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GENERAt PROPERTIES OF BODIES. 13

The resistance of the body to a change Of state, n
‘either case, is called Aits nertia. :

- EMILY. ~
“In phymcr at base-ball I am obliged to use all
my strengtlt to give a rapid motion to jche ball; and
when Ihaixe to catch it, I am sure I feel the re-
_sistanece it makes to being stopped. ~ Butif T did not
catch it, it would soon fa]l to the ground and stop
of 1t3elf' : :
: MEB
Inelt matter is as mcapable of stoppm'r of 1tse1f :
as it is of puttm(r itself into motion: when the ball
ceases to move, thelefme, it must be sLopped by
'some other cause or power; but as it is one with
which you are yet unacquainted, we cannot at pre-
seut investigate its effects.
o 'Ihe Iast property which appears to be common
to all bodies is atraction.  All bodies consist of
:Jllﬁmtel) small particles of matter, each of which
poss«.sses the powel of amactm«r OF (u"lwmcr to-
wards - it, and uniting with any othel particle suﬂ:l—.
ciently near to be w1thm the influence of its attrac-
tion ; but in minute particles this power extends to
so very small a distanice around them, that its effect
is not sensible, unless they are (or at least appear to
i be) in contact; it then makes them stick or adhere
together, and is hence ca Ved the atirac etion Qf co/ze— '
viszon. W ithout this power, solid bodies: would fall
in pleces, or rathel crumble to atoms.;
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attract each other, the effect of this pow-*vlejr must
~increase as they are brought by it closer toge-

ther; so that one would suppose that the ’oodyf
'would gradua Lly augment in' density, till it was im-

p0551ble for its par udes to be more closely united.

Now, we know that this is not the case; for soft
bodies, such as cork, sponge, or. butter, never be-
come, in consequence of the increasing attraction

i of their particles, as ha.rd’:as 1ron ?

“the other to keep its paxts ﬁnnly united.

MRS B.
In such boches as corke and sponoe, the particles -
wluch come in contact are so few as to produce but
a slight degree of cohesion: they are p’ororus bodies,

-which, owing to the peculiar arrangement of their
 particles, abound with interstices which separate
the pfutlcles, and these vacancies are filled with

air, the spring or elasticity of which pleVents the
closer union of the parts. But there is another fluid
much more subtle than air, which pervades all bo-

dies, this is feat. 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 constantly acting
in opposition to each other.

‘ % BMILV: ,
The one. endeavouri ing to 1end a body to pleces, :
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~ MES. B. !
~ That is true; but heat s so intimately connected.
with chemistry, that you must allow me to defer -
the dnvestigation of its properties till you become
acquainted with that science. PR

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 earth in a shower of rain, which gathers the

. dew into brilliant gems on the blades of grass.

EMILY.
And I have often observed that after a shower,
« the water collects into lai'g'e drops on the leaves of
plants; but I cannot say that I perfectly understand
how the attraction of cohesion produces this effect.

T OISy B.

Rain does not fall from the clouds in the form of
drops, but in that of mist or vapour, which is com-
posed of very small watery particles; these, in their.

| descent, mutually attract each other; and those that
are sufficiently 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
vapour, but is, by the mutual attraction of the par- -

 ticles, formed into small globules on the blades of
grass: ina similar manner the rain upon the leaf
collects into large drops, which when they be- :



20 GENERAL FROTERTIES' OF BODIES.

come too heavy for t]‘e leaf to SquOlt fall to the

010und
. EMILY.

All tlns is wonderfully curious ! I am ‘dmost be—

wildered with surprise and admiration at the numbelr

of new ideas I have already acqmred.

; L MBRS. B . ,
Everystepthatyou advance in thepursuit of natural

science, will fill your mind with admiration and grati-
tude towards its Divine Author. In the study of natu-

ral philosophy, we must consider ourselves as reading
the book of nature, in which the bountlful (roodness

and wisdom of God is revealed to all mankind; no

 study can then tend more to purify the heart, and
raise it to a lehgious contemplatwn of the Divine
perfections. .

There is ﬂnothu curious Lﬂ‘ect of the attraction :

of cohesion which I must point out to you. It ena-

- bles liquids to rise above their level in CQPJHary'

o

tubes: these are tubes the bores of which are so ex-

tremely small that liquids ascend within them, from
the cohesive attraction between the particles of the;

houd and the interior surface of the tube, . Do you

per cewe the water rising above its level i 10 this smaH

glass tube, which T haVe nnmelsed ma (roblet full

‘ Of water | 7
DMLY,

Oh yes; I see it slowly cr eepmrr up the tube, bui ,-

now 1t w smuomry Wﬂl 1t Lise no hlgher L
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i 2 WRs. B ;

No ; because the cohcswe attraction between the
water and the internal surface of the tube is now .
balanced by the weight of the water within it: if the
boze of the tube were narrower the water would rise
- higher; and if you immerse several tubes of hores of
different sizes, you will seeitrise to different heig’hts'
in each of them. Inmaking this experiment you
- should colour the water with a little red wine, in or-

der to render the effect more obvious.

All porous substances, such as sponge, bread,
linen, &e., may be considered as collections of capﬂ-
 lary tubes: if you dip one end of a lump of sugar
" into water, the water will rise in it, and wet it consi-
~ derably above the surf‘we of that info which )ou
d1p 1t ‘ '

: EMILY.
In making tea I have often observed that effect,
w1th0ut bemrr able to account for it g

- MRS. B.
Now that you are acquamted with the attraction
of cohesion, I must endeayour to explain to you that
of Gravitation, which is a modification of the same
_ power; the first is perceptible only in very minute
* particles, and at vefy small distances; the other acts
- on the largest bodies, and extends to immense dis-
¢ tances. e : '
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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 attrac-
tion would not be able either to raise or support
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 is not sufficient to
enable it to resist the power of gravity.

 EMILY. g
And some solid bodies appear to be of this na-
ture, as sand and powder for instance; there is no
attraction of cohesion _betweeh 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 graims there is no sensible atfraction,
because they are not in sulliciently close contact,

= EMILY, ;
Yet they actually touch each other?
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MRS, B

The surface of bodies is in general so rough
and uneven, that when in actual contact, they touch
eache other only by a few points. Thus, if T 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 dees 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 hemispherés of polished metal, I
press their flat surfaces together, having previously
interposed a few drops of oil, to fill up every httle

porous vacancy. Now try to separate them.

EMILY.

It requires an effort beyond my strength, thoucrh
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 conesion?

»

‘ . MBS, B,
There is no force more powerful, since it is by -
this, that the particles of the hardest bodies are
. 3. 3 ¥, c ¥ 3









CONVERSATION I

ON THE ATTRACTION OF GRAVITY.

ATTRACTION OF GRAVITATION, CONTINUED. — OF
WEIGHT. — OF THE FALL OF BODIES.— OF THE
RESISTANCE OF THE AIR.—OF THE @CENT OF
LIGHT BODIES.

T

i

EMILY.

T save related to my sister Caroline all that you
haye taught me of natural philosophy, and she has
been so much delighted by it, that she hopes you
will have the goddness 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 ?

52 _ CAROLINE 5
I confess, Mys. B, that hitherto I had formed no
very agreeabls idea, either of philosophy, or phi-
: s i
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- losophers; but what Emily has told me, has excited
my curiosity somuch, that I shall be highly pleased
if you will allow me to become one of your pupl]s

S : *
MRS. B.%

1 fear that I shall not find you so tractable a

scholar as Emily ; I know that you are much bnssed
in fayour of your own opinions.

_ CAROLINE.

Then you will have the greater merit in veform-
g them, Mrs. B.; ; and aftér all the wonders that
Emily has related to me, I think I stand but little
chance agamst you and your attractlons.

. vms.B. : ‘

You will, I doubt not, advance a number of ob-
jections; but these I shall Wﬂhntrly admit, as ‘they
will be a means of elucidating the subject.  Emily,
do you recollect the names of the general propertles
of bodies ? '

EMILY. =

Impenetrab1hty, extension, figure, dms1b1hty,

;mertla, and attlactlon :

o - MES. B. ;

well.  You must remember that these are

properties common to all bodies, and of which they

cannot be deprived; all other properties of bodles
: / aiC 3 :
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are called accidental, because they depend on the
relation or connection of one body to another.

(CAROLINE,

Yet surely, Mrs.®., there are other plopem%
which are essential to bodies, besides those 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, cannot be acm»
dental qualities?

. MRS. B.

- I beg your pardon; these properties do not exist
L bodies mdependently of their connection with
‘ other bodies.

CAROLIN]Z.

What' have bodies 1o weight ? ‘Does not this
table weigh heavier than tlns book and, if one
thing welohs heavier than another; must there not
i besuch a ﬂm}g as welght?

- MRS. B.

No doubt: but tlus property does not. appem
~ to be essential to bodies; it depends upon their
- connection with each other. Weight is an eff
 the power of attraction, without whieh the table and
the book would haye no weight whatever.
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EMILY.

I think I understand you; is it not the attraction
of g;avxty which makes bothes heavy?

MES. B,

You are right. T told you that the attraction of
" grayity was proportioned to the quantity of matter
' whlch bodies contained: now the earth consisting
- of 2 much greater quantity of matter than any hody
upon its smffmqe, the force of its attraction must
~ necessarily be greatest, and must draw every thing

towards it; in consequence of which, bodies that are
- unsupported f‘ﬂl to the ground, whi]st those that

their fall, with a welght equal to the f01 ce w1t1
which they gravitate towards the ear th.

CAROLINE.

The same cause then which occasions the fall of
bodles, produces also their weight. It was very
dull in me not to understand 'dus 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 incom-
prehensible.  But, Mrs. B., if attraction is a pro-
perty essential to matt;el, weight must be so like-
wise; for how can one e‘ﬂst without the or,hel ?

: o
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MRS, B.
Suppose there were but one body existing in uni-
versal space; what would its weight be?

CAROLINE.
‘That would depend upon its size; or, more accu-
rately speaking, upon the quantity of matter it con-
tained. :

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.?

- MRS. B.

~ Youare: you must allow, therefore, that it would
be possible for attraction to exist without weight; for
cach of the particles of which the body was com-
posed, 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 _essen-
tial 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. ;



ON THE ATTRACTION OF GRAYITY. S5

MRS. B.
‘When we come to treat of the subject of colours,
I trust that I shall be able to convince you, that
colours are likewise accidental qualities, quite dis-
tinct 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 pa}t of the
ey 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 consxder:

c b R
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the difference there is in that respect, between a
stone and the earth, you will not be surprised that
you do not perceive the earth rise to meet the stone;
for though it is true that a mutual attraction takes
place between 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.
_Héavehs, Emily, what an idea! How can the
houses and churches be moved, when they are so

i fivmly fixed in the ground 2

MRS. B

. Emﬂy s question 1s not absurd, and your answer,
~ Cavoline, is perfectly just; but can you tell us why
the houses and churches are so firmly fixed in the
A7 Grouﬁd o

'CAROLINE.

- Tamafy aid I have answered 1wht by mere (,hauce, .
 for I begin to suspect that buckL yers and carpenters
_ could give but little stablhty to then‘ Dbuildings, with-
i o,ut the zud of attractlon ,
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MRS. B.

It is certainly the cohesive attraction between the
bricks and the mortar, which enables them to build
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
plumb-line in your hand, the weight will not fall per-
pendicular to the earth, but incline a little towards
the mountain; and this is owing to the lateral, or
sideways attraction of the mountain, interferin 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.

CAROLINE.
Play, 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.

: MRS. 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 #dvise you to prepare
yourselves by acquiring some knowledge of geo-
metry. This science would teach you that lines
which fall perpendicular to the sucface of a sphere
cannot be parallel, because they would all meet, if
prolonged to the centre of the sphere; while lines
that fall perpendicular to a plane or flat surface, are
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always parallel, because, if prolonged, they would
never meet. ]
EMILY. ;
And yet a pair of scales, hanging perpendicular
to the earth, appear p:rallel ?

MERS. 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 scales of the pr oportxon we please. (fig. 1.
Plate 1.)

CAROLINE.

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 1t
more strongly
- MRS.'B.
. Ihe earth it is true, attracts a heavy body more
than a light one; but that would not make the one”
fall quu"ker than the other.



DIODO

nust







- 40 ON THE ATTRACTION OF GRAVITY.

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 fromg 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 density 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 vesistance which the air opposes to the fall
of bodics 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. : : ’
: CAROLINE. ;

This is very clear, and solves the difficulty per-

fectly.  The air offers the same resistance to a bit
158 :
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of Jead 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 supported
_ 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

Certainly; observe the manner 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 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. 5

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.

: CAROLINE. ,
That is very curious; and it is, I suppose, upon



42 oN THE ATTRACTION OF gmvn‘Y.

. the same p1mc1p1e that r
float on water ?

- Bat, Mys. B., if' the air is a veal body, 15 1t not
also subjected to the laws of gravity ? 2

on-'boats m:ay be made to

0

e

el MRS. B.
Undoﬁb”cedly.' : :
CAROLINE, :
Then why does it t not, like all other bodles, 11
; xO the gl ound?
: e MES. B
On account ofits spring or elfxstxmty The air is
an. elastic Jluid; a species of bodies, the peculiar
- propetty of which is to resume, after compression,
their original dimensions; and you must consider
the air of which the atmosphere is composed as ex-
isting in a state of compression, for its particles
bemg drawn towards the earth by gravity, are
brought closer together than they would other-
wise be, but the spring or elasticity of the air by
which it endeavours to resist compression, gives it
& constant tendency to expand itself, so as to resume
the- dxmensmns it would natur, ally have, if not under
the influence of rrmvlty The air may ther efore
be said constantly to str ugale with the power of gra-
’vlty awithout being able to overcome it, van:y’
| thus confines the air to the regions of our globe,
whilst its elasticity prevents it ﬁom falluw like
other bodies to the ground,
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EMILY. ey
The air chen isy I suppose, thlckei, or I should'
rather say mere dense, near thetsurface of the
earth, than in- the higher regions. of the atmosphere;
for that part of the air whlch is nearer the sprface
of the earth, must be most stmn’gly a_fnacted,.

MRS. B
The diminution of the force of gravity, at.so small
a distance as that to which the atmosphere extends
(compaled with the size of the earth) is so inconsi-"
derable as to be scarcely sensible; but the pressure
of the upper parts of the atmosphere on those be=
« neath, ‘venders the air near the surface of the earth’
much more dense than the upper regions. The
pressure-of the atmosphere has been compared o
that of a pile of fleeces of wool, in which the lower
fleeces ‘are pressed together by the weight of those
above; these lie hcrht and loose, in proportion as
. they approach the uppelmoqt fleece, which receives:
- no exteérnal pressure, and is conﬁned melely by
the f01ce of its own orav1ty

CAROLINL.

It has just occuned to me that there are some
bodies which do not gravitate towaids the earth.
Smoke and steam, for instance, rise mstead of
falling. ‘
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MRS. B, :

Tt is still gravity which produces their ascent;
at least, were that power destroyed, these bodies
would not rise. : X
; - 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-
renf 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 thes
atmosphere, the weight of which is not greater than
their own, and then they remain stationary. Look
at this bason of water; why does the piece of paper
which I throw into it float on the surface ? ‘
~ EMmy.

Because, being lighter than the water, it is sup-
ported by it.

~ MES. B. :

And now that I pour more water into the bason,

why does the paper rise ?

EMILY.

The water being heavier than the paper, géts
beneath it, and obliges it to rise.
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MRS. B. a
In a similar manner are smoke and vapour forbeu
upwards by the air; but these bodies do not, like
the paper, 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
zise only till they attain a region ofair 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 mmute par-
ticles of coal or other combustible fall, and it is
this which preduces the small black flakes which
render the air and every thmcr 1 contact with it, in
London, 50 dmy

CAROLINE. ;

You must, however, allow me to make one more

objection to the universal gravity of Dodies; which

is the ascent of air balloons, the materials of which

are undoubtedly heavier than air: how, therefore,
can they be supported by it ?
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MRS. B.

T 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 lichter;
so that, on the whole, the balloon is lighter than the
air which it displaces, and consequently will rise, on
the same principle as smoke and vapour. Now
Emily, let me hear if you can explain how the gra-
vity of bodies is modified by the effect of the air?

EMILY.

The air forces bodies which are lighter than itself
to ascend ; those that are of an equal weight will re-"
main stationary in it; and those that are heavier will
descend through it: but the air will have some ef-
fect on these last; for if they are not much heavier,
they will with difficulty overcome the resistance they
meet with in passing through it, they will be borne
“up by it, and their fall will be more or less retarded.

: MES. 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 peb-
ble into this tub of water; it does not reach the bot-
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tom near so soon as if there were no water in the
tub, because it meets with resistance from the wa-
Tex, Sﬁppbée' 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 no
resistance at all to counteract its gravity. :

Thus you see that it is not the different degrees
of gravity, but the resistance of the air, which, pre-
vents bodies of different weight from falling with
equal velocities; if the air did not bear up the fea-
ther, it would reach the ground as soon as the
marble. :

CAROLINE.

I make no doubt that it is so; and yet I do not
feel quite satisfied. I wish there was any place void
of air, in which the experiment could be made.

MES. B.

If that proof will satisfy your doubts, I can give it
you. Here is a machine called an azr pump, (fig. 2.
pl. I.)bymeans 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 purpdse. We shall now exhaust the air
from this tall receiver which is placed over the open~
ing, and we shall find that bodies of whatever
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weight or size within it, will fall from the top to the

bottom in the same space of time, -
. * Camonne R

Ob, I shall be delighted with this experiment !

~what a curious machine ! how can you put the two

bodies of"diﬁ’erent weight within thg gleiss, without

admitting the air. ; ‘

MRS. B.

A guinea and a feather are alreadyplaced there for
the purpose of the experiment : here is you see a
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 [ believe I have pretty well
exhausted the air. : e

CAROLINE. :
Pray let me tuin the screw. —I declare, they hoth
reached the bottom at the same instant!  Did you

see, Emily, the feather appeared as heavy as the
guinea !
EMILY. 3 ,
Exactly; and fell just as quickly. How wonderful
thisis! what a number of entertaining experiments
might be made with this machine! = =
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MRS. B. -

No doubt there are a great variety; but we shall

reserve them to elucidate the subjects to which they

relate: if I had not explained to you why the guinea

and the feather fell with equal velocity, you would
not have been so well pleased with the experiment.

EMILY.

1 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. :
7 Pray by what means is the air exhausted in this
- recelver?
: MRS. B,

i You must learn something of mechanies in order
\‘1' .o understand the construction of a pump. At cur
next meeting, therefore, I shall endeavour to make
you acquainted with the laws of motion, as an intro-

duction to that subject.



CONVERSATION III. .

ON THE LAWS OF MOTION.

_OF MOTION. — OF THE INERTIA OF BODIES.— OF

~ FORCE TO PRODUCE MOTION.-— DIRECTION OF
MOTION. — VELOCITY, ABSOLUTE AND RELATIVE.
~ UNIFORM MOTION, — EETARDED MOTION.—
ACCELERATED MOTION. — VELOCITY OF FALLING
BODIES. — MOMENTUM, — ACTION AND REAC-
TION EQUAL.— ELASTICITY OF BODIES. — PORO-
SITY OF BODIES,— REFLECTED MOTION, — AN-
GLES OF INCIDENCE AND REFLECTION.

0)

MRS, B.
THI: 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 ?

_ CAROLINE.
I think T understand it perfectly, though Il am at
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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. o
: MES. B.

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

Now since we have observed that ome of the
general properties of bodies is Inertia, that is, an
entire passiveness either with regard to motion or

rest, it follows that a body cannot move without
being put into motion ; the power which puts a body
inte motion is-called force; thus the stroke of the
hammer is the force which 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 gravity is the torCe :
~ which occasions the fall of bodies ?

MRS. B,

Undoubtedly I had given you the most fami-

_ liar illustrations in order to render the explanation

clear; but since you seek for more scientific exam-

i ples, you may say that cobesion is the force which
binds the particles of bodies together, and heat ;

that which drives them asunder.
. Lo
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‘“The motion of a body acted upon by a single
force is always in a straight line, in the direction in
which it received the impulse.

o on

' CAROLINE.

" That is very natural; for as the body is inerf,
and can move only becanse it is impelled, itwill
move only in the direction in which it is’ impelled.
The degree of quickness with which it moves, must,
I suppose, also depend upon the degree of force
with which it is impelled.

MRS. B. :

Yes; the rate at which a body moves, or the
shortness of the time which it takes to move from
_one place to another, is called its velocity; and it is
one of the laws of motion that the velocity of the
moying body is proportional to the force by which
it is put in motion. We must dlstmmush 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 reference to that of other, bodies When. for

_instance a horse goes fifty miles in ten hOLIlS, his
velocity is ﬁve m]les an hour.

The . veloclty of a body is termed relaz‘zw, when
*compared with that of fmpther body which is itself
‘in motion. For instance; if one-man walks at the
rate of a mile an hour, and another at the rate of
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two miles an hour, the 1elatlve ve10c1ty of the 1atte1‘/
is double that of the former; but the absolute Vel_o‘_-;
city of the one is one mile, and that of the other
twq miles an hour.

8 EMILY.
~ Let me see if T understand it— The relative velo-
city of a body is the degree of rapidity of its motion
compaled with that of rmothel body; thus if one ship
sall 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 latter. o

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 an-
swer 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
the space one hundred miles, divided by the
velocity five mlleq o*ives twenfy hours for the.
tlme? Vet e : : S
Do
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MRS, Be.

Certainly; and we may say also that space 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 homs 2

: _ CAROLINE.

Ewhteen miles; for the product of 8 multiplied
bv 6, 1s 18. ] ~
MRS. B.

1 Suppose that you understand what is meant by
the terms ung/brm, accelerated 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 motion is so
vegular as o indicate the time. :

; MRS. B.
You have a right idea of uniform motion ; but it
would be more correctly expressed by saying, that
the motion of a body is uniform when it passes over
equal spaces in equal times. Uniform motion is
‘prodmed by a force having acted on a body once3
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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 gradually diminishes till it f'llls to the
ground.

: MRS. B. :

Recollect that the cricket ball is mert, and has
no 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 gravity which
counteracts and destroys that of projection; but if
there were no such power as grawty, would the
‘cmcket ball never stop ?

MERS. 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
an uniform velocity for ever.

CAROLINE,
You astonish me! I thought that it was lmpOSSI-
ble to pr oduce perpetual motion ?
D 4
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MES. B.
Perpetual motion cannot be ploduced by art,

because amvxty ultimately desu Oy 9 f\ll motion thaa
human powers can ploduce. :

a

EMILY.

But mdependently ‘of the for ce of omv1ty, 15
cammot conceive that the little motlon I am capable
of giving to a stone would put it in motion for ever.

MRS. B.

The quantity of motion you communicated to the
stone would not influence its duration; if you threw
it with Little force it would move slowly, for its
. yelocity, you must remember, will be proportional

1o the force with which it is pr oJected but if there
s nothing to obstmct its passage, it will continue to
 move. vnth the same velocity, and in the saine (hl L('-*I
. tionas When you ﬁlst p1 OJGCted 1t. e

(, %ROLII\ 1

Thm appwus to me qmte mcompwhemmle, we .
do 1ot meet with a single instance of it in nature.

o it Mm B,
il bec your p ’mrdon, ‘ W’hen you come c to study
¢ the motion of the- celestlal bodies, you will find that
nature abounds with examples of perpetual motion 5
: and that 1t conduces as much to the h‘u"mony of the |
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system of ﬂ)e universe, as the prevalence of 1t would
40 the destruction of all comfort on our globe. The
wisdom of Providence has therefore ordained insur-
mountable obstacles to perpetual motion here below,
anel though these obstacles often compel us to con-
tend with great difficulties, yet there results from
it that 01de1, 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 retar ded motion?.

CAROLINE.
Retarded motion is that of a body which moves
. every moment slower and slower: thus when I am
tived with walking fast, I slacken my pace; or when
a stone is thrown upwards, its velomty‘ 15 crradmlly
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
Wthh 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 matter is nlcapable of any feeling
of fatigue, can never slacken its pqce, and never
stop, unless retarded or arrested in its course by
some opposmu force; and as it is the lavs of thert
bodleb ~which mechalms treats of, I pxefel yom
D 5 ' :
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Mustration of the stone retarded in its ascent. Now
Enmily, it is your turn; what is aceelerated motion 2

EMILY.

Accelexated motion, I suppose, takes place when
the velocity of a body is increased; if you had not
objected to our giving: such active bodies as our-
selves as examples, [ should say that my motion is
- accelerated if I change my pace from walking to

tunning. I cannot think of any instance of acce-
* lerated motion in inanimate bodies; all motion of
_ inert matter seems to be retarded by gravity.

MES. B.

Not in all cases; for the power of gravitation:

i sometimes produces accelerated motion; for instance,

a stone falling from a hewht moves with a regularly -

accelerated motxon
: EMILY.

T1 e Becinse the nearer 1t approaches the eavth,
the more it is attracted by it.

: MRS. B.

~ You have mistaken the cause of its acceleration
of motion; for though it is true that the force of

~ gravity increases as a body approaches the earth,

 the difference is so trifling at any small distance
from its surface as not to be perceptlble.

Accelerated motlon is produced when fhe force
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which put a body in motion continues to act upon
1, duri g its motion, So that its motion is contmually :
mcreaced When a stone falls from a height, the
impulse which it receives from gravity during the
firsg instant of its fall, would be sufficient to bnng
it to the ground with a uniform velocity : for, as we
have observed, a body having been once acted upon
by a force, will continue to move with a uniform
velocity ; but the stone is not acted upon by gravity
merely at the first instant of its fall, this power con-
tinues to impel it during the whole of its descent,
and it is this contmued nnpulse which accelerabes

its motion.
EMILY.
1 do not quite understand that. -

MRS. B.

Letus suppose that the instant af'ter you have let
fall a stone from a high tower, the force of gravity

were annihilated, the body would nevertheless con-
tinue to move downwards, for it would have received
a first impulse from gravity, and a body once put
in motion will not stop unless it meets with some
obstacle to impede its course; in this case 1ts velo-
city would be uniform, for though there would be
no obstacle to obstruct its descent there wonld
no force to accelerate it.

I}MILY.

That Is veay clear.
: D 6
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MERS: 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 become 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 gronnd.  Let us ‘ suppose that the
impulse given by gravity to the stone during the
first instant 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 ismow equal to two; thefol-
lowing instant another impulse increases the velocity
to three, and so on 0ill the stone reaches the ground.

CAROLINE:
Now Lunderstand it; the effects of },1 ecedig im-
pulses must be added to. the subsqpmm velocities.
: o MRS
Xes; ol been : ascerta,med both by experiment
- and calculations, which it would be too difficult for
s to enter Into, that heavy bodies descending from a
Teight by the force of gravity, fall sixteen feet the
ﬁrst second of time, three times that distance i in the
next, five times in the third second, seven times in
the fourth, and so on, regularly increasing their
velocities according to the number of ¢ seconds durmg

which the body has been fa]hng
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EMILY. '

If you throw a stone perpendlculm'ly upwmds, is
it not the same length of time ascending that it is
descending ? :

i ; MRS. B.

Exactly; in ascending, the velocity is diminished -
by the force of gravity; in descending, it is acce-
lerated by it.
‘ CAROLINE.

T should then have imagined that it would have
fallen quicker than it rose?

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 omwty

before the body falls.

] | CAROLINE:
But the force of projection given to a stone in
throwing it upwards, cannot always be equa,l to the
- force of gravity in blmgmc it down again, for the
force of gravity is always the same, whilst the degree
~ of impulse given to the stone is optional; I may
throw it up gently, or with violence.

MES. B.
. If you thlow 1t gently, it will not rise lngh
perhaps only sxxteen feet, n whxch case it will fall
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in one second of time. - Now it is proved by experi-

ment, 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
' proportionally greater.

: o MRS. B e

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 orless distance to which
the body rises, that makes these two forces balance
each other. : )

T must now explam to you what is meant by the
momentum of bodies. It is the force, or power,
with which abody in motion, strikes agamnst another
body. Themomentum of a body is composed of its
quantity of matter, multiplied by its quantity of mo-
tion ; in other words, its weight and its velomty ‘

CAROLINE,
The qulcker abody moves, the greater, no doubt,
must be the force with which 1t Would strike
agamst another body. ;

EMILY. ;
Therefore a small body may have a 0‘16'1161 mo-
mentum than a 1arge one, provxded its velocxty be



ON THE LAWS OF MOTION. 69

sufficiently greater; for instance, the momentum of
4n arrow shot from a bow, must be greater than a
_stone thrown by the hand. '

. . CAROLINE,

We know also by experience, that the heavier a
‘body is, the greater is its force; it is not therefore
difficult to understand, that the whole power or
momentum of a body must be composed of these
-~ two properties : but I do not understand, why they
should be multiplied, the one by the other; I should
have supposed that the quantity of matter should
have been added to the quantity of motion ?

MRS. B.

It is found by experiment, that if the weight of
a body is represented by the number 3, and its
velocity also by 38, its momentum will be repre-
sented by 9; not 6, as would be the case, were
these figures added, instead of being multxphed
together. I recommend it to you to be careful £0
’remember the definition of the momentum of
bodies, as it is one of the most important points in
mechanics; you will find, that it is from opposing
niotion to matter, that machines derive their
powers. * 4

. % In comparing together the momenta of different bodies,
we must be attentive to measure their weights and veiocmes,
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The reaction of bodies, is the next law of mo-;
tion which I must explain to you. When a body
in motion strikes against another body, it meets
with resistance ﬁom 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 philoso~
phical language, action and re-action will be equal
and in opposite dn‘ecnons. st

Sk

CAROLII\E.

Do you mean to say, that the action of the body
which strikes, is returned with equal force by the
body whieh receives the blow.

MRS. B.
Exactly.

CAROLINE.
But if a man strikes another on the face with his

Vﬁst, he smely does not receive as much pain by the
‘).e-actmn, as he inflicts by Vthe blow ?

by the same denomination o'f\\citrhts and of spaces, other-
awise the results would not: aglec Thus if we estimate the
weight of one body in ounces, we must estimate the w elaht of
the rest also in ounces, and not in‘pounds; and in computing
the velocities, in like manner we should adhere to the same
standard of measure, both of space and of time; as for in~
stance, the numbe1 of feet Infonc second or of mﬂes in one ;
houl : s
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MRS. B. :
\o but this is simply owing to the knuck‘[eu
havmcr much less feeling, than the face. ;
Here are two ivory bqlls suspended by lhreads, =
(P]ate L fig. 3.) draw one of them, A, a little on one
side, —mnow let it go; — it strikes, you see, against
_ the other ball B, and drives ‘it off; to a distance
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
gaye, and its motion was conéeq_uently c‘[estroyed.

LMILY,

s I should have supposed, that the motion of the
ball 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 action of the body which

. is struck.

Here are six wory baHs hancrmo I a rows
(fig. 4.) draw the first out of the pelpendlcuhr, 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 e expfam
this 7
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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 vest; 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, flies off.

MRS. B.

Very well explained. Observe, that it is only
when bodies are elastic, as these ivory balls are,
that the stroke returned is equal to the stroke given.

I will shew 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 re-action of the
latter, on account of its not being elastic, is not suf-
ficient to destroy the motion of the former ; only part

-~ of the motion of D will be communicated to E,
and the two balls will move on together to d and

&, which is not to so great a distance as that through *
~which D 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,

.
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or advance forwards; re-action being always ina
contrary direction to action.

il : CAROLINE.

I thought that birds might be lighter than the
air, when then wings were e;-(panded, and by that
means enabled to fly. :

NIRS: Bt
‘When their wings are’ splead they are better
supported by the air, as they cover a greater extent
of surface; but they are still much too heavy to re-
main in that situation, without continually flapping
Jtheir 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
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 sup-
port 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 beautiful effect this is of the law of re-
action! But if flying is merely a mechanical
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operation, Mrs. B, why should we not construct
wings, ad’\pttd to the size of our bodies, fasten them
to_our shoulders, move them with our arms, and
soar into the air. -
MRS. B :
Such an experiment has been repeatedlv at- -
tempted, but never with success; and it is now
considered as total]y mpr actxcable. “The muscular
power of birds is greater in proportion to their
: welght than that of man; were we therefore fur-
mshed with wings sufficiently large to enable us to
fly, we should not have streng th to put them in
‘nlotwn. ‘ .
“In swimming, a sumhl action 1s produced on
 the water, as that on the air in flying; and also in
TOWing ; you strike the water with the oars, in a
direction opposite to that. in which the boat s re-
quired to move, and it is the re-action of the water
- o the oars which drives the boat along.

EMILY.

You s'ud that it was in elastic bodies only, - that

| re-action was equal to action; pray what bodies
are elastic besides the air?

) MRS. B
In speaking of the air, I think we defined elasti-
city to be a property, by means of which bodies
14 |
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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 J
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 ob-
tained the name of elastic fuid. Hard bodies are
in the next degree elastic; if two ivory, or metallic
balls are struck together, the parts at which they
touch will be flattened; but their elasticity will
make them instantancously resume their former
shape. : ‘
z 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. i

MRS. B.

1 beg your pqrdon, but you cannot perceive any
mark, because their elasticity instantly destloys
all trace of it. :

Soft bodies, which easily retain 1mpress1ons, such
as clay, wax, tallow, butter, &c. have very little
elastxclty ; but of all deseriptions of bodies hqu1d¢
are the least elastic.

EMILY.

i sealmg—wax were elastic, instead of re(ammg
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the impression of a seal, it would resume a2
amooth surface as soon as the weight of the seal
was removed.  But pray what is it that produces -
the elasticity of bodies? 5

MRS. B.

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

; - CAROLINE.

That is to say, that if the particles of bodies were
as close together as p0331ble, 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, Whl(‘.h is perhaps

~ the least dense of all bodles

' MRS, B,
You will not in general find this rule hold good,
for hqulds have scarcely any e]astlcxty, whilst hard
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bodies are eminent for this property, though the
latter are certainly of much greater density than

the former; elasticity implies, therefore, notonly a
susceptibility of compression, but depends upon the
power of resuming its former state after compression.

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 mVISlble to the naked

eye, but you must not thence conclude that they
*have nones it is, on the contrary; well ascertained
that gold, one of the most dense of all bodies, is ex-
tremely porous, and that these pores are sufficiently
large to admit water when strongly compressed to
pass through them. This was shown by a celebrated
experiment made many e at Florence.

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

MRS. B.
The hief dJﬁ'erence in this respect is, I believe, that
the pores in some bodies are larger than in others;
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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 allvarnished and polished
bodies, they cannot be discerned.  To give you an
idea of the extreme porosity of bodies, Sir Isaac
Newton conjectured that if the earth were so com-
pressed as to be absolutely without pores, its dimen-
sions might possibly not be more than a cubic inch.

CAROLINE.

‘What an idea! Were we notindebted 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!

MRS. B.

If our consequence arose from:the size of our
bodies we should indeed be but pigmies, but remem-
ber that the mind of Newton was not circumseribed
by the dimensions of its envelope.

EMILY. :

It is, however, fortunate that heat keeps the pozes
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 subjeééof te-action, on

which we have some further observations to make.
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It is re-action, being contrary to action which pro-
duces reflected motion.  If: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
‘vebound better than these stuffed with bran or
wool; air being most susceptible of compression |
and most elastic, the re-action is more complete.

CAROLINE.

. I have observed that when I throw a ball straight
against the wall, it returns straight to my hand ;
but if T throw it obliquely upwards, it rebounds still
hxgher, and I catch it when it falls.

MRS. B.

You should not say straight, but perpendlcularly
against the wall; for straight is a general term for
lines in all directions which are neither curved nor
bent, and is therefore equally apphcable to oblique
or pe}'pendlcuhr lmes. :

; " CAROLINE. :
I thought that perpendicularly meant either
direcily upwards or downwards?

-y
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MRS, B.

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

: CAROLINE.
i~ Yes, 1 believe so: it is two lines meeting in a
' point.
MERS. B.
Well then, let the line A B (plate I, fig. 1.)
represent the floor of the room, and the hne CD
 that in which you throw a ball against it; the line
C D, you will observe, forms two angles with the
Iine A B, and those two angles are equal.

EMILY,

~ How can the ahgle‘s be equal, while the lines
which compose them are of unequal length ?

a

MRS. B.

An angle is not measured by the length of the
hnes, but by their openmg

EMILY.

Ye': the longer the lines are, the greater is. the
opening between them, Siinl
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MES, B. - ;
Take a pair of compasses and draw a cirdle ov !
these angles, rmkmg the angular point the centre,

- EMILY. ,
To what extent must T open the compasses'f’

MRS, B. 0y
" You may draw the circle what size you please,
provided that it cuts the lines of the angles we are
to measure.  All circles, of whatever dimensions,
are supposed to be divided into 360 equal parts,
called degrees; the opening of an angle, being
therefore a portion of a circle, must contain a cer-
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 dégl‘eés contained
between its lines, it is the opening, and not the
length of its lines, which determines the, size of the

. a.ncrle. { : :
MRS, B. e

Vely well : now that you have 2 clear-idea of the

dimensions of angles, can you tell me how many

degrees are: contamed in the two! anoles iormed by
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one line falling perpendicularly on another, as in
the figure I have just drawn?

EMILY i .

You must allow me fo put one foot of the
compasses at the point of the angles, and draw 2
circle round them, and then T think I shall be able
to answer your quesLon the two angles are toget"&er
just equal to half a circle, they contain therefore
90 degrees each; 90 degrees being a quarter of 360

MES. B.

An angle of 90 degrees is called a right angle,
and when one line is perpendicular to another, it -
forms, you see, (fig. 1.) a right angle on either

_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. &) '

: 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 o'bservauom
that if a ball is thrown obliquely against the wall it
will not rebound in the same. deecuon, tell me,
have you ever played at b]lh':rds? ‘
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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
cushion. 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 dlrecnon it will return.

MRS. B,

Very well.  This figure (fg. 4. plate IL) repre-
sents a billiard table; now if you draw aline 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 obliquity of the
direction of the ball in its passage towards the
cushion, the other its obhqmty in its passage back
from the cushion. The first is called #%e angle of
encidence, the other #ke angle of rgﬂectzon, and these
angles are always equal.

: CAROLINE.
:Thls then is the reason why, when I throw a baﬂ

obhquely agamst the wall, it rebounds in an opposite
G
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EMILY.

If the directions of the forces are in exact oppo-
sition to each other, I suppose the body wou]d
not move at all. ' -
' . MES.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 IL.) be

struck by equal forces at X and at Y, wxll 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 entlrely
destroy the effect of each other.

MRS. B.

~ 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 d
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
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the body describes is called the dlagonal of
square.
- CAROLINE, '
That is very clear, but supposing the two forces
to De 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 A C,
the body will in this case move to D; and if you
draw lines from that point to B and C, you will
, find that the ball has moved in the dlaconal 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. s
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 toD, 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 dladonal of a parallel~
’ogram. Fm instance, if the body set out. ﬁ'om B
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instead of A, and was impelled by the forces X and
Y, it would move in the dotted diagonal B C.

‘We may now proceed to circular motion: this is
the result of two forces on a body, by one of which
it is ploJected forward in a right line, whilst by the
other it is confined to a ﬁxed point.  For instance,
when I whixl this ball, which is fastened to'my hand

'; with a string, the ball moves in a circular direction;
because it is acted on by two forces, that which T

 give it which represents the force of pr ojection, and

_-.thth 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 str aight line ;
bemg released from confinement to the ﬁxed point,.
it would be acted on but by one force, and motion
produced by one force, you know, is alwa)s in a
right line.

_ CAROLINE. -

Thls is a little more difficult to comprehend than :
compound motlon in straight lines.

MRS. B.
You have seen a mop trundled, and have ob-+
served, thai 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 unconﬁned is thrown
off i stral.ghthnes =t itk
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. EMILY. G
In the same way, the flyers of a windmill, when
put in motion by the wind, would be driven straight
forwards In a right line, were they not confined to
4 fixed point, 1ound which they are compe]led to
move.
. MRS. B.
Wery 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 revolving
in one plane, is confined, becomes the centre of its
motion. But when the bodies are not of a size or
shape to allow of our considering every part of them
as moving in the same plane, they in reality revolve
round a line, which line is called the axis of motion.
In a top, for instance, when spinning 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:

D MEsE
No, not always. . The middle point of a body, is
- called its centre of maomtu'le, or position, that is,
: ‘the centre of 1ts mass or bulk. Bodies have also
‘ nother centle. caﬂed the centle of gr av1ty, Whlch ]
: ; 200 6 :
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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 stationary whilst every other
part is in motion round it.

CAROLINE.
But a top generally has a motion forwards, be-
sides its spinning motion; and then no point within
it can be at rest?

MRS. B.

What I say of the axis of motion, relates only to
circular motion; thatis to say, to motion round 2
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 cireular motion, with that of motion in a richt
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 I1L 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 dimensions, the vanes
describe each of them in the same space of time.

CAROLINE.

Cert‘unly they do; and I now only wonder,
that we neither of us ever made the observation
before: and the same effect must take placein a
solid body, like the top in spinning; the most bulg-
mg 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 each
other; otherw1se the revolvmg body would cither
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approach the centre or recede from it, according as
the one or the other prevailed.

CAROLINE.

When I see any body moving in a circle, I shall
. remember, that it is acted on by two forces.

MRS. 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 would alone impel the
body, and it would I suppose fly off in a straight
line from the centre to which it had been conﬁned

“MES. 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 astone,
whirled round i a sling, gets loose at the point A,
(plate ITL. fig. 2.) it flies off in the direction A B;
.~ this line is called a fangent, it touches the circum-
 ference of the circle, and forms a rlght angle with

a line drawn from that pomnt of the cir cmnference ;
to the centre of the cirdle, Gty

L5
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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 communicated to it; the resistance of the air
through which it passes, which diminishes its
velocity, 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 gan give abody, the latteris gradually

overcome, 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 wﬂl 2o before it falls.

CAROLINE.

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

 MRS.B.
Bodles thus plOJected you obselved descubed a
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curve-line in their descent; can you account for
that? ; =
: CAROLINE.

No; T do not undexstand, why it should not fall
in the diagonal of a square, : ¢

_MRS. B.

You must consider tlnt the force of projection is
strongest when the ball is first thrown'; this force,
Fas it proceeds, being weakened by the continued
resistance of the air, the stone, therefore, begins

by moving in an horizontal direction; but as the
stronger powers prevail, the direction of the ball
will gradually change from an horizontal, to a per-
pendiciﬂar line. Projection alone, would drive the '

ball A, to B, (fig. 8.) gravity would bring it to C;

therefore, when acted on in different directions, by

these two forces, it moves between, gqaduaﬂy M-
 clining more and more to the force of gravity, in

proportion as this accumulates; instead therefore
of reaching the ground at D, as you supposed it
would, it falls somewher_e about E.

CMOLINE

lt is precisely so0; look, Emﬂy, as I thlow this *
ball directly upwards, how the resistance of the air
and gravity conquers projection. Now I will throw
it upwards obhquely, see, the force of prq;ectmn ‘
13 ;
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enables it, for an instant, to act in- oppbsition to
that of gravity ; but it is soon brought down again,

MRS. B
The curve-lme 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, arein the same line of direction,
‘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
point in a body, about which all the parts exactly
+balance each other; if therefore that point is sup-
ported, the body will not fall. Do you understand
this ?
: EMILY. : :
I think so, if the parts round about this point have
an equal tendency to fall, they will be in equilibrium,
and as long as this point is supported, the body
cannot faH

: MRS. B.
Ceroline, what would be the effect, were any
other point of the body alone supported ?

CAROLINE.
The sunouudmg pazis o longer balancing each
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other, the body, I Suppose, would f'mll 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, (plateIIL fig. 4.,,) we will
say, that the centre of gravity of this loaded wag-
gon is at the 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 note
supported; for if you draw a perpendicular line -
from it to the ground‘at C, it does not fall under
the waggon wuihm the wheels, and is therefore not
SUppPOY ted by them.

CAROLINE.

1 undels’cand that perfectly; but what is the"'
meaning of the other point B?

© LMRSOE

Let us, in imagination take off the upper paxt of :
the load; -the centre of gravity will then change its
‘mtm‘mon, and descend to B, as that will now be
. the point about which the parts of the less heayily ]
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agility, by dexterouely supporting his centre of
gravity; whenever he finds, that he is in danger of
losing his batance, he shifts the heavy pole, which
he holds in his hands, in order to throw the Wexght
towards the side that is deficient; and thus by
changing the situation of the centre of gravity, ke
restores his equilibrium.

#Cr AROLINE

' “'hen a stick is poised on the tip of the finger,
is it not by supporting its centre of gravity ?

MRS, B.
Yes; and it is because the centre of gravity

is not supported, that spherical bodies roll down
. aslope. A sphere, being perfectly round, can
touch the slope but by a single point, and that
point cannot be perpendicularly under the centre

of gravity, and therefore cannot be supported, as -

you will perceive by examining this figure. (Fig. 5.
plate IIL.)

~ EMILY.
So it appears; yet I have secen a cylinder of
wood roll up a slope; how is that contrived ?

MRS, B

It is done by plugging one side of the cylmder
with 1ead, as at B, (fig. 5. plate I11.) the body being
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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
heayier 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 alwayb 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, the
centre of gxavity is in the same point; but when
one part of the body is composed of heavier mate-
rials 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. ol

- : EMILY.
" Bodies, therefore, consisting but of one kind of
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substance, as wood, stone, or lead, and whose den-

sities are consequently uniform, must stand more

firmly, and be more difficult to overset, than bodies

composed of a variety of substances; of different den-

sities, which may throw the centre of gravity on one

side.
S MERS. B. :

Yes; but there is another circumstance which
_more materially affects the firmness of their posi-
~tion, and that is their formr. Bodies that have a

narrow, base are easily upset, for if they are the
least inclined, their centre is no longer supported
as you may percewe in fig. 6.

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 situatioﬂ;
but a pail hanging on each armi 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 powex whatever, they are to be con51dered






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

' POWER AND THE WEIGHT.— OF THE LEVER OF
THE SECOND KIND, HAVING THE WEIGHT BEI-

‘ TWEEN THE POWER AND THE FULCRUM,—OF
THE LEVER OF THE THIRD KIND, HAVING THE
POWER BETWEEN THE FULCRUM AND THE
WEIGHT. ;

MRS, B.

We may now proceed to examine the mechanical
powers; they are six in number, one or more of
which enters into the compasition 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
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power that acts: this consists in the effort of men
or horses, of weights, springs, steam, &c.

2dly. The resistance which is to be overcome
by the power; this is generally a welght 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
draw 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 heam of any
kind, that is to say, one which will not bend in
-any direction. . For instance, the steel rod to

: Sl
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which these scales are suspended is a lever, and
the point in which it is supported the fulerum, or
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.
Very well; and which is the centre of gravity of
this pair of scales? (fig. 1. plate II1.)

EMILY.

You have told us that when two bodies of equal
weight were fastened together, the centre of gravity
was in the middle of the line that connected thems

the centre of gravity of the scales must therefore
be in the fulcrum F of the lever which unites the
two scales; and corresponds with the centre: of
motion. : :
CAROLINE,
~ Butif the scales contained different weights, the
- centre of gravity would no longer be in the fulcrum
of the levex, but 1emoved. towards that scale which
] 1
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MRS. B.

The two parts of the lever divided by the fulcrum
are called its arms, you should therefore say the
Iongest arm, not the longest side of the lever.
- These arms are likewise frequently distinguished
by the appellations of the acting and the 1esxstmg
part of the lever.

Your observation is true that the balance is now
destloyed, but it wil answer the purpose of
" enabling you to comprehend the power of a lever
when the fulcrum is not in the centre.

EMILY.

Tlns would be an excellent contrivance for those °
who cheat in the weight of their goods; by making
the fulerum 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 wewh more
* than they do in reahty

MRS. B.
" You do not consider how easily the fraud would
| be detected; for on the scales being emptied they
:vwould 1ot hang in eq\nhbnum
A . EMILY. i

 True; I did not think of that cir cmhsta,nce But
T do not understand why the. Iongest arm of the
lever should not be in eqmllbrmm with the other?
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CAROLINE. :

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

You are right; the fulcrum is no longer in the
centre of gravity; but if we can contrive to make
the fulcrum in its present situation become the
centre of gravity, the scales will 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. o
- EMILY. _

It has just occurred to me how this may be ac-
complished; put a great weight into_the scale sus-
pended to the shortest arm of the lever, and a
smaller one into that suspended to the longest
arm.. Yes, 1 have discovered it — look, Mrs. B.,
the scale on the shortest arm will carry 2lbs., and
that on the longest arm only one, to restore the
balance. (fig. 3.)

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 twelye
3 F o
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ounces might thus be made to balance a pound of
goods. Let us now take off the scales that we may
consider the lever simply; and in this state you see
that the fulcrum is no longer the centre of gravity;
but it is, and must ever be, the centre of motion, as
it is the only point which remains at rest, while the
other parts move about it.

, CAROLINE. e
It now resembles the two opposite vanes of a
windmill, and the fulcmm the point round which
_-_they move: e :
e C'MRS. B.

- In describing the motion of those vanes; you may
,‘ vecollect our observing that the farther a body is
from the axis of motion th‘e greater is its velocity.

CAROLINE.
That I remember and understood perfectly

e MES. B..:
: You comprehend then, that the extremity of the
 longest arm of a lever must move with greater ve-

- 10(:1ty than that of the shortest arm?

hin EMILY. ‘
. No doubt, because it is farthest from the centre
 of motion. And pray, Mrs. B., when my brothers
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play at see-saw, is mot the plank on whlch they
ude a kmd of lever?

MRS. B.
Certamly the Jog of wood which supports it
from the ground is the fulcrum, and those who ride
represent the power and the resistance at each end
of thelever. 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
*wha represents the resistance, must be placed at the
* extremity of the longest arm.  ©

e . 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 more distant ﬁ'om
the centre of motion,

- MRS. B.

The g'reater velocity with which your little
brother moves, renders his momentum equal to
Jous ! :

FA
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CAROLINE,
~ Yes; 1 have the most gravity, he the greatest
velocity; so that upon the whole our momentums
are equal. — But you said, Mus. 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.

MRS, B.

- Because each person at his descent touches the
ground with his feet; the reaction of which gives
o an impulse which increases his velocity; this

 spring is requisite to destroy theequilibrium of the
power and the resistance, otherwise, the plank would"

~ not move, Did you evex observe that a lever de-
scnbes the arc. of a circle in its motxon’ '

EMILY

, I\o, 1t appears to me fo rise , and descend perpen—
dicularly; at least I always thought so.

MRS, B
1 beheve 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. 1V.) 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 -
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to the point B ; you must in rising and he in descend-
ing describe arcs of your respective circles, This
drawing shews you also how much superior his ve-
locity must be to yours; for if you could swing
quite round, you would each complete your Iespec:
tive circles in the same time,

CAROLINE, R
My brother’s circle being much the largest, he
must undoubtedly move the quickest. -

~ MRS. B,

Now tell me, do you think that your brother
conld raise yon as easily without the aid of 2 lever?

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

MRS, B.
Then I think you require no further 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 overcomes my

| weight, g
F5
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MRS B

You may easily imagine, what enormous wexghtu
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.

There are three different kinds of levers; in the
first the fulerum is between the power and the
weight. :
CAROLINE.

This kind then comprehends the several le-
vers you have described. :

MRS. B. :
Yes, when in levers of the first kind, the fulcrum
is equally between the power and the weight, as in
 the balance, the power must be greater than the
welght, in order to move it ; for nothmg can in this
case be gained by velocity; the two arms of the
lever being equal, the velocity of their extremities.
~ miust be so likewise.  The balance is therefore of
10 assistance as a mechanical povwer, but it is ex-
| tremely \1seﬁ11 to estimate the respectlve wemhts of
bodies.
But when (fig. 5.) the fulcrum Fof a Iever is
: not equally distant from the power and the weight,
and that the power P acts at the extremity of -
the 1ongest &nm, 1t may be less than. the weight, W :

& \-,‘ 3 i
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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. |

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 actmg 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.

‘T i 1 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 snufferslevers of asimilar deseription ?

MRS, B.

Yes, a:nd most kinds of pmcels, the great powe1
ot which consists in the resisting part of the leyer
being very short in comparison of the acting part.

B
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CAROLINE. o
And of what nature are the two other kinds
of levers?
MRS. B. :
In leve1s of the second kind, the weight, instead
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 adyantage i is gained by this kind
of lever?

: MRS. B. :

. In movmg it, the velocity of the power must
necessarily be greater than that of the weight, as it
1s more distant from the centre of the motion.
Have you ever seen your brother move a snow-
ball by means of a strong stick, when it became too
heayy for him to move vmhout assistance ?

CAROLINE.
Oh yes; and this was a lever of the second order
: ﬁv 7.); the end of the stick, which he thrusts under
the ball, and which rests on the ground, becomes
‘she fulerum; the ball is the welght 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;
kﬁn the wswht is almost close to the fulcrum.
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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 sllppely pleces
of board which are thrust under the keel. The
most common example that we have of levers of
the second kind is in the doors of our apartments.

. EMILY.
The hinges represent the fulerum, 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.  Nutcrackers are double levers of
this kind : the hinge is the fulerum, the nut the
resistance, and the hmds the power.

In levers of the third kind (fig. 8.), the fulerum
is again at one of the extremities, the weight or
tesistance at the other, and it is now the powei

- which is applied between the fulcrum and the
| resistance. A -
EMILY. :
The fulcrum, the Wem‘ht, and the pOWer, ther‘,
each in their turn, occupy some part of the middle
of the Jever between lts e‘{tremltles. ‘But in this

¥
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third kind of lever, the weight being farther from
 the centre of motion than the power, the difficulty
of raising it seems increased rvather than diminished.

s 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 againstawall; 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 fulerum 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 muscles
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-
+ aished us with such disadvantageous leyers?
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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.

MRS. B.

f HE pulley is the second mechanical power we
are to examine. You both, T suppose, have seen a
}5ulley? ,
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 be
pulled up ; thus pulleys are used for drawing up
curtams

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.)
Obserye that the fixed pulley is on the same princi-
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ple as the lever of a pair of scales, in which the ful-
crum F being in the centre of gravity, the power P
* and the weight W, are equally distant from it, and
no advantage is gained.

EMILY.
Certainly ; if P represents the power employed
to raise 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. In order
to raise the weight (W) one inch, P, the power,
must draw the strings B and C one inch each ; the
whole string is therefore shortened two mches, -
while the weight is raised only one.

EMILY.

That I understand: if P drew the string but one
inch, the weight would be raised only half an inch,
because it would shorten the strings B and C half
an inch each, and consequently the pulley, with the
weight attached to it, can be raised only half an
inch.

CAROLINE. ,

T ashamed of my stupidity ; but I confess that
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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 string, by the act of
drawing it, one yard.

CAROLINE. ;
_ And the chair, as I supposed, has advanced one
yard.
> , MRS. B.

This exemplifies: the nature of a single fixed
pulley only. Now unfasten the string, and replace
the-chair where it stood before. In order to repre-
sent 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 table,
and I shall draw the chair by the other end of the

string, I have again shortened the string one yard;
how much has the chair advanced?

CAROLINE.

1 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
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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
qutened to the string, as is the case in the fixed
pulley.

EMILY.

But 1 do not yet understand the advantage of
pulleys; they seem to me to increase 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. :

MRS. B.

The advantage of a moveable pulley consists in
dividing the difficulty; we must draw, it is true,
twice. the length of the string, but then only half
the strength is requirved that would be necessary to
raise the weight without the assistance of a move-
able pulley

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. You must observe, that with a move-
ble pulley thé velomt} of the power IS double that
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of the weight, since the power P (fig. 2.) moves two
inches whilst the weight W moves one inch;
therefore the power need not be more than half the
weight to make their momentums 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. - 2
- You will find, that all mechanical power is
- founded on the same principle.
. EMILY. :

But may it not be objected to pulleys, that a
longer time is required to raise a weight 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, 1f w\hat we gain by them one way is
'lost another, 3 : : :
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MRS. B.

Since we are not able to increase our natural
strength; is not that science of wonderful utility,
by means of which we may reduce the resistance or
weight of any body to the level of our stlenrrth
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 of time. You can now under-
stand, that the greater the number of pulleys con-
nected by a string, the more easily the weight is
raised, as the difficulty is divided amongst the
number of strings, or rather of parts into which
the string is divided by the pulleys.  Several pul-
leys 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 aﬁ'ords us no mechamcal :
' ‘ﬂd why is it ever used ? e e

: - MRS, B. A -
' Though it does not lncre e om power, 1t sy
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frequently useful for altering its direction. A single
pulley enables us to draw up a curtain, by drawing
down the string connected with it; and we should -
be much at a loss to accomplish this simple oper-
atiof without its assistance,

CAROLINE.

There would certainly be some difficulty in
ascending 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 direction, 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 combination

- of pulleys.

EMILY. 4
But the pulleys on ship-board do not appear to

* me to be united in the manner you have shown us.

R - MAS. B i
They are, I believe, generally connected, as de-
scribed in figure 4, both for nautical, and a variety
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of other purposes; but in whatever manner pulleys
are connected by a single string, the mechanical
power is the same.

The third mechanical power is the wheel and
axle.  Let us suppose (plate VI. fig. 5.) the welght
W to be a bucket of water in a well, wluch 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 imme-
. diately 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 pro-
portion as the circumference of the wheel is greater
than that of the axle. If the velocity of the wheel
is 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
-xever, the wheel that of the loncrer arm,
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CAROLINE. ; :
~ In raising water, there is commonly, I believe,
stead 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, represents
the spoke of a wheel, and answers the purpose of

“an entire wheel; the other branch B affords no
mechanical aid, merely serving as a handle to turn
~ the wheel.

Wheels areé 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 wheel exceeds that of the axle, so much will
the energy of the power be increased.

CAROLINE,

‘Then the larger the wheel the greater must be
its effect.
MRS, B. :
Certainly. If you have ever seen any considez-

G
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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 chlsel may ‘be referred to the 1nchned plane;
whilst the axe, the hatchet, and the knife (shen used
to split asunder) are used as wedges.

CAROLINE.

But a Lnlfe cuts bost when it is s drawn across the
substance it is to divide. We use it thus in cutting
meat, we do not chop it to pieces, '

MRS. B,

The reason of this is, that the edge of a knife s
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 ﬁgme, (fig. 9.) that it 1s composed of two
parts, the screw and. the nut. The screw S is a
- oylinder, with a spiral protuberance coiled round
it, called the thread; the nut N is perforated to
contain' the screw, and the inside of the nut has
& spiral groove, made to fit the splral_ threv.d of the
‘_.:creu. ot :

3 (,AROLINE.
‘ft s Jmt hlxe thls little box, the lid of w}uch |
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fall into the hollow pauts of the other, and occasion
more or less resistance to motion.

CAROLINE.

But if a machine is made of polished metal, as
a watch for instance, the friction must be very tri-
fling ? ;
MRS. B.

In proportion as ; the surfaces of bodies are well
polished, the friction is doubtless diminished; but
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 acfs as a
polish by filling up the cayities of the rubbing sur-
faces, and thus making them slide more easﬂy over

each other.

CAROLINE. :
Is it for this reason that wheels are 0“rea‘sed, and
the locks and hmges of doors oiled ?

MRS. B. :

Yes; in these instances the contact of the rub-
bing surfaces is so close, and the rubbing so conti-
nual, that notwithstanding their being polished
and oiled, a con51de1 able deglee of ﬁlctlon is pro-
duced. '

There are two kmds of frxctlon, the one occa~
sioned by the shdmg of the flat surface of a body.
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the other by the 1olhng of a circular body: the
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 compara-
tive facility; hence it is, that wheels are often
nsed for the sole purpose of diminishing the re-
sistance of friction.

: EMILY.

Thls 1s one of the advantages of carriage-wheels;;
is it_not ?

MRS. B. .

Yes; and the larger the circumference of the
wheel the more re‘ldlly it can overcome any con-
siderable obstacles, such as stones, or inequalities
wm the road. When, in descending a steep hill, we
fasten one of the wheels, we decrease the velocity
of the camﬂbe, by mcreasing the friction,

CAROLINE.
That is to say, by converting the rollmg friction
into the dragging friction. And when you had
 easters put to the legs of thestable, in order to move

it more easily, you chzmged the draggmg mto the
rolhng friction.
: G b5
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MRS, B.

There is anothel circumstance whxch we ha‘ve al-
ready noticed, as diminishing the motion of bodies,
and which greatly affects the power of machines.
'Fhis is the resistance of the medium, in which a

machine is worked. Al 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-
- ather hody striking agamst it.

EMILY.
It Would then be much more difficult to work a

smachine under water than in the air ?

MES. B.
Certainly, if a machine could be worked i vacuo,

~ and without fiiction, it would be perfect; but this

is unattainable; a considerable reduction of power
must therefore be allowed for the resista.nce of the
ail, ‘

- We shall hele conclude our observations an the

mechanical powers. At our next meeting I shqll
_ endeavour to give youan explanat.on oi the motion
fo the hewenly bodies. |
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quantity of matter they contain, now we all know
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 ffdhng
towards the sun?

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 Nemon, 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-
piicit 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 esta-
blished by men of acknowledged wisdom, we should
be diffident rather of our own than of their opinion.
I am far from wishing to lay the least restraint on
your questions; you cannot be better convinced of
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the truth of a system, than by finding that it resists all
your attacks, but I would advise you not to advance
your objections withsomuch 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 real]} 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 Newton,
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. Infig. 1. plate VI, A
Tepresents 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, Observe
that the two forces of projection and attraction do
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not act in opposition, but perpendicularly, or at a
right angle to each other, Can you tell me now,
how the earth will move ?

EMILY.

I recollect your teaching us that a body acted
upon-by two forces perpendicular to each other
would move in the diagonal of a parallelogram ; if;
therefore, I complete the parallelogram by drawing
the lines CI), BD, the earth will move in the
diagonal A D. v o ’

MRS: B
A ball struck by twoforces acting perpendicularly
to each other, it is true, moves in the diagonal of 4
parallelogram ; but yoa must observe that the force
of atfraction is continually acting upon our terres-
trial ball, and producing an incessant deviation from
its course in a right line, which converts it into that
~of a curve line; cvery point of which may be con-
sidered as constituting the diagonal of an infinitely
small parallelogram. - e
~ Let us detain the carth a moment at the point ),
- and consider how it will be affected by the com-
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 -
I, whilst the sun would attract it in the direction

DS; how then will it proceed ?
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EMILY.
It will go on 1n a curve line in a direction be- |
tween that of the two forces.

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 projection, and the line D S, that of attr action ;
and you will find that the efuth will proceed in thL

.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 curye G I, of
the parallelogram G H I K.

‘ MRS. B. !
You recollect that a body acted upcm by two
foxces, moves through a dlagonal i the same txme



136 CAUSES OF THE

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 parallelograms in the
space of three months, and has performed one
quarter of a circle; and on the same principle it
will go on till it has completed the whole of the
circle. It will then 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.

- Whata grand and beautiful effect, resulting from
so simple a cause!

CAROLINE,

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

. MES. B. b ,
Exactly so. A simple Irixodel”of% illustrating the
effect of these combined forces on the earth, is to
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cut a slip of card in the form of a right angle,
(fig. 2. plate VI.) 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 COnSldEI as the sum.
Thus situated, the angle will represent both the cen-
trifugal and centnpetal forces; and if you draw it
round the fixed point, you will see how the direc-
tion of the centrifugal force varies, constantly form-
ing a tangent to the circle in which the earth moves,

| as it is constantly at a right angle with the centri-
petal force.

EMILY.

- The earth, then, gravitates towards the sun
without the slightest danger either of approaching
nearer or receding further from it. How admir-
ably this is contrived ! If the two forees which
produce this circular motion had not been so aceu-
- rately adjusted, one would ultimately have pre-
_vailed 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 w111 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 ?
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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. 3.) its projectile force should not have given it
a velocity sufficient to counterbalance that of ‘gra-
vity, so as to enable these powers conjointly to carry

it round the svn in a civcle; the ewth,'ins’sead of
describing the line A €, as in the former figure,
will approach nearer the sun in the line A B.

C, '\ROLI\: E.

; Under these circumstances, I see not what is to' ;
. prevent our 1pp1mchmrr nearer and near er the sanl
till we fall into it ; for its attraction inereases as we
‘adyance towards it, and produces an accelerated
: velocxty in the earth wmch increases the danger

MRS, B.

And thele is yet “another dan(rer, of whmh you

are not aware.  Observe, that as the earth ap-
pmaches the sun, the direction of its pl‘Q]eCtlk
force is no lontrel pelpen(hculm to that of attrac-
 tion, but mchnes moxe. nezuly to it. . When the
carth reaches that part of its ‘orbit at B, the force of
 projection would carry it to 1, which brings it -
;71ealcr_the;sun( instead of bem,mg 1t.fm'ay ﬁom, 1
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- EMILY.

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

: MRS, B,

A little patience, and you will find that we are
not without resource. The earth continues ap-
- proaching the sun with a uniformly increasing
accelerated motion, till it reaches the poing Ii:

what direction will the projectile force now impel lt ?

(EM ILY.

, In the dlrectlon ET. Tere 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 cucumstfmces do not agree. In ino-
tion. round a centr ¢, you recollect that the cenmﬁxgal
force increases with the velocity of the body, or in
other words, the quicker it moves the stronger is

Lits tendency to fly off in a right line.  When the
earth therefore, arrives at E its accelerated mo-

| tion will have so far increased it velocity, snd con- -
sequently. its centrifugal force, that the latter will
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prevail over the force of attraction, and drag the
carth away from the sun till it reaches G.

CAROLINE.

It is thus, then, that we escape from the danéer-
ous vicinity of the sun; and in proportion as we
recede from it, the force of its attraction, and, conse-
quently, the velocity of the earth’s motion, arc (h-
minished.

» MRS. B.

Yes. From G the divection of projection is to-
wards I, that of attraction towards S, and the
earth proceeds between them with a uniformly re-
tarded motion, till it has completed its revolution.
Thus you see, that the ézirth travels round the sun,
not in a circle, but an ellipsis, of wLich the sun
oceupies one of the foci; and that in its course the
earth alternately ﬂppmaches and recedes from it,
withont any danger of bemcr either swallowed up,
or of being entlrely camed away from it.

CAROLI NE. -

- And T observe, that what I apprehended to be a
dangerous irregularity, is the means by which thc
‘most perfect order and harmony are produced !

: T e
The earth travels, then, at a very unequal rate,
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its velocity being accelerated as it approaches the
sur, 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 orbit, is, in
fig. 4., divided into a number of areas, or spaces, 1,
2, 8, 4, &c. all of which are of equal dimensions,
though of verydifferent 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 keeping pace with the
earth in its revolution, passes over equal areas in
equal times; that is to say, if it is a month going
trom 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 pelform in
the course of a month, in one part of her orbit, and
how short they are mn the other part !

MRS. B.-

The mequalxty is not so considerable as appears
f 1 tms figure ; for the earth’s orbit is not so eccen-
tric as it is there described; and, in reality, differs
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but 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 above three millions of miles nearer the sun
at its perihelion than at its aphelion.

EMILY, .
I think I can trace a consequence 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 Oi"bll’, 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 e\tzaordmmy, and how then do

you account for the heat being greatest, when ve
- are most dlstant 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 1ncon51derab]e.
The earth, it is true, is above thlee millions of miles
nearer the sun in winter than i 111 summer but that
d:stance, however great it at ﬁlst appears, smks into
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‘msignificzmce in comparison of 95 millions of miles,
which is our mean distance from the sun. The
change of temperature, arising from this difference,
would scarcely be sensible; were it not completely
ovetpowered by other causes which produce the
variations of the seasons; but these T shall defer
explaining, till we have made some further obsery-
ations on the heayenly bodies.

' CAROLINE.

And shou.ld not the sun appear smaller in sum-
mer, when_ it is so much further from us?
e MRS. B,
It actually does, when accufately measured ; but
the apparent difference in size, is, T believe, not®
perceptible to the naked, eye.

: EMILY,

- Then, since the earth moves with greatest velo-
'mty in that part of its orblt nearest the sun, it must
have completed its Journey through one half of its
_orbit in a shorter time than the 'Jther half?

MRS: B. :

Yes, it is about seven da}s longer performing
the summer-half of its orbit, than the winter-half

_ The revolution of all the planets round the sun
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is the result of the same causes, and is performed in
the same manner as that of the earth.

CAROLINE.
Pray what are the planets?

MES. B. :

They are those celestial bodies, which 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 do you not think such an
L'y s 3 s S 5
opinion 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 i 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 Almmhty would not
have created them merely for the pmpose of giving
us a little light in.the night, as it was formel]y im-

: agmed and we should find it more consistent with
our ideas of the Dw.ue wisdom ¢ and beneﬁcence, :
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to suppose that these celestial bodies, should be
created for the habitation of beings, who are, like
us, blessed by His providence. Both in 2 moral as
well as a physical point of view, it appears to me
moré rational to consider the planets as worlds re-
volving round the sun; and the fixed stars as other
suns, each of them attended by their respective sys-
tem of planets, to which they impart their influence.
We have brought our telescopes to such a degree
of perfection, that from the appearances 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
ountains and valleys; and some astronomers have
gone so far as to imagine they discovered volcanos.

EMILY. =
If the fixed stars are suns, with planets revoly-
ing round them, why should we not see those pla-
nets as well as their suns?

MES. 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
Jike fixed stars, the planets would be quite invisible.
* Secondly, the light of the planets being only re-

: s ¥ :
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flected light, is much. more feeble than that of the
fixed stars. Thereis 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 warlds like our earth, they
are dark bodies ; and instead of shining by night, 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 reflected by the atmos-
phere; that it is entirely effaced by it: the light
emitted by the fixed stars may probably be as strong
as that of our sun, at an equal distance ; but being so
much more remote, it is diffused over a greater
space, and is consequently proportionally weakened.

CAROLINE, :

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

makes the planets shine ? - :
Sy MRS B. :
What is it that makes the steel buttons on your
brother’s coat shine ?
: : i
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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, for the sun cannot
shine upon them in the night.

MES. B.

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

Youknow, that according to the laws of attraction,
the planets belonging to our system all gravitate
‘towards the sun; and that this force, combined with
that of projection, will occasion their revolution
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 ancther motion: they.

“vevolve 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.
Qur earth, which we consider as a meet, 1s
94 hours in perfoxm_ng one revolution on its
i that penod of time, therefore, we have a day dnd :

: O
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anight; hence this 1evolunon is called the earth’s
dmmfﬂ or daily motion ; and it is this revolution of
the earth from west to east which produces an appa-
rent motion of the sun, moon, and stars in a contrary
direction. :

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

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 light, it never appears more glorious. We are
taught by science to distrust appearances; and in-
stead of considering the planets as little stars, we
look npon them either as brilliant suns or habitable
worlds, and we consider the whole together as form-
ing one vast and magnificent system, worthy of the
Divine hand by Wh]Ch 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 Providence
extends over millions of worlds throughout 2 bound-
less universe — Ah! Mus, B,, it is we only® who

n
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become trifling and insignificant beings in so mag-
nificent a creation !

.

MRS. B.
This idea should teach us humility, but without
producing despondency. The same Almighty hand
which o=u1des these countless worlds in their undevi-
ating course, conducts with equal perfection the
blood as it circulates through the veins of afly, and
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-
gottern.
But to return to our station in the skies. Wewere,
#f you recollect, viewing the earth at a great distance,
in appearance a little star, one side illumined by the
sun, the other in obscurity. But would you believe
it, Caroline, many of the inhabitants 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
filumine themselves, the whole universe must be in

darkmness.
H 3
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CAROLINE,

1 confess that T was one of these ignorant people;
but I am now very sensible of the absurdity of such
anidea. To the inhabitants of the other planets,
then, we must appear as a little star ?

MRS. B.

Ves, to those which revolve round our sun; for
since those which may belong to other systems (and
~ whose existence is only hypothetical,) are invisible
to us, it is probable, that we also are invisible to -
them.

_ EMILY,
But they may see our sun as we de theirs, in ap-
pearance g fived star 2

MRS, B. ¢
No doubt; if the beings who inhabit those planetﬂ
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 tlulteen times as
large as that of the moon. :

EMILY.
‘The moon, Mrs. B., appears to move in a dif-
forent direction, and in a different manner from the
stars 2
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ON THE PLANETS.

OT THE SATELLITES OR MOONS. — GRAVITY DIMI-
NISHES AS THE SQUARE OF THE DISTANCE, —
OF THE SOLAR SYSTEM.— OF COMETS. — CON=~
STELLATIONS, SIGNS OF THE ZODIAC, — OF
COPERNICUS, NEWTON, C.

! MRS. B.

The planets are 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 secondary
planets, satellites, or moons. Such is our moon,
which accompanies the earth, and is carried with
it vound 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 fo 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,

MES. 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,
and diminishes as the squares of the distances in-
crease. The square 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.

B o
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CAROLINE.

Then the more distant planets move slower m-

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 2

: EMILY.
Is it not because the vicinity of the primary

SA

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 ave also
attracted by the sat tellites, - which revolve round
them.: " Tlr@ moon attracts the earth, as well as the
ecuth‘ 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
vound a point, which is their connmon centre of:
aravity, and which is as much nearer the earth
than the moon, as the gravity of the former exceeds
that of the latter.

EMILY, _ ,
Yes, T recollect your saying, that if two bodies-
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were fastened together by a wire or bar, their com-
mon centre of gravity would be in the middle of the
bar, provided the bodies were of equal weight; and
if Lhey differed in weight, it would be nearer the
‘hmer body. K then the earth and moon had no
projectile force which prevented their mutual attrac-
tion from bringing them together, they wou/k’lmeet
at. their common. centre of gravity. ol

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

MRS. B. :
Just so; and this is the case witl every planet
which is attended by satellites. The complicated
effect of this variety of motions, produces certain
uregularities, which, however, it is 10t lecessary 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-
¢ FEN I 6 Z
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sun, bt round a point at a small distance from its
centre, about which the sun also revolves.

s EMILY.
_ I thought the sun had no motion®

o MRS. B.

: You were nnstaken for, besides that which I have
just mentioned, which is indeed very inconsiderable,
he revolves on his axis; this motion is ascertained
by observing certain spots which disappear, and re-
appear regularly at stated times,

CAROLINE.

A planethas frequently been pointed out to me in
the heavens ; but I could not perceive that its motion
differed from that of the fixed stars, which only ap-

pear to moyve.

MRS. B.

The great distance of the planets renders their
motion apparentlyso slow, that the eye is not sensible
of their progressin their orbit, unless we watch them
for some considerable length of time: in different
seasons they appear in different parts of the heavens.
The most accurate idea I can give you of the situ-
ation and motion of the planets, will be by the exa-
mination of this diagram, (Plate VII. fig. 1.) repre-

10
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senting the solar system, in which you will find every
planet with its orbit delineated.

EMILY.

But the orbits here are all circular, and you said
that they were elliptical. The planets appear too, 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. 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 sce
the sun, he is so dazeling, that very accurate cb-
servations cannot be made upon Mercury. He
performs his revolution round the sun in about 87
days, which is consequently the length of his year.
‘['he time of his rotation on his axis is not known; his
distance from the sun is computed to be 57 millions
of miles, and his diameter 3180 miles. The heat
of this planet is so great, that water cannot exist
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there, but in a state of vapour, and metals would be
liquified.
CAROLINE.
Oh, what a dreadful climate !

MRS. B.

"Though we could not live. there, it may be per-
feetly adapted to other beings destined to inhabitit.

Venus, the next in the order of planets, is 68.
mitlions of miles from the sun: she revolves about:
her axis in 28 hours and 21 niinutes, and goes round
the sun i 244 days 17 hours. The orbit of Venus,
is also within ours ; during one half of her course
in it, we sec her before sun-rice, 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 mustrise-
in the day time?

MRS. B..
~ True; but when she rises later than the sun, she
also sets later; so that we perceive her approaching
the horizon after sun-set: 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 sober livery all things clad ;.
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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 descant sung;
Silence was pleas’d: now glow’d the firmament
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 whick-
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 Mercury 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 round his axis in 24 hows 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 dis-
covered, butwhose dimensions and distances from
the sun have not 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 annnal period in.
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nearly twelve of our years. He turns round liis
axis in about ten hours. He is above 1200 times
as big as our earth; his diameter being 86,000 miles.
The respective proportions of the planets cannot,
therefore, you see, be conveniently delineated in a
diagram. He is attended by four moons.

The next planet is Saturn, whose distance from
the sun is about 900 millions of miles; his diurnal
rotation is performed in 10 hours and a quarter: —
his annual revolution in nearly 80 of our years.
Tis 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,
Hoyw charming it must be in the distant planets,
to see several moons shining at the same time; I
think I should Iike to be an inhabitant of Jupiter
or Saturn.

MRS, B.

Not long, I believe. Consider what extreme cold
must prevail in a planet, situated as Saturn s, at
nearly ten times the distance atwhich we are from the
sun. Then his numerous moons are far from méking
so splendid an appearance as ours; for they can re-
flect only the light which they receive from the

<
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sun; and both light and heat decrease in the same
ratio or proporton to the distances as gravity. Can
you tell me now how much more light we enjoy than
Sattirn.

CAROLINE.

The square of ten, is a hundred; therefore,
Saturn has a hundred times less—or to answer your
question exactly, we have a hundred times more light
and heat than Saturn — this certainly does not in-
crease my wish to become one of the peor wretches
who inhabit that planet.

MRS. B.

May not the inhabitants of Mercury, with equal
plausibility, pity us, for the insupportable coldness
of our sitnation; 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,
Avre not comets also supposed to be planets?
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: MRS, B.
Yes, they are; for by the re-appearance of some
of them, at stated times, they are known to revolve
round the sun, but in orbits so extremely excentzic,
that they disappear for a great number of years. If
they are inhabited, it must be by a species of beings
very different, not only from the i= “abitants of this,
but from those of any of the other meeLs as they
nust experience the greatest vicissitudes
cold; one part of theu otbit being s near b
that theirbeat, when there,is compuse
than that of red-hot iron; in this

g of U.b 01b1t,
, called the tail,
loses as it recedes from the sun ;
and the comet itself totally disappears from our
sight, in the more distant parts of its orbit, which
entends considerably beyond that of the furthest
planet.

the comet emits a luminous Vapon
which it gradually

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, Mys. B., what are the constellations ?

Lhs

MES. B, ,
Fhey are the fixed stars, which the ancients, iv.
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order to recognise them, formed into groups, and
gave the names of the figures, which you find de-
lineated on the celestial globe. In order to show
theil proper situations in the heavens, they shoukd
be painted on the internal surface of a hollow
sphere, from the centre of which you should view
them; you would then behold them, as they appear
to. b situated in the heavens. The twelve con-
© stellations, called the signs of the zodiac, are those
which are so situated, that the earth in its annual
revolution passes directly between them and the
sun. Their names are Aries, Taurus, Gemini,
Cancer, Leo, Virgo, Libra, Scorpio, Sagittarius,
Capricornus, Aquarius, Pisces; the whole occu-
pying a complete circle, or broad belt, in the
heavens, called the zodiac. (Plate VIII. Ag. 1.)*
Hence, a right line drawn from the earth, and
passing through the sun, would reach one of these
constellations, and the sun 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 is at
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 miiddle of the zodiac,

is called the ecliptic.
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CAROLINE.
But many of the stars in these constellations ap-
pear beyond the zodiac.

3

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.

1t 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.
What a wonderful and beautiful system this is,
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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 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 mo-
tionless, and that the sun and stars revolve round
_ 1t ; — your solar system, you must allow, is directly
 in opposition to the evidence of our senses.

MRS, B.

~ Our senses so often mislead us, that we shonld
not place implicit reliance upon them.

CAROLINE,

‘On what then can we rely, for do we not receive
2l our 1deas through the medium of our senses?

MRS, B.

It is true, that they are our primary source of
knowledge ; but the mind has the power of reflect-
ing, judging, and deciding upon the ideas received
by the organs of sense. This faculty, which we call

_ reason, has frequently proved to us, that onr censes
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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.

_CAROLINE.
] remember thinking so, when I was yery young:;
but I now know that their motion is only appatent.
It is true that my reason, in this case, corrects the
error of my sight.

MRS: E.
It teaches you, that the appavent 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. It is
only when some obstacle impedes our motion, that
we ate 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 objects 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 sen, -

we are insensible of our motion.
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CARCLINE.

But the principal reason why the crew of a vessel
in a calm gea do not pereeive their motion, is, be-
cauge 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 meetwith no ulegmal resistances,
that the crew of a vessel do not perceive their mo-
tion ; for they would be equally insensible to i,
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, because it ig
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 apparent

motion of the objects 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
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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 balloon, mstead of the balloon
rising above the earth.

It is a Jaw which we discover throughout nature
and worthy of its great Author, that all its purposes
are accomplished by the most simple means; and
what reason have we to suppose this law infringed,
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 11any of them to be bodies
more considerable 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 spheres, whose
apparent dimensions are diminished by dlstame

Why then should these enormous globes daily tra-
verse such a prodigious space, merely tc prevent
the necessity of our earth’s revolving on its axis?

- CAROLINE. S
I think I must now be convinced. -But you will,
I hope, allow me a little time to familicrise mysell
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sible for us to be insensible of such a rapid motion.
You would not tell me this sooner, Mrs.B., for fear
of increasing my incredulity.

Before the time of Newton, was not the ear rth
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
times ; but as long ago as the beginning of the six-
teenth century it was discarded, and the solar system,
such as 1 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 ? :

e 'MRS. B.
It is said to have been oecasioned by a circum-



ON THE PLANLITS, 171

stance from which one should little have expectéd
so grand a theory to have arisen. During the pre-
~valence of the plague in the year 1665, Newton
retived 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
gromud,

CAROLINE,

If I dared to confess it, Mrs. B, I should say
that such an enquiry indicated rather a deficiency
than a superiority of intellect. 1 do not under-
stand how any one can wonder at what is so natural
2nd so conimon, :

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,
becanse they are common, and with which théy are
satisfied, because they are natural, without reflecting
that nature is our grand field of observation, that
within it is contained our whole store of knowledge ;
in a word, that to study the works of nature, is to
learn to appreciate and admire the wisdom of God.
Thus, it was the simple circumstance of the fall of
an apple, which led to the discovery of the laws upon
which the Copermcan system Is founded and

; 1542
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they were only imaginary divisions, they did not
appear to me worthy of much attention, and were
soon forgotten. -

S

2,

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 perfectly
ift you wish to make any proficiency in astronomy.

CAROLINE.
I was taught them at so early an age that T could
not understand their meaning ; and I have ofien

lieard you say that the only uge of words was to
conyey 1deas‘ .

 MRS. B.

- The namesof'these lineswould have convey yed ideas
of the figures they were designed to express, though
the use of these figures mlght at that time have
been too difficult’ for you tounderstand,  Childhood
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
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the understanding is more developed. It is, I think,
a very mistaken notion that children should be
\ﬂuﬂht such things only, as they can perfectly un-
demtand Had you been early made acquainted
Wlth the terms which relate to figure and motion,
how much it would have fac1htated your progress
in natural philosophy. I have been obliged to con-
fine myself to the most common and familiar ex-
pressions, in explaining the laws of nature, though
I am convinced that appropriate and scientific
terms would have conveyed more precise and aceu-
rateideas; but I was afraid of not being understood.

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 good-
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 pole. The circle CD, which divides
the globe into two equal parts between the poles,
1s called the equator, or equinoctial line ; that part

of the globe to the north of the equator is the

I % -
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northern hemisphere; that part to the south of the
equator, the southern hemisphere. . The small
circle EF, which surrounds the north pole, is called
the arctic circle; that G H, which surrounds :n/e‘
south pole, the antarctic circle. There are two in-
termediate 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
Ca,pncorn Lastly, this circle, L K, which divides -
the globe into two equal parts, crossing the equator
and extending northward as far as the tropic of
Cancer, and southward as far as the tropic of Capri-
corn, is called the ecliptic.  The delineation of the
ecliptic on.the terrestrial globe is not without danger
of conveying false ideas; for the ecllptlc (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 meanmg of the plane
of the earth’s Ol‘blt
- MRS B. s
A plane, or plain, is an even level surface. Let
us suppose a smooth thin solid plain cutting the
- sun through the centre, extendmg out as far as the |
fixed stars, and terminating in a circle which passes
through the 1middle of the zodiac; in this plane the
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earth would move in its revolution round the sun;
it is therefore called the plane of the earth’s orbit,
and the circle in which this plane cuts the signs of
uezodiac is the ecliptic. Let the fig. 1. Plate IX.
 represent such a plane, S the sun, E the earth with
~ its orbit, and A BCD 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.
It is 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 rem-
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 VIII.

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, cuttma the equator at. :
- 558
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right angles, are called meridians. When any one
of these meridians is exactly opposite the sun it is
mid-day, or twelve o'clock in the day, with all 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 oclock 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 dlsnngulsh them
from those which divide it nto two unequal parts,
as the tropics and polar circles, which are called
lesser circles. All circles arve divided into 360

—

places situated on that meridian; and, with th<

 equal parts, called degrees, and degrees mto 60

equal parts, called minutes. The diameter of a
circle is a right line drawn across it, and .passing
through the centre; for instance, the boundary of
this sphere is a circle, and its axis the diameter of
that circle; the dla.meber is equal to a httle less
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theecliptic 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 norf’”
to south, or south to north, are called degrees of
latitude ; those measured from east to west on the
equator, the ecliptic, or any of the lesser circles,
are called degrees of longitude; hence these circles
bear the name of longitudinal circles; they are also
‘called parallels of latitude.

EMILY.

The degrees of longitude must then vary in length
according to the (hmensxons of the circle on which
they are reckoned those, for instance, at the polar
circles “will be cons*derably smaller than those at
the equator ? :

. MRS. B.

Lertamly ; since the degrees of cn'c]es 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.

By,
And of what length is a deglee of latltude

oAt
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MRS. B.
Sixty geographical miles, which is equal to 693
- English statute miles.

EMILY.

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

MRS. B.

They would, were the earth a perfect Sp])ele.

but its form is not exactly spherical, being some-

what protuberant about the equator, and flattened

towards the poles. This form is supposed to pro-

ceed from the superior action of the centrifugal
power at the equator.

CAROLINE.
T thought I had understood the cenmfutral force

perfectly, butsli do not comprehend its eff'ect in this
instance. B

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 the velocity with which
the particle moves; now a particle situated near one
of the polar circles makes one rotation in the same
space of time as a partlcle at the equator the latter,
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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 y
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-
nallyin 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.

CAROLINE, )

I did not consider that the particlesin 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. i
You must be careful to remembéf; 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. ; i

 CAROLINE. . _
My head then moves faster than my feet; and
, e
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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 distant any part of
a body is from the centre of motion, the larger
is the circle it will describe, and the greater there-
fore must be its velocity.

EMILY,

I have been reflecting, that if the earth is not a
perfect eircle.....

; MRS. B
A sphere you mean, my dear ; a circle is a round
line, every part of which is equally distant from the
centre ; a sphere or globe is a round body, the sur- -
face of which is every where equally distant 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 beavier at the equa-
tor than at the poles? Kor the earth being thicker
at the equator, the attraction of gravity pet’pevdi—
-~ culaily downwards must be stronger.

%
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MES. B.

Your reasoning has some plausibility, but I am
sorry to be obliged to add, that it is quite errone-
ous; for the nearer any part of the surface ofr’a(
body is to.the centre of attraction, - the more
strongly it is attracted ; because the most consider-
able quantity of matter is about that centre. In
_regard to its effects, you might consider the power
of grayity, as that of a magnet placed at the centre

of attraction.

EMILY.
But were you to penetrate deep into the earth,
would gravity increase as you approached the
centre ? ; '

MRS. B.

Certainly 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. ‘
s EMILY, LR e
Bodies then should weigh less at the equator
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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 scarcely sensible, were it not ang-
mented by another circumstance.

CAROQLINE,
And what is this singular circumstance, which
seems to disturb the laws of nature ?

MRS. B.
One that you are well acquainted with, as con-
ducing more to the preservation than the destruc-
tion of ordel,—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 opposed to, and must lessen the power of
gravity, which aftracts them towards the centre.
- We accordmo'ly find that bodies weigh lightest at
the equator; where the centrifugal force is greatest
and heawest at the poles, where this power is least.

E CAROLINE
Has the experiment been made in these different
k- mtua’uons ?
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MRS, B.

Lewis XIV., of France, sent philosophers both
1o the equator 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 per-
ceptible.

CAROLINE.

Yet I do not comprehend, how the difference of
weight could be ascertained ; for if the hody under
wial decreased in weight, the weight which was op-
posed 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 would still balance each other, and the dif
ferent force of grawty could not be ascertained by
- this means,

, MES. 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
puapose. ‘
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CAROLINE,
What, the pendulum of a clock ? how could that
answer the purpose ?

MRS. B.

A pendulum consists of a line, or rod, to oné end
of which a weight is attached, and it is suspended
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 will impel it
onwards, and it will rise on the opposite side to an
equal height; from thence it is brought back hy
gravity, and again driven by the impulse of its
velocity.

CAROLINE.

Tf 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-



188 ON THE EARTH.

tion of a pendulum would be perpetual; and it
vibrations perfectly regular; being of equal dis-
tances, and performed in equal times.

)

EMILY. ;
That is the natural result of the uniformity of the
power 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 canse is not
always uniform, and therefore the effect will not
be so either. 1 have discovered it, Mrs. B. 5 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. :

S 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.

. EMILY. dodin.

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
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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 pendu-
lum 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 361 inches long. In order to vibrate at
the equator in the same space of time; it must be
‘lengthened by the addition of a few lines ; and at
the poles, it must be proportionally shortened.

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 if, representing the axis
and poles, we shall “call the earth; in moving
~ round the table, the wire is not perpendicular to it

‘but oblique. R G B :
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EMILY.
Yes, I understand the earth does not go round
the sun in an upright position, its axis is slanting

or oblique, 2

MRES. B.

All the lines, which you learnt in your last lesson,
are delineated on this little globe; you must con-
sider 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 obliquity
of the axis of the earth in that 01b1t, which is ex-
actly 281 degrees. The points in which the ecliptic
intersects the equator are called nodes:

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

As I now hold it, at A, you see it in the situa-
tion 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, n - order
to show that the axis of the earth is not upright ?

MRS: B.
Nes i sumimer, the north pole is inclined to-
wards the sun. In t}us seasor, therefore, the nor=
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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 night in any part of the
world! How much Lappler the inhabitants of the
north frigid zone must be than those of the
southern; the first enjoy uninterrupted day, while
the last are nyolved in perpetual darkness.

MRS. B.

You judge with too much precipitation; ex-
araine 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 mtumon, it has gone thfough one
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quarter of its orbit, and is arrived at that point at
which the ecliptic cuts or crosses the equator, and
i which is called the autumnal equinox.

EMILY.

That is then one of the nodes. :

The sun now shines from one pole to the other,
just as it would constantly do, if the axis of ‘the
earth were perpendicular to its orbit.

MRS, B

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
. nights are equal in every part of the earth. But the
next step she takes in her orbit, you see, involves
the north pole in darkness, whilst it illumines that
.of the south; this change was gradually preparing
as 1 moved the earth from summer fo autumn; the
arctic circle, which was at first entirely illumined,
began to haye short nights, which increased 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, and you may observe
that as it advances, the days shor ten, and the nights
lengthen, throughout the northern hemisphere, un~

til 1¢ aruves at the winter solstice, on the Olst of
15 -2 — |
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December, when the north frigid zone is entirely
in darkness, and’ the southern has unmterrupted
day-llght
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
obliquely on the rest of the world, and almost hori-
zontally on the poles; for during their long day of
six months, the sun moves round their horizon
without either rising or setting; the only observable
difference, is that it is more elevated by a few de-
grees at mid-day, than at mid-night.

EMILY.
‘To aperson placed in the temperate zone, in the
situation in which we are in England, the sun will
shine neither so obliquely as it does on the poles,
nor so vertically as at the equator; but its rays
will fall upon him more obliquely in autumn and
winter, than m summer. :

CAROLINE. :

And theufore, the inhabitants of the temperate

zones, will not have merely one day and one night

in the year as happens at the poles, ner will they
: - ,
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have equal days and equal nights as at the equator ;
but their days and nights will vary in length, at
different times of the year, according as their re-
spective poles incline towards or from the sun, dnd
the difference will be greater in proportion to their
distance from the equator,

MES. B.
We shall now follow the earth through the other
half of her orbit, and you will observe, that now
_exactly the same effect takes place in the southern
hemisphere, as what we have just remarked in the
northern. Day commences at the south pole when
night sets in at the north pole; and i every other
part of the southern hemisphere the days are longer
than the nights, while, on the contrary, 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 25th 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 it the southern hemisphere, whilst it is .
spring with us. ;
: CAROLINE.
: Then the days and mghts are again every where
equal ?
MRS. B.
Yes, for the half of the globe w}uch is enlight~
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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.

As the earth proceeds towards summer, the days
lengthen in the northern hemisphere, and shorten in
the southern, till the earth reaches the summer sol-
stice, when the north frigid zone is entirely illumined,
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-
tion, the cause, or the effect of the earth’s revolu-
tion round the sun. The mind can find no objeet of

~ contemplation, more sublime, than the course of

this magnificent globe, impelled by the combined

powers of projection and attraction to roll in one

. invariable course around the source of light and

: heat: and_what can be more delightful than the
K
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beneficent effects of this vivifying power on its at-
tendant planet. It is at once the grand principle
which animates and fecundates nature.

7]

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 wa]]s of the room on every part of
the globe, consequently that side of the globe on
which the candle does not divectly 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 wlnch
is in darkness.

CAROLINE.
I beg your pardon, Mys. 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. - '
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: EMILY,

You say, that the supenox heat of the equatorxa.l
parts of the earth, arises from the rays falling per-
pendicularly on those regions, whilst they fa]l ob-
liquely on these more northern regions; now I do
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-
standmg 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-
‘cularlv, and this led. you to suppose that the ray&

‘ K 3
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were hotter in the latter divection. Had you re-
flected, you would have discovered that rays is-
suing from the candle sidewdys, are no less per pen-
hcnht to your hand when held opposite to them,
than the rays which ascend when your hand is held
over them.

The reason why the sun’s rays afford less
heat when in an oblique direction than when
perpendicular, is because fewer of them fall upon
an equal portion of the earth; this will be under-
stood 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 eyident, that the same quantity of rays fall on’
the space A B, as fall on: the space B C; and as
A B is 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
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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
situation of England on the 21st of December,’
when the rays of the sun fall most obliquely upon
her. But there is also another reason why oblique
rays give less heat, than perpendicular rays; which
is, that they have a greater portion of the atmos-
phere to traverse; and thoﬁgh 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 fogey
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 atmos-
phere, 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.
K &
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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
vauses, 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
liorizon, 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 m July and August.

: MRS. B.

Those parts of the earth which are once heated,
vetain 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
oclock in the afternoon, than at twelve when the
sun is on the meridian.
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EMILY.
And pray, bhave the other planets the same vicis-
situdes of seasons, as the earth ?

MRS. B.

Some of them more, some less, according as
their axes deviate more or less from the perpendi-
cular to the plane of their orbits. The axis of
Jupiter is nearly perpendicular to the plane of his
orbit; the axes of Mars and of Saturn are each
inclined at angles of about sixty degrees; whilst the
axis of Venus is believed to be elevated only fifteen
or twenty demees above her orbit; the vicissitudes
of her seasons must therefore be considerably greater
than ours. For further particulars respecting the
planets, I shall refer you to Bonnyeastle’s Intro-
duction 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 366 complete 1evolut10ns on her axis
during that time.

CAROLINE.

How is that possible ? for every complete revo-

Jution 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?"

? K5 ?
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MRS, B. :

If the earth had no progressive motion in its
orbit whilst it revolves on its axis, this would be the
case; but as it advances almost a degree westward
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.

 CAROLINE.

Oh, yes ! it will require as much more of a second
revolution to bring the same meridian back to the
sun, as 1s equal to the space the earth has advanced
in her orbit, that is, nearly a degree ; this difference
is, however, very little.

, MES. B,

These small daily portions of rotation are each
equal to the three hundred and 51xty-ﬁfth part of 2
cucle, which at the end of the year amounts to one-
complete rotation.

EMILY. e
That Is extremely curious. . If the earth, then,

- had no other than its diurnal motlon, we should ,
~ have 366 days in the year.

\IR.S. B.

- We should have 366 days in the same penod of
 time that we now have 3653 but if we did not re-

Cd
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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-
larity which we have just noticed 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.

‘['rue, but then the distance of the fixed starsis
<o 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 on its axis, no sensible
difference would be 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 thxee minutes fifty-six
.aeconds of time.

5 cmommz. :

These three nmmtes fifty-six seconds is thc time
: L R
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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 san.

MRS. B.
Precisely. Hence the stars gain every day three
minutes fifty-six seconds on the sun, which makes
them rise that portion of time earlier every day.
‘When time is calculated by the stars it is called
sidereal time, when by the sun solar or apparent
time.

CAROLINTE. :

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.

The common year, called the solar or tropical
year, containing 365 days, five hours, forty-eight
minutes, and fifty-two seconds, is measured from
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.

‘ EMILY.
I theught that the earth performed one complete

v
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revolution in its orbit every year; what is the rea-
son of this variation ?

. MRS. B.

It is owing to the spheroidal figure of the earth.
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 opposition 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, thatis to say, instead
of being every revolution in the same place, they
move backwards. Thus, if the vernal equinox is at
A, (fig. 1. plate X1.) 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 stationary at opposite points of the earth’s
orbit. : !
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CAROLINE.

So that when the earth moves from one eqUINOX:
to the other, though it takes half a year to perfbr{n
the journey, it has not travelled through half its
orbit.

, MRS. B. 5

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 I, (fig. L.
plate X1.) the sun would not appear in conjunction
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
carth’s diumal motion on an inclined axis, together

3
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with its annual revolution in an elliptic orbit, occa-
sions so much cq]xlpli.cation in its motion, as to
produce many irregularities: therefore true equal
tinfe cannot be measured by the sun. A clock,
which was always pexfectly 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
the sun and a perfect clock would agree, which is
the 15th of April, the 16th ‘of June, the 23d of
August, and the 24th of December.

EMILY.

And is there any considerable difference between
solar time and true time ?

MRS. B.

The greatest difference amounts to between hifo%
teen and sixteen minutes.  Tables of equation are
constructed for the purpese 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.



CONVERSATION IX. -

ON THE MOON.

OF THE MOON’S MOTION.— PHASES ‘OF.THE MOON.
—ECLIPSES OF THE MOON. ECLIPSES OX JUPI=-
TER’S MOONS,—OF THE LATITUDE AND LONGI-
TUDE, — 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 revolves round the earth in the space
of about twenty-nine days and a half, in an orbit
nearly parallel to that of the earth, and accompanies
us in our revolution round the sun,

- EMILy.
Her motion, then, must be rather of a compli-
cated nature; for as the earth is not stationary,
but advances in her orbit whilst the moon. goes
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round her, the moon must proceed in a sort of
progressive circle.

s MRS. B. ~

That is true; and there are also other circum-
stances which interfere with the simplicity and
regularity 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 inhabitants of the moon have
but one day and one night in the course of a lunac
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

inhabitants of that hemisphere alone can perceive
us. :

CAROLINE.
One half 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
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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. B, pray,
dosthey see the earth under all the changes which
the moon exhibits to us?

MRS. B.

Exactly so.  These changes are called the phases
of the moon, and require some explanation. In
lig.2, plate XT. let us say that S represents the sun,
E the earth, and A BCD the moon in different
parts of her orbit. When the moon is at A, her
dark side being turned towards the earth, we shall
notsee 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-eighth of her orbit at B,
one quarter of her enlightened hemisphere will be
turned towards the earth, and she will then appear
horned as at 6: when she has performed one quar-
ter of her orbit, she shows us one half of her en-
lightened side as at ¢; at d she is said to be
gibbous, and at e the whole of the enlightened side
appears to us,. and the moon is at full. As ghe
proceeds in her orbit she becomes again gibbous,
and her enlightened hemisphere -turns gradually
away from us till she completes her orbit and djs-

appears, and then again resumes her form of a new
moon, :
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When the moon is at full, or a new moon, she is
said to be in conjunction with the sun, as they are
then both in the same direction with regard to the
earth; when at her quarters she is said to be m
opposition to the sun.

EMILY.

Are not the eclipses produced by the moon pass-
ing between the sun and the earth ?

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 light gives place 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 every
month ?
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MRS, B.

The oxbits of the carth and moon are not exactly
parallel, but cress or intersect each other; and the
moon generally passes eitherabove or below the earth
when she is in conjunction with the sun, and does
therefore intercept the sun’s rays, and produce an
eclipse; for this can take place only when the earth
and moon are in conjunction in that part of their
orbits which cross each other, (called the nodes of
their orbits) because it is then only, that they are
both in a right line with the sun.

: EMILY.

And a partial eclipse takes place, 1 suppose,
when the moon in passing by the earth, is not suf-
ficiently above or below the earth’s shadow entirely
to escape it ?

MRS, B.
Yes, one edge of her disc then dips into the sha-
* dow, and is eclipsed; but as the earth is larger than
the moon, when the eclipse happens precisely at
the nodes, they are not only total, but last for some
length of time. :

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. In fig. 1. pl. XIL you will find a solar eclipse
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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 lunar eclipses on
the contrary are visible from every part of the
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 47 times her actual size; it follows therefore,
that the earth is 47 times the size of the moon.

In fig. 2. S represents the sun, which pours forth
rays of light in straight linesin 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 A B, will meet another coming
from the opposite extremity in the direction C B;
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, ot ihe 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. .

: . EMuLY,

When the moon eclipses the sun to us, we must
be eclipsed to the moon ?
16
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MRS, B,
Certainly; for if the moon intercepts the sun’s rays,
and casts a shadow on us, we must necessarily dis-
appear to the moon, but only partially, as in fig. 1.

CAROLINE.

There must be a great number of eclipses in
the distant planets, 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 either between
their planet and the sun, or between the planet and
each other. Astronomers are so well acquainted 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 ac-

curacy, 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 supposing
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that you had been a length of time at sea, inter-
rupted in your course by storms, a map would at-
ford you very little assistance in discovering where
you were.

CAROLINE.

Under such circumstances, I confess I should be
equally at a loss to discover either latitude or lon-
gitude.

MRS. B.

The latitude may be easily found by taking the
altitude of the polé; 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?

~ MRS. B,

The north pole points constantly towards one
particular part of the heavens in which a star is si-
tuated, called the Polar Star; this star is visible on
clear nights, from every part of the northern hemis-
phere, the altitude of the polar star, is therefore the

_ same number of degrees as that of the pole; the
latitude may also be determined by observations
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made-on the sun or any of the fixed stars; the situ=
ation therefore of a vessel at sea, with regard to north
and south, is easily ascertained. The difficulty is
respecting east and west, thatis to sayits longitade.
As we have no eastern poles from which we can
reckon our distance; some particular spot must be
fixed upon for that purpose. The English reckon
from the meridian of Greenwich, 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 fif-
teen degrees to the east of London, as the sun
must have passed the meridian of that place an
hour before he reaches that of London. For the
same reason it is eleven o’clock to any place situa~
ated fifteen degrees to the west of London; as the
sun will not come to that meridian till an hour
lateri i v

If then the captain of a vessel at sea, could know
precisely what was the hour at London, he could,
by looking at his watch, and comparing it with the
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hour of the spot in which he was, ascertain the
longitude,

5 EMILY.
But if he had not altered his watch; since he
sailed from London, it would indicate the hour it
was. then in Londen.

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 indicate 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 Jongitude.

MES. B.

You have discovered, Emily, 2 mode of finding
the longitude, which I have the pleasure to tell
yuo, is universally adopted : watches of a superior
~ construction, called ¢hronometers; or time-keepers,
are used for this purpose ; but the best watches are

liable to imperfections, and should the time-keeper
2 e S0 o
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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
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 place in which he is, and
by observing the difference of time there, and at
London, he may immediately determine hlS 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 mendlan before it reaches that of
London.
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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.

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 or-
bits; 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 bemg at s0
great a distance from us, their shadows did not ex-
tend so far as the earth; no darkness was therefore
-produced on any part of our globe; but the planet
appeared like a small black spot, passing across the -
sun’s disc; 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

L2_'>
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moon, but I cannot conceive what influence it can
have on them,

©

MRS. B.
They are produced 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, producinga full tide, or
what is commonly called high water, at the spot
where it happens.  So far the theory of the tides:
1s not difficult to unders_tand, :

CAROLINE

On the contrary, nothmg can be more slmple
the waters, in order to rise up under the moon,
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twice during that time, therefore, at full and at
change, she is in the same direction as the sun,
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, instead 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 cleaver, we supposed the
 whole surface of the earth to be covered with the
ocean; but that is not really the case, either with

- the earth or the moon, and the land which inter-
sects the water destroys the regularity of the effect,

CAROLINE. i
T'rue; we may, however, be certain, that when-

o SPa)
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ever it is high water the moon is immediately over
our heads.

: MRS. B. 5

Not so, cither; for as a similar effect is produced
on that part of the globe immediately beneath the
moon, and on that pm‘t'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 inhabitants 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, 7

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.
~ All matter, you know,. by its inertia, makes some

resistance to a change of state; the waters, there-
lore, do not readily yield to the attraction of the
~moon, and the effect of her influence is not complete
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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 daily revolution the moon advances
in her orbit, the earth must make more than a com-
plete rotation in order to bring the same meridian
opposite the moon:. we are tiree-quarters of an
hour in overtaking her. T'he 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 had to make to you on the subject of astro-
nomy; at our next interview, I shall attempt to
explain to you the elements of hydrostatics.

P
>
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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, 1

EMILY.

The attraction of cohesion is then, I suppose,
less powerful in fluids than in solids?

MRS. B.

~ Yes; fluids, generally speaking, are bodies 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 pomt would account for the slight-
ness of their cohesion.

CAROLINE.
~ Pray what is the distinction between a fluid and
a liquid?

»

MRS. B,
Liquids comprehend only one class of fluids.
-
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There is another class distinguished by the name
of elastic fluids, or gases, wh1ch complehends the
air of the atmosphere, and all the various kinds of
air with which you will become acquainted when
you study 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 scarcely 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 fine
dew. TFluids gravitate in a more perfect manner
than solid bodies; for the strong cohesive attraction
of the particles of the latter in some measure
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 gthe particles no
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Jonger cohering together, each would press sepa-
rately and independently, and would be brought
to a level with the surface of the earth.

EMILY,

This want of cohesion is then the reason why
fluids can never be formed into figures, or main-
tained in heaps; for though it is true the wind
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 Jlevel,
or equilibrium of fluids ?

EMILY.

1 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, as is the case with all finids when
in a state of rest?

‘MRS, B.

Smooth, if you please, but not flat; for the defi-
nition of the equilibrium of a fluid is, that every
part of the surface is equally distant from the pomt
to which gravity tends, that s to say, {rom the centre
of the earth; hence the surface of all fluids must be
bulging, not flat, since they will partake of the
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spherical form of the globe. - This is very evident
in large bodies of water, such as the ocean, but the
sphericity of small bodies of water is so trifling,
that their surfaces appear flat.

This level, or equilibrium of fluids, is the na-
tural result of their particles gravitating inde-
pendently 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.

That 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 in-
strument called a water-level, (fig. 1. plate XIII.)
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 a little
water; when the tube is not perfectly horlzontal
the water runs to the IOWe1 end and it is by this
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neans that the level of any situation, to which we

apply the instrument, 1s ascertained,

Solid bodies you may, therefore, consider as
gratitating 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 2 fluid is
considerably less than that of a solid body; for the
resistance of the particles acting separately, they

are more easily overcome.

% VEMIVLY. :
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 upwards, 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 matural; it is
| the effect of gravity, one particle weighing upon
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another presses on it; but the pressure sideways,
and particularly the pressure upwards, I cannot
understand.

MRS. B,

If there were no lateral pressure, water would
not Tun out 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 plessule among its p’lrtl(‘lLS.

EMILY.
When water runs out of the side of a vessel, is
it not owing to the weight of the water above the

opemncr ?

MRS. B.

If the particles of fluids were arranged in regular
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. 3.) these
last must suffer a lateral pressure.

EMILY. :
The same as when a wedge is driven into a piece
of wood, and separates the parts laterally,
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. 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
the velocity of the water rushing out of it. Herels
a vessel of water (fig. 4.), with three stop cocks at
different heights; we shall open them, and you will
see with what different degrees of velocity the water
issues from them, Do you understand this,

_ Caroline?

CAROLINE.

 Ohyes. The water from the upper spout re-

ceiving but a slight pressure, on account of its

vicinity to the surface, flows but gently; 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 impetuosity.

MRS. B. -

Very well; and you must observe, that as the
lateral pressure is entively owing to the pressure
_downwards, it is not effected by the horizontal di-
mensions of the vessel, which contains the water,
but merely by its depth; for as every particle acts
independently of the rest, it is only the column of
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particles immediately above the orifice that can
weigh upon and press out the water. :

EMILY. . e
~ The breadth and width of the vessel then can be
of no consequence in this respect.  The lateral pres-
sure on one side, in a cubical vessel, is, 1 suppose .
not so great as the pressure downwards.

il MRS, B

No; in a cubical 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 Iateral pressure diminishes from
the bottom upwards to the surface, where the par-
ticles have no préssm'e. :

. . CAROLINE.

And f'rom whence proceeds the pressure of fluids
upwards? that seems to me the most unaccountable,
as 1t is n direct opposition to gravity. :

MRS. B.

And yet it is a consequence of the1r 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

; 14
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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.
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 equilibrum of the
Auid would be destroyed. '

- CAROLINE.

True; but then a tea~-pot is wide and large, and
 the weight of 5o great a body of water: as the pot
will contain, may. easily: force up and suppert 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 dxmensmns?

MRS, B.
Undoubtedly 1t would You TNEY eVen reverse:
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the experiment by pouring water into the spout,
and you will find that the water will rise in the pot
to alevel 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
the height, and is quite independent of the hori-
zontal dimensions of the fluid.

As a tea-pot is not transparent, let us try the
experiment by filling this large glass goblet by
means of this narrow tube, (fig. 6.)

CAROLINE. ‘

- Look, Emily, as Muys. B. fills it, how the water
rises in the goblet, to maintain an equilibrium with
that in the tube.

~ Now, Mys. B., will you let me fill the tube by
pouring water into the goblet?

. MRS, B,

That is impossible. However, you may try the
experiment,’ and I doubt not but that you wil be
able to account for its failure. ;

CAROLINE.

It is W.ry 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
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weight of all the water in the goblet should not be
able to force up the small quantity required to il the
tube: — oh, I see now the reason, the water in the
goblet cannot force that in the tube above its level,
and as the end of the tube is considerably higher
than the goblet, it can never be filled by pouring
water into the goblet. ‘

MRS. B.
And if you continue to pour water into the gob-
let when it is full; the water will run over instead o.
rising above the level in the tube,
I shall now explain to you the meaning of the
speczfic gravity of bodies.

g CAROLINE.
What! is there another species of gravity with
which we are not yet acquainted ?

MRS. B.
Noj; the specific gravity of a body, means simply
its weight compared with that of another body of
the same size. When we say, that substances such as
lead and stones are heavy, and that others, such as
paper and feathers are light, we speak compara-
tively; that is to say, that the. first are heavy, and
the latter light, in comparison with the generality
of substances in nature. ' Would you call wood and
chalk light or heavy bodles?
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CAROLINE,
Some kinds of wood are heavy certainly, as oak
and mahogany ; others are light, as deal and box.

EMILY. :
I think I should calk wood in general a heavy
body, for deal and box are light only in comparison
to wood of a heavier description. I am at a loss to
determime whether chalk should be ranked as a
heavy or a light body; I should be inclined to say
the former, if it was not that it is lighter than most
other minerals. = I perceive, that we have but
vague notions of light and heavy. I wish there
was some standard of comparison, to which we could
refer the weight of all other bodies. '

MRS, B.

The necessity of such a standard has been so

- much felt, that a body has been fixed upon for this

purpose.  What substance do you think would be
best calculated to answer this.end? -

CAROLINE.

1t must be one generally known and eaally ob-
tained ; lead or 1r0n, for: mstance. :

MRS. B.

All the metals expand be heat, and cendense by
cold. A piece of Iead, let us say acublc inch f01 in-
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it force its way even throuoh 3 st1atum of clay.
This species of earth, . thouoh not remarkably
dense, being of great tenacity, will not al {lmit the
partlcles of water to pass. ‘When water encounters ;
any substance of this nature, therefore, its progress
is stopped, and the pressure of the accumulqtmo
waters forms a bed, or reservoir, This will be
more clearly e*{plamed by fig. 9. Plate XITI. which
represents a section, or the interior of a hill or
mountain. A, is a body of water such as I have
described, which, when filled up as high as B, (by
the continual accession of waters it receives from
the ducts or rivulets a, @, a, a,) finds a passage out

- of the cavity, and, impelled by gravity, it Tuns on,
till it makes its way out of the ground at the side
of the hill, and there forms a spring, C. :

_ CAROLINE.

Gzawty anels downwru-ds towards the centre of -
the earth; and the spung i this ﬁcrme runs in an
ho*lzontal direction. *

. wmsE : ‘

Not entirely. T here is some de‘cli'vity'ﬁ‘om the
zeservoir to the spot where the water issues out of
the ground; and gravity you know wﬂl brlng
bodles down an inclined plane, as w e]l as In o per=.

pendlculal dnectlon. _' ;
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reservoir, there can be no soring. In such situ-
ations, therefore, it is necessary to dig very deep,,
in order to meet with a spring; and when we give
it vent, it can rise only as high as the reservoir
from whence it flows, which will be but httle, as the
reservoir snust be situated at some considerable
depth below the summit of the hill. ;

CAROLINE.

Your explanation appears very clear and satis--
factory ; but I can contradict it from experience. At
the very top of a hill, near our country house, there
is a large pond, and, according to your theory, it
would be unp0551b1e there should be springs in such
a situation to supply it with water. ‘Then you
know that I have crossed the Alps, and I can assure
you, that there is a fine lake on the summit of

~ Mount Cenis, the highest mountaixi we passed over.

MRS. B. :
Were there alake on the summit of Mount Blanc,,
which is the highest of the Alps, it would indeed
be wonderful. But that on Mount Cenis, is not at
all contradictory to our theory of springs; for this
mountain is surrounded by others, much more ele-
vated, and the spmws which feed the lake must
descend from reservoirs of water formed in- those
mountains, This must also be the case with the
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a fluid, whose particles yield to the slightest -
pression, ;

: ~ MRS. B.

Friction, (as we observed in a former lesson,)
may be diminished by polishing, but can never be
entirely destroyed; and though fluids are less sus-
ceptible of friction than solid bodies, they are still
affected by it.  Another reason why a fountain will
not rise so high as its reservoir, is, that as all the
particles of water spout from the tube with an equal
velocity, and as the pressure of the air upon the ex-
terior particles must diminish their velocity, they
will in some degree strike against the under parts,
and force them sideways, spreading the column into
a head, and rendering it both wider and shorter
than it otherwise would be.

At our next meeting, we shall examine the me-
chanical properties of the air, which being an elastic

fluid, differs in many respects from liquids.
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CONVERSATION XIL

ON THE MECHANICAL PROPERTILS,
OF AIR.

{ OF THE SPRING OR ELASTICITY OF THE AIR, == OF
THE WEIGHT (31“ THE AIR. —EXPERIMENTS WITH
THE AIR PUMP. — OF THE BAROMETER, — MODE
OF WEIGHING AIR.=— SPECIFIC GRAVITY OF AIR.
— OF PUMPS. — DESCRIPTION OF THE SUCKING
PUMP. — DESCRIPTION OF THE FORCING PUMP.

s

MRS. B.

A our last meeting we examined the properties of
fluids in general, and more particularly of such
fluids as are called liquids.

There is another class of fluids, distinguished by
the name of aériform or elastic fluids, the principal
of which is the air we breathe, which surrounds the
earth, and is called the atmosphere.

10
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EMILY.
There are then other kinds of air, besides the
atmosphere ?

: MRS. B.

Yes, a great variety; but they differ only in: their

chemical, and not in their mechanical properties;

and as it-is the latter we are to examine, we shall

not at present inquire into their composition, but

confine our attention to the mechanical propextles
of elastic fluids in general.

CAROLINE.
And from whence arises this difference ?

MRS. B.
There is no attraction of cohesion between the
particles of elastic fluids; so that the expansive
power of heat has no adversary to contend with
but gravity ; any increase of temperature; therefore,
expands elastic fluids prodigiously, and a diminution
proportionally condenses them.
The most essential point m which air differs from
- other fluids, is by its spring or elasticity; that is to
say, its power of increasing or diminishing in bulk,
according as it is more or less compressed: a power
*of which I have informed you liquids are almost
wholly deprived.
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EMILY. :
I think I understand the elasticity of the aix very

well, from what you formerly said of it * ; but what

perplexes me is, its having gravity; if it is heavy,
and we are smrounded by it, why do we not feel
its weight ?

CAROLINE,

It must be impossible to be sensible of the weight
of such infinitely small particles, as those of which
the air is composed : particles which are too small
to be seen, must be too light to be felt.

MRS, B,

You are mistaken, my dear; the air is much
heavier than you imagine; it is true, that the par-
tzcles which compose it are small; but then, reflect
~ on their quantity: the atmosphere extends to about
the distance of 45 miles from the earth, and its
'g1av1ty is such, that a man of middling stature is

computed (when the air is heaviest) to sustain the
weight of about 14 tons.

CAROLINE.

Is it possible! 1 should have thought such a
»melght would have crushed any one to atoms.

* See page 42,
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! MRS. B.

That would, indeed, be the case, if it were not for,
the equality of the pressure on every part of the body;
but, when thus diffused, we can bear even a much

_ oreater weight, without any considerable inconveni-
ence. In bathing we support the weight and pressure
of the water, in addition to that of the atmosphere;
but because this pressure is equally distributed over
the body, we are scarcely sensible of it; whilst if
your shoulders, your head, or any particular part of
your frame wexe loaded with the additional weight
of a hundred pounds, you would soon sink under
the fatigue. Besides this, our bodies contain air,
the spring of which counterbalances the weight of
the external air, and renders us less sensible of its
pressure.

CAROLINE.
But if it were possible to relieve me from the
weight of the atmosphere, should I not fecl more
light and agile ?

MRS, B.

On the qbntrary, the air within you meeting
with no external pressure to restrain its elasticity,
would distend your body, and at length, bursting
the parts which confined it, put a period to your
existence. :

N
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CAROLINE,
This weight of the atmosphere, then, which I
was so apprehensive would crush me, is, in reahty,
essential to my preservation.

- EMILY. ‘

1 once saw a f)erson' cupped, and was told that
the swelling of the part under the cup was pro-
duced by taking away from that part the pressure
of the atmosphere; but I could not understand
how this pressure produced such an effect,

MRS, B.

Lhe air pump affords us the means of making

4 great variety of interesting experiments on the
W elght and pressure of the air: some of them you
have already seen. Do you not recollect, that in -
a vacuum produced within the air-pump, substances
of various weights fell to the bottom in the same
time; why does not, this happen in the atmosphere 2

CAROLINE.

I vemember you told us it was owing to the re-
sistance which light bodies meet with from the air
during their fall.

MRS, B :
Or, in other words, to the support which they
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weceived from the air, and which prolonged the
time of their fall. Now, if the air were destitute of
- weight, how could it support other bodies, or retard
their fall ?

I shall now show you some other experiments,
which illustrate, in a striking manner, both the
weight and elasticity of air. I shall tie a piece of
bladder over this glass receiver, which, you will
observe, is open both at the top as well as beloy.

: CAROLINE.
Why do you wet the bladder first?

: MRS. B.

It expands by wetting, and contracts in drying;
it is also more soft and pliable when wet, so that I
can make it fit better, and when dry it will be
tichter. We must hold it to the fire in order to
dry; but not too near least it should burst by sud-
den contraction. Let us now fix it on the air-pump
and exhaust the air from underneath it— you will
not be alarmed if you hear a noise ?-

. 2
EMILY.

It was as loud as the report of a gun, and the
bladder is burst! Pray explain how the air is con-
cerned in this experiment.

N &
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MRS. B,

[t 1s the effect of the weight of the atmosphere
on the upper surface of the bladder, when I had
taken away the air from the under surface; so that
there was no longer any reaction to counterbalance
the pressure of the atmosphere on the receiver. You
observed how the bladder was pressed inwards by
the weight of the external air, in proportion as I
exhausted the receiver: and before a complete va-
cuum was formed, the bladder, unable to sustain the
violence of the pressure, burst with the explosion
vou have just heard.

I shall now show you an experiment, which
proves the expansion of the air, contained within a
body when it is relieved from the pressure of the ex-
ternal air.  You would not imagine that there was
any air contained within this shrivelled apple, by its
appearance ; but take notice of it when placed with-

_in a receiver, from which I shall exhaust the air.

CAROLINE.
How strange ! it grows quite plump, and looks
like a fresh-gathered apple. .

0

MRS. B.

But as soon as I let the air again into the receiver,
thie apple you see returns to its shrivelled state.
When I took away the pressure of the atmosphere,
the air within the apple expanded and swelled it

i %
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out; but the instant the atmospherical air was re-
stored, the expansion of the internal air was checked
and repressed, and the apple shrunk to its former
dimensions. 4

You may make a similar experiment with this
little bladder, which you see is perfectly flaccid, and
appears to contain no air: in this state, I shall tieup
theneck of the bladder, so that whatever air remains
within it may not escape, and then place it under
the receiver. Now obscrve, as I exhaust the re-
ceiver, how the bladder distends; this proceeds from
the great dilatation of the small quantity of air which
was inclosed within the bladder when T tied it up;
but as soon as I let the air into the receiver, that
which the bladder contains, condenses and shrinks
into its small compass within the folds of the bladder,

_EMILY.
« These experiments are extremely amusing, and
they afford clear proofs both of the weight and
elasticity of the air; but I should like to know
exactly how much the air weighs.

MES. B.

A column of air reaching to the top of the at.
mosphere, and whose base is a square inch; weighs
151bs. when the air is heaviest; therefore every,
square inch of our bodies sustains a weight of
151bs.: and if you wish to know the weight of the

N5
= 5
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whole of the atmosphere, you must reckon how
many square inches there are on the surface of
the globe, and multiply them by 15.

EMILY.
But are there no means of ascertaining the weight
of a small quantity of air ?

: MRS. B.

- Nothing more easy. I shall exhaust the air from
this little bottle by means of the air-pump; and
having emptied the bottle of air, or, in other
words, produced a vacuum within it, I secure it by
turning this screw adapted to its neck : we may now
find the exact weight of this bottle, by putting
it into one of the secales of a balance. It weighs
you see just two ounces; but when I turn the
screw, so as to admit the air into the bottle, the
scale which contans it preponderates.

CAROLINE.

No doubt the bottle filled with air, is heayier
than the bottle void of air; and the additional

weight required to bring the scales again to a
balance, must be exactly that of the air which the
bottle now contams. :

MRS, B.
That weight, you see, Is almost two grains. The
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dimensions of this bottle are six cubic inches. Six
cubic inches of air, therefore, at the temperature
of this room, weighs nearly 2 grains.

CAROLINE.

Why do you observe the temperature of the
room, in estimating the weight of the air.

MRS. B.

Because heat rarefies air, and renders it lighter;
therefore the warmer the air is which you weigh, the
lighter it will be. ‘

If you should now be desirous of knowing the
specific gravity of this air, we need only fill the
same bottle with water, and thus obtain the weight
of an equal quantity of water — which you see is
1515 grs.; now by comparing the weight of water to
that of air, we find it to be in the proportion of
about 800 to 1.

I will show you another instaze: .f the weight
of the atmosphere, which I think will please you:
you know what a barometer is?

CAROLINE. :
It is an instrument which indicates the state of
the weather, by means of a tube of quicksilver; but
how, I cannot exactly say.

N 6
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MRS. B.

It is by showing the weight of the atmosphere.
The barometer is an instrument extremely simple
in its construction: in order that you may under~
stand it, I will show you how it is made. I fivst fill
a glass tube A B, (fig. 3. Plate XIV.) about three"
feet in length, and open only at one end, with mer-
cury; then stopping the open end with my finger, I
immerse it in a cup C, containing a little mercury.

EMILY.
Part of the mercury which was in the tube, I ob~
serve, runs down into the cup; but why does not
the whole of it subside in the cup, for it is contrary
to the law of.the equilibrium of fluids, that the mer-
cury in the tube should not descend to a level with
that in the cup?

e MRS. B.

The mercury that has fallen.from the tube into
the cup, has left a vacant space in the Upper- part
of the tube, to which the air cannot gain access;
this space is therefore a perfect vacuum; and con-
sequently the mercury in the tube is relieved from
the pressure of the atmosphere, whilst that in the
cnp remains exposed to it. c e

;  CAHOLINE. /
O, now I understand it; the pressure of the air
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on the mercury in the cup forces it to rise in the
tube, where it sustains no pressure.

. EMILY. *
~ Or rather supports the mercury in the tube, and
prevents it from falling.

MRS. B.

"That comes to the same thing ; for the power that
can support mercury in a vacuum, would also make
it ascend when it met with a vacuum. j

Thus you see, that the equilibrium of the mer-
cury is destroyed only to preserve the general
equilibrium of fluids.

CAROLINE.

But this simple apparatus is, in appearance, very
unlike a barometer.

. MRS. B.

It is all that is essential to a barometer. The tube
and the cup or vase are fixed on a board, for the
convenience of suspending it; the board is gradu-
ated for the purpose of ascertaining the helght at
which the mercury stands in the tube; and the small
moveable metal plate serves to show that height with
sreater accuracy. ey
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EMILY.
And at what height will the weight of the at-
mosphere sustain the mercury ?

MRS. B.
About 28 inches, as you will see by this baro-
meter; but it depends upon the weight of the
atmosphere, which varies much according to the
state of the weather. The greater the pressure of
the air on the mercury in the cup, the higher it
will ascend in the tube. Now can you tell me
whether the air is heavier in wet or dry weather.

; CAROLINE.

‘Without a moment’s reflection, the air must be
heaviest in wet weather. It is so depressing, and
makes one feel so heavy; while in fine weather, I
feel as light as a feather, and as brisk as a bee.

MRS, B,

Would it not have been better to have answered
with a moment’s reflection, Caroline? It would have
conyinced you, that the air must be heaviest in dry
weather, for it is then, that the mercury is found
to risein the tube, and consequently the mercuryin
the cup must be most pressed by the air: and you
know, that we estimate the dryness and fairness of
the weather, by the height of the mercury in the -
barometer. :
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‘ CAROLINE.
Why then does the air feel so heayy in bad
weather.

: MRS. B.
Because it is less salubrious when impregnated
with damp. The lungs under these circumstances
do not play so freely, nor does the blood circulate
so well: thus obstructions are frequently occa-
sioned in the smaller vessels, from which arise
colds, asthmas, agues, fevers, &c.

BMILY.

Since the atmosphere diminishes in density in

the upper regions, is not the air more rare upon

a hill than in a plain; and does the barometer
indicate this difference?

MRS. B.

Certainly. The hills in this country are not suf-

ficiently elevated to produce any very considerable

effect on the barometer; but this instrument is so

exacf in its indications, that it is used for the pur-

pose of measuring the height of mountains, and
of estimating the elevation of balloons.

EMILY.

And is no inconvenience experienced from the
thinness of the air in such elevated situations ?
: -
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MRS. B. s

Oh, yes; frequently. Itis sometimes oppressive,
from being insufficient for respiration ; and the ex-
pansion which takes place in the more dense air
contained within the body is often painful: it occa-
sions distension, and sometimes causes the blirsting
of the smaller blood-vessels in the nose and ears.
Besides, in such situations, you are more exposed
both to heat and cold; for though the atmosphere
is 1tself transparent, its lower regions abound with
vapours and exhalations from the earth, which
float in it, and act in some degrée as a covering,
which preserves us equally from the intensity of
the sun’s rays, and from the severity of the cold.

‘CAROLINE,

Pray, Mrs.B., is not the thermometer constr ucted
on the same prlnClples as the barometer ?

MRS. B,

Not at all. Therise and fall of the ﬂmd m the
thermometer is oceasioned by the expansive power
of heat, and the condensation produced by cold:
the air has no access to it. An explanation of il
would, therefore, be irrelevant to our - present
subject.

EMILY.
I have been reflecting, that since it is the
§ &
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weight of the atmosphere which supports the
mercury in the tube of a barometer, it would
support a column of ‘any other fluid in the same .
manner.

& MRS. B.

Certainly ; but as mercury is heavier than all
other fluids, it will support a higher column of any
other fuid; for two fluids are in equilibrium, when
their height varies inversely as their densities.
We find the weight of the atmosphere is equal to
Sustaining a column of water, for instance, of no
less than 32 feet above its level. '

CAROLINE.

The weight of the atmosphere is, then, as great
as that of a body of water the depth of 82 feet?

MRS. B.

Precisely; for a column of air of the height of
the atmosphere is equal to a column of water of 82
feet, or one of mercury of 28 inches.

 The commen pump is constructed on this prin-
ciple. By the act of pumping, the pressure of the
atmosphere is taken off the water, which, in con-
sequence, rises. ] !

The body of a pump consists of a large tube or
pipe, whose lower end is immersed in the watef

~ which it 1s designed to. raise. A kind of stopper,
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v

called a piston, is fitted to this tube, and is made to
slide up and down it, by means of a metallic rod
tastened to the centre of the piston..

e TMILYa .
Is it not similar to the syringe, or squirt, with
which you first draw in, and then force out water ?

MRS. B.

It is; but you know that we do not wish to
force the water out of the pump, at the same end of
the pipe at which we draw it in. The intention of
a pump is to raise water from a spring or well; the
pipe is, therefore, placed perpendicularly over the
water which enters it at the lower extremity, and
it issues at a horizontal spout towards the upper
part of the pump. The pump, therefore, is rather

a more comphmted piece of machmely than the
syringe.

Its various parts are delineated in this figure::
(fig. 4. Plate XI'V.) A B is the pipe or bedy of the
pump, P the piston, V a valve, or little door in
the piston, which, opening upwards, admits the
water to rise through it, but prevents its returning,
and Y a similar valve in the body of the pump.

When the pump is in a state of imaction, the
two valves arve closed by their own weight; bot
when, by drawing down the handle of the pump;
the piston ascends, it raises a column of sir which



MECHANICAL PROPERTIES OF AIR. 283

rested upon it, and produces a vacuum between
the piston and the lower valve Y, the air beneath
this valve, which is immediately over the surface
of the water, consequently expands, and forces its
way through it; the water, then, relieved from the
pressure of the air, ascends into the pump. A
few strokes of the handle totally excludes the air
from the body of the pump, and fills it with water,
which, having passed through both the valves, runs
out at the spout. ¢

: CAROLINE,

I understand this perfectly. When the piston is
elevated, the air and the water successively rise in
the pump; for the same reason as the mercury rises
in the barometer.

EMILY.
I thought that water was drawn up into a pump,
by suction, in the same manner as water may be
sucked through a straw.

MRS. B.

It is so, into the body of the pump; for the power of
suction is no other than that of producing a vacuum
over one part of the liquid, into which vacuum the
liquid is forced, by the pressure of the atmosphere
on another part. The action of sucking through a
straw, consists in drawing in and confining the
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breath; so as to produce a vacuum in the mouth:
in consequence of which, the air within the straw
rushes into the mouth, and is followed by the liquid,
into which the lower end of the straw is immersed.
The principle, you see, is the same; and the only
difference consists in the mode of producing a va-
cuum.  In suction, the muscular powers answer
the purpose of the piston and valves.

EMILY.

Water cannot, then, be raised by a pump above

32 feet; for the pressure of the atmosphere will
not sustain a column of water above that height.

MRS, B. o

I beg your pardon. It is true that there must
_‘niever be so great a‘distance as 32 feet from the
level of the water in the well, to the valve in the
piston, otherwise the water would not rise through
that valve; but when once the water has passed
that opening, it is no longer the pressure of air on
the reservoir which makes it ascend; it is raised by
lifting it up, as you would raise it in a bucket, of
which the piston formed the bottom. This com-
mon pump is, therefore, called the sucking, or
lifting-pump, as it is constructed on both these
principles.  There is another sort of pump, called
the forcing-pump: it consists of a foreing  power
added to the sucking part of the pump.  This
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additional power is exactly on the prfnciple of the
syringe : by raising the piston you draw the water

into the pump, and by descenchncr it you force the
water out.

CAROLINE.
But the water must be forced out at the upper

part of the pump; and I cannot conceive how that
can be done by descending the piston.

MRS. B.

I‘lgules P1. XIV. will explain the difficulty. The
large pipe A B represents the sucking part of the
pu_rrip, which differs from the lifting-pump. only
in its piston P being unfurnished with a valve, in
consequence of which the water cannot rise above
it. When, therefore, the piston descends, it shuts
the valve Y, and forces the water (which has no
other vent) into the pipe D: this is Likewise fur-
nished with a valve V, which, opening cutwards,
admits the water, but prevents its return.

The water 1is thus first raised in the pump, and
then forced into the pipe, by the alternate ascend-
ing and descending motion of the piston, after a
few strokes of the handle to fill the pipe, from
whence the water issues at the spout.

It is' now time to conclude our lesson. When
next we meet, 1 shall Jgive you some account of
wind, and of sound, which will terminate our ol,‘
servations on elastic fluids. :
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CONVERSATION XIIL

ON WIND AND SOUND.

OF WIND IN GENERAL. — OF THE TRADE WIND. ==
OF THE PERIODICAL TKRADE WINDS.— OF THE
Ai‘:RIAL TIDES. — OF SOUND IN GENERAL.— OF
SONOROUS BODIES. — OF MUSICAL SOUNDS. — OF
CONCORD OR HARMONY, AND MELODY.

MRS. B.

WELL, Caroline, have you ascertained what kind
of pump you have in your garden?

CAROLINE.
I think it must be merely a Lfting-pump, be-
cause no more force is required to raise the handle
than is necessary to lift its weight; and in aforcing-
pump, by raising the handle, you force the water
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into the smaller pipe, and the resistance the water
. offers must require an exertion of strength to over-
come it, ‘ ;

MRS, B
I make no doubt you are right; for lifting
pumps, being simple in their consltruction7 are by

. far the most common. :

I have promised to day to give you some ac-
count of the nature of wind. Wind is nothing
more than the motion of a stream or current of air,
generally produced by a partial change of tempera-
ture in the atmosphere; for when any one part is’
more heated than the rest, that part is rarefied ;
the equilibrium is destroyed, and the air in con-
sequence rises. When this happens, there ne-
cessarily follows a motion of the surrounding air
towards that part, in order to restore it; this spot,
therefore, receives winds from every quarter. Those
who live to the north of it experience a north

wind; those to the south, a south wind : — do you
~ comprehend this? ‘

CAROLINE.
4 N,
; Perfer“.y. But what sort of weather must those

people have, who live on the spot where b se winds
meet and interfere ?



®
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MRS. B.

They have turbulent and boisterous weather,
whirlwinds, hurricanes, rain, lightning, thunder,
&e, This stormy weather occurs most frequently
in the torrid zone, where the heat is greatest: the
air. being more rarefied there, than in any other
part of the globe is lighter, and consequently as-
cends; whilst the aig about the polar regions is
continually flowing from the poles, to restore the
equilibrium., '

i CAROLINE.

‘This motion of the air would produce a regular
and constant north wind to the inhabitants of the
northern hemisphere; and a south wind to those of
the southern hemisphere, and continual storms at
the equator, where these two adverse winds would
-meet. :

MRS. B.

“These winds do not meet, for they each change
their direction before they reach the equator. The
sun, in moving over the equatorial regions from east
to west, rarefies the air as it passes, and causes. the
denser eastern air to flow westwards, in order to
restore the equilibrium; thus producing a regular
east wind about the equator. '

(o)
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CAROLINE,

The air from the west, then, constantly goes to
meet the sun, and repair the disturbance which his
beams have produced in the equilibrium of the at-
mosphere. But I wonder how you will reconcile
these various winds, Mrs, B.: you first led me to
suppose there was a constant struggle between op-
posite winds at the equator, roducing storm and
tempest; but now I hear of one regular invariable
wind, which must naturally, be attended by calm
weather. '

EMILY.
I think T comprehend it: do not these winds
from the north and south combine with the easterly
wind about the equator, and form what are called
the trade-winds? :

~ MRS. B.

Just so, my dear. The composition of the two
winds north and east, produces a constant north-
east wind; and t.hat of the two winds south and
east, produces a regular south-east wind: these
‘winds extend to about thirty degrees on each side
of the equator, the regions further distant from it
experiencing only their respective north and south
winds. : 5 ;

e . CAROLINE.
But, Mrs. B, if the air is constantly flowing

b J
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From the poles to the torrid zonefthere must be a
deficiency of air in the polar regions ?

MRS. B.

The light air about the equator, which expands
and rises into the upper regions of the atmosphere,
ultimately flows from thence back to the poles, to
restore the equilibrium: if it were not for this re-
source, the polar atmospheric regions would soon
be exhausted by the stream of air, which, in the

lower strata of the atmosphere, they are constantly
sending towards the equator.

- - CAROLINE. *
There is then a sort of circulation of air in the
atmosphere; the air in the lower strata flowing
from the poles towards the equator, and in the

upper strata, flowing back from the equator towards
the poles.

MRS, B.

Exactly I can show you an example of this cix-
culation on a small scale. The air of this room
being more rarefied than the external air, a wind
or current-of air is pouring in from the crevices of
thé windows and doors, to restore the equilibrium
but the light air with which the room is filled must
find some vent, in order to make way for the heavy
air which enters. If you set the door a-jar, and

: sy 0 2
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hold a candle far the upper pazt of it, you wil}
find that the flame will be blown outwards, showing
that there is a current of air flowing out from the
upper part of the room.— Now place the candle on
the floor close by the door, and you will perceive,
by the inclination of the flame, that there is also a
current of air setting nto the room.

CAROLINE,

It is just so; the upper current is the warm
light ajr, which is driven out to make way for the
stream of cold dense air which enters the room
lower down.

EMILY. :
I have heard, Murs. B., that the periodical winds

arenof so regular on land as at sea: what s the rea-
son of that?

MRS, B.

- The land reflects into the atmosphele a much
greater quantity of the sun’s rays than the water ;
Lhel efore, that part of the atmosphere which is over
the land, is more heated and rarefied than that
which is over the sea: this occasions the wind to

set in upon the land, as we find that it reduhl ly
does on the coast of Guinea, and other countries -
the torrid zone, :
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EMILY.
I have heard much of the violent tempests occa-
sioned by the breaking up of the monsoons; are
not they also regular trade-winds?

MRS. B.

They are called periodical trade-winds, as they
change their course every half-year. This varia-
tion is produced by the earth’s annual course round
the sun, when the north pole is inclined towards
that luminary one half of the year, the south pole
the other half. During the summer of‘the northern
hemisphere, the countries of Arabia, Persia, India
and China, are much heated, and reflect great quan-
tities of the sun’s rays into the atmosphere, by
which it becomes extremely rarefied, and the equi-
libriurii consequently destroyed. In order fo re-
store it, the air from the equatorial southern regions,
where it is colder, (as well as from the colder nor-
thern parts,) must necessarily have a motion towards
those parts.  The current of air from the equato-
rial regions produces the trade-winds for the first
six months, in all the seas between the heated con-
tinent of Asia, and the equator. The other six
months, when it is summer in the southern hemi-
sphere, the ocean and countries towards the southern
tropic are most heated, and the air over those parts
most rarefied: then the air about the equator al-

0SS
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ters its course, and flows exactly in- an opposite
direction,

CAROLINE,

This explanation of the monsoons is very cu-
rious; but what does their breaking up mean?

: »  MRS.B.

It is the name given by sailors to the shifting of
the periodical winds; they do not change their
course suddenly, but by degrees, as the sun moves
from one hemisphere to the other: this change is
usnally attended by storms and hurricanes, very
dangerous for shipping; so that those seas are sel-
dom navigated at the season of the equinox.

_ : EMILY. _

1 think I understand the winds in the torxid
zone perfectly well; but what is it that occasions
the great variety of winds which occur in the tem-
‘perate zones? for, according to your themy, there
should be only north and south winds in- those
climates.

: MRS. B. o
.~ Since so large a portion of the atmosphere as is
ovex the torrid zone is in continued agitation, these
agitations in an f]astic fluid, which yields to the
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slightest impression, must extend every way to a
great distance; the air, therefore, in all climates,
will suffer more or less perturbation, according to
the situation of the country, the position of moun-
tains, valleys, and a variety of other causes: hence
it is easy to conceive, that almost every climate
must be liable to variable winds.
On the sea-shore, there is almost always a gentle
sea-breeze setting in on the land on a summer’s
evening, to restore the equilibrium which had been
disturbed by reflections from the heated surface of
the shore during the day; and when night has
cooled the land, and condensed the air, we gene-
-rally find itstowards morning, flowing back towards
the sed. oW 1

j CAROLINE.
I have observed, that the wind, which-ever
way it blows, almost always falls about sun-set ?

- MRS, B, ,

Because the rarefaction of air in the particular
spot which produces the wind, diminishes as the
sun declines, and consequently the velocity of the
wind abates. - : :

‘ EMILY.
Since the aix is a gravitating fluid, is it not af-
: 0 4 =
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fected by the attraction of the moon and the sun,
in the same manner as the waters ?

MRS. B.

Undoubtedly; but the agrial tides are as much
greater than those of water, as the density of water
exceeds that of air, which, as you may recollect,
we found to be about 800 to 1,

| CAROLINE, -
What a prodigious protuberance that must oc..
casion! How much the weight of such a column of
air must raise the mercury in the barometer !

a

: EMILY. & 5 %
As this enormous tide of air is drawn up and
. supported, as it were, by the moon, its weight and

. pressure, I should suppose, would be rather dimi-
nished than increased ? '

: - MRS, B.

The weight of the atmosphere is neither increased
tor diminished by the agrial tides. The moon’s
attraction augments the bulk as much as it dimi
nishes the weight of the column of air; these ef-
fects, therefore, counterbalancing each other, the
aerial tides do not affect the barometer,
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CAROLINE.
1 do not quite understand that.

MRS. B.

Let us suppose that the additional bulk of air at
high tide raises the barometer one inch; and on the
other hand, that the support which the moon’s at-
traction affords the air diminishes its weight or
pressure; so as to occasion the mercury to fall one
inch; under these circumstances the mercury must
remain stationary.  Thus you see, that we can ne-
ver be sensible of aérial tides by the barometer, on
account of the equality of pressure of the atmo-
sphere, whatever be its height.

The existence of aérial tides is not, howeve1 hy-
pothetical; it is proyed by the effect they. Pxoduce
on the apparent position of the heavenly bodies;
but this I cannot explain to you, till you understand
the properties of light.

EMILY.
And when shall we learn them ?

A
MRS, B.

T shall first explain to you the nature of somnd,

which is intimately connected with that of air ; and

T think at our next meeting we may enter upon

the subject of optics,
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We have now considered the effects produced
by the wide and extended agitation of the air; but
there is another kind of agitation of which the air
is susceptible — a sort of vibratory trembling motion,
which, striking on the drum of the ear, produces
sound. -

~ CAROLINE. :

Is not sound produced by solid bodies? The voice
of animals, the ringing of bells, musical instru-
ments, are all solid bodies. I know of no sound
but that of the wind which is produced by the air.

: MRS. B. |
Sound, I assure you, results from a tremulous
motion of the air; and the sonorous bodies you enu-
merate, are merely the instruments by which that
peculiar species of motion is communicated to the
air,

CAROLINE:

What! when I ring this little bell, is it the air
ﬂlat sounds, and not the bell ? -
MRS B.

Both the bell and the air are ‘concerned in the
production of sound. But sound, strictly speaking,.
isa per ception excited in the mind by the motion of
the air on the nerves of theear; the alr, therefore, as

12
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well as the sonorous bodies which put it in motion,

_is only the cause of sound, the immediate effect is
produced by the sense of hearing; for without this
sense, there would be no sound.

. EMILY. _

I can with difficulty conceive that, A person born
deaf, it is true, has no idea of sound, because he
hears none; yet that does not prevent the real ex-
istence of sound, as all those who are not deaf can

testify.

: MRS. B. -

I do not doubt the existence of sound to all those
who possess the sense of hearing; but it exists nei-
ther in the sonorous body nor in the air, but in the
mind of the person whose ear is struck by the vi-
bratory motion of the air, produced by a SONOorous

‘body.
To convince you that sound does not exist in

sonorous bodies, but that air or some other vehicle
is necessary to its production, endeavour to ring
the little bell, after I have suspended it under a
receiver in the air-pump, from which I shall ex-

haust the air........

CAROLINE.

- This is indeed very strange: though I agltate
o Ol
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it so violently, it does mot produce the least
sound,

MRS. E.
By exhausting the receiver, I have cut off the
communication between the air and the bell; the
latter, therefore, cannot impart, its motion to the air.

CAROLINE.

Are you sure that it is not the glass, which co-
vers the bell, that prevents our hearing it?

MRS, B,

That you may easily ascertain by letting the air
into the receiver, and then ringing the bell.

: CAROLINE.
Very true: I can hear it now almost as loud as
if the glass did not cover it; and I can no longer

doubt but that air is necessary to the production of
sound.

MRS, B.

Not absolutely necessary, though by far the most
common vehicle of sound. Liquids, as well as air, are.
capable of conveying the vibratory motion of a so-
norous body to the organ of hearing; as sound can
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be heard under water. Solid bodies also convey
sound, as I can soon convince you by a very sim-
ple experiment. I shall fasten this string by the
middle round the poker; now raise the poker from
the ground by the two ends of the string, and hold
one to each of your ears: —1I shall now strike the
poker with a key, and you will find that the sound is
conveyed to the ear by means of the strings, in &
much more perfect @ than if it had no other
vehicle than the air.l'nw

CAROLINE.

That it s, certainly, for I am almost stunned by
the noise. But what is a sonorous body, Mrs. B.?
for all bodies are capable of producing some kind -
of sound by the motion they communicate to the
air.

: MES. B.

Those bodies are called sonorous, which produce
clear, distinct, regular, and durable sounds, such as
a bell, a drum, musical strings, wind-instruments,
&c. They owe this property to their elasticitys
for an elastic body, after having been struck, not
only returns to its former situation, but having ac-
quired momentum by its velocity, like the pendu-
lum, it springs out on the opposite side. If I
~ draw the string A B, which is made fast af both:

e e
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ends to C, it will not only return to its original
position, but proceed onwards to D. This is itsfirst
vibration, at the end of which it will retain sufficient
velocity to bring it to E, and back again to F,
which constitutes its second vibration ; the third
vibration will carry it only to G and H, and
so on, till the resistance of the air destroys its
motion.

The vibration of' 2 SQROE ous bady givesa tre-
mulous motion to the air ar und 1t, very similar to
the motion communicated to smooth water when a
stone is thrown into it. This first produces a
small circular wave around the spot in which the
stone falls; the wave spreads, and gradually com-
municates its motion to the adjacent waters, pro-
ducmg similar waves to a considerable extent. The
same kind of waves are produced in the air by
the motion of a sonorous body, but with this dif-
ference, that as air is an elastic fluid, the motion
does not consist of regularly extending waves, but
of vibrations, and are composed of a motion for-
wards and backwards, similar to those of the sono-
rous body. They differ also in the one taking
place in a plane, the other in all directions. The
-aerial undulations being spherical.

: ° EMILY. : ,
But if the air moves backwards as well as fore
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wards, how can its motion extend so as to coilvey
sound to a distance ?

MRS. B.
The first sphere of undulations which are pro-
duced immediately around the sonorous body, by
pressing against the contiguous air, condenses it. .
The condensed air, though impelled forward by the
pressure, re-acts on the first set of undulations,
driving them back again. The second set of undu-
lations which have been put in motion, in their
turn communicate their motion, and are themselves
driven back by re-action. Thus there is a succes-
sion of waves in the air, corresponding with the
succession of waves in the water.

CAROLINE.

" The vibrations of sound must extend much fur-

ther than the circular waves in water, since sound
is conveyed to a great distance.

MRS. B.

The air is a fluid so much less dense than water,

that motion is more easily communicated to it.

The report of a cannon produces vibrations of the
air, which extend to several miles around.

EMILY.

Distant sound takes some time fo reach us,
: & - T
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since it is produced at the moment the cannon is
fired; and we see the light of the flash long before
we hear the report.

MRS. B.

The air is immediately put in motion by the
firing of a cannon; but it requires time for the
vibrations to extend to any distant spot. The ve-
locity of sound is computed to be at the rate of
1142 feet in a second. ;

CAROLINE.

‘With what astonishing rapidity the vibrations
must be communicated ! But the veloc1ty of sound
varies; I suppose, with that of the air which con-
veys it.  If the wind sets towards us from the can-

non, we must hear the report sooner than if it set.
the other way.

" MRS, B.

The direction of the wind makes less difference
in the velocity of sound than you would i imagine.
If the wind sets from us, it bears most of the acrml
waves away, and renders the sound fainter : ; but it |
is not very considerably longer in reaching the ear
than if the wind blew towwrds us.  This uniform
velocity of sound enables us to determine the dis-

 tance of the object from which it proceeds as that
of a vessel at sea firing a cannon, ot that of a thun-

e e 15
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der cloud. If we do not hear the thunder till
half a minute after we see the lightning, we conclude
the cloud to be at the distance of six miles and a
half. :

EMILY.
Pray how is tae sound of an echo produced ?

MRS. B.

.VW’hen the aérial vibrations meet with an obstacle,
. having a hard and regular surface, such as a wall,
or rock, they are reflected back to the ear, and pro-
duce the same sound a second time; but the sonnd
will then appear to proceed from the object by
which it is reflected. If the vibrations fall perpen-
dicularly on the obstacle, they are reflected back in.
the same line; if obliquely, the sound returns ob-
liquely in the opposite direction, the angle of reflec--
tion being equal to the angle of incidence.

CAROLINE.

Oh, then, Emily, I now understand why the echo
of my voice behind our house is heard so much
plainer by you than it is by me, when we stand at
the opposite ends of the gravel walk. My voice,
‘or rather, T should say, the vibrations of air it
occasions, fall obliquely on the wall of the house,
and are reflected by it to the opposite end of the
gravel walk, :
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EMILY.
Very true; and we have observed, that when
we stand in the middle of the walk, opposite the
house, the echo retnrns to the person who spoke.

MRS. B.

Speaking-trumpets are constructed on the prin-
ciple of the reflection of sound. The voice, mstead
of being diffused in the open air, is confined within
the trumpet; and the vibrations, which spread and
fall against the sides of the instrument, are reflected,
according to the angle of incidence, and fall into
the dlrectlon of the vibrations which proceed
straight forwards. The whole of the yibrations
are thus collected into a focus; and if the ear be
situated in or near that spot, the sound is prodr—
giously increased. - Figure 7. Plate XIV. will give.
you a clearer idea of the speaking-trumpet: the
+ xeflected 1ays are distinguished from those of inci-
dence, by being dotted; and they are brought to a
focusat I. The trumpet used by deaf persons acts
. on the same principle; but as the voice enters the

trumpet at the large, instead of the small end of
the instrument, it is not so much confined, nor the
~ sound so much increased.

EMILY.
Are the trumpets used as musical instruments
also constructed on this principle ?
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MRS. Bf

So far as their form' tends to increase the sound,
they are; but, as a musical instrument, the trum-
pet becomes itself the sonorous body, which is
made to vibrate by blowing into it, and communi-
cates its vibrations to the air.

I will attempt to give you, in a few words, some
notion of the nature of musical sounds, which, as
you are fond of music, must be interesting to
you.

If a sonorous body ‘be struek in such a manner,
that its vibrations are all performed in regular times,
the vibrations of the air will correspond with them ;

“and striking in the same regular manner on the
drum of the ear, will produce the same uniform
sensation on the auditory nerve, and excite the
same uniform idea in the mind; or, in other words,
we shall hear one musical tone.

But if the vibrations of the sonorous body are
irregular, there will necessarily follow a confusion
of aérial vibrations; for a second vibration may
commence before the first is finished, meet it
half way on its return, interrupt it in its course,
and produce harsh jarring sounds, which are called -
discords.

EMILY.

But each set of these irregular vibrations, if
repeated at equal intervals, would, I suppose, pro=
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duce a musical tone? It is only their irregula:’
succession which makes them interfere, and occa-
sions discord.

MRS. B.

Certainly. The quicker a sonorous body vi-
brates, the more acute, or sharp, is the sound
produced. \

CAROLINE.
But if T strike any one note of the piano-forte
repeatedly, whether quickly or slowly, it always.
gives the same tone.

y

MRS:Ba . o ;
Because the vibrations of the same string, at the

same degree of tension, are always of a similar
duration. The quickness or slowness of the vibra-

tions relate to the single tones, not to the various
‘sounds which they may compose by succeeding
each other. Striking the note in quick succession,

produces a more frequent repetition of the tone, but

does not increase the velocity of the vibrations of
the string. The duration of the vibrations of
strings or chords, depends upon their length, their

thickness or weight, and their degree of tension :

thus, you find, the low bass notes are produced

by long, thick, loose strings; and the high treble

notes by short, small, and tight strings.
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CAROLINE.
Then the different length and size of the strings
of musical instruments, serves to vary the duration
of the vibrations, and, consequently, the acuteness
or gravity of the notes ?

MRS. B.

Yes. Among the variety of tomes, there are
some which, sounded together, please the ear, pro-
ducing what we call harmony, or concord. This
arises from the agreement of the vibrations of the
two sonorous bodies; so that some of the vibrations
of each strike upon the ear at the same time. Thus,
if the vibrations of two strings are performed in
equal times, the same tone is produced by both,
and they are said to be in unison.

EMILY.

Now, then, I understand why, when I tune my

harp in unison with the piano-forte, I draw the

strings tighter if it is too low, or loosen them if it

is at too hlgh a pitch: it is in order to bring them

to vibrate, in equal times, with the strings of the
piano-forte.

MRS. B. .

But concord, you know, is not confined to
~unison; for two different tones harmonize in a
variety of cases. If the vibrations of one string
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(or sonorous body whatever) vibrate in double the
time of another, the second vibration of the latter
will strike upon the ear at the same instant as the
first vibration of the former; and this is the con-
cord of an octave.

If the vibrations of two strings are as two to three,
the second vibration of the first corresponds with the
third vibration of the latter, producing the har-
mony called a fifth. -

CAROLINE.
So, then, when I strike the key-note with its
fifth, I hear every second vibration of one, and
every third of the other at the same time ?

MRS. B,

Yes; and the key-note struck with the fourth is
likewise a concord, because the vibrations are as
three to four. The vibrations of a major third

- with the key-note, are as four to five; and those of
a minor third, as five to six,

There are other tones which, though they can-
not be struck together without producing discord,
if struck successively, give us the pleasure which is

 called melody. Upon these general principles the -
science of music is founded; but I am not suffi-

ciently acquainted with it to enter any further
into it. " =






CONVERSATION XI1V.

ON OPTICS.

OF LUMINOUS, TEANSPARENT, AND OPAQUE BO-
DIES. — OF THE RADIATION: OF. LIGHT. — OF
SHADOWS.— OF THE REFLECTION OF LIGHT, —
OPAQUE BODIES SEEN ONLY BY REFLECTED
LIGHT. — VISION . EXPLAINED. — CAMERA OB-
SCURA. — IMAGE OF OBJECTS ON THE RETINA,

S EER——
CAROLINE.

*1 rove to begin our lesson to day, Mrs. B;, for T
expect that it will be very entertaining.

: MRS. B.

Optics is certainly one of the most Interesting
branches of Natural Philosophy, but not one of the
easiest to understand; I must therefore beg, that
you will give me the whole of your attention.

I shall first inquire, whether you comprehend
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the meaning of a luminous body, an opague body,
and a fransparent boty.

: CAROLINE.
A luminous body is one that shines; an
opaque . ...

MRS, B,
Do not proceed to the second, until we have
- agreed upon the definition of the first. Al bodies
that shine are not luminous; for a luminous body
is one that shines by its own hghts as the sun, the
fire, a candle, &c. ;

EMILY. .
Polished metal then, when it shines with so much
brilliancy, is not a luminous body ?

MRS, B.

No, for it would be dark if it did not reccive
light from a luminous body; it belongs, therefore,
to the class of opaque or dark bodies, which com-
prehend all such as are neither lumineus nor wi Hk'
admxt the light to pass throuah them. ;

RMIEYLE e e e
And transparent bodies, are those which admn, :
the hght to pas* through them such as g}dss dnd
w«tte1 : : ‘
-
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MRS. B.

You are right. Transparent or pellucid bodies,
are frequently called mediums ; and the rays of light
which pass through them, are said to be transmitted
by them.

Light, when emanated from the sun, or any othe1
luminous body, is projected forwards in straight
lines in every possible-direction: so that the lu1m~
nous body is et only the' general centre from
whence all the rays proceed; but every point of it
may be considered as a centre which radiates light
i1 every direction. (Fig. 1. Plate XV.)

DMILY.
I)ut do.not the mys swhich are projected in dif-

ferent dmectlons, and cross each other, intérfere and
impede e'lch other’s ceur‘e?

| MRS: B. e (
Not atall. The particles of light are so extremely
minute, that they are never knovm to interfere with
~each other. A ray of light, is a single line of light
v projected‘ﬁ'om ‘a luminous - bddy; and a pencil of
rays, is au collection of rays, proceeding from any
one pomt of a luminous body, as ﬂg. 2 :

CAROLINE.

Is hnht then a subsmnce composed of pal ncles
lile other bodies?

-
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MRS. B.

That 1s a disputed point, upon which I cannot
pretend to decide. In some respects, light is obe-
dient to the Jaws which govern bodies; in others, it
appears. to be independent of them: thus though
its course is guided by the laws of motion, it does
not seem to- be influenced by those of gravity. It
has never been discovered to have weight, thoughk
a variety of interesting experiments have been made
with a view of ascertaining that point; but we are
s0 ignorant of the intimate nature of Jight, that an
attempt to investigate it would lead us into a laby-
¢ rinth of perplexity, if not of error; we shall there-
fore confine our attention to those properties of
light which are well ascertained.

Let us return to the examination of the effects
of the radiation of light from a luminous body.
Since the rays of hOht are projected in str w*ht
lines, when they meet w1th an opaque body through :
- which they are unable to pass, they are stopped

short in their course; for they cannot move in a
curve line round the body. '

e et

CAROLINE. e
No, certainly; for it would require some other .
force besides that of prqecﬂon, to produce motron

m a curve line, 7 §
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MBS, B.

The interruption of the rays of hght, b) the
opaque body, produces, therefore, darkness on the *
opposite side of it; and if this darkness fall upon a
wall, a sheet of paper, or any object whatever, it
forms. a shadow.

: EMILY.
A shadow then, is nothing more than -darkness
produced by the intervention of an opague body,
which prevents the rays of light from reaching an
~ object behind the opaque body.

: | CAROLINE. o
Why then are shadows of different degrees of
darkness; for I should have supposed from your

definition of ashadow, that it would kave been per—
fectly black ? :

, MRS, Bo - ;

It frequently happens that a shadow is produced
by an opaque body interrupting the course of the
' zays from one luminous body, while light from

another reaches the space where the shadow s
- formed, in which case the shadow is proportionally
 fainter. This happens if the opague body be lighted
by two candles: if you extinguish one of them,
- the ahadow wx]l be bnth deeper and more distirict.
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/ CAROLINE.
The re-appearance of the sun after an eclipse,
must by the same contrast be remarkably bril-
liant.. :

MRS, B.
Certainly. . There are several things to be ob-.
served in regard to the form and extent of sha-
dows. If the luminous body A (fig. 3.) is larger
* than the “opaque body B, the shadow will gra-
dually diminish in sjze, till it terminate in a point.

CAROLINE. :

This is the case with the shad6ws of the earth
and the moon, as the sun which illumines them, is
larger than either of those bodies.. . And why is it
not the case with the shadows of terrestrial objects,
which are equally illumined by the sun? but their
shadows, far from diminishing, are always larger
than  the object, and increase with the distance
from if. ' 5

MRS.,*’

In estimating the offect of shadows, we must
consider the epparent not the real dimensions of the
lumineus boily; and in this point of view, the sun

is a small object compared: with the generality of
the terrestrial bodies which it illumines: and when
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- the Juminous body is less than the opaque body,
the shadow will increase with the distance to in-
finity, - All objects, therefore, which are appa-
vently larger than the sun, cast a jnaghiﬁed sha-
dow. This will be best exemplified, by obsery-
ing the shadow of an object lighted by a candle.

-~ EMILV.

I have often noticed, that the shadow of my

figure against the wall, grows larger as it is more

distant from me, which is owing, no doubt, to the

i candle that shines on me being much smaller than
' myselfp

; MES. B.
Yes. The shadow of a figure A, (ﬁg. 4.)
‘varies in size, according to the distance of the
several surfaces B C D E, on which it is de-

scribed.

CAROLINE.

I have observed, that two candles produce two

shadows from the same object; whilst it would

appear, from what you said, that they should rather

_produce only half a shadow, that is to say, a very

. faint one. :

MERS.

"The number of hghts (m different duecnom)
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MRS. B.
Precisely. !
‘ EMILY.
But is that side of the house yonder, which ap-

pears to be in shadow, really illumined by the sun,
and its rays reflected another way ?

MRS. B.

iNo; that is a different case from the sheet of
water. That side of the house is really in shadow;
itis the west side, which the sun cannot shine upon
till the afternoon.

EMILY.

Those objects, then, which are Ulumined by re-
flected rays, and those which receive direct rays.
from the sun, but which: do not reflect those.
rays towards us, appear equally in shadow ?

- MRS. B.

Certainly; for we see them both illumined by
reflected rays. That part of the sheet of water, over
which the trees cast a shadow, by what light do
you gee it? -

EMILY.
Since it is not by the sun’s direct rays, it must

be by those reflected on it from other objects, and
which 1L aaam 1eﬁects to us.
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CAROLINE.

But if we see all terrestrial objects by reflected

light, (as we do the nioon,) why do they appear so

bright and luminous? I should have supposed,

that reflected rays would have been dull and faint,
like those of the moon.

MRS. B.
The moon reflects the sun’s light with as much.
vividness as any terrestrial object. If you look at it
on a clear night, it will appear as bright as a sheet
of water, the walls of a house, or any object seen
by day-light, ‘and ‘on which the sun shines, ‘The.
rays of the moon are doubtless feeble, when com-
pared with those of the sun; but that would not be
a fair comparison, for the former are incident, the
latter reflected rays.

CAROLINE.
True; and when we see terrestrial objects by
moon-light, the light has been twice reflected, and
is consequently proportionally fainter.

MRS. B..

In travei‘sing the atmosphere, the rays, both
of the sun and moon, lose some of their light.
- For though the pure air is a transparent medium,
which transmits the rays of light freely, we have
observed, that near the surface of ¢h g:uth it is
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loaded with vapours and exhalations, by which some
portion of them are absorbed. :

CAROLINE.

I have often noticed, that an object on the sum-
mit of a hill appears more distinct than one at an
equal distance in a valley, or on a plain; which is
owing, I suppose, to the air being more free from
vapours in an elevated situation, and the reflected

rays being consequent]y brighter. -

MRS. B :

Th'lt‘-mqy have some sensible effect; but when
an object on the summit of a hill has a back ground
of light sky, the contrast with the object makes its
outline more distinet.

N
CAROLINE.

-~ I now feel well satisfied; that we see opaque

objects only by reflected rays ; but I do not under-
stand. how these rays show wus the objects ﬁom
which they proceed 2 :

MES, B
The rays of light enter at the pupil of the eye,
and proceed to the retina, or optic nerve, which is
‘situated at the back part of the eye-ball; and there
they describe the floure, colour, and (e}xceptm(r
blZC) form a pelfect leplesenhtlon of the obJectj
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from which they proceed. We shall again cloge
the shutters, and admit the light through the small
aperture, and. you will see a picture on the wall,
opposite the aperture, similar to that which is de-
lineated on the retina of the eye.

CAROLINE.

Oh, how wonderful | There is an exact picture
in miniature of the garden, the gardener at work,
the trees blown about by the wind. The land-
scape would be perfect, if it were not reversed; the
ground being above, and the sky beneath. '

: MRS. B. e S8
It is not enough to admire, you must understand
this phenomenon, which is called a camera obscura,
from the necessity of darkening the room, in order
 to exhibit it. , e
This picture is produced by the rays of light re-
flected from the various objects in the garden, and
which are admitted through the hole in the window-
shutter. - 7 '
~ The rags from the glittering weathercock at the
top of the alcove A, (Plate XVI. fig. 1.) represent
it in this spot «; for the weathercock being much
higher than the aperture in the shutter, only a few of
the rays, which are veflected by it in an obliquely
descending direction, can find entrance there.
The rays of light, you know, always move in
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straight lines; those, therefore, which enter the
room in a descending direction, will continue their
course in the same direction, and will, consequently,
fall upon the lower part of the wall opposite the
aperture, and represent the weathercock reversed in
that spot, instead of erect in the uppermost part of
the landscape.

EMILY.

And the rays of light from the steps (B) of the
alcove, in entering the aperture, ascend, and wilk
describe those steps in the highest instead of the
lowest part of the landscape.

MRS. B. ;
Observe, too, that the rays coming from the
alcove, which is to our left, describe it on the wall
to the right; while those which are reflected by the
walnut-tree CD, to our right, delineate its figure
in the picture to the left, cd.  Thus the rays,
coming in different directions, and proceeding
always in right lines, cross each other at their en-
_trance through the aperture: those which come
above proceed below, those from the right go to
the left, those from the left towards the right; thus
every object is represented in the picture, as oc-
cupying asituation the very reverse of that which it
rloes i nature.
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the presence of objects is, perceived by the mind,
through the means of the éyes, we certainly see
only the image of those objects painted on the
retina, B :

. CAROLINE,

This appears to me quite incred
MRS, B, :
The nerves are the only part of our frame cara-
ble of sensation: they appear, therefore, to be the'
wstrements which the mind employs in Its per- .
ceptions; for a sensation always conveys an idea to
the mind. Now it is known,, that our nerves can
be affected only by cm_i‘tact;« and for this reason the
i organs of sense cannot act at a distance: for in-
 stance, we are capable of smelling only particles
which are abtually in contact with the nerves of the
- nose.  We have alveady observed, that the odour
of a flower consists in effluvia, composed of very
minute particles, which penetrate the nostrils, and |
strike upon the olfactory nerves, which instantly

convey the idea of smell to the mind.

; BMIGL s T O
And sound, though it is said to be liefalrd‘at a_j-
Aistance, is, in fact, heard only when the vibrations
of the air, which convey it to_our ea;;s, jstxjikje upon
the auditorymerve. - th i aE B E
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not this prove that I see the objects themselves ¢
for if T beheld only the image, there would be no
necessity for looking up or down, according as the
object was higher or lower than myself.

, - MRS. B. '
I beg your pardon, ‘When you look up to an
“elevated object, it is in order that the rays ; reflected
from it should fall upon the retina of your eyes;
but the very circumstance of directing your eyes
upwards convinces you that the object is elevated,
and teaches you to consider as uppermost the image
it forms on the retina, though it is, in fact, repre-
- sented in the lowest part of it. When you lock
 down upon an object, . .you draw your conclusion
from a similar réasomng, it is thus that we see all
objects in the direction of the rays which reach our
eyes.

But I have a ﬁxrther proof m fayour of what I
have advanced, which, I hope, will remove your
remaining doubts; I shall, however, defer it till
| our next meeting, as Lhe lesson has been suffi-
clently Eong to-day
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Can you tell me, Caroline, why objects at a
distance appear smaller than they really are?

CAROLINE,

T know no other reason than their distance.

MRS. B.-

I do not think I have more cause to be satisfied
-with your reasons, than you appear to be with mine.
‘We must refer again to the camera obseura to
account for this circumstance; and you will find,
that the different apparent dimensions of objects at
diffevent distances, proceed from our seeing, not
the objects themselyes, but merely their image on
the retina. Tig. 1. Plate X VII. represents a row
of trees, as viewed in the camera obscura. - I have
expressed the direction of the rays, from the objects
to the image, by lines. Now, observe, the ray which
comes from the top of the nearest tree, and that
which comes from the foot of the same tree, meet
at the aperture, forming an angle of about twenty-
five degrees; this is called the angle of vision, under
which we see the tree. These rays cross each
other at the aperture, forming equal angles on each
side of it, and represent the tree inverted in the
camera obscura. The degrees of the i Image are
considerably smaller .than o ot the object, but
the proportions are perfectly preserved.

Now let us notice the upper and lower ray, from
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up an avenue, the trees not only appear smaller
as they are more distant, but seem gradually to
approach each other till they meet in a point?

: MRS. B.
~ Not only the trees, but the road which separates
the two rows, forms a smaller visual angle, in pro-
portion as it is more distant from us; therefore the
width of the road gradually diminishes as well as
the size of the trees, till at length the road appa-
rently terminates in a point, at which the trees seem
to meet.

But this effect of the angle of vision will be more
fully illustrated by a little model of an avenue,
which I have made for that purpose. It consists
of six trees, leading to a hexagonal temple, and
- viewed by an eye, on the retina of which the pic-
ture of the objects is delineated.

I beg that you will not criticise the proportions;
for though the eye is represented the size of life,
while the trees are not more than three inches
high, the disproportion does not affect the prin-
ciple, which the model is intended to elucidate.

EMILY, e
The threads which pass from the objects through
the pupil of the eye to the retina, are, I suppose,
to represent the rays of light which convey the
image of the objects to the retina?

Q3
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the motion of the celestial bodies is invisible, not-
withstanding their immense velocity.

7 EMILY.
I am surprised that so great a velocity as 20 de-
grees an hour should be invisible.

MRS. B.

The real velocity depends altogether on the
space comprehended in each degree; and this space
- depends on the distance of the object, and the
obliquity of its path. Observe, likewise, that we
* cannot judge of the velocity of a body in motion
unless we know its distance; for supposing two men
* to set off at the same moment from A and B, (fig. 2.)
to walk each to the end of their respective lines C
and D ; if they perform their walk in the same space
. of time, they must have proceeded at a very different

rate, and yet to an eye situated at E, they will ap-
pear to have moved with equal velocity: because
they will both have gone through an equal number
of degrees, though over a very unequal length of
gromnd.  Sight is an extremely useful sense no
doubt, but it cannot always be relied on, it de-
ceives us both in regard to the size and the distance
of bbjects; indeed our senses would be very liable
to lead us into error, if experience did not set us
right. :
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EMILY,
Between the two, I think that we contrive to ac~
quire & tolerably accurate idea of objects. :

MRS, B.

At least sufficiently so for the general purposes
of life. To convince you how requisite experience
is to correct the errors of sight, I shall relate
to you the ease of a young man who was blind
from his infamcy, and who recovered his sight at
the age of fourteen, by the operation of couching.
At first, he had no idea either of the size or dis-
tance of objects, but imagined that every thing he
saw touched his eyes; and it was not till after
having repeatedly felt them, and walked from one
object to another, that he acquired an idea of their
respective dimensions, their relative situations, and
their distances.

CAROLINE.
The idea that objects touched his eyes, is however
not so absurd, as it at first appears; for if we con-

sider that we see only the image of objects, thlc
image actually touches our eyes.

MRS. B..
That is doubtless the reason of the opinion he
formed, before the sense of touch had corrected his
judgment.
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CAROLINE.
That is true indeed !

MRS. B.

There are evidently two representations of the
bell-rope in different situations, which must be ow=
ing to an image of it being formed on both eyes ; if
the action of the rays therefore on each retina were
not so perfectly similar as to produce but one sen-
sation, we should see double, and we find that to
be the case with many persons who are afflicted
with a disease in one eye, which prevents the rays
of light from affecting 1t, i the same manner as the
otheu

EMILY.

Pray, Mrs. B., when we see the image of an ob-
ject in a looking-glass, why is it not inverted as in
the camera obscura, and on the retina of the eye?

MRS. B

Because the rays do not enter the mirror by a
small aperture, and cross each other, as they do at
the orifice of a camera obscula, or the pupll of the
eye. -
When you view yourself in" a mirror, the rays
from your eyes fall perpendicularly upon it, and are
reflected in the same line; the image is therefore
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described behind the glass, and is situated in the
same manner as the object before it.

EMILY.

Yes, I see that it is; but the looking-glass is not
nearly so tall as I am, how is it therefore that I can
see the whole of my figure in it?

MRS. B.

It is not necessary that the mirror should be more
than half your height, in order that you may see
the whole of your person in it, (fig.3.) The ray
of light C D from your eye, which falls perpen-
dicularly on the mirror B D, will be reflected back
in the same line; but the ray from your feet will
fall obliquely on the mirror, for it must ascend In
~order to reach it; it will therefore be reflected in
the line D A: and since we view objects in the
direction of the reflected rays, which reach the eye,
and that the image appears at the same distance
_ behind the mirror that the object is before it, we
must continue the line A D to E, and the line C D
to F, at the termination of which, the image will be
represented.

EMILY.
Then I do not understand why I should not see
the whole of my person in a much smaller mirror,
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tion of the reflected rays, I must place myself as
much to the left of the glass as Emily stands to

~the right of it.—Now I see her image, but it is not
straight before me, but before her; and appears at
the same distance behind the glass, as she is in front
of it,

MRS. B.

- You must recollect, that we always see objects in

_ the direction of the last rays which reach our eyes.

Figure 4. represents an eye looking at the image of

a vase, reflected by a mirror; it must see it in the

direction of the ray A B, as that is the ray which

brings the image to the eye; prolong the ray to C,
and in that spot will the image appear.

CAROLINE.

1 do not understand why a looking-glass reflects |
the rays of light; for glass is a transparent body
which should transmit them?

_ MES. B,

It is not the glass that reflects the rays which .
form the image you behold, but the mercury be-
hind it. The glass acts chiefly as a transparent case,
through which the rays find an easy passage.
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\

CAROLINE. ‘
Why then should not mirrors be made simply
of mercury -
MRS. B.

.~ Because mercury is a fluid. By amalgamating it
“with tin-foil, it becomes of the consistence of paste,
attaches itself to the glass, and forms in fact a mer-
* curial mirvor, which would be much more perfect
without its glass cover, for the purest glass is never
perfectly transparent ; some of the rays thevefore are
lost during their passage through it, by being either
absorbed, or irregularly reflected.
This imperfection of glass mirrors has introduced
the use of metallic mirrors, for optical purposes.
EMILY. f
But since all opaque bodies reflect the rays of
light, T do not understand why they are not all
mirrors?

CAROLINE.

A curious 1dea deed, sister; it would be very
 gratifying to see oneself in every object at which one
looked.

MRS. B. .
It is very true that all opaque objects reflect

R
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light; but the surface of bodies in general is so
* rough and uneven, that their reflection is extremely
rregular, which prevents the rays from forming an
image on the retina. This you will be able to
_ understand better, when I shall explain to you the
nature of vision, and the structure of the eye.

You may easily conceive the variety of directions
in which rays would be reflected by a nutmeg-
grater, on account of the inequality of its surface,
and the number of holes with which it is pierced.
All solid bodies resemble the nutmeg-grater in these
respects, more or less; and it is only those which
are susceptible of receiving a polish, that can be
made to reflect the rays with regularity. As hard
bodies are of the closest texture, the least porous,
and capable of taking the highest polish, they make
the bestmirrors; none therefore are so well calcu-
lated for this purpose as metals.

CAROLINE.
But the property of regular reflection is not con-
fined to this class of bodies; for I have often seen
myself in a highly polished mahogany table.

MRS. B.
‘Certainly; but as that substance is.less durable,
and its reflection less perfect, than that of metals, T
believe it would seldom be chosen for the purpose of
a mjrror.
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There are three kinds of mirrors used in optics 3
the plain or flat, which are the common mirrors
we have just mentioned ; convex mirrors; and con-
cave mirrors. The reflection of the two latter is
very different from that of the former. The plain
mirror, we have seen, does not alter the direc-
tion of the reflected rays, and forms an image be-
hind the glass exactly similar to the object before
it. A convex mirror has the peculiar property of
making the reflected rays diverge, by which means
it diminishes the image ; and a concave mirror makes
the rays converge, and under certain circumstances,
magnifies the image.

EMILY. :

We ha\e a convex mirror in the drawing-room,
which forms a beautiful miniature picture of the
objects in the room; and I have often amused my-
self with looking at my magnified face in a concave
mirror. But I hope you will explain to us why the
one enlarges, while the other diminishes the objects
it reflects.

MRS. B
Let us bebin by examining the reflection of a
convex mirror. This is formed of a portion of the
exterior surface of a sphere. When several parallel
rays fall upon it, that ray only which, if prolonged
would pass through the centre or axis of the mirror,
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is perpendicular to it. In orderto avoid confusion,

I have, in fig. 1. Plate XVIII., drawn only three

parallel lines, A B, C D, EF, to represent rays

falling on the convex mirror M N; the middle ray,

you will observe, is perpendicular to the mirror, the
others fall on it obliquely.

CAROLINE.

~ As the three rays are parallel, why are they not
all perpendicular to the mirror?

MRS. B,

They would be so to a flat mirror; but as this is
spherical, no ray can fall perpendicularly upon it
which is not directed towards the centre of the

' sphere. :

Gy EMILY.
Just as a weight falls perpendicularly to the earth
when gravity attracts it towards the centre.

.~ MRS. B..

In order, therefore, thatraysmay fall perpendicu-
larly to the mirror at B and F, the rays must be
in the direction of the dotted lines, which, you may
observe, meet at the centre O of the sphere, of
which the mirror forms a portion. '
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Now can you tell me i what direction the three

rays, A B, CD, E I, will be reflected ?

EMILY,

Yes, I think so: the middle ray falling perpendi-
cularly on the mirror, will be reflected in the same
line: the two others falling obliquely, will be re--
flected obliquely to G H; for the dotted lines you
have drawn are perpendiculars, which divide their
angles of incidence and reflection. -

MRS. B.

Extremely well, Emily: and since we see objects
in the direction of the reflected ray, we shall see
the image at L, which is the point at which the re-
flected rays, if continued through the mirror, would
unite and form an image.  This point is equally
distant from the surface and centre of the sphere,
and is called the imaginary focus of the mirror.

CAROLINE.
Pray, what is the meaning of focus ?

. MBES. B.

A point at which converging rays unite. = And
it is in this case called an imaginary focus; because
the rays do notereally unite at that point, but only
appear to do so: for the rays do not pass through
the mirror, since they are reflected by it.
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EMILY.
I do not yet understand why an object appears
smaller when viewed in a convex mirror.

MRS. B.

It is owing to the divergence of the reflected
rays. You have seen that a convex mirror converts,
by reflection, parallel rays into divergent rays; rays
that fall upon the mirror divergent, are rendered still
more so by reflection, and convergent rays ‘are re-
flected either parallel, or less convergent. If then
an object be placed before any part of a convex
mirror, as the vase A B, fig. 2. for instance, the
two rays from its extremities, falling convergent on
the mirror, will be reflected less convergent, and
will not come to a focus till they arrive at C; then
an eye placed in the direction of the reflected rays,
will see the image formed in (or rather behind) the
mirror at @ 0.

CAROLINE.

But the reflected rays do not appear to me to
converge less than the incident rays. I should have
supposed that, on the contrary, they converged more,
since they meet in a point?

MRS: B.
- They would unite sooner than they actually do,
if they were not less convergent than the incident
rays: for observe, that if the incident rays, instead
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of being reflected by the mirror, continued their
course in their original direction, they would come_
to a focus at D, which is considerably nearer to the
mirror than at C; the image is therefore seen under
a smaller angle than the object; and the more dis-
tant the latter is from the mirror, the less is the
image reflected by it,

You will now easily understand the nature of the.
reflection of concave mirrors. These are formed of
a portion of the internal surface of a hollow sphere,
and their peculiar property is to converge the rays
of light. _

Can you discover, Caroline, in what direction
the three parallel rays, A B, CD, E F, which fall
on the concave mirror M N, (fig. 3.) are reflected ?

CAROLINE.

I believe I can. The middle ray is sent back
in the same line, as it is in the direction of the axis’
of the mirror; and the two others will be reflected
obliquely, as they fall obliquely on the mirror. I
must now draw two dotted lines perpendicular to
their points of incidence, which will divide their
angles of incidence and reflection ; and in order that
those angles may be equal, the two oblique rays
must be reflected to L, -where they will unite with
the middle ray.

MRS. B.
Very well explained. Thus you see, that when
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GAROLINE.

Oh;, now I understand it clearly. The rays which
proceed from a: light placed in the focus of a con-
cave mirror fall divergent upon it, and are reflected
parallel. It is exactly the reverse of the former
experiment, in which the sun’s rays fell parallel
on the mirror, and were reflected to a focus.

MRS. B.

Yes: when the incident rays are parallel, the re-
flected rays converge to a focus; when, on the con-
trary, the incident rays proceed from the focus,
they are reflected parallel. Thisis an impoxtant law
of optics, and since you are now acquainted with
the principles on which ‘it is founded, I hope that
you will not forget it.

CAROLINE., :
I am sure that we shall not. But, Mrs. B., you
said that the image was formed in the focus of a
concave mirror; yet I have frequently seen glass
concave mirrors, where the object has been repre-
sented within the mirror, in the same manner as in
4 CONVex MIrror. :

MRS. B.

. That is the case only, when the object is placed
between the mirror and its focus; the image then
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rose-ls of a pale red: it approaches nearer to white
than black; it therefore reflects rays more abun-
(hm]y than it absorbs them.

EMILY.

But if a rose has so strong a tendency to reflect
vays, I should have imagined that it would be of
a deep red colour.

MRS, B.

I mean to say, that it has a general tendency to
reflect rays. P11e-coloured bodies reflect all the
coloured rays to a certain degree, which pi oduces
their paleness, approaching to whiteness: but one
colour they reflect more than the rest; this predo-
minates over the white, and determines the colour
of the body. Since, then, bodies of a pale colour in
sowe degree reflect all the rays of light, in’passing
through the various colours of the spectrum, they
will reflect them all with tolerable brilliancy; but
will appear most vivid in the ray of their natural
colour. The green leaves, on the contrary, are of
a dark colour, be'trmv a stronger resemblance to
black, than to whlte' they have, therefore, a
greater tendency to absorb, than to reflect rays; and
reflecting very few of any but the blue and yellow
rays, they will appear dmgy in passing through

the other colonrq of the spectuum
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the sun: it has a yellowish tinge, and when rc-
fracted by the prism, the yellow rays predominate ;
and as blue bodies reflect the yelﬁ»w rays in the
next proportion (being next in order of refrangibi-
lity), the superabundance of yellow rays gives to
blue bodies a greenish hue. «

‘ CAROLINE.

Candle-light must then give to all bodies 2 yef-
lowish tinge, from the excess of yellow rays; and
vet it is a common remark, that people of a sallow
complexion appear fairer or whiter by candle-light.

IIRS. B.
The yellow cast of their complexion is not so
striking, when every object has a yellow tinge.

AEMILY.

Pray, why doet: the sun appear red through a
fog ?

MRS. B.

It is supposed to be owing to the red rays hav-
ing a greater momentum, which gives them power
to traverse so dense an atmosphere. For the same
reason, the: sun generally appears red at rising and

setting; as the increased quantity of atmosphere,
which the oblique rays must traverse, loaded with
the mists and vapours which are usually formed at






594 ON REFRACTION AND COLOURS.

impeded in their return, and are chiefly reflected by
the atmosphere: this reflection is perfbrmed n every
possible direction; so that whenever we look at the
atmosphere, some of these rays fall upon our eyes;
hence we see the air of a blue colour. If the at-
mosphere did not reflect any rays, though the
objects on the surface of the earth would be illu~
mined, the skies would appear perfectly black.

CAROLINE,

Oh, how melandmly that would be; and how
pernicious to the sight, to be constantly viewing
bright objects against a black sky. But what is the
veason that bodies often change their colour; as
leaves which wither in autumn, or a spot of ink
which produces an iren-mould on linen ?

. MRS.B.

It arises from some chemical change, which
takes place in the internal arrangement of the
- parts, by which they lose their tendency to reflect
certain colours, and acquire the power of reflecting
others. A withered leaf thus no longer reflects the
blue rays; it appears, therefore, yellow or has a
slight tendency to reflect several rays whlch pro-
duce a dingy brown colour. :

* An ink-spot on linen at first absorbs all the nys ;
but, e‘n{posed to the air, it undergoes a chemical
change, and the spot pamaﬂv regains its tendency

106
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exposed to view, b b, which is called the cornes, be-
cause, when dried, it has nearly the consistence of
very fine horn, and is sufficiently transparent for the
light to obtain free passage through it.

The second membrane which lines the cornea,
and envelopes the eye, is called the choroid, ¢ ¢ ¢;
this has an opening in front, just beneath the cor-
nea, which forms the pupil, d d, throngh which
the rays of light pass into the eye. The pupil is
surrounded by a coloured border, called the iris,
¢ ¢; which, by its muscular motion, always pre-
serves the pupil of a circular form, whether it is
expanded in the dark, or contracted by a strong
light.  This you will understand better by examin-
ing fig. 2.

. EMILY. ,‘,
I did not know that the pupil was susceptible of
varying its dimensions.

MRS. B.

The construction of the eye is so admirable, that
it is capable of adapting itself, more or less, to the
circumstances in whichit is placed. In afaint light
the pupil dilates so as to receive an additional quan-
tity of rays, and in a strong light it contracts, in order
to prevent the intensity of the light from injuring the
optic nerve. Observe Emily’s eyes, as she sits look-

| g towards the windows: her pupils appear very
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small, and the iris large. Now, Emily, turn from
the light, and cover your eyes with your hand, so
as entirely to exclude it for a few moments.

» CAROLINE.

How very much the pupils of her eyes are now
enlarged, and the iris diminished. This is, no doubt,
the reason whythe eyes suffer pain, when from dark-
ness they suddenly come into a strong light; for the
pupil being dilated, a quantity of rays must rush in
before it has time to contract.

EMILY.

And when we go from a strong light into obscurity,
we at first imagine ourselves in total darkness; for
a sufficient number of rays cannot gain admittance
mto the contracted pupil, to enable us to distinguish
objects: but in a few minutes it dilates, and we
clearly perceive objects which were before invisible.

MRS. B.
It is just so. The choroid ¢ ¢, is imbued with

a black liquor, which serves to absorb all the rays

that are irregularly reflected, and to convert the

body of the eye into a more perfect camera obscura.

- When the pupil is expanded to its utmost extent, it

is capable of admitting ten times the quantity of
 light that it does when most qqntracted. In cats,

and animals which are said to see in the dark, the



400 OPTICS.

power of dilatation and contraction of the pupil is
still greater : it is computed that their pupils may
receive one hundred times more light at one time
than at another.

Within these coverings of the eye-ball are’ con-
‘tained threetransparent substances, called humours.
"The first occupies the space immediately behind the
cornea, and" is called the aqueous humour, f £
from its liquidity and its resemblance to water.
Beyond this is situated the crystalline humour, ¢ g,
so called from its clearness and transparency: it has
the form of a lens, and refracts the rays of light in
a greater degree of perfection than any that have
been constructed by art: itis attached by two mus-
cles, m m, to each side of the choroid. The back
part of the eye, between the crystalline humour and
the retina, is filled by the vitreous humour, % 7,
which derives its name from a resemblance it is sup-
posed to bear to glass or vitrified substances.

The membr'lnous coverings of the eye are in-
tended chiefly for the preservation of the retina, 74,
which is by far the most important pait of the eye,
as it is that which receives, the impression of the
objects of sight, and conveys it to the mind, The
retina consists of an expansion of the optic nerve,
of a most perfect whiteness: it proceeds from the -
‘brain, enters the eye, at #, on the side next the

nose; and is finely spread over the interior surface
of the choroid.
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The rays of light which enter the ey€ by the pupil
are refracted by the several humours in their passage
. through them, and unite m a focus on the retina.

CAROLINE.
I do not understand the use of these refracting
humours: the image of objects is represented in the
cam_ra obscura, without any such assistance.

MRS. B.

That is true; but the representation would be
much more strong and distinct, if we enlarged the
opening of the camera obscura, and received the
rays into it through a lens.

1 have told you that rays proceed from bodies in
all possible directions. We must, therefore, con-
sider every part of an object which sends rays to our
eyes, as points fram which the rays diverge, as from,
a centre,

EMILY.
These divergent rays, issuing from a single point,
I believe you told us, were called a penml of rays ?

MES. B.

Yes. Now, divergent rays, on entering the pupil,
do not cross each other; the pupil, however, is suffi-
ciently large to admit a small pencil of them; and
 these, if not refracted to a focus by the humours,
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would continue divergingrafter they had passed the
pupil, would fall dispersed upon the retina, and thus
the image of a single point would be expanded over
a large portion of the retina. The divergent rays
from every other point of the object would be spread
over a similar extent of space, and would interfere
and be confounded with the first ; so that no distinet
image could be formed, and the retina would repre-~
sent total confusion both of figure and colour. Fig. 3.
represents two pencils of rays issuing from two
points of the tree A B, and entering the pupil C; re-
fracted by the crystalline humour 1D, and forming
distinet images of the spot they proceed from, on the

- retina, at @ b. Fig. 4. differs from the preceding,
merely from not being supplied with a lens; in con-
sequence of which the pencils of rays are not refract-
ed to a focus, and no distinct imageis formed on the
retina. I have delineated only the rays issuing from
two points of an object, and distinguished the two
pencils in fig, 4. by describing one of them with
dotted lines: the interference of these two pencils of
rays on the retina will enable you to form an idea

- of the confusion which would arise, from thousands
and millions of points at the same instant pouring
their divergent rays upon the retina.

EMILY.

Lrues but I do not yet well understand how the -
relracting humours remedy this imperfection,
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MRS. B.

The refraction of these several humours unite the
whole of a pencil of rays, proceeding from any
one point of an object, to a corresponding point on
the retina, and the image is thus rendered distinet
and strong. If you conceive, in fig. 8., every point
of the tree to send forth a pencil of rays similar to
those, A B, every part of the tree will be as
accurately represented on the retina as the points
a b, . : %

EMILY.

How admirably, how wondelfullv, this is con-

trived!

CAROLINE.

But since the eye requires refracting humours in
order to have a distinct representation formed on the
retina, why is not the same refraction necessary for

 the image formed in the camera obscura?
> MRS. B.

Because the aperture through which we received
the rays into the camera obscura is extremely small;
so that but very few of the rays diverging from a
point gain admittance; but we will now enlarge the
 aperture, and furnish it with a lens, and you will
find the landscape to be more perfectly repre-
sented, ‘

.
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CAROLINE.

How obscure and confused the image is now
that you have enlarged the opening, without putting
in the lens.

MRS. B.

Such, or very similar, would be the represent-
ation on the retina, unassisted by the refracting
humours. DBut see what a difference is produced
by the introduction of the lens, which collects each
pencil of divergent rays nto @elr several foci.

CAROLINE: _
The alteration is wonderful : the representation is
more clear, vivid, and beautiful than eyer.

MES. B

You will now be able to understand the nature of
that imperfection of sight, which arises from the eyes
being too prominent. In such cases, the crystalline
bhumour, D, (fig. 5.) being extremely convex,
refracts the rays too much, and collects a pencily
proceeding from the object A B, into a focus, F,
before they reach the retina. Irom this focus, the -
rays proceed diverging, and consequently form a
very confused image on the retina, at a 6. This
is the defect of short-sighted people.

‘ EMILY.
T understand it perfectly. ~ But why is tlus defect
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remedied by bringing the object nearer to the eye,
as we find to be the case with short-sighted people ?

; MRS: B.

The nearer you bring an object to your eye, the
more divergent the rays fall upon the crystalline
humour, and they are consequently not so soon
converged to a focus: this focus, therefore, either
falls upon the retina, or at least approaches nearer
to it, and the object is proportionably distinct, as in
fig. 6.

; EMILY.
The nearer, then, you bring an object to.a lens,
the further the image recedes behind it.

MRS. B,

Certainly.  But = short-sighted persons have
another resource for objects which they cannot
vapproz'lch to their eyes; this is to place a concave
lens, CD, (fig. 1. Plate XXII.) before the eye, in
 order to increase the divergence of the rays. The
effect of a concave lens is, you know, exactly the
~veverse of a convex one: it renders parallel rays
divergent, and those which are already divergent,
still more so. By the assistance of such glasses,
therefore, the rays from a distant object fall on the -
-pupil, as divereent as those from a less distant

C 3
object; and, with short-sighted people, they throw
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the image of a distant object back as fav as the
retina. :
 CAROLINE.

This is an excellent contrivance, indeed.

MRS: Be e
And tell me, what remedy would you devise for
such persons as have a contrary defect in their.
sight; that is to say, in whom the crystalline
humour, being too flat, does not refract the rays
sufficiently, so that they reach the retina b(‘fom
they are converged to a point ?

CAROLINE:

I suppose that a contrary remedy must be
applied to this defect ; that is to say, a convex lens,
L M, fig. 2., to make up for the deficiency of
convexity of the crystalline humour, O P.  For
the convex lens would bring the rays nearer toge-
ther, so that they would fall either less divergent,

- or parallel on the crystalline humour ; and, by being
sooner convelged to a focus, would fall on the
retina. !

MRS. B, ;
Very. well Caroline, This 1s the reason why
elderly people, the humours of whose eyes are de~
cayed by age, are under the necessity of using:
convex spectacles,  And when deprived of that
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tina, the confusion, therefore, arising from viewing
an object too near the eye, is similar to that which .
proceeds from a flattened crystalline humour; the
rays reach the retina before they are collected to a
focus, (fig. 4.) If it were not for this imperfection,
we should be able to see and distinguish the parts
of objects, which are now invisible to us from their
minuteness ; for could we approach them very near
the eye, their image on the retina would be so much
magnified as to rerer them visible.

EMILY.
And could there be no contrivance to convey the
rays of objects viewed close to the eye, so that they
should be refracted to a focus on the retina ?

MRS. B. ;
The microscope is constructed for this purpose.
The single microscope (fg. 5.) consists simply of
a convex lens, commonly called a magnifying glass ;
in the focus of which the object is placed, and
through which it is viewed: by this means, you are
enabled to approach your eye very near the object, -
for the lens A B, by dimimishing the divergence of
the rays, before they enter the pupil C, makes them
fall parallel on the crystalline humour D, by which
they are refracted to a focus on the reting, at R R.
: T g
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EMILY.

'This is a most admirable invention, and nothing
can be more simple, for the lens magnifies the ob-
ject merely by allowing us to bring it nearer fo the
€ye.

MRS. B.
Those lenses, therefore, which have the shortest
focus will magnify the object most, because they
enable us to bring the object nearest to the eye.

EMILY.

But a lens, that has the shortest focus, is most
bulging or convex; and the protuberance of the lens
will prevent the eye from approaching very near to
the object. :

MRS. B.

This is remedied by making the lens extremely
small : it may then De spherical without occupying
much space, and thus unite the advantages of a
short focus, and of allowing the eye to approach the
object.

" CAROLINE,

‘We have a microscope at home, which is a much
- more complicated mstrument than that you have

descr: lbed
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MRS. B.
It is a double microscope (fig. 6.), in which you
see, not the object A B, but a magnified image of
it, @ b. In this microscope, two lenses are em-
ployed, the one, L M, for the purpose of magnify-
- ing the object, is called the object glass; the other,
NO, acts on the principle of the single microscope,
and is called the eye-glass. ;
There is another kind of microscope, called the
solar microscope, which is the most wonderful from
its great magnifying power: in this we also view,
an image formed by a lens, not the object itself.
As the sun shines, I can qhow you the effect of this
microscope ; but for this purpose, we must close the
shuttels, and admit only a small portion of light,
through the hole in the window-shutter, which we
used f01 the camera obscura. We shall now place the
object A B, (Plate XXIII. fig.1.) which is a small
insect, before the lens C D, and nearly at its foeus
the,'—ima.ge E F, will then be represented on the
opposite wall in the same manner as the landscape
was in the camera obscura; with this difference,
that it will be magnified, instead of being dimi-
nished. I shall leave you to account for this, by
examining the figure. :
EMILY. &g ; o
s see it at once. The i image E F is magmﬁed
becayse it is farther from the lens, than the object *
T 2 : B
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A Bj; while the representation of the landscape was
diminished, because it was nearer the lens, than the
landscape was. A lens, then, answers the purpose
equally well, either for magnifying or diminishing

objects ? |

MRS, B. e

~ Yes: if you wish to magnify the image, you place

the object near. the focus of the lens; if you wish

to produce a diminished image, you place the ob-

ject at a distance from the lens, in order that the
image may be formed in, or near the focus.

CAROLINE. ’
The magnifying power of this microscope, is
prodigious; but the indistinctness of the image for
want of light, is a great 1mpelfect10n Would it
not be cleaver, if the opening in the shutter were
enlarged, so as to admit more light.

MRS. B.
If the whole of the light admitted does not fall
upon the object, the effect will only be to make
the room lighter, and the image consequently less

distinct.

- EMILY.

: ; .
But could you not by means of another lens
bring a large pencil of rays to a focus on the ob-
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CAROLINE. ,

Oh, how much more distinct the image now is, *
and how wonderfully magnified ! The mites on the
cheese look like a (hove of pigs scrambling over
rocks.

EMILY. ‘

I never saw any thing so curious. Now, an im-
mense piece of cheese has fallen : one would imagine
it an earthquake : some of the poor mites must have
been crushed ; how fast they run, — they absolutely
seem to gallop.

But this microscope can be used only for trans-
parent objects; as the light must pass throufrh them
to form the fmage on the wall ? :

MRS. B.
Very minute objects, such as are viewed in -a
microseope, are generally transparent ; but when
opaque objects are to be exhibited; a mirror' M N
(fig. 3.) is used to reflect the light on the side of
the object next the wall: the image is then formed
by light reflected from the object, instead of being
* transmitted through it. : :

EMILY.

Pray, is not a magic lanthorn constructcd on the
same principles?
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. MRS. B.
les, with this difference, * that the light 1s snp~
-plied by a lamp, instead of the sun.

The microscope is an excellent invention, to en-
able us to see and distinguish objects, which are
too small to be visible to the naked eye. But there
are objects, which, though not really ‘small, appear
so to us, from their distance; to these we cannot
apply the same remedy; for when a house is so far
distant, as to be seen under the same angle as a
mite which is close to us, the effect produced on the
reting is the same: the angle it subtends is not
large enough for it to form a distinct image on the

reting.

EMILY.
Since it is impossible, in this case, to approach
the object to the eye, cannot we by means of a
lens brinfg an image of it nearer to us?

MRS, B
: Yes but then, the object being g very distant ﬁom
the focus of the lens, the image Would be too sm'\ll
to be visible to the naked eye. 3 - i

¢

Y Y EMILY. S
| Then, why not look at the image through another
lens, which will' act as a microscope, enable us ta
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bring the image close to the eye, and thus render it
visible ?

MRS. B.

Very well Emily; I congratulate you on haying
invented a telescope. In figure 4, the lens C D,
forms an image E I, of the ob_]ect A B; and the lens
X Y serves the purpose of magnifying that image ;
and this is all that is required in a common refract-
ing telescope: 3

EMILY.

But in fig. 4. the ihlage is not inverted on the
retina, as objects usually are: it should therefore
appear to us inverted; and that is not the case in
the telescopes I have looked through.

MRS. B.

‘When it is necessary to represent the image
erect, two other lenses are required; by which
means a second image is formed, the reverse of the
first, and consequently upright. These additional
glasses are used to view terrestrial objects; for no
inconvenience arises from seeing the celestial bodies
mverted, :

EMILY.
The difference between a microscope and a tele-.
scope, seems to be this : — a microscope produces a
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