B,

They are the fixed stars, which the ancients, in
order to recognize them, formed into groups, and
gave the names of the figures, which you find de-
lineated on the celestial globe. -In order to show

- 13
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their proper situations in; the heavens, they shounld
be painted on the internal surface of a holow
sphere, from the centre of which. you should view
them ; you would then behold them as they gppear '
to be situated in the heavens. The twelve cone
stellations,. called the signs, of the zodiac, are those
-which are so situated; that the earth in its annnal
revolution passes directly between them and the
sup. ‘Their names are Aries, Taurus, Gemini,
Cancer, Leo, Virgo, Librs, Scorpio, Sagiftarius,

Capricornus, Aduayius, Pisces; the whole occu-

pying a complete circle, or broad belt, in the

heavens, called, the Zodiac. (Plate VIII, fig..1.)

Henee, a right line drawn from the earth, and’
passing through the sun, would reach one of these

constellations, and the gun is said to be in that con-

stellation at which the line terminates. Thus, when

the earth is at A, the sun would appear to be in the
constellation or sign Aries; when the earth isat B,

the sun would appear in Cancer; when the earth

was at C, the sun would be in Libra; and when

the earth was at D, the sun would be in Capricorn.

This circle, in which the sun thus appears to move,

and which passes through the middle of the zodiac,

is called the ecliptic. .

. CAROLINE.
But many of the stars in these constellations ap-
pear to be beyond the zodiac.
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MRS, B.

We have no means of ascertaining the distance
of the fixed stars. 'When, therefore, they are said
to.be in the zodiac, it is merely implied, that they
are situated in that direction, and that they shine
upon us through that portion of the heavens, which
we call the zodiac.

EMILY.

But are not those large bright stars, which are
called stars of the first magnitude, nearer to us
than those small ones which we can scarcely
discern ?

MRS. B,

It may be so; or the difference of size and bril
liancy of the stars may proceed from their difference
of dimensions : this is a point which astronomers
are not enabled to determine. Considering them
as suns, I see no reason why different suns should
not vary in dimensions, as well as the planets be-
longing to them.

EMILY, o

What a wonderful and beautiful system this is,
and how astonishing to think that every fixed star
may probably be attended by a similar train of
planets !

CAROLINE.

You will accuse me of being very incredulous,
but I cannot help still entertaining some doubts,
and fearing that there is more beauty than truth in

14
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this system. It certainly ‘may be so; but there
does not appear to me to be sufficient evidence to
prove it. It seems so plain and obvious that the
earth is motionless, and that the sun and stars re-
volve round it; —-your solar system, you. must
allow, is directly in opposmon to the ewdenceof
our senses. .

MRS. B..
. "Our senses so often mislead us, that we. should
not place implicit reliance upon them. ‘
‘ CAROLINE. S
On what then can we rely, for do we not receive
;;11 our 1deas through the medium of our senses ?

, . MBS. B.

" Ttis true, that they are our primary source of
',knowledge, but the mind has the power of reflect-
ing, judging, and decldmg upon the ideas received
by the organs of sense. This faculty, which we
call reason, has frequently proved to us, that our
senses are liable to err.  If you have ever sailed on
the water, with a very steady breeze, you must have
-seen the houses, trees, and every object move, while
you were sailing. ; :

CARQLINE,

I remember thinking so, when I was very young;
'but I now knéw that their motion is only apparent.
Jt is true that my reason, in this case, corrects the
error of my sight,
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| MRS, B

It teaches you that the apparent motion of the
objects on shore proceeds from your being yourself
‘moving, and that you are not sensible of your own
‘motion, because you meet with no resistance. ‘Itis
‘only when some obstacle impedes our motion, that
we are conscious of moving; and if you were -to
close your eyes when you were sailing on calm
water, with a steady wind, you would not perceive
that you moved, for you could not feel it, and you
could see it only by observing the change of -place
‘of the objeets on shore. So it is with the motion
of the earth ; every thing on its surface, and the air
that surrounds it, accompanies it in its revolution ;
it meets with no resistance : therefore, like the crew
-of.a vessel sailing with a fair wind, in a calm sea,
-we are insensible of our motion.

CAROLINE.

But the principal reason why the crew.of a vessel
in a calm sea do not perceive their motion, is,
-because they move exceedingly slowly; while the
.earth, you say, revolves with great velocity. .

MRS. B,
It is not because they move slowly, but because
they move steadily, and meet with no irregular re-
. sistances, that the crew of a vessel do not perceive
their motion; for they would be equally insensjble
15
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to it, with the strongest wind, provided it were
steady, that they sailed with it, and that it did not
agitate the water; but this last condition, you know,
is not possible, for the wind will always produce
waves, which offer more or less resistance to the
vessel, and then the motion becomes sensible, be-
cpuse it is unequal,

CAROLINE.

- But, granting this, the crew of a vessel have a
proof of their motion, though insensible, which the
inhabitants of the earth cannot have, — the ap-
parent motion of the ohjects on shore.

‘ MRS. B.

Have we not a similar proof of the earth’s mo-
tion, in the apparent motion of the sun and stars.
Imagine the earth to be sailing round its axis, and
successively passing by every star, which, like the
objects on land, we suppose to be moving instead
of ourselves. I have heard it observed by an aerial
traveller in a balloon, that the earth appears to sink
beneath the balloen, instead of the balloon rising
above the earth.

It is a law which we discover throughout nature,

- sod worthy of its great Author, that all its purposes
ave accomplished by the most simple means ; and
what reason have we to suppose this law infringed,
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in order that we may remain at rest, while the sun
and stars move round us; their regular motions,
which are explained by the laws of attraction on
the first supposition, would be unintelligible on the
last, and the order and harmony of the universe be
destroyed. Think what an immense circuit the sun
and stars would make daily, were their apparent
motions real. 'We know many of them to be bodies
_more considersble than our earth; for our eyes
vainly endeavour to persuade us, that they are little
brilliants sparkling in the heavens, while science
teaches us that they are immense splieres, whose
apparent dimensions are diminished by distance.
Why then should these enormeus: globes daily tra-
verse such a prodigious space, merely to prevent
the necessity of our earth’s revolving on its axis?

CAROLINE.
I think I must now beconvinced. But you will,
I hope, allow me a little time to familiarise myse!f
to an idea so different from that which I have been
accustomed to entertain. - And pr&y. at what, rate
do we move ? .

MRS, B,
The motion produced by the revolution of the
earth on its axis is about eleven miles a:minute, to
an inhabitant of London.
16
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I ’ .. EMILY.

. But does not every part of the earth move with
:the same' veloclty? :

"MRS. B.

A moment’s reflection would convince you of the
‘contrary. A person at the equator must move
‘ quicker than one situated near the poles, since they
‘both perform a revolation in 24 hours.

EMILY.

True the equator is farthest from the axis of
‘motion. But in the earth’s revolution round the
“sun, every part must move with equal velocity.

MRS. B. »

Yes ; about a thousand miles a minute.

. " CAROLINE.
- How astonishing ! — and that it should be- pos-
sible for us to be insensible of such a rapid metion.
“You would not tell me this sooner,-Mrs, B., for
fear of i mcreasmg my incredulity.

Before the time of Newton, was not the earth
supposed to be in the centre of the system, and the
sun, moon, and stars, to revolve round it ?

MRS. B.
This was the system of Ptolemy in ancient
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“times ; ‘but as long ago as-the beginning of the six-
teenth century it was discarded, and the solar sys-
tem, such as I have shown you, was established by
the celebrated astronomer Copernicus, and is hence
called the Copernican system. But the theory of
gravitation, the source from which this beautiful
and harmonious arrangement flows, ‘we owe to the
powerful genius of Newton, who lived at.a much
later period.

EMILY.

It appears, indeed, far less difficult to trace by
observation the motion of the planets, than to
divine by what power they are impelled and guided.
I wonder how the idea of gravitation could first
have occurred to Sir Isaac. Newton.

* MBS. B,

It is said to have been occasioned by a circum-
-stance from which one' should little have expected
so grand a theory to have arisen. During the pre-
valence of the plague in the year 1665, Newton
retired into the country to avoid the contagion:
when sitting’ one day in his orchard, he observed
-an apple fall from a tree, and was led to consider
-what could be the cause which .brought it to the
ground. '
\ ’ . CAROLINE.

_If-1 dared fo confess it, Mrs.B., I should say
that such an enquiry indicated rather a deficiency
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than a superiority of intellect. ¥ do not undey-
stand how any one can wonder at what is so na-
tural and so common.

MRS. B.
It is the mark of superior genius to find matter
for wonder, observation, and research, in circum-
stances which, to the ordinary mind, appear, trivial,
because they are common, and with which they are
satisfied, because they are natural, without reflect-
ing that nature is our grand field of observation,
that within it is contained our whole store of know-
ledge; in a word, that to ‘study the works of na-
ture, is to learn to appreciate and admire the wisdom
of God. Thus, it was the simple circuinstance of
the fall of an apple, which led to the discovery of
the laws upon which the Copernican system is
founded ; and whatever credit this system hsd ob-
tained before, it now rests upon a basis from which
it cannot be shaken.

EMILY.
This was a most fortunate apple, and more worthy
‘ta be commemorated than all those that have been
sung by the poets. The apple of discord for which
the goddesses contended; the golden apples by
which Atalanta won the race; nay, even the apple
which William Tell shot from the head of his son,

cannot be compared te this |
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- CONVERSATION IX.

e ————

ON THE EARTH.

OF THE TERRESTRIAL GLOBE.— OF THE FIGURE OF THE
EARTH. — OF THE PENDULUM. —OF THE VARIATION
OF THE SEASONS, AND OF THE LENGTH OF DAYS
AND NIGHTS. — OF THE CAUSES OF TIJE HEAT OF
SUMMER. — OF SOLAR, SIDERIAL, AND EQUAL OR
MEAN TIME. -

MRS. B.

As the earth is the planet in which we are the
most particularly interested, it is my intention,
this morning, to explain to you the effects resultin
from its annual and diurnal motions ; but for this
purpose it will be necessary to make you acquainted
with the terrestrial globe.  You have not either of
you, I conclude, learnt the use of the globes ?

. CAROLINE.
No. I'onge indeed learnt by heart thie names of
the lines marked on the globe, but as I wasinformed
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they were only imaginary divisions, they did not
appear to me worthy of much attention, and were
soon forgotten.

' MRS. B.

You supposed, then, that astronomers had been
at the trouble of inventing a number of lines to
little purpose. It will be impossible for me to ex-
plain to you the particular effects of the earth’s
motion, without your having acquired a knowledge
of these lines. In Plate VIII. fig. 2. you will find
them all delineated ; and you must learn them per-
feetly if you wish to make any proficiency in astro-
nomy.

CAROLINE,

I was taught them at so early an age that I could
not understand their meaning; and I have often
heard you say, that the only use of words was to
convey ideas.

MRS. B. A

_The names of these lines would have conveyed
ideas of the figures they were designed to express,
though the use of these figures might at that time
have been too difficult for you to understand. Child-
hood is the season when impressions on the memory
are most strongly and most easily made: it is the
period at which a large stock of ideas should be
treasured up, the application of which we may
learn when the understanding is more developed.
Jt is, I think, a very mistaken notion, that children .
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should be taught such things only as they ¢an per-
fectly understand. Had you been early made ac-
-quainted with the terms which relate to figure and
motion, how much it would have facilitated your
‘progress in nataral philosophy. 1 have been obliged
to confine myself to the most common and familiar
-expressions, in explaining the laws of nature,
.though I am convinced. that appropriate and scien-
tific terms would have conveyed more precise and
-accurate ideas; but I was afraid of not bemg un-
-derstood..
' EMILY.

‘You may depend upon our learning the names
-of these lines thoroughly, Mrs. B. But before we
-commit them to memory, . will you have the goad-
-ness to explain them to us?

MRS. B.

Most willingly. This globe, or sphere, repre-
sents the earth ; the line which passes through its
centre, and on which it turns, is called its axis;
and the two extremities of the axis, A and B, are
the poles distinguished by the names of the north
_and the south pale. The circle C D, which divides
-the globe into two equal parts between the pales, -
is called the equator, or equinoctial line; that part
of the globe to the north of the equator is the
northern hemisphere; that part to the south of the
.equator, the southern hemisphere. The small
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circle EF, which surrounds the north pole, is
called the arctic circle; that G H, which surrounds
the south pole, the antaretic circle. There are two
intermediate circles between, the polar circles and
the equator; that to the north, I K, called the
tropic of Cancer; that to the south, L M, called
the tropic of Capricorn. Lastly, this circle, L K,
which divides the globe into two equal parts, cross-
ing the equator, and extending northward as far as
the tropic of Cancer, and southward as far as the
tropic of Capricorn, is called the ecliptic. The de-
lineation of the ecliptic on the terrestrial globe is not
without danger of conveying false ideas; for the
ecliptic (as I have before said) is an imaginary circle
in the heavens, passing through the middle of the
zodiac, and situated in the plane of the earth’s
orbit.
CAROLINE.

I do not understand the meaning of the plane

of the earth’s orbit.

: "MRS. B. y

A plane, or plain, is an even level surface. Let
us suppose a smooth thin solid plane cutting the
sun through the centre, extending out as far as the
fixed stars, and terminating in a circle, which passes
through the middle of the zodiac. In this plane the
earth would move in its revolution. round the sun ;
it is therefore called the plane of the earth’s orbit,
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and the circle in which this plane cuts the signs 'of
the zodiac is the ecliptic. Let the fig. 2. Plate IX
represent such a plane, S. the sun, E. the earth -
with its orbit, and A B C D the ecliptic passing
through the middle of the zodiac.

* EMILY. )
If the ecliptic relates only to the heavens, why is
it described upon the terrestrial globe ?

MRS. B. :
Itis convenient for the demonstration of a variety
of problems in the use of the globes; and besides,
the obliquity of this circle to the equator is ren-
dered more conspicuous by its being described on
the same globe; and the obliquity of the ecliptic
shows the inclination of the earth’s axis to the plane
of its orbit. But to return to fig. 2. Plate VIIL.
The spaces between the several parallel circles
on the terrestrial globe are called zones ; that which
is comprehended between the tropics is distin-
guished by the name of the torrid zone; the spaces
which extend from the tropics to the polar circles,
the north and south temperate zones; and the spaces
contained within the polar circles, the frigid zones.
The several lines which, you observe, are drawn
from one pole to the other, cutting the equator at
right angles, are called meridians. When any one
of these meridians is exactly opposite the sun, it is



188 ON THE EARTH:

mid-day, or twelve o’clock in the day, with all the
places situated on that meridian; and, with the
places situated on the opposite meridian, it is con-
sequently midnight.

EMILY.
To places situated equally distant from these
two meridians, it must then be six o’clock.

MRS. B.

Yes. If they are to the east of the sun’s meridian
it is six o’clock in the afternoon, because the sun
will have previously passed over them; if to the
:west, it is six o’clock in the morning, and the sun
will be proceeding towards that meridian.

Those circles which divide the globe into two
equal parts, such as the equator and the ecliptic,
are called greater circles; to distinguish them
from those which divide it into two unequal parts,
as the tropics and polar circles, which are called
lesser circles. All circles are divided intd 360
equal parts, called degrees, and these degrees into 60
equal parts, called minutes. The diameter of a
circle is a right line drawn across it, and passing
through the centre; the diameter is equal to a
little less than one-third of the circumference. Can
you tell me nearly how many degrees it contains ?

CAROLINE.
It must be something less than one-third of 360
degrees, or nearly 120 degrees.
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MRS. B.
Right ; now Emily you may tell me exactly how
many degrees are contained in a meridian.

EMILY,
A meridian, reaching from one pole to the other,
is half a circle, and must therefore contain 180
degrees.
MRS. B.
Very well; and what number of degrees are
there from the equator to the poles?

CAROLINE.

The equator being equally distant from either
pole, that distance must be half of a meridian, or a
quarter of the circumference of a circle, and con-
tain 90 degrees.

‘MRS. B.

Besides the usual division of circles into degrees,
the ecliptic is divided into twelve equal parts, called
signs, which bear the name of the constellations
through which this circle passes in the heavens.
The degrees measured on the meridians from north
to south, or south to north, are called degrees of
latitude ; those measured from east to west on the
equator, or any of the lesser circles, are called de-
grees of longitude; hence these lesser circles bear
the name of longitudinal circles; they are also
called parallels of latitude. -
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EMILY.

The degrees of longitude must then vary in length
according to the dimensions of the circle on which
they are reckoned ; those, for instance, at the polar
circles will be considerably smaller than those at
the equator? -

‘ MRS. B.

Certainly; since the degrees of circles of different
dimensions do not vary in number, they must ne-
cessarily vary in length. The degrees of latitude,
you may observe, never vary in length; for the
meridians on which they are reckoned are all of
the same dimensions.

EMILY.
And of what length is a degree of latitude ?

“Rs‘ B.
Sixty geographical miles, which is equal to 69}
English statute miles.

EMILY.
The degrees of longitude at the equator must
then be of the same dimensions.

MRSs. B.

They would, were the earth a perfect sphere
but its form is not exactly spherical, being some-
what protuberant about the equator, and flattened
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towards the poles. This form is supposed to pro-
ceed from the superior action of the centrifugal
power at the equator.

CAROLINE.

I thought I had understood the centrifugal force
perfectly, but I do not comprehend its effect in this
instance.

‘ MRS. B.

You know that the revolution of the earth on its
axis must give every particle a tendency ‘to fly
off from the centre, that this tendency is stronger
or weaker in proportion to thre velocity with which
the particle movés ; now a particle situated near one
of the polar circles makes one rotation in the same
space of time as a particle at the equator ; the latter,
therefore, having a much larger circle to describe,
travels proportionally faster, consequently the cen-
trifugal force is much stronger at the equator than
at the polar circles: it gradually decreases as you
leave the equator and approach the poles, where,
as there is no rotatory motion, it entirely ceases.
Supposing, therefore, the earth to have been origi-
nally in a fluid state, the particles in the torrid zone
would recede much farther from the .centre than
those in the frigid zones; thus the polar regions
would become flattened, and those about the equator
elevated.
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A CAROLINE«

I did not consider that the particles in the neigh-
bourhood of the equator move with greater velocity
than those about the poles; this was the reason I
could not understand you.

MRS, B.
You must be careful to remember, that those
parts of a body which are farthest from the centre
of motion must move with the greatest velocity :
the axis of the earth is the centre of its diurnal
motion, and the equatorial regions the parts most
distant from the axis,

_ CAROLINE.
My head then moves faster than my feet; and
upon the summit of a mountain we are carried
round quicker than in a valley ?

" MRS B.

Certainly. Your head is more distant from the
centre of motion than your feet ; the mountain-top
than the valley : and the more distaht any part of a
body is from the centre of motion, the larger is the
circle it will describe, and the greater therefore
must be its velocity.

, CAROLINE.
And is there no danger of the inhabitants ef the
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equatorial regions being carried off in a tangent by
the centrifugal force ? '

"MRS. B.
No; fortunately the force of grav1ty preponde—
rates very considerably; even at the equator it is
288 times greater than the centrifugal force.

EMILY.

I have been reflecting that if the carth i is not a
perfect circle...... .
; MRS, B. ‘

A sphere you mean, my dear. A circle is a round
line, every part of which -is equally distant frcm
the centre; a sphere or globe is a round body, the
surface ‘of whlch is every where _equally dlsta.nt
from the centre.

EMILY.

If, then, the earth is not a perfect sphere, but
prominent at the equator, and depressed at the
poles, would not a body weigh heavier at the’
equator than-at the poles? For the earth being
thicker at the equator; the attraction of gravity per-
_pendicularly downwards must be stronger.

~

MERS. B,

Your reasoning has some plausibility, but I am
sorry to be obliged to add, that it is quite erroneous;
for the nearer any part of. the surface of a body is

K
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to.the centre of attraction, the more strongly it is
attracted. In regard to its effects, you might can~
sider the power of gravity, as that of a magnet
placed at the centre of attraction.

» EMILY. v
But were you to penetrate deep into the earth,
would gravityincrease as,youapproached the centre?

MRS. B. _

bertamly not; I am referring only to any situ-
ation on the surface of the earth Were you to
penetrate into the interior, the attraction of the
parts above you would counteract that of the parts
beneath you, and consequently diminish the power
of gravity in proportion as you approached the .
centre; and if you reached that point, being equally
attracted by the parts all around you, gravity would
cease, and you would be without weight.

‘ EMILY.
. Badies then should weigh less at the equator
than at the poles, since they are more distant from
the centre of gravity in the former than in the
latter situation ?
MRS, B.
And this is really the case; but the difference of

weight would be very trifling, were it nat. augg;emed
by another circumstanee.
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CAROLINE.
And what is this singular circumstance which
seems to disturb the laws of nature ?

MBS, B.

One that you are well acquainted with, as con-
ducing more to the preservation thar the destruc-
tion of order, — the centrifugal force. This we have
just observed to be stronger at the equator; and as
it tends to drive bodies from the centre, it is neces-
sarily epposed to, and must lessen the power of
gravity, which attracts them towards the ceatre.
We accordingly find that bodies weigh lightest at
the equator, where the centrifugal force is greatest ;
and heaviest at the poles, where this power is least.-

CAROLINE.

Has the experiment been made in these different
situations ?

MRS. B.

Philosophers have travelled both to the equater
and to Lapland for this purpose. The severity of
the climate, and obstruction of the ice, has hitherto
rendered every attempt to reach the pole abortive;
but the difference of gravity at the equator and in
Lapland is very perceptible.

CAROLINE.
Yet I do not comprehend, how the difference of
weight could be ascertained ; for if the body un'der
K 2
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trial decreased in weight, the weight which was
opposed to it in the opposite scale must have dimi-
nished in the same proportion. For instance, if a
pound of sugar did not weigh so heavy at the equa-
tor as at the poles, the leaden pound which served
to weigh it, would not be so heavy either ; therefore
they woul(l still balance each other, and the different
force of gravrty could not be ascertmned by this

means, ©
" MRS. B.

-Your observation is perfectly just : the difference
of gravity of bodies situated at the poles and at
the equator cannot be ascertained by weighing
them; a pendulum was therefore used for that
purpose.

CAROLINE.

What, the pendulum of a clock ? how could that
answer the purpose?

MRS. B.

A pendulum consists of a line, or rod, to one end
of which a weight is attached, and it is suspendedl
by the “other to a fixed point, about which it is
made to vibrate. Without being put in motion, a

pendulum, like a plumb. line, hangs perpendicular
to the general surface of the earth, by which it is
attracted ; but, if you raise a pendulum, gravity will
bring it back to its perpendicular position. It will,
however, not remain stationary there, for the velo-
city it has received during its descent wxll impel it
onwards, and it will rise on the opposite side to an
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equal height; from thence it is brought back by
gravity, and again driven by the impulse of its
velocity, -
CAROLINE.
: If so, the motion of a pendulum would be per-
petual and I thought you said, that there was no
perpetual motion on the earth.

MRS. B.

The motion of a pendulum is opposed by the
resistance of the air in which it vibrates, and by
the friction of the part by which it is suspended.
Were it possible to remove these obstacles, the mo-
tion of a pendulum would be perpetual, and its
vibrations perfectly regular; being of equal dis-
tarices, and performed in equal times.

EMILY.

That is the natural result of the uniformity of the
pewer which produces these vibrations, for the
force of gravity being always the same, the velocity
of the pendulum must consequently be uniform.

CAROLINE.

No, Emily, you are mistaken; the cause is not
always uniform, and therefore the effect will not
be so either. I have discovered it, Mrs. B.; since
the' force of gravity is less at the equator than at
the poles, the vibrations of the pendulum will be
slower at the equator than at the poles. '

K 3
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o MRS. B.

You are perfectly right, Caroline. It was by this
‘means that the difference of gravity was discovered,
and the true figure of the earth ascertained; for
after having made due allowance for the effect of the
eentrifugal force, gravity was still found to be
greater in the polar, than in the equatorial regions,
owing to the spheroidal figure of the earth.

EMILY.

But how do they contrive to regulate their time
in the equatorial and polar regions? for, since in
this part of the earth the pendulum of a clock
vibrates exactly once in a second, if it vibrates
faster at the poles and slower at the equator, the
inhabitants must regulate their clocks in a different
manner from ours.

MRS. B.

The only alteration required is to lengthen the
pendulum in one case, and to shorten it in the
other; for the velocity of the vibrations of a pen-
dulum depends on its length ; and when it is said,
that a pendulum vibrates quicker at the pole than
at the equator, it is supposing it to be of the same
length, A pendulum which vibrates a second in
this latitude is rather more than 89 inches in
length. In order to vibrate at the equator in the
same space of time, it must be shortened by
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a few lines; and at the poles, it must be propor-
tionally lengthened.

I shall now, I think, be able to explain to you
the variation of the seasons, and the difference of
the length of the days and nights in those seasons;
both effects resulting from the same cause.

In moving round the sun, the axis of the earth
is not perpendicular to the plane of its orbit. Sup-
posing this round table to represent the plane of
the earth’s orbit, and this little globe, which has a
wire passing through it, representing the axis and
poles, we shall call the earth; in moving round
the table, the wire is mot perpendicular to it, but
oblique.

EMILY, .

Yes, I understand the earth does not go round
the sun in an upright pesition ; its axis is slanting
or oblique.

MRS. B.

All the lines, which you learnt in your last-
lesson, are delineated on this little globe. You
must consider the ecliptic as representing the plane
of the earth’s orbit; and the equator, which crosses
the ecliptic in two places, shows the degree of ob-
liquity of the axis of the earth in that orbit, which
is exactly 23} degrees. The points in which the
ecliptic intersects the equator are called nodes.

K 4
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But I believe I shall make this clearer to you by
revolving the little globe round a candle, which
may represent the sun. (Plate IX. fig. 2.)

" As I now hold it, at A, you see it in the situ-
ation in which it is in the midst of summer, or
what is called the summer solstice, which is on the
21st of June. ,

EMILY. .
You hold the wire awry, I suppose, in order to
show that the axis of the earth is not upright ?

MRS. B.

Yes; in summer, the north pole is inclined to-
wards the sun. In this season, therefore, the nor-
thern hemisphere enjoys much more of his rays
than the southern.. The sun, you see, now shines
over the whole of the north frigid zone, and not-
withstanding the earth’s diurnal revolution, which
I imitate by twirling the ball on the wire, it will
continue to shine upon it as long as it remains in
this situation, whilst the south frigid zone is at the
same time completely in obscurity.

CAROLINE.

That is very strange. I never before heard that
there was constant day or constant night in any
part of the world| How much happier the inhabit-
ants of the north frigid zone must be than those of
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the southern ; the first enjoy uninterrupted day,
while the last are involved in perpetual darkness. :

. MRS. B ‘
. You judge with too much precipitation. Ex-
amine a little further, and you will find, that the
two frigid zones share an equal fate. . .

‘We shall now make the earth set off from its
position in the summer solstice, and carry it round
the sun; observe that the pole is always inclined
in the same direction, and points to the same spot
in the heavens. There is a fixed star situated
near that spot, which is hence called the North.
Polar star. Now let us stop the earth at B, and
examine it in its present situation; it has gone
through one quarter of its orbit, and is arrived at
that point at which the ecliptic cuts or crosses the
equator, and which is called the autumnal equinox.

EMILY.

. That is then one of the nodes. The sun now
shmes from one pole to the other, just as it. would
constantly do, if the axis of the earth were per-
pendicular to its orbit.

' MRS. B. | o

Because the inclination of the axis is now nei-.

ther towards the sun nor in the contrary direction; .

at this period of the year, therefore, the days and
K 5
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nights are equsl in every part of the earth. But
the next step she takes in her orbit, you see, in-
volves the north pole in darkness, whilst it illumines
that of the south. This change was gradually pre-
paring as I moved the earth from summer to au-
tumn; the arctic circle, which was at first entirely
illumined, began to have short nights, which in-
oreased as the earth approached the autumnal
equinox ; and the instant it passed that point, the
long night of the north pole commences, and the
south pole begins to enjoy the light of the sun.
‘We shall now make the earth proceed in its orbit,
amd you may observe that as it advances, the days
shorten, and the nights lengthen, throughout the
northern hemisphere, until it arrives at the winter
solstice, on the 21st of December, when the north
frigid zone is entirely in darkness, and the southern
has uninterrupted day-light.

CAROLINE.
Then after all, the sun, which I thought so par-
tial, confers his favours equally on all.

MRS. B,

Not so neither. The inhabitants of the torrid
zone have much more heat than we have, as the
sun's rays fall perpendicularly on them, while they
shine cbliquely on the temperate, and almest hori-
zonsally on the frigid zones ; for during their long
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day of six months, the sun moves round their
hotizon without either rising or setting; the only
observable difference is, that it is mere elevated
by a few degrees at mid-day than at midnight;
but at the poles themselves the sun travels round in
the course of four-and-twenty hours nearly at the
same elevation from the hotizon, rising every duy a
very little higher from the vernal equinox till miid-
summer, and declining after that peried &ll the
sutumnal equinox, when their long night begins,

EMILY.
To a person placed in the temperate zone, inthe
sitnation in which we are in England, the sun will
shine neither so obliquely as it does on the polesy
nor so vertically as at the equator; but its rays
will fall upon him more obliquely in autumn apd
winter, than in summer. '

CAROLINE.

And therefore, the inhabitants of the earth bé-'
‘tween the polar circles and the equator, will not
hive ttierely one day snd one night in the yeat as
happents within the frigid Zones; nor will they have
equal dsys and equal nights ds at the equdtor; but
their days and hights will vary in length, at different
tithes of the year, according as thieit respectivé poles
incline towards, or from the stifi, and the differemes
will be greater in proportion to their distiired froty
the equator.

K 6
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: ' MRS. B.

We shall now follow the earth through the other
half of her orbit ; and you wiH observe, that exactly
the same-effect takes place in the southern hemi-
sphere, - as what we have just remarked in the
northern. - Day commences at the south pole when
night sets in at the north pole; and in every other
part of the southern hemisphere the days are longer
than the nights, while, on the contpary, our nights
are longer than our days. 'When the earth arrives
at the vernal equinox, D, where the ecliptic again
cuts the equator, on the 22d of March, she is situ-
ated, with respect to the sun, exactly in the same
position, as in the autumnal equinox ; and the only
difference with respect to the earth, is, that it is now
autumn in the southern hemisphere, whilst it is
spring with us.

CAROLINE.

Then the da)s and nights are again every where
equal ? -

MRS. B. :

Yes; for the half of the globe which is enlight-
ened, extends exactly from one pole to the other ;
the day breaks to the north pole, and the sun sets
to the south pole: but in every other part of the
globe, the day and night is of twelve hours length,
hence the word equinox, which is derived from the
Latin, meaning equal night.
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S EMILY.

I'should have thought that on the day of the
equinox, just before the sun sets to one pole and
rises to the other, it would be seen from either pole
at the same time.

MRS, B.

You are quite right; at the equinox it is day
both at the north and south pole, but only one half
of the sun is seen at either, the other half being
hid by the horizon.

CAROLINE.
And for how long does this mutual half-.day
last ? . >
. MRS.B. :
It takes nearly three of our days for the sun to
rise or set at the poles. About 80 hours, or rather
more, before the exact time of the autumnal equi-
nox, the upper edge or limb of the sun begins to
be visible at the south pole, and it is there seen
constantly travelling round the horizon, and rising
gradually higher and higher, till at the end of
about 60 hours, after revolving nearly 2} times
round the horizon, the whole of its orb is visible.
- At the same moment that the edgé of the sun
becomes visible at the south pole, the same .edge
which appears as the lower limb at the north pole,
begins to dip below the horizon, but the sun still
continues visible, travelling round the horizon,
more and more of it being hid, till, at the end of
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60 hours, it totally disappears, just at the same
‘moment when it is fully seen at the south pole.

As the earth proceeds towards summer, the days
lengthen in the northern hemisphere, and shortén
in the southern, till the earth reaches the summer
solstice, when the north frigid zone is entirely illu-
mined, and the southern is in complete darkness ;
-and we have now brought the earth again to the
spot from whence we first accompanied her.

EMILY.

This is, indeed, a most satisfactory explanation
of the seasons; and the more I learn, the more I
admire the simplicity of means by which such won-
derful effects are produced.

MRS. B.
I know not which is most worthy of our admira.
tien, the cause or the effect of the earth’s revolu-
-tion round the sun. The mind can find no object
of contemplation more sublime than the course of
this magnificent globe, impelled by the combined
powers of projection -and attraction te roll in one
invariable course around the source of light and
‘heat: and what can be more delightful than the
beneficent effects of this vivifying power on its at-
tendant planet. It is at once the grand principle
which snimates and fecundates natare.
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EMILY.

There is one circumstance in which this little
ivory globe appears to me to differ from the earth;
it is not quite dark on that side of it which is turned
from the candle, as is the case with the earth when
neither moon nor stars are visible.

MRS, B. ‘

This is owing to the light of the candle being
reflected by the walls of the room on every part of
the globe, consequently that side of the globe on
which the candle does not directly shine is not in
total darkness. Now the skies have no walls to re-
flect the sun’s light on that side of our earth which
is in darkness.

‘ CAROLINE.

I beg your pardon, Mrs. B., I think that the
moon and stars answer the purpose of walls in re-
flecting the sun’s light to us in the night.

_ MRS, B.

Very well, Caroline; that is to say, the moon
and planets ; for the fixed stars, you know, shine
by their own light.

EMILY.

You say, that the superior heat of the equatorial
parts of the earth arises from the rays falling per-
pendicularly on those regions, whilst they fall ob-
liquely on these more northern regions ; now I do
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not understand why perpendicular rays should
afford more heat than oblique rays.

CAROLINE.
You need only hold your hand perpendicularly
over the candle, and then hold it sideways obliquely,
to be sensible 'of the difference.

EMILY.

I do not doubt the fact, but I wish to have it
explained.

MRS. B.

You are quite right. If Caroline had not been
satisfied with ascertaining the fact, without under-
standing it, she would not have brought forward
the candle as an illustration ; the reason why you
feel so much more heat if you hold your hand per-
pendicularly over the candle, than if you hold it
sideways, is because a stream of heated vapour con-
stantly ascends from the candle, or any other burn-
ing body, which, being lighter than the air of the
room, does not spread laterally, but rises perpendi-
cularly ; and this led you to suppose that the rays
were hotter in the latter direction. Had you
reflected, you would have discovered that rays
issuing from the candle sideways, are no less per-
pendicular to your hand when held opposite to
them, than the rays which ascend when your hand
is held over them.
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. The reason why the sun’s rays afford less heat
when in an oblique direction, than when perpendi-
cular, is because fewer of them fall upon an equal
portion of the earth. This will be understood
better by referring to plate X. fig. 1., which
represents two equal portions of the sun’s rays,
shining upon different parts of the earth. Here
it is evident, that the same quantity of rays fall on
the space A B, as fall on the space B C; and as
A Bis less than B C, the heat and light will be
much stronger in the former than in the latter;
A B, you see, represents the equatorial regions,
where the sun shines perpendicularly; and B C,
the temperate and frozen climates, where his rays
fall more obliquely.

" EMILY.

This accounts not only for the greater heat of
the equatorial regions, but for the greater heat of
summer ; as the sun shines less obliquely in sum-
mer than in winter.

MRS. B.

This you will see exemplified in figure 2, in
which the earth is represented, as it is situated on
the 21st of June, and England receives less oblique
and consequently a greater number of rays, than
at any other season ; and figure 3, shows the situ-
ation of England on the 21st of December, when
the rays of the sun fall most obliquely upon her.
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But there is alse another reason why oblique rays
give less heat than perpendicular rays; which
is, that they have a greater portion of the atmo-
sphere to traverse ; and though it is true, that the
atmosphere is itself a transparent body, freely ad-
mitting the passage of the sun’s rays, yet it is
always loaded more or less with dense and foggy
--vapour, which the rays of the sun cannot easily
penetrate; therefore the greater the quantity of
atmosphere the sun’s rays have to pass through in
their way to the earth, the less heat they will retain
when they reach it. This will be better under-
stood by referring to fig. 4. The dotted line round
the earth, describes the extent of the atmosphere,
and the lines which proceed from the sun to the
earth, the passage of two equal portions of the
sun’s rays to the equatorial and polar regions; the
latter you see, from its greater obliquity, passes
through a greater extent of atmosphere.

CAROLINE.

And this, no doubt, is the reason why the sun in
the morning and the evening gives so much less
heat, than at mid-day.

MRS. B.
The diminution of heat, morning and evening, is
" certainly owing to the greater obliquity of the sun’s
rays; and as such they are affected by both the
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causes, which I have just explained to you; the
difficulty of passing through a foggy atmosphere
is perhaps more particularly applicable to them, as
mists and vapours are very prevalent about the
time of sunrise and sunset. But the diminished
obliquity of the sun’s rays is not the sole cause of
the heat of summer ; the length of the days greatly
conduces to it; for the longer the sun is above the
horizon, the more heat he will communicate to the
earth.

CAROLINE.

Both the longest days, and the most perpendi-
cular rays, are on the 21st of June; and yet the
greatest heat prevails in July and August.

MRS. B.

Those parts of the earth which are once heated
retain the heat for some length of time ; and the ad-
ditional heat they receive, occasions an elevation of
temperature, although the days begin to shorten,
and the sun’s rays to fall more obliquely. For the
same reason, we have generally more heat at three
o'clock in the afternoon than at twelve, when the
sun is on the meridian.

EMILY.
And pray, have the other planets the same vicis-
situdes of seasons as the earth ?
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MRS.B. '

Some of them more, some less, according as
their axes' deviate more or less from the perpen-
dicular to the plane of their orbits. The axis of
Jupiter is nearly perpendicular to the plane of his
orbit; the axis of Mars and of Saturn are each in-
clined at angles of about sixty degrees; whilst the
axis of Venus is believed to be elevated only fifteen
or twenty degrees above her orbit; the vicissitudes
of her seasons must therefore be considerably
greater than ours. For further particulars re-
specting the planets, I shall refer you to Bonny-
castle’s Introduction to Astronomy.

I have but one more observation to make to you
relative to the earth’s motion, which is, that al-
though we have but 365 days and nights in the
year, she performs 866 complete revolutlons on
her axis during that time.

CAROLINE.

How is that possible ? for every complete revo-
lution must bring the same place back to the sun.
It is now just twelve o’clock, the sun is, therefore,
on our meridian; in twenty-four hours will it not
be returned to our meridian again, and will not the
‘earth have made a complete rotation on its axis ?

MRS. B.
If the earth had no progresswe motion in its
orbit whilst it revolves on its axis, this would be
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the case ; but as it advances almost a degree west-
ward in its orbit, in the same time that it completes
a revolution eastward on its axis, it must revolve
nearly one degree more in order to bring the same
meridian back to the sun.

o

CAROLINE, ‘

Oh, yes! it will require as much more of a
second revolution to bring the same meridian back
to the sun, as is equal to the space the earth has
advanced in her orbit, that is, nearly a degree; this
difference is, however, very little.

MRS. B.

These small daily portions of rotation are each
equal to the three hundred and sixty-fifth nart of a
circle, which at the end of the year amounts to one
complete rotation.

EMILY.
° That is extremely curious. If the earth, then,
had no other than its diurnal motion, we should
have 366 days in the year.

. MRS. B.

We should have 366 days in the same period of
time that we now have 365 ; but if we did not re-
volve round the sun, we should have no natural
means of computing years. -

You will be surprised to hear, that if time is cal-
culated by the stars instead of the sun, the irregu-
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larity which we have just moticed does not occur,
and that one complete rotation of the earth on its
axis, brings the same meridian back to any fixed
star.

‘ EMILY.

That seems quite unaccountable; for the earth
advances in her orbit with regard to the fixed stars,
the same as with regard to the sun.

MRS. B.

Truae, but then the distarice of the fixed stars is
so immense, that our solar system is in comparison
to it but a spot, and the whole extent of the earth’s
orbit but a point; therefore, whether the earth
remained stationary, or whether it revolved in its
orbit during its rotation om its axis, no sensible
difference would he produced with regard to the
fixed stars. One complete revolution brings the
‘same meridian back to the same fixed star; hence
the fixed stars appear to go round the earth in a
shorter time than the sun by three minutes fifty-
six seconds of time.

CAROLINE,

_ These three minutes fifty-six seconds is the time
which the earth takes to perform the additional
three hundred and sixty-fifth part of the circle, in
order to bring the same meridian back to the sun.
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MRS, B.

Precisely. Hence the stars gpin every day three
minutes fifty-six seconds on the sun, which makes
them rise that portion of time earlier every day.

Whea time is calculated by the stavs, it is. called
sideveal time ; when by the sun, solar or apparent
time. ~

CAROLINE.

Then a sidereal day is three minutes fifty-six
seconds shorter than a solar day of twenty-four
hours.

MRS, B.

I must also explain to you what is meant by a
sidereal year.

’i’.he common year, called the solar or tropical
year, containing 365 days, five hours, forty-eight
minutes, and fifty-two seconds, is measured frem
the time the sun sets out from one of the equinoxes,
or solstices, till it returns to the same again ; but
this year is completed before the earth has finished
one entire revolution in its orbit.

BMILY. ‘
I thought that the earth performed one complete

revolution in its orbit every year; what is the rea-
son of this variation ?

MBS, B
It is owing to the spheroidal figure of the earth.
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The elevation about the equator produces much
the same effect as if a similar mass of matter, col-
lected in the form of a moon, revolved round the
equator. When this moon acted on the earth in
conjunction with or in oppositien to the sun, vari-
ations in the earth’s motion would be occasioned,
and these variations produce what is called the pre-
cession of the equinoxes.

EMILY.

" What does that mean? I thought the equinoc-

tial points, or nodes, were fixed points in the hea-
vens, in which the equator cuts the ecliptic.

) MRS. B.
These points are not quite fixed, but have an ap-
parently retrograde motion ; that is to say, instead
of being every revolution in the same place, they
move backwards. Thus, if the vernal equinox be
at A, (fig. 1. plate XI.) the autumnal one will be
at B, instead of C, and the following vernal equinox
at D, instead of at A, as would be the case if the
equinoxes were statlonary at opposue pomts of the
earth’s orbit.
: CAROLINE. : :
' So that when the earth moves from one equinox
to the other, though it takes half a year to perform
th; Jjourney, it has not travelled through half its
orbit.
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MRS. B.

And consequently, when it returns again to the
first equinox, it has not completed the whole of its
orbit. In order to ascertain when the earth has
performed an entire revolution in its orbit, we must
observe when the sun returns in conjunction with
any fixed star; and this is called a sidereal year.
Supposing a fixed star situated at E, (fig. 1.
plate XI.) the sun would not appear in conjunc-
tion with it till the earth had returned to A, when
it would have completed its orbit.

EMILY.

And how much longer is the sidereal than the
solar year ?

MRS. B.

Only twenty minutes; so that the variation of
the equinoctial points is very inconsiderable. I
have given them a greater extent in the figure in
order to render them sensible.

In regard to time, I must further add, that the
earth’s diurnal motion, on an inclined axis, together -
with its annual revolution in an elliptic orbit, occa-
sions so much complication in its motion, as to
produce: many irregularities; therefore true equal
time cannot be measured by the sun. A clock,
which was always perfectly correct, would in some
parts of the year be before the sun, and in other
parts after it. There are but four periods in which

L
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the sun and & perfect clock would agree, which is
the 15th of April, the 16th of June, the 81st of
August, and the 24th of December,

EMILY.
And is there any copsiderable difference between
solar time and true time ?

MRS, B.

The greatest difference amounts to between fif-
teen and sixteen minutes. Tables of equation are
constructed for the purpose of pointing out and
correcting these differences between solar time and
equal or mean time, which is the denomination
given by astronomers to true time.
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CONVERSATION X.

ON THE MOON.

et iR——

OF THE MOON’S MOTION. —— PHASES OF THE MOON.
— ECLIPSES OF THE MOON, — ECLIPSES OF JUPITER’S
MOONS, — OF THE LATITUDE AND LONGITUDE, —
OF THE TRANSITS OF THE INFERIOR PLANETS.— OF
THE TIDES. '

MRS. B.

We: shall to-day confine our attention to the
moon, which offers many interesting phenomena.

The moon revalves round the earth in the space -
of twenty-seven days eight hours in an orbit nearly
coinciding with the plane of the earth’s orbit, and
accompanies us. in our revolntion round the sun.

o EMILY.

Her motion, then, must be rather of & compli-
csted nature; for as the earth is not_statiopary,
but, advanoes in her orbit whilst, the magn goes .

L2 '
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‘round her, the moon must proceed in a sort of
progressive circle.
MRS. B.

That is true; and there_are also other circum-
stances which interfere with the simplicity and re-
gularity of the moon’s motion, but which are too
intricate for you to understand at present.

The moon always presents the same face to us,
by which it is evident that she turns but once upon
‘her axis, while she performs a revolution round
the earth ; so that the inbabitants of the moon have
but one day and one night in the course of a lunar.
month. -

“CAROLINE.

We afford them, however, the advantage of a

magnificent moon to enlighten their long nights.

MRS. B.
That advantage is but partial ; for since we al-
ways see the same hemisphere of the moon, the in-
habitants of that hemisphere alone can perceive us.

CAROLINE.

One haif of the moon then enjoys our light every
night, while the other half has constantly nights of
darkness. If there are any astronomers in those
regions, they would doubtless be tempted to visit
the other hemisphere, in order to behold so grand
a luminary as we must appear to them. But, pray, -



ON THE MOON. 221

do they see the earth under all the chmgec which
the moon exhibits to us ?

MRS. B.

Exactly so. 'These changes are called the phases
of the moon, and require some explanation. In
fig. 2. plate XL let us say that S represents the sun,
E the earth, and ABCD the moon in different
parts of her orbit. When the moon is at A, her
‘dark side being turned towards the earth, we shall
. not see her, as at @ ; but her disappearance is of
very short duration, and as she advances in her
orbit we perceive her under the form of a new
moon : when she has gone through one-sixth of
hier orbit at B, one quarter of her enlightened
hemisphere will be twrned towards the earth, and
she will then appear horned as at 5: when she has
performed one quarter of her orbit, she shows us
one-half of her enlightened side, as at c; at d she
is said to be gibbous, and at e the whole of the en-
lightened side appears to us, and the moon is at
full. As she proceeds in her orbit she becomes
agsin gibbous, and her enlightened hemisphere
‘turns gradually away from us till she completes her
orhit and disappears, and then again resumes her
form of a new moon. _

‘When the moon is at full, or a new moon, she
is said to be in opposition or in conjunction with
the sun, because the sun, the moon, and the earth,

L3 :
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:sre then in the same direction ; in the first instance,
the earth is between the sun and the moon ; in the
second, the moon is between the sun and the earth.

My,
Are not the eclipses produced by the moon pass-
mgbetweenthesunmdtheearth? .

MRS. B.

Yes. When the moon passes between the sun and
the earth, she intercepts his rays, or in other words,
casts a shadow on the earth; then the sun is
eclipsed, and the day-hght gives plaee to darkness,
while the moon’s shadow is passing over us.

‘When, on the contrary, the earth is between the
sun and the moon, it is we who intercept the sun’s
rays, and cast a shadow on the moon; the moon is
then darkened, she disappears from our view, and
is eclipsed.

EMILY.

But as the moon goes round the earth every
month, she must be once during that time between
the earth and the sun, and the earth must likewise
be once between the sun and the moon, and yet
we have not a solar and a lunar eclipse évery
month ?

MRS. B,
The planes of the orbits of the earth and moon
do not exactly coincide, but cross or intersect each
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othér ; and the mdon gerierally passes either on ohe
side or the other when shé is in conjunction with
the sun, and therefore doés not intercept tlie sun’s-
rays, or produce an eclipsé ; for this can take place
only when the earth and moon are in cotjunetion.
in that part of their otbits which cross éach other,
(called the nodes of their ofbits,) because it is then
only that they are both in a right line with the sun.

EMILY.

And a partial eclipse takes place, I suppose,’
when the moon in passing by the earth, i5 not suf-
- ficiently on one or the other of the earth’s
shadow entirely to cape it?

" MRs. B ‘ :
Yes, one edge of heér disk then dips into the sha~
dow, and is eclipsed. When the eclipse happens
precisely at the nodes, they are not only total, but
last for some length of tire. :
When the sun is eclipsed, the total darkness is
confined to one particular part of the earth, evi-
dently showing that the moon is smaller than the
earth, since she cannot entirely skreen it from the-
sun. Infig. 1. pl XIL. you will find a solar eclipse
described ; S is the sun, M the moon, and E the
earth ; and the moon’s shadow, you see; is not large
enough to cover the earth. The lunat eclipses on
the contrary are visible from every part of the
‘L 4
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earth, where the moon is above the horizon ; and.
we discover by the length of time which the moon
is in passing through the earth’s shadow, that
it would be sufficient to eclipse her totally, were
she 49 times her actual size; it follows, therefore,
" that the earth is 49 times the size of the moon.

In fig. 2. S represents the sun, which pours forth
rays of light in straight lines in every direction, E
is the earth, and M the moon. Now a ray of
light coming from one extremity of the sun’s disk
in the direction AB, will meet another coming
from the opposite extremity in the direction CB;
the shadow of the earth cannot, therefore, extend
beyond B. As the sun is larger than the earth,
the shadow of the latter is conical, or the figure of
a sugar loaf'; . it gradually diminishes, and is much
smaller than the earth where the moon passes
through it, and yet we find the moon to be not
only totally eclipsed, but some length of time in.
darkness, and hence we are enabled to ascertain its
‘real dimensions. ’

EMILY.

‘When the moan eclipses the sun to us, we must

be eclipsed to the moon?

: MRS. B. .

Certainly ; for if the moon intercepts the sun’s
rays, and casts a shadow on us, we must neces-
sarily disappear to the moon, but only partially,
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only a black spot will appear to pass over the earth
as in fig. 1. :
CAROLINE,

. There must be a great number of eclipses in the
distant plarets, which have so many moons?

MRS. B.

Yes, few days pass without an eclipse taking
place : for among the number of satellites, one or
other of them are continually passing between their
planet and the sun.  Astronomers are so well ac-
quainted with the motion of the planets and their
satellites, that they have calculated not only the
eclipses of our moon, but those of Jupiter, with
such perfect accuracy, that it has afforded a means
of ascertaining the longitude.

CAROLINE.
But is it not very easy to find both the latitude
and longitude of any place by a map or globe ?

MRS. B.

If you know where you are situated, there is no
difficulty in ascertaining the latitude or longitude of
the place by referring to a map; but the question
is to ascertain youg situation when you do not know
where you are; for instance supposing that you
had been a length of time at sea, interrupted in

L5 .
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your course by storms, a map would afford you very
little assistance in discovering where you were,

CAROLINE.

Under such circumstances, I confess I should be.
equally at a loss to dlscover either latitude or lon-
gitude.

MRS, B :

The latitude may be easily found by takmg the:
altitude of the pole; that is to say, the number of
degrees that it is elevated above the horizon, for
the pole appears more elevated as we approach it,
and less as we recede from it.

CAROLINE.

But unless you can. see the pole how can you.
take its altitude ?

' MES. B. -
~ The north pole points constantly towards one
particular part of the heavens near which a star is.
situated, called the Polar Star; this star is visible
on clear nights from every part of the northern
hemisphere ; the altitude of the polar star is there-
fore nearly the same number of degrees as that of
the pole. The latitude may also be determined by
.observations made on the sun or any of the fixed.
stars; the situation therefore of a vessel at sea, with
regard to north and south, is easily ascertained.-
The difficulty is respecting east and west, that is to
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say its longitude. As we have no eastern poles
from which we can reckon our distanée, some par-
ticular spot must be fixed upon for that purpose.
The English reckon from the meridian of Green-
wich, where the royal observatory is situated : in
French maps you will find that the longitude is
reckoned from Paris.

The rotation of the earth on its axis in 24 hours
from west to east, occasions; you know, an apparent
motion of the sun and stars in the contrary direc-
tion, and the sun appears to go round the earth in
the space of 24 hours, passing over fifteen degrees,
or a twenty-fourth part of the earth’s circumference
every hour; therefore when it is twelve o’clock in
London, it is one o’clock in any place situated
fifteen degrees to the east of London, as the sun
must have passed the meridian of that place an
hour before he reachés that of London. : For the
same reason it is eleven o’clock to any place situ-
ated fifteen degrees to the west of London, as the
sun will not come to that meridian till an hour
later.

If then the captain of a vessel at ses, could know
precisely what was the hour at London, he could,
by looking at his watch, and comparing it with the
hour of the spot in which he was, ascertain the
longitude. '

EMILY.
But if he had not altered his watch, since he
L 6
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sailed from London, it would indicate the honr it
was then in London.
MRS. B.

True; but in order to know the hour of the day
of the spot in which he is, the captain of a vessel
regulates his watch by the sun when it reaches the

“meridian.
EMILY.

Then if he had two watches, he might keep one
regulated daily, and leave the other unaltered.
The former would indicadte the hour of the place in
which he was situated, and the latter the hour of

" London; and by comparing them  together, he
would be able to calculate his longitude.

MRS, B,

You have discovered, Emily, a mode of finding
the longitude, which I have the pleasure to-tell
you, is universally adopted. Watches of a superior
construction, called chronometers, or time-keepers,
are used for this purpose ; but the best watches are
lieble to imperfections, and should the time-keeper
- go too fast, or too slow, there would be no means
of ascertaining the error; implicit reliance cannot
consequently be placed upon them.

Recourse is therefore had to the eclipses of Ju-
piter’s satellites. A table is made of the precise
time at which the several moons are eclipsed to
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a spectator at London. When they appear
eclipsed to a spectator in any other spot, he may,
by consulting the table, know what is the hour at
London; for the eclipse is visible at the same
moment from whatever place on the earth it is
seen. He has then only to look at the watch which
points out the hour of the placein which he is, and
by observing the difference of time there, and at
London, he may immediately determine his lon-
gitude,

Let us suppose, that a certain moon of Jupiter-
is always eclipsed at six o’clock in the evening; and
that a man at sea consults his watch, and finds that
it is ten o’clock at night, where he is situated, at
the moment the eclipse takes place; what will be
his longitude ?

EMILY.
. That is four hours later than in London. Four
times fifteen degrees make 60; he would, therefore,
be sixty degrees east of London, for the sun must
have passed his meridian before it reaches that of
London.
_ MRS, B, .

For this reason, the hour is always later than
London when the place is east longitude, and ear-
lier when it is west longitude. Thus the longitude
can be ascertained whenever the eclipses of Jupi-
ter’s moons are visible.
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CAROLINE. :

The latitude then shows you on what meridian
you are situated, and the longitude on what part of
that meridian.

MRs. B. :

Precisely so; but it is not only the secondary
planets which produce eclipses, for the primary
planets near the sun eclipse him to those at a
greater distance, when they come in conjunction
in the nodes of their orbits ; but as the primary
planets are much longer in performing their course
round the sun, than the satellites in going round
their primary planets, these eclipses very seldom
occur.

Mercury and Venus have however passed in a
right line between us and the sun, but being at so
great a distance from us, their shadows did not ex-
tend so far ‘as the earth. No darkness was there-
fore produced on any part of our globe; but the
planet appeared like a small black spot, passing
across the sun’s disk ; this is called a transit of the
planet.

It was by the last transit of Venus that astrono-
mers were enabled to calculate with some degree of
accuracy the distance of the earth from the sun,
and the dimensions of the latter.

EMILY. :
I have heard that the tides are affected by the
*1
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moon, but I cannot conceive what influence it can
have on them.

MRS. B.
"They are prodaced by the moon’s attraction,
which draws up the waters in a protuberance.

CAROLINE.

Does attraction act on water more powerfully
than on land? I should have thought it would
have been just the contrary, for land is certainly a
more dense body than water?

MRS, B. : :

Tides do not arise from water being more
strongly attracted than land, for this certainly is
not the case; but the cohesion of fluids being much
less than that of solid bodies, they more easily yield
to the power of gravity, in consequence of which
the waters immediately below the moon are drawn.
up by it in a protuberance, producing a full tide,
or what is commonly called high water, at the spot
where it happens. - So far the theory of the tides
is not difficult to understand.

- CAROLINE.
On the contrary, nothing can be more simple:
the waters, in order to rise up under the moon,
-must draw the waters from the opposite side of the
globe, and oceasion ebb-tide, or low-water in those
varts.
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MRS, B.

You draw your conclusions rather too hastily,
my dear ; for according to your theory, we should
have full tide only once in twenty-four hours, that
is, every time that we were below the moon, while
we find that we have two tides in the course of
twenty-four hours, and that it is high-water with
us and with our antipodes at the same time.

CAROLINE.
Yet it must be impossible for the moon to attract
the sea in opposite parts of the globe, and in oppo-
site directions at the same time.

MRS. B.

This opposite tide is rather more difficult to ex-
plain, than that which is drawn up beneath the
moon ; with a little attention, however, I hope 1
shall be able to make you uunderstand it. -

In order to render the question more simple, let
us suppose the earth to be every where covered by
the ocean, as represented in (fig. 8. PL.XIL): Mis
the moon, ABCD the earth, and X the common
centre of gravity and of motion of these two pla-
nets. Now the waters on the surface of the earth
about A being more strongly attracted than any
other part, will be elevated ; the attraction of the
_-moon at B and C being less; but still it will ,be
greater there than at D, which is the part most
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distant from the moon ; the body of the earth will
therefore be drawn away from the waters at D,
leaving a protuberance similar to that at A.

CAROLINE.
So that the tide A is produced by the waters
rising above the earth, whilst the tide D is pro-
duced by the earth sinking beneath the waters.

" MRS. B.
In astronomy, we are not much in the habit of
using the terms above and beneath : it would, per-
haps, be more accurate to say, that the tide A was.
produced by the waters receding from the earth,
and the tide D by the earth receding from the
waters.
CAROLINE. )
But, Mrs, B., why does not the sun produce
tides as well as the moon; for its attraction is
greater than that of the moon?

MRS. B.

It would be greater at an equal distance, but our

vicinity to the moon makes her influence more

powerful. The sun has, however, a considerable

effect on the tides, and increases or diminishes

them as it acts in conjunction with, or in oppo-~
sition to the moon.
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EMILY.
- 1do not quite understand that.

MRS, B.

The moon is a month in going round the earth ;
twice during that time, therefore, at full and at

.change, she is in the same direction as the san;
both then act in conjunction on the earth, and

" produce very great tides, called spring tides, as
described in fig. 4, at A and B; but when the
moon is at the intermediate parts of her orbit, the
sun, instéad of affording assistance, weakens her
power by acting in opposition to it; and smaller
tides are produced, called neap tides, as represented
in fig. 5. '

EMILY.

I have often observed the difference of these
tides when I have been at the sea side.

But since attraction is mutual between the moon
and the earth, we must produce tides in the moon ;
and these must be more considerable in proportion
as our planet is larger. And yet the moon does
not appear of an oval form.

MRS. B.
You must recollect, that in order to render the
explanation of the tides clearer, we supposed the
whole surface of the earth to be-covered with the
ocean; but that is not really the case, either with
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the earth or the moon, and the land which inter-
sects the water destroys the regularity of the effect.

CAROLINE.

True. We may, however, be certain, that when-
ever it is high water the moon is immediately over
our heads.

MRS. B.

Not so, either; for as a similar effect is produced
on that part of the globe immediately beneath the
moon, and on that part most distant from it, it can-
not be over the heads of the inhabitants of both
those situations at the same time. Besides, as the
orbit of the moon is very nearly parallel to that of
the earth, she is never vertical but to the inhabit-
ants of the torrid zone; in that climate, therefore,
the tides are greatest, and they diminish as you
recede from it and approach the poles.

CAROLINE.
In the torrid zone, then, I hope you will grant
that the moon is immediately over, or opposite the
spots where it is high water ?

MRS. B.

I cannot even admit that; for the ocean naturally
partaking of the earth’s motion, in its rotation from
west to east, the moon, in forming a tide, has to
contend against the eastern motion of . the waves:
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All matter, you know, by its inertia, makes some
resistance to a change of state; the waters, there-
fore, do not readily yield to the attraction of the
moon, and the effect of her influence is not complete
till three hours after she has passed the meridian,
where it is full tide.

EMILY.
Pray what is the reason that the tide is three-
quarters of an hour later every day.

MRS, B. :
"Because it is twenty-four hours and three-quar-
ters before the same meridian on our globe returns
beneath the moon. The earth revolves on its axis
in about twenty-four hours; if the moon were sta-
tionary, therefore, the same part of our globe would,
every twenty-four hours, return beneath the moon ;
but as during our dailyrevolution themoon advances
in her orbit, the earth must make more than a com-
plete rotation in order to bring the same meridian
oppesite the moon; we are three-quarters of an
hour in overtaking her. The tides, therefore, are
retarded for the same reason that the moon rises
later by three-quarters of an hour every day.

‘We have now, I think, concluded the observ-
ations I bad to make to you on the subject of astro-
nomy. At our next interview, I shall attempt to
explain to you the elements of hydrostatlips.
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CONVERSATION XL

ON THE MECHANICAL PROPERTIES
OF FLUIDS.

DEFINITION OF A FLUID.— DISTINCTION BETWEEN
FLUIDS AND LIQUIDS, — OF NON-ELASTIC FLUIDS,
SCARCELY SUSCEPTIBLE OF COMPRESSION.—— OF THE
GOHESION OF FLUIDS, — OF THEIR GRAVITATION, —
OF THEIR EQUILIBRIUM.~—= OF THEIR PRESSURE.—— OF
SPECIFIC GRAVITY.~— OF THE SPECIFIC GRAVITY OF

. BODIES HEAVIER THAN WATER. — OF THOSE OF THE
SAMEWEIGHT AS WATER. — OF THOSE LIGHTER THAN
WATER.-— OF THE SPECIFIC GRAVITY OF FLUIDS.

MRS. B.

W e have hitherto confined our attention to the
mechanical properties of solid bodies, which have
been illustrated, and, I hope, thoroughly impressed
upon your memory, by the conversation we have
subsequently had on astronomy. It will now be.
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necessary for me to give you some account of the
mechanical properties of fluids, a science which is
called hydrostatics. A fluid is a substance which
yields to the slightest pressure, If you dip your
hand into a basin of water, you are scarcely sensible
of meeting with any resistance.

EMILY.
The attraction of eohesion is then, I suppose, .
less powerful in fluids than in solids?

MRS.. B.

Yes, fluids, generally speaking, are hodies. of less
density than solids. From the slight cohesion of
the particles of fluids, and the facility with which
they slide over each other, it is inferred, that they
must be small; smooth, and globular; smooth,
because there appears to be little or no friction
among them ; and globular, because touching each
other but by a point would account for the slight-
ness of their cohesion.

CAROLINE. ‘
Pray what is the distinction between a fluid and
a liquid?
MES. B. .
Liquids comprehend . only one class. of fiuids.
There is another class distinguished by:the name:
of elastic fluids, or gases, which. oamp)zehmdg the
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air of the atmesphere, and all the various kinds of
air with which you will become acquainted when
youstudy chemistry. Their mechanical properties
we shall examine at our next meeting, and confine
our attention this morning to those of liquids, or
non-elastic fluids.

Water, and liquids in general, are little sus-
ceptible of being compressed, or squeezed into a
smaller space than that which they naturally occupy.
This is supposed to be owing to the extreme mi-
nuteness of their particles, which, rather than sub-
mit to compression, force their way through the
pores of the substance which confines them, This.
was shown by a celebrated experiment, made at
Florence many years ago. A hollow globe of gold
was filled with water, and on its being submitted to
great pressure, the water was seen to exude through
the pores of the gold, which it covered with a fipe
dew. But more recent experiments, in which
water has been confined in strong iron tubes,
prove that it is sysceptible of compression.

EMILY.

Are hqusds porous like solid bodies ?

MRS, B.

.Yes; but the pores are too minute to be dis—
covered by the most powerful microscope, The
existence of pores in liquids can be ascertained by
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dissolving solid bodies in them. If you melt some
salt in a glassful of water, the water will not over-
flow, because the particles of salt will lodge them-
selves in the pores of the liquid, so that the salt
and water together will not occupy more space
than the water did alone. It is true that if you
attempt -to melt more salt than can find room
within these pores, the remainder will subside at
the bottom, and occupying a space which the water
filled before, oblige the latter to overflow.

Spirit of wine may also be poured into water
without adding to the bulk, as the spirit will intro-
duce itself #to the pores of the water. But we
must not infringe on the province of chemistry,
and confine ourselves to the mechanical properties
of fluids.

Fluids appear to gravitate in a more perfect man-
ner than solid bodies; for the strong cohesive
attraction of the particles of the latter in some mea-
sure counteracts the effect of gravity. In this table,
for instance, the cohesion of the particles of wood
enables four slender legs to support a considerable
weight. Were the cohesion destroyed, or, in other
words, the wood converted into a fluid, no support
could be afforded by the legs; for the particles no
longer cohering together, each would press sepa-
rately and independently, and would be brought
to a level with the surface of the earth.
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EMILY.

This' want of cohesion, then, is the reason why"
fitids can never be-formmed into’ ﬁgures or miiti:
talned in heaps; for though it is- true the wirid'
raises water into waves, they are immediately after~
wards destroyed by gravity, and water always finds' -
its level: -

MRS: B.

Do you understand what is meant by the level,

or equilibrium of fluids ?

| EMILY.

I believe I do, though I feel rather at a loss to
explain it. Is not a fluid level when its surface is
smooth ‘and flat, asis the case with all fluids 'when
in a'state-of rest?

MRS: Bi

Smooth:if you please, but'not:flat; for the defi+
nition:of the: equilibrium of & fluid is;- that every’
patt of the: surface is equally distant from the’point’
to-which gravitytends, that is to say, fiom the centre
of the earthi; henee the surface-of all fluids nimst be:
Bulging,: not: flat; since they will partake of the:
sphierical form of the globe. Thisis very evidént'
in: large‘ bodies of water; such ‘as’the'‘ocern, butthe:
sphiericity- of! small bodies of water is' so' trifling;-
thiat their: surfaces: appear flat,

This level, or equilibrium of fluids; is: the: nae’

M
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tural result of their particles gravitating independ-
ently of each other; for when any particle of a
fluid accidentally finds itself elevated above the
rest, it is attracted down to the level of the surface
of the fluid, and the readiness with which fluids
yield to the slightest impression, will enable the
particle by its weight to penetrate the surface of
the fluid and mix with it.

CAROLINE.
But I have seen a drop of oil float on the sur-
face of water without mixing with it.

MRS, B.
The principal reason is, because oil is a lighter
liquid than water. If you were to pour water over
it, the oil would rise to the surface, being forced up
by the superior gravity of the water. Here is an
instrument called a water-level, (Plate X1ILI. fig. 1.)
which is constructed upon the principle of the
equilibrium of fluids. It consists of a short tube,
A B, closed at both ends, and containing water and
a bubble of air; when the tube is not perfectly ho-
rizontal the water runs to the lower end, which
makes the bubble of air rise to the upper end, and
it remains in the centre only when the tube does
not incline on either side. It is by this means that
the level of any situation, to which we apply the
instrument, is ascertained.
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Solid bodies you may, therefore, consider as
gravitating in ‘masses, for the strong cohesion of
their particles makes them weigh altogether, while
every particle of a fluid may be considered as com-
posing a separate mass, gravitating independently
of each other. Hence the resistance of a fluid is
considerably less than that of a solid body ; for the
resistance of the particles acting separately, they
are more easily overcome.

EMILY.
A body of water, in falling, does certainly less
injury than a solid body of the same weight.

MRS. B. :

The particles of fluids acting thus independently,
press against each other in every direction, not
only downwards but npwards, and laterally or side-
ways; and in consequence of this equality of pres-
sure, every particle remains at rest in the fluid.
If you agitate the fluid you disturb this equality of
pressure, and the fluid will not rest till its equili-
brium is restored.

CAROLINE.

The pressure downwards is very natural: it is
the effect of gravity, one particle weighing upon
another presses on it; but the pressure sideways,

and particularly the pressure upwards, I cannot
understand.

M2
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MRS. B.

If there were no: lnteral pressure,. water would

not run.ont of; an opening on the side of a. vessel.

If you. fill a. vessel with sand; it will not run:out of

such an. opening, because there is scarcely any.
lateral’ pressure among, its: particles.

EMILY, .

When water runs out of the side of a vessel, is
it not owing to the weight of the water above the
opening ?

MRS. B,

If the particles of fluids were arranged in regmlar
columns thus, (fig. 2.) there would be no lateral
pressure, for when one particle is perpendicularly
above the other, it can only press it downwards;
but as it must continually happen, that a particle
presses between two particles beneath, (fig. 8.) these
last must suffer a lateral pressure.

EMILY.
The same as when a wedge is diiven into a piece
of wood, and separates the parts laterally.

MRS. B.

Yes. The lateral pressure proceeds, therefore,
entirely from the pressure downwards, or the weight
of the liquid above; and consequently the lower
the orifice is made in the vessel, the greater will be
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the velocity of :tire watar rashing out of it.  Here is
a vessel of water (fig.5.), with three stopsoocks et
different heights; we shall open them, and you will
see with what different degnees of velocity the water
iswes from them. Do you understand tlns,
Caroline?

'CAROLINE.

Ch yes. The water from the upper spomt re-
ceiming but a slight pressure, on accommt of its
vicinity to the surface, flows but gemtly ; the second
cock having a greater weight above it, the water is
forced out with greater velocity, whilst the lowest
cock being near the bottom of the vessel, receives
the pressure of almost the whole body of water, and
rushes out with the greatest impetaosity.

MRS. B.

Very well; and you must observe, that as the
lateral pressure is entirely owing to the pressure
dowawards, it is not effected by the horizontal di-
mensions of the vessel, whivh contains the water,
but merely by its depth; for as every particle acts
independently of the rest, it is only the column of
particles immediately above the orifice that can
weigh upon and press out the water.

" EMILY.
The breadth and width of the vessel, then, can
be of no consequence in this respect. The lateral
M3
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-pressure on one side, in a cubical vessel, is, I sup-
pose, not so great as the pressure downwards.

MRS. B.

No. Inacubical vessel, the pressure downwards
will be double the lateral pressure on one side;
for every particle at the bottom of the vessel is
pressed upon by a column of the whole depth of
the fluid, whilst the lateral pressure diminishes from-
the bottom upwards to the surface, where the par-
ticles have no pressure.

CAROLINE.

And from whence proceeds the pressure of fluide
upwards ? That seems to me the most unaccount~
able, as it is in direct opposition to gravity.

MRS, B.

And yet it is a consequence of their pressure
.downwards. When, for example, you pour water
into a tea-pot, the water rises in the spout to a
level with the water in the pot. The particles of
‘water at the bottom of the pot are pressed upon by
the particles above them; to this pressure they will
yield, if there is any mode of making way for the
superior particles, and as they cannot descend, they
will change their direction and rise in the spout.

Suppose the tea-pot to.be filled with columns of
particles of water similar to that described in fig. 4.
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the particle 1 at the bottom will be pressed later-
ally by the particle 2, and by this pressure be
forced into the spout, where meeting with the par-
ticle 8, it presses it upwards, and this pressure will
be continued, from 3 to 4, from 4 to 5, and so on,
till the water in the spout has risen to a level with
that in the pot.
EMILY.

If it were not for this pressure upwards, forcing
the water_to rise in the spout, the equilibrium of
the fluid would be destroyed.

CAROLINE,.

True: but then a tea-pot is wide and large, and
the weight of so great a body of water as the pot
will contain may easily force up and support so
small a quantity as will fill the spout. But would
the same effect be produced if the spout and the
pot were of equal dimensions ?

MRS. B.

Undoubtedly it would. You may even reverse
the experiment by pouring water into the spout,
and you will find that the water will rise in the pot
to a level with that in the spout; for the pressure of
the small quantity of water in the spout will force
up and support the larger quantity in the pot. In
the pressure upwards, as well as that laterally, you
see that the force of pressure depends entirely on

M 4
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the height, and js .guite indgpendent of the hori-
agptal dimensions of the fuid.

As atea-pot is nat transparent, let us try the €~
perimgnt by filling this large glass goblet by means
ofthlsnwoxvtub& (Fig. 6.)

CAROLINE. ‘
Look, Emily, as Mxrs. B. fills it, how the water
rises in the goblet, to maintain an equilibxium with
that in the tyhe,
Now, Mrs. B, will you let me fil the tube h]
pouring water into the goblet?

MRS. B. ,

That is impossible. However, you smpy try the.
experiment, and I doubt not but that you will be
ablle to account for jits failure.

CAROLINE,

It is very singular, that if so small a column of
water as is contained in the tube can force up and
support the whole contents of the goblet, that the
weight of all the water in the goblet showld not be
able $¢ force up the small guantity required to £l
the tybe.—Oh, I se¢ now the reason ; the water in
the goblet canpot force that in the tube ahove its
lewel, and as the gnd of the tube is considerably
higher ghan the goblet, jt can never be filled by
Poyring water ipto the goblet.
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»

MRS, B.

And if you ¢tontinue t0 pour water into the gob-
let when it is full, the water will run over mstead
of rising above the level i the tube.

I shall now explain to you the meaning of the

specific gravity of bodies..

CAROLINE.
What ! is there another species of gravxty with
which we are not yet acquainted ?

MRS. B.

o. The specific gravity of a body fmeans snnply
its welght compared w