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THE SIXTH CONFERENCE.
ON FIRE. :

SIR THOMAS.
E are now, my dear children, about
to enter upon a difcuflion of the
nature, powers, and properties of Fire.

I fhall, previous to the queftions of Lady
Caroline, lay down fome definitions, which
it is indifpenfably necefary that you be made
acquainted with;

Vor, ILE B 1ft,
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ift. Fire isavery fubtile body, differing
from all others known to man., Confidered
In its principle, it muft be fomething more
than the inteftiné motion of heated parts, or
the actual diflipation of inflamed bodies ; for
in the natural ftate, all motion once im-
prefled, flackens at laft, and ceafes to be
perceptible, by being diftributed to a greater
quantity of matter. Fire, on the contrary,
1s communicated with increafe, a {park be-
comes a conflagration. -

Fire, confidered in its principle, is true
matter : Firft, becaufe it has all the moft
effential attributes of it, fuch as extenfion,
{olidity, &c. Secondly, becaufe it likewife
poilefles the properties moft commeon to mat«
ter, as mobility and gravity. This fub-
ftance 3s 2 being apart from all others,
and of which the nature is fixed and unal-
terable.

_2d. Elementary fire fhould be confidered
as a fluid, but a fluid which neverceafes to-
exift. It appears, that it is the origin

~
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of all fluidity, {ince, by the help of thisele-
ment, the different parts of bodies are ftir-
red up and feparated from each other, when
they partake of that refpective mobility
which diftinguithes fluids from {olid bo-
dies.
3d. The matter of fire (which, befides,
is the fame as that of light) is the moft {ub-
tile, the moft penetrating, and the moit
-elaftic of all matters we are acquainted with.
Nothing can refift it, and it refifts every
thing, except a copious quantity of water.
/A diamond, that by chance may have drop-
ped into fire, becomes unpolifhed, its angles
are blunted, and it lofes its tranfparency.
In fire, likewife, all mixed bodies are dif-
compofed.
4th. There is fire every where, and in
all things: this element fills the vacuities
that are left betwixt the particles of a folid
or fluid body ; and it more or lefs diltends
them, according to the immediate degree of
its activity. The {malleft portions of mat-
B2 fer,
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ter, of whatever {pecies they be, excepting
atoms, contain within them a proportional
quantity of fire, which cannot get vent, burit
forth, or thine, until it {hall have forced its
paﬁ‘age through the body that contains
it 5 but which will not take place until jt
ihall have received a degree of force fupe-
Tior to the refiftance by which it is re-
ftrained. Now, as parts of matter are, ac-
cording to their fpecies, more or lefs dif
ficult to difunite in a mixed body, which is
put into fire, the particles of a certain order
will cede to the internal power which tends
to diflipate them ; becaufe the degree of fire
which actually reigns in the total mafs, is
fufficient to occafion this effe&t, while
others will refift ; not that they likewife
contzin an equal caufe of difunion, but
only that this caufe has not received the ﬁlC
that a&s outwardly, fufficieptly intenfe
to produce this effe®. Thus every thing
is inflammable in this fenfe - ; falt and earth,
which make the afhes of charcoal, and
which
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which are almoft always prefented under
the form and colour of grey powder, would
affume the rednefs of a burning coal, if we
applied a degree of fire {ufficient to animate
that which is retained in the fixed parts, and
which would make its appearance on the
furface, Even water would become burn-
ing, and fhine like light, if the elementary
parts which compofe its particles, and
which we alfo allow to be fhut up within
them, could be difunited with as much fa-
cility as the particles themfelves rclinquifh

the mafs in order to evaporate.
sth. Some people think that certain bo-
dies are more inflammable than others, be-
caufe they contain more material fire j
others believe that, this element being
equally expanded in all bodies, a matter
inflammable differs from another, not be-
caufe it contains more fire, but only that
its own parts are of a nature more eafily to
yield to the a&ion of fire, when excited ;
becaufe, fay they, all bodies, when they
B3 have
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have been a fufficient time in one and the
fame place, affume the fame tempera-
ture. .

6th. There are two principal caufes
that may produce heat in bodies. The
firft is the prefence of the fun, and the di-
reCtion of the rays which it emits. Bodies
Teceive, by the prefence of the fun, a new
fire in their pores, fo much the more, as
the incidence of his rays is more perpendi-
cular. The fecond caufe which manifefts
fre, is to put it into action, which inter-
rupts the equilibrium to which it tends,
In a word, what gives to the parts of fire
contained in bodies that motion and ap-
pearance which they produce, is their fric-
tion one againft the other., Every method
which we have of exciting and extralling
fire, is only a modification of this fecond
caufe, which thews itfelf {fo much the more
powerfully, as the bodies on which we
exert the friction are exactly and clofely ap-
plied to cach other,

Thefe
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Thefe definitions, preparatory to the
queftions that Lady Caroline is about to
put to you, I am {ure muft have the proper
efte& upon your minds. I now, my good
children, refign to her the tafk of examin-
1ng you.

LADY €CAROLINE?

Why, George, is the weight of certain

bodies diminifhed by the action of fire ?
GEORGE.

Becaufe the fire diflipates a great nume-
ber of their parts; for inftance, of wa-
ter, 8o

There are, however, certain bodies
whofe weight is increafed by calcination
(burning to a cinder, or to powder) ; be-
caufe there are mixed in thefe bodies he-
terogeneous particles of the atmofphere.

Iron placed in fire increafes in volume ;
becaufe the fire, infinuating itfelf into
its pores, rarcfies and dilates the parts
Ot 1t

LADY
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LADY CAROLINE.

Whence, Kitty, comes it that the par-
ticles of fire which we draw with the {teel
from the flint are fo very fmall?

G,

Tempered fteel, which is very hard, is
never imprefled but with great difficulty.

The fparks that we perceive when we
ftrike the fteel, are round ; becaufe thefe
fmall bodies which fall from the fteel have
been, for an inftant or two, in a ftate of
fufion; and fuch is the figure of all foftened
matters that are freely plunged into a
fluid, as were thefe {mall particles of {teel
in the air at the moment of their {cintilla-
tion (fparkling).

A magnetifed knife attra@s certain par-
ticles which we have carefully gathered to-
gether and put into a paper, becaufe, being

very hard, they have been but fimply
melted.

"The knife cannot draw the other particles,
becaufe by a more violent degree of fire
they
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they have pafled the fimple fufion, and are
transformed into drofs.

When we look at thefe fmall bodies
through a microfcope, we find fome of them
vitrified, and others like drofs. This
comes from the flint, which is ftruck in a
fliding manner againft the fteel, and does
not perhaps attack with an equal degree of
force all the particles that it tears off. Thefe
particles themfelves are fome larger than
others, and we may ftill fuppofe that the
portions of fire which they inclofe are not
all equally difpofed for action.

LADY CAROLINE.

How can the particles of fteel in fo fhort
a time, and apparently by fo flight a caufe
as the {triking of the flint againft it, redden,
melt, and become drofs, William ?

WILLIAM.

Becaufe the fteel and the flint contain a
very great quantity of inflammable matter ;
and that the ftroke, which does not appear
very confiderable to the cye, is immenfe,

with
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with relation to the fmall quantity of mat-
ter upon which it a&s, and which it
ftrikes off.

LADY CAROLINE.

The bamboo, a fort of Indian cane,
when we rub two pieces of it together, pro-
duces fire in the {ame manner as the flint
and fteel. Give me the reafon of this,
Elizabeth.

ELIZABETH.

It is that the friGtion excites the fulphur
which this body contdins in great quan-
tity, and breaks the little inclofures in
which it is pent up.

LADY CAROLINE,

How does it happen, Henry, that by
applying oil or greafe to the iron-work of
certain ‘machines, we hinder them from
taking fire ?

HENRY.

Becaufe the pivots of large machines,
the axletrees of the wheels of carriages, &c,
when we forget to greafe them, fet fire by

frigs
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fri&ion to the wood in which they roll. As
the greafe renders the furfaces more fmooth
and eafy, they certainly muft experience
lefs friCion ; the fire, therefore, lefs agi-
tated in its fmall recefles, does not fo eafily
quit them. But in furfaces not greafed,
the friGion alwdys acts more ftrongly upon
the fire, and brings it forth, after having
made its way through the obftacles that re-
Atrained it : hence, but for this precaution,
the machines would be deftroyed by it,
LADY CAROLINE.

The chifel with which cold iron, or any
other hard metal, is cut, becomes in time
fo hot, that thofe' who wfe it are obliged
to plunge it frequently into cold water to
preferve its temper. Why fo, Fanny ?

FANNY.

The chifel is ftrongly prefled betwixt the
two parts that it divides, which preflure is
equivalent to the ftrokes of the hammer
that the chifel receives on the two extre-
anities of its edge.

Al
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All tools that are ufed for turning or per-
forating ccld metals, burn the fingers of
thofe who heedlefsly touch them ; forin
this cafe they experience great fri&ion.
The particles of fire are put in motion in
their minute retreats, through which they
burft and gain their liberty.

LADY CAROLINE.

Horfe-thoes, and the iron which girds
the wheels of carriages, very often, by {li-
ding, ftrike fire from the ftones of the ftreet,
This does not happen when a piece of foft
iron is ftruck againft a flint.  'What is the
reafon of this, Mary ?

MARY.

In this laft cafe the fri®ion is not f{o
rough, nor the fliding of which you have
fpoken fo continual. The particles of iron
ftruck off by the edge of the ftone, are
plainly too large to produce fire by the de-
gree of heat which this friGiop excites.

A peafant who has nails upon the foles of
his fhoes feldom ftrikes fire like the horfe,

although
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although he fhould flip and flide as much as
that animal, becaufe the friion is not {o
confiderable.

As it is not, however, impoflible for foft
iron to produce ill confequences, we a&
very prudently in removing, as we do,
mills and magazines of powder as far as
we can from every thing that might occa-
fion fire, as the fofteft kind of iron, when
ftruck againft ftreet {tones, gravel, &c.
would do.

LADY CAROLINE. |

How, Edward, is the heat produced in a
ball thrown from a cannon ?

EDWARD.

By the fire which communicates the
powder to the ball, from its friction againft
the fides of the cannon, and from its thock
upon the ftones or the ground on which it
falls, and not from the friction of the air,
fince the moft violent winds never heat any
kinds of bodies.

LADY
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LADY CAROLINE.

According to fome authors, the fri&tion
of branches of trees, in forefts, againft each
other, frequently occafion their taking fire
when agitated by the wind, and which may
be urged on by other circumftances. Ac-
count for this if you can, Sophia.

SOPHIA.

If it be true, Madam, I fhould imagins
that the friétion of the branches excites the
fire of the vegetative bodies, of which =a
great portion of the fubftance is inflam-
mable.

LADY CAROLINE.

You are very right, Sophia, nor can this
happen in any other manner.

The degree of heat, Frederic, acquired
by corn in grinding, is fometimes fo in-
tenfe as to burn it. How does this hap-
pen ¢

FREDERIC.

The mill-ftones either turn with too great

velocity, or have not fufficient room to

play ;
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play ; whichever it be, the motion, too
‘rapid or too ftrong fimply to difunite the
parts of the grains themfelves, communi-
cates even to the fire with which they are
ampregnated : and this caufes burning,

| LADY CAROLINE.

When a perfon {lips down from any
height by a rope which he clofely holds be-
twixt his hands, why, George, does he
experience a fri&%ion that burns the fkin
off and raifes blifters upon it, in the
fame manner as when we touch a too het
fubftance ?

GEORGE.

Becaufe the rope, by the fucceflive afpe-~
rities of its furface, agitates the parts of the
hand which are applied to it, and the fire
which thefe parts contain, irritated by the
clofe and rapid frition, burfts out and
preduces this effedt.

LADY CAROLINE,
When a perfon is agitated, or walks too
Ca2 long,
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long, and with too much fpeed, why,
Kitty, does he feel very much fatigued ?
Il

Becaufe then the limbs of the body have
refpective motions, which reciprocally a&
one againft the other, and give a kind of
heat which exceeds that of the natural flate
of the body ; and this heat is accompanied
or followed by the fenfation of wearinefs.

LADY CAROLINE,

Fri&ion, William, has lefs effe&@ upon
fluids than upon folids. What is the rea-
fon of this?

WILLIAM.

The pasticles of fluids being moveable,
cfcape from the fri®ion which is neceflary
to put in a&ion the fire contained in their
pores.

LADY CAROLINE.
Why, Elizabeth; = dessithie:siktare of

two different fermenting bodies become
hot ?

ELIZA.
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ELIZABETH.

Becaufe the parts of the two bodies ftrike
againft each other, rub, penetrate, and
drive forth the fire contained in their fmall
pores.

Thus when we rapidly pour three ounces
of fpirits of wine upon a fimilar quantity of
water, the mixture becomes heated ; be-
caufe the fmall particles of water are carried
with force into the fmall mafles of the ra-
refigd {pirits of wine, which are {pongious
and fit for being divided, diffolved, and ex-
tended in a liquor adapted to penetrate
them. There is made a diffolution of {pi-
yits of wine by water, {imilar to an exact
fermentation. The fhock, the frition,
the difunion of the parts which held the fire
inclofed betwixt them, fetit at liberty and
produce the heat.

We {ee in this mixture bubbles of air
that interrupt its tranfparency. Thefe
bubbles, which were lodged in the pores of
the refpective liquors, are driven out by the

C3 mutual
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mutual penetration of the two mafles. Dj.
lated afterwards by the new degree of heat
which refults from them, they rife to the
furface on account of their refpective light-
nefs.

LADY CAROLINE.

I have here, my dear children, an ap-
paratus with which I am about to make an
experiment.

You obferve here are three-eighths of an
ounce of new oil of terebinth, which I put
into this large glafs. I pour on it, at two
or three different intervals, as you may ob-
ferve, one-cighth of an ounce of good {pirit
of nitre, and as much oil of vitriol con-
centered,

You now perceive a very thick fmoke,
from which a flame iffues to the height of
fixteen or cighteen inches,

The vapours now having {pread them-
felves, we fmell 2 great fragrance, which,
as the vapours diffipate, becomes more plea-

fant,
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fant, as you muft all experience. Explain
thefe effets to me, Henry.
HENRY.

The effential oils of plants are very in-
flammable liquors, which chemifts look
upon as a large quantity of fulphur, ex-
tended through a {mall portion of phlegm.
The particles of fire which are contained
there, as in other {ubftances, are only en-
veloped and confined by the other bodies
which contain more of them, and which
retain them only in as much as it is necef-
fary to animate their a&tion. When a
very fharp acid predominates in thefe oils,
and when it penetrates them on all parts
with precipitation, all the fmall portions of
fire irritate, if I may ufe the expreflion,
by fri&tion, and difengage themfelves from
the boundaries which confined them before
this diffolution ; they then get their liberty,
and burft out through every part. The
moft {ubtile parts of the mixture diflipate

in flame ; the more grofs parts exhale in
fume,
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fume, which laft produces the aromatic
odour that fo pleafantly regales our fenfe
of fmelling.

- We know that vinegar diffolves coral,
becaufe its acids, penetrating the pores of
the coral, invade, break, and feparate the
parts.

But this kind of diffolution s not fenfibly
heated, becaufe the particles of coral con-
tain but little fulphur, and likewife make
but fmall refiftance to the a&ion of the
acids; confequently there is fcarcely any
agitation, ‘ ;

LADY CAROLINE,

When we pour fpirits of nitre over mer=
cury, why do they produce an effervefcence,
an ebullition, and a fenfible heat, Can you
tell me, Fanny ?

FANNY.

Becaufe the acids of the {pirits of nitre
are introduced with vigour into the pores of
the mercury, ftrike violent]y againft the

fides
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fides of the veffel, and expel the particles
of fire,
LADY CAROLINE.

A mixture of volatile fpirits of fal-ammo-~
niac with fpirits of wine, fpirits of vitriol,
and the oil of tartar, unite by coagula-
tion. What caufe, Mary, produces this
effect ?

MARY.

The acids blunted or abforbed in the
alkali, form with it little particles which
interrupt the motion of liquidity.

LADY CAROLINE.

Why, Edward, do we feel heat on our
fkin when we rub it with the fpirits of
wine, or with any other liquid in which
they are mixed ?

EDWARD.

Becaufe the particles of tranfpiration
partake very much of the nature of water,
or that of urine, which, mixed with fpirits
of wine, produce in either cafe a very

{en{ible heat,
LADY



22 RUDIMENTS OF REASON,
N

LADY CAROLINE.

Pure {pring water never ferments, So.

phia ; how does this happen ?
SOPHIA.

All its parts are homogeneous, and after
a confiderable evaporation, that which re-
mains in the veffel is an affemblage of parts,
certainly lefsin number, but exactly fimilay
to thofe which have evaporated.

Water fometimes corrupts, becaufe then'
it is not pure, but contains a matter foreign
to it, which adulterates and difcompofes
it when the parts are ftirred up by fer-
mentation,

LADY CAROLINE.
In a corrupt, muddy, and ftagnant

water, Frederic, we often fee many in-
fes. Why fo?

FREDERIC.
Becaufe the fermentation made by the
- heterogeneous particles in the water, gives
heat fufficient to hatch the eggs of thefe
different
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different animals which the air has con-
veyed thither.
' LADY CAROLINE.

Why, George, does {traw  become

dung ¢
GEORGE.

Becaufe it putrefies and ferments with
excrements of horfes, of'cows, and of other
animals. There rifes a heat in the dung-
hill ; the parts which mutually difagree,
are at laft difcompofed, and form another
body. ' :

LLADY CAROLINE.

Whence, Kitty, proceeds that little
wandering meteor, called Wil with a
KIEEY,

It is 2 fmall cloud of inflamed exha-
lations, or perhaps a fmall mafs of phof-
phorus, which is the {port of the winds,
and which continues to {hineuntil the matter
that furnifhes inflammation be entirely
confumed, or that the light that glimmers
at a diftance be extin&.

This
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This little meteor is very frequently feer} "

in church-yards, in morafles, and in otlfr
foils that are of a flat ang fulphureous na-
ture, becaufe from fuch places there arife
many exhalations,

"Thefe fires hover before thofe who pur-
fue them, becaufe, as the perfon advances,
he pufhes the air which conduéts them on-
wards. They purfue the perfon who flies
from them, becaufe the air which carries
them on, feizes the fpot which the perfon
quits at every inftant.

LADY CAROLINE,

How, Kitty, are thofe meteors pro-
duced which we cal] Sitting or Jalling
Sars 2

KITTY.

By trains, or rather by fmall clouds which
kindle inflammap]e vapours, and of which
the light takes , certain direction, and a
certain degree of Vivacity, according to the
pofition and nature of the fubftance that
produces the light, Thefe different bodies

being

_

L
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being inflamed, their fermentation creates
a light, which becomes vifible under the
form in which we fee them.

LADY CAROLINE.

To what muft we attribute thofe little
meteors or lights, which, when the wind
is tempeftuous, we fee clinging to the cor-
dage, mafts, and yards of fhips, &c. where
two, three, or a greater number are fre-
quently feen atonce? Can you tell me,
William ?

WILLIAM.

I have heard Sir Thomas fay, that well-
experienced mafters of fhips have informed
him that this phenomenon is very common ;
that thefe luminous bodies are called Caftor
and Pollux, and are found to be nothing but
a {mall kind of fifh, flimy, ropy, and gla-
ring, which are thrown up by the waves at
the fame time as the froth of the fea, and
{cattered here and there on different parts
of the fhip.

This, Madam, I think may very well

D happen,
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happen, fince many forts of fith, and mac.
kerel in particular, when placed in the
dark, give a clear and thining light, fimi-
lar to that of phofphorus.

LADY CAROLINE.

Your idea, William, is apt and inge-
nious, and with it | entirely agree.

Can you, Elizabeth, explain to me the
hature and fubftance of thunder 3

ELIZABETH.

It is a mixture of exhalations, fubje@ to
inflammation by fermentation, or through
the fhock and preflure of the clouds, which
the winds agitate and violently impel againft
each other.

When a confiderable number of thefe bo.
dies take fire, an explofion inftantly fol-
lows, more ﬁrong or more weak ac-
cording to the quantity or nature of the in-
flamed fubftance, and in proportion to the
greater or leffer obftacles that oppofe their
fudden expanfion,

If the inflammatjon confift but of a fmall

quan-
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quantity of matter, and is confined to
the furface of the cloud, this effect will
take place without any noife, at leaft with-
out any that can reach our {enfe of hear-
ing ; the refult being only a fudden flath of
light, nearly like that of a quantity of pow-
der when fet on fire, and which we fee
blown up from afar, wholly free and un-
confined, It is called lightning, and in
this inftance flathes without any noife.

LADY CAROLINE.
What do you underftand, Henry, by
the thunderbolt ?
HENRY.
1t is an inflamed vapour which burfts the
cloud, fometimes at the top, fometimes at
the bottom, or on its fide, then darts with
a velocity proportioned to its explofion ; as
the powder which is inflamed in a bomb
direéts its action, and difcharges its con-
tents, againft every thing that furrounds
the fpot on which it falls. At every clap
of thunder, the bolt iflues forth, which is
D2 always
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always preceded by lightning ; but it only
ftrikes terreftrial objeéts when it flows in a
direction that leads to them.

LADY CAROLINE.,

Whence, George, comes the bolt, which
defcends with inexpreflible velocity, in-
flames, melts, and confumes every thing
it touches ?

GEORGE.

It is the effe& of a violent explofion and
of a fire which furpaffes all the ideas of
man. The matter of the bolt, always of
the fame nature with that of lightning,
differs from it only by being driven from
the cloud before it makes its explofion.

Thunder is very uncommon in Egypt
and Ethiopia, becaufe in thofe countrics
the earth is entirely free from fulphureous
particles ; now we know that thunder is
compofed of different exhalations, but,
above all, of thofe of fulphur.

Both men and animals perith by the
ftroke of a bolt, without leaving one trace

of
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of the caufe of their deaths, or any mark
by which it may be known how they have
loft their lives : this may proceed from the
vapour of the fiery fulphur, which is to
- animals of every kind, when large enough
in quantity, a moft inftantaneous poifon,
‘We likewife believe, that when the bolt
burfts forth, the air of that place at the fame
time ceafes its elaﬂicity.‘ Animals then
finding themfelves in a void, die in the
fame manner as they would were they
thut up in the recipient of an air-pump.
When it thunders, certain fluids ceafe to
ferment, fuch as wine, beer, &c. whilft
others, which were not agitated before,
begin to ferment ; the reafon of this is,
becaufe the motion that the thunder bolt
produces, difturbs and deranges that fer-
mentation which the parts of the fluid had
before the {torm, and makes it ceafe; on
the contrary, of thofe fluids which did not
previoufly ferment, the parts begin to
move, to be agitated, and to ferment.

D3 Milk,
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Milk, cream, &c, very often coagulate
in dairies, and even beer 1tfelf is {poiled,
as foon as it has thundered, becaufe the
turmoil excited in the ajr agitates {o for-
cibly thefe bodies, that they can neither fe-
Parate nor fall to the bottom, which Iaft s
abfolutely neceflary to the milk, in order
that the cream may rife.

The rain that falls during thunder, is
more fertile than any other, becaufe it is
loaded with fulphureous, oleaginous, and
faline exhalations, which greatly contri-
bute to the vegetation of the fruits of the
earth.

SIR THOMAS.

Your rational account, George, of a very
diﬁicultphcnomen, gratifies me very much ;
but before we quit this fubje&, I have a
few obfervations to make,

In the firt Place, if between the lightning
and the explofion, the pulfe beat {ix times,
the Dbolt is about fix thoufand feet diftant.

In
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In the fecond place, if it beat five times,
the bolt is five thoufand feet diftant. In
the third place, if it beat four times, it is
four thoufand feet diftant, and fo on. For
the found which comes fucceflively, and
from the place where the thunder is;  de-
parts at the fame time as the lightning ;
and, according to the moft accurate experi-
ments, it makes about a thoufand feet du-
ring the beat of one pulfation, or in one
fecond of time; if, therefore, the roar
immediately follows the lightning, the
thunder impends over you, and danger is
very near,
LADY CAROLINE,

Why is the clap that follows the light-
ning ufually fucceeded by a fhower of
rain? Tell 'me, Kitey,

KOEleayay

The inflammation that caufes the report,
breaks and feparates part of the cloud, which
then defcends in rain.

When it rains very violently, it fcarcely

thunders
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thunders at all ; becaufe the exhalation, if

I may' fo fpeak, drowns it, or bears away
the greateft part of it.

LADY CAROLINE.
When the bolt falls, William, why do
we think we fee different fires darting all
at once ? '

WILLIAM,

Becaufe the exhalations flue from dif-

ferent parts, or the refiftance of the air fe-
parates it, :
. We fee long ftreams of fire which touch
at onerand the fame time the earth and the
cloud, becaufe the ftrong impreflion which
the fiery turmoil makes upon the fight,
when it thoots from the cloud, ftill {ubfifts,
though it be far removed, and appears to be
where it really is not.

Lightning winds in its defcent like the
angular foldings or breaks of 2 filken ftring
or a ribbon when ﬁuttering in the wind ;
becaufe the center of gravity is not in the

center of the figure, and the different parts
of
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of the inflamed exhalations do not ftrike

the air with equal forces. "This is what

makes it rufh forth in ferpentine lines.
LADY CAROLINE.

How, Elizabeth, can a perfon make a
{piral line run round a perpendicular glafs,
fo that one oblique fide of the glafs may be
taken from the other oblique fide ¢ that 1s,
it feparates wherever this line has been
drawn. How, I fay, is this performed ¢

ELYZ ABETH,
1 really, Madam, do not know.

LADY CAROLINE.

I will then explain both the experiment
and the caufe ; to which, my dear children,
you will all of you attend.

I have here an exat cylindrical tumbler,
on which Sir Thomas has been fo good as
to draw from a point in the rim, a {piral
line round the circumference of the glafs to
the bottom, with Indian ink. I now take
this pointed common match, and dip it into
a fmall earthen veflel of melted fulphur,

about
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about an inch above the point. The match,
now dry, I put gently to the furface of this
lighted candle, but avoid, as you muft ob-
ferve, putting it to the top of it, left the va-
pour touch it, which would fpoil the experi-
ment. I have, as you may fee, faftened
the glafs firmly to the table. I now light
the match, and place it exactly upon the
part of the rim where the fpiral line com-
mences. You now fee that it uniformly
keeps the fame burning, and how fteady
my hand goes with it over the line, till
I now come to the bottom of the glafs,
which T fhall allow to ftand for a few mi-
nutes, till the fulphur may have thoroughly
penetrated the line.

Now I take the glafs gently by the top
and the bottom, and you fee how eafily it
comes afunder in the very parts where the
line has been deferibed,

You cannot but be pleafed, my dears,
with this part of the experiment : I will

now
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now perform the other part of it, which is
that of again uniting the glafs,

I place the two divifions of the glafs to-
gether, exaltly as they were before their
difunion, and prefs them lightly. 1 take
this cup of wine and pour it into the glafs,
and not one drop will run through it, fo
very clofely has it again joined, itfelf.

Why, Henry, does the heat caufe the
liquid in the thermometer to afcend ?
HENRY.
It dilates the liquors, which confift, in
one tube, of mercury, in the other, of
{pirits of wine ; as, on the contrary, the

cold which condenfes them makes them
defcend.

After a cold wind has made thefe liquids
defcend, by their being expofed to the open
air, if we cover the tubes with fnow, they
re-afcend, becaufe the fnow is lefs cold
than the wind,

LADY CAROLINE.
1 divide this walnut fhell, Fanny, ex-
altly
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aitly intwo, in which I place a fix-pence;
and a mixture, confifting three parts of
nitre, or fine falt-petre, well pulverifed,
and dried upon a fire fhovel, which I make
hot on the fire; to which I add two parts
of flour of fulphur, and as much rafpings
of touchwood. To this preparation you
fee I fet fire, the fix-pence melts into a fine
white liquid, and the half fhell of the wal-
- mut is juft as it was before I'placed it with
the ingredients upon the fire fhovel, Ex-
plain all this,
FANNY.

The altion of the fire is only of fhort
duration, but has time to penctrate and
melt the fix-pence, which is attacked at
the fame time in all its parts ; for I ob-
ferved that you placed the money in the
middle of the mixture, With refpe& to
the half thell, the fire has only had time to
a&t upon the internal {urface, which it has a
little finged. The great porofity of the
half (hell made the paflage of the fire fo free

te
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to it, that it diflipated without fetting fire
to any of its parts.
LADY CAROLINE.

Why, Mary, when we put a lighted
candle into the fmoke of one which has juft
been extinguithed, does it light again with-
out the wick having touched the flame of
the lighted one ?

' s MARY.

The fire of the lighted candle gives to
the particles of the greafy vapour of the
fmcking candle, a fmall degree of fire,
which immediately re-lights it. For {fmoke
differs from flame only in as much as it has
lefs heat than the latter. '

: LADY CAROLINE.

Butter, and other fat or greafy fubftances,
Edward, that are melted in kitchens, boil
very quick and with a great deal of noife.
How does this happen ?

: EDWARD.

Becaufe thefe kinds of fubftances are al-
moft always mixed with particles of water,

Vor. 111, E ar
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or with the juiceof certain herbs; and as foon
as they have attained a certain degree of
heat, the humidity which they inclofe is
converted into dilated vapour, and forms a
great number of {mall bubbles, which pro-
duces that crackling noife that your Lady-
fhip alludes to.
LADY CAROLINE.

When we put the flame of 2 large lighted
candle into a thin glafs tube of about feven
or eight-twelfths of an inch diameter, and
about four inches long, we ifnmediately {ee
it lengthen and extend jtfelf very confide-
rably, having almoft as much volume at the
top as at the bottom. What is the reafon
of this, Sophia ?

7 SOPHIA.

It keeps its heat better in this tube,
which heats itfelf, and like the air that
continually renews itfelf, the inflamed
particles remain longer in this fituation.

LADY
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LADY CAROLINE.

Whence, Frederic, proceed all thofe co-
lours which we obferve in faggots and bun-
dles of wood, when fet on fire 3

| FREDERIC.

The colours of flames vary according to
the different fubftances which we burn.
Pure fpirits of wine, and in general thofe
which we extract from all vegetables, give
a clear white lambent flame ; thofe of oil
and other grealy fubftances give a bright
jonquil, and thofe of fulphur blue. When
we {et fire to a body containing all thefe,
the flame that rifes from it has more or lefs
of all thefe hues, and befides has mixed with
it black, which proceeds from the fmoke
and vapour,

LADY CARQLINE,

Is there nothing, George, but aétjve air
that can animate fire?

Would not any other fluid which was not
too denfe, or a vapour that flowed with
great rapidity, do the {ame?

¥2 GEORGE,
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GEORGE.

Yes; for if we put the flame of 2 flam-
beau, or a large lighted piece of cozl, to
the pointed end of an eolipile, in which
we have made water boil, the vapour that
iffues from it has all the efe@ of 2 pair of °
bellows. We cannot attribute this to the
vapour containing any asr, fince it has been
perfeitly driven from it by the fire that
heated the water.

LADY CAROLINE.

Why, Kitty, do we experience great
warmth in cellars, caves, &c. during win-
ter, and in fummer quite the contrary,

ey

They only appear fo to us, by the dif-
Terence that there is betwixt their tempera-
ture, which is always nearly the fame, and
that of the air we leave when we enter into
thefe fubterraneoys places. Common ex-
perience obviouly proves this: for if we
have one hand very hot and the other very
cold, and we.plunge firft one and then the

other
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other into a pail of cold fpring water ; this
water will, without doubt, feel VEry warm
-to the cold hand, but extremely cold to
the warm one,

LADY CAROLINE.

Your judicious illuftration, Kitty, of the
foregoing queftion does you honour,

Having rubbed our hands with the juice
of onions, William, we may dip them into
melted lead, and handle red hot coals, with-
out the leaft danger of burning them.  Can
you explain this ?

WILLTAM. :

The juice, which covers the mainfkin, and
fills the pores of the furface of the hand,
hinders thefe burning {ubftances from feiz-~
ing and {preading upon the hands. Inflead
of this, however, we may ufe an equal
mixture of fpirits of {ulphur, of {al-ammo-
niac, eflence of- rofemary, and juice of
onions ; by which we may be enabled to
hold red-hot iron in our hands without
burning them, to the great aftonithment of

E3 al}
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all who behold us, and who are unac.

quainted with the means by which we
effect it.
LADY CAROLINE.

Why, Elizabeth, do we feel fo much

refrefthed by cold bathmg? :
ELIZABETH.

Becaufe the agitation of the blood, of
the fpirits, and of the infenfible parts of the
body, communicate to thofe of the water,
which, being more cold than our bodies, re-
ceives the excefs of heat which their different
parts communicate to them.

LADY CAROLINE,

Why, Henry, do frozen fruits and vege-
tables refume their former ftate on being put
into cold water in a warm place?

HENRY.

Becaufe the cold water gives to their
particles a moderate agitation, and the fibres
of them nearly taking their firft fituation,
receive no damage.

"Thefe fame fruits would {poil were they

2 placed
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placed near the fire, becaufe it would melt

their frozen juices too quickly, and at the

fame time would break and alter the fibres,

and thereby render the fruits infipid.
1LADY CAROLINE.

How does it happen, Frederic, that
when I take a leaden bullet, and wrap
{fmoothly round it a piece of paper, and
hold it with thefe fmall tea-tongs over the
lighted candles, the lead melts, and falls
drop by drop through 2 little hole that 1t
has made, without burning the reft of the
paper ?

FREDERIC.

It is owing to the a&ion of the fire,
which paffing freely through the large 1n-
terftices of the paper, with which it al-
ways abounds, docs not burn it ; but finding
refiftance in the clofe particles of the lead,
it infinuates itfelf amongft them, and melts
it, while the paper remains juft asit was.

LADY
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LADY CAROLINE. -

Can you tell me, Edward, the caufe of
earthquakes ?

EDWARD,

The inflamed matter, prodigioufly rare.
fied in deep caverns, not being able to make
a free iffue, quakes and raifes the fuper-
impending regions: like a mine, which,
Wwhen the powder of it is fet on fire, ftrug-
gles for vent, and whep 1t gains it, blows
up the earth that it was covered by, with
terraces, famparts, towers, and citadels,

Earthquakes, Madam, are frequently
accompanied by formidable fires. 1 recol-
le& Sir Thomas having read to us, that in
the year 1677, an carthquake was univers
fally felt thfo_ugh the whole of the Canary
iflands ; and that there were {een torrents
of ftones and fire iffuing from the bofom of
the earth in the midit. of loud thunder,
which rebounded through every ifland.

LADY,
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LADY CAROLINE.

Your account, Edward, 1s at once ra-
tional and true.

How does it happen, Henry, that the
water in wells fometimes becomes {uddenly
troubled, fulphureous, and of a bad tafte ?
Whence alfo come fubterraneous roarings,
and the fudden elevation of billows in the
ocean, at a time when perhaps the wea-
ther is {erene, and the heavens tranqﬁil d

HENRY.

Thefe are commonly the cffecs of fub-
terraneous fires, and confequently dreadful
figns, as threatening the neighbouring parts
with an earthquake.

LADY CAROLINE:

New iflands have been frequently known
to appear fuddenly. How, Sophia, 1sthis
caufed ¢

SOPHIA.

The {ubterranean fires dilate, fwell, and

heave up the earth at the boitom of the fea,

and fometimes divide upwards of three
hundred
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hundred and fixty feet of water : the eartp
thus raifed forms one o more iflands,
LADY CAROLINE. |

Why, George, are fome lakes frozen

‘even in the greateft heats f fummer
GEORGE.

Becaufe they are fituated in places that
contain great quantities of nitre and fult.
petre, which freeze the water, and of
courfe hinder the melting of the ice.

LADY CAROLINE.

A bougie, or candle, when we turn their
lighted ends downward, or when we plunge
them into inflammable liquors, are extin-
guithed ; and green wood, flightly fet fire
to, 1f the burning be not kept up by other
wood that is more dry, likewife goes out,
What is the reafon of this, Mary?

MARY.

The fire in either cafe does not want for
aliment ; but in the firft, this aliment has
pot {ufficient time to heat, and in the fe-

cond



ON FIKE. 47

cond it cannot on account of the humidity -
which it contains.
LADY CAROLINE.

Why has the flame of a candle more
diameter than the cotton? Tell me; Elis
zabeth.

ELIZABETH.

Becaufe the fire pufhes out the particles
of tallow which are compofed of oil, water,
air, falt, and coput mortuum.  Thefe
bodies dilated by the heat muft of neceffity
occupy more fpace.

LADY CAROLINE,.

‘What occafions the bubbling of boiling

water, Kitty ?
ICTETTN

We may attribute the firft bubbles to the
air, which, dilated by the fire in the pores
of the water, rifes into bubbles and lifts up
the aqueous particles : but as there is not 2
fufficient quantity of air in the water to
produce all thofe bubbles which we perceive

in it when it boils, even to drynefs, one
{hould
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thould think that the veffel receiving by the
place which the fire touches, more heat
than the water can {fupport while it is in the
ftate of a fluid ; the firft layer which is ap-
plied to this too hot part of the veffel, is
converted into vapour; and that many
fimilar portions of vapour, dilated by the
force of the fire which penetrates the veflel,
roughly 'pufh forth the mafs which on all
fides environs their parts, and by their

lightnefs gam the furface, where they dif-
fipate.

T.ADY CAROLINE.
Why, Mary, does fire always afcend?
MARY.
Becaufe it is fpecifically lighter than

the air.

LADY CAROLINE.
Why, Frederic, does a fquib always
mount upwards ?
FREDERIC.
Becaufe as the a&ion of the powder to-
wards the breach of 2 gun or cannon,
makes it recoil, fo in the fame manner

the
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the a&ion of the powder which pufhes the

fquib upwards, finding no vent in the

upper part of it, makes it recoil and mount.
LADY CAROLINE,

How does an artift, Henry, when he

pleafes, fend off a fquib parallel to the

horizon, and make it return on its own

track ?
HENRY.,

| By placing a frall wheel, and a like
plane of wood, in the middle of the
cartridge, of which the two extremities
are open. Near the wheel, the artift
makes a hole that goes in to a little chan-
nel which is terminated at one end of the
' {quib. ~ At one end, he flls with the ufual
mixture the half of the cartridge up to the
wheel ; at the other end, he fills in the
fame manner the other half. He then ties
to the fquib thus charged, a couple of iron
rings, or rather a wooden tube, through
which he pafles a rope ftretched horizon-
tally ; he then fets fire to it at the firft
end. The powder inflamed, pufhes the

¥ {quib
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fquib towards its other extremity which
refifts : the fquib darts up like thofe that
mount ; and the horizontal cord dire@s it
parallel to the horizon: the powder being
cor{umed up to the wheel, or to the little
plane of wood, the fire penetrates through
the fmall»channel to the other end, which
now takes fire. The a&ion of the inflamed
fubftance is felt againft the wheel, which
refifts ; the fquib recoils, and returns ra-
pidly the very fame way that it fet off,

By this fecret we may make fly artificial
birds, pigeons, and even angels.

LADY CAROLINE.

When we give vent to a mine of powder,

Edward, why is the effe& of the fire loft 2
EDWARD.

Becaufe as bodies in motion follow the
dire&ion» where they find the leaft impedi-
ment, the powder fet on fire in the mine
that has vent, exhales in part through the
free iffue that it finds. The more it
exhales, the lefs effort it makes againft the
vault and the folid parts of the mine.

LADY
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LADY CAROLINE.

How, Fanny, is the tallow of a lighted
candle conveyed to the flame which is
above it ?

FANNY.

1{t. Becaufe the threads of cotton which
form the wick, and which are twifted,
perform the office of capillary tubes, or of
a fponge. :

2d. Becaufe the air being extremely ra-
refied by the fire in the fuperior part of the
wick, the preffure. of it downwards may
very well caufe the melted particles of tal-
low to mount up to the fire,

LADY CAROLINE.

How, Mary, does the thunderbolt melt
2 fword in its theath, and leave the fheath
untouched ?

MARY.

The fire findihg a free paflage in the
pores of the fheath which the fteel of the
fword denies it, aims all its effort againft
‘this laft, and leaves the fheath unhurt.

B2 We
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We may fay the fame thing of a filver
watch melted in the fob, which takes
place very often without doing any harm to
the perfon. We ffequently {ee falts make no
impreflion upon foft {ubftances, while they
will dilfolve the moft hard. = Thus {pirits
of nitre diffolve neither wood nor wax,
‘and yet change iron into a fpecies of
liquid.

Thus alfo the bolt abforbs wine with-
out perforating the veffel ; becaufe the light
and fubule exhalations penetrate into it
through the pores of the cafk, which give a
free pailage, and as the wine heats, it
imperceptibly exhales through the pores of
the vetfel.

LADY CAROLINE.

Why, Frederic, do glafs veffels of every
kind break when we too {uddenly pour
boiling water into them ?

FREDERIC.

The igneous parts exerting every effort

to penetrate it, ftrongly dilate its external

furface
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furface before that within can be propor-
tionally extended, and this occafions a {olu-
tion of continuity.

LADY CAROLINE.

Fire, Elizabeth, inftead of dilating cer-
tain bodies, condenfes them § fuch as the
dirt of the ftreets, clay, bones, &c. How
happens this @

ELIZABETH.

It diflipates many particles which rendef
them more foft, as thofe of the water, &c.
LADY CAROLINE.

Why, Kitty, do liquids dilate by heat ?

KITTY:

Becaufe the fire penetrates, difunites,
and raifes the particles of the liquid mafs.:
LADY CAROLINE.

‘Why are the chords of the harpfichord
deranged, when the temperature of the
place where it ftands in a gertain degree va-
rics? Tell me, George.

F3 GEORGE,
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GEORGE.

Becaufe the chord of a harpfichord,
which lengthens by heat, confequently be-
comes lefs tight than it was, if the fixed
points by which it holds do not remove
from each other in proportion' to that
lengthening;h and a fonorous chord, al-
lowing every thing elfe to be equal, is of a
Imore acute tone according to its degree of
tenfion. Thus, the chords of this inftru.
ment, ?artly iron, and partly copper, dif-
ferently lengthen betwixt themfelves, in the
fame degree of heat, and all of them much
more than the wood of which the body of
it is made, and upon which the pegs and
bridges are faftened,

In the fame manner all folid bodies,
fuch as marble, ftone, brick, glafs, metal,
the bark of vegetables, bones, leather, and
the horns of animals, diamonds, inftru-
ments of every kind, furniture, wainfcots,
and buildings, all djlate by heat and con-

denfe by cold.

LADY
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LADY CAROLINE.

Why does a thunderbolt attack men lefs
frequently than higher objeds, fuch as trees,
the tops of mountains and towers? Tell
me, Edward.- .

EDWARD.

Bodies more elevated may fplit the bafis of
the cloud, or force the wiud by contracting
its channel to carry off the cloud ; and by fo
doing, facilitate the fall of the exhalation

‘upon them. Such exhalation may ftrike
them, but for want of fupply would diffi-
pate before they reached us.

Sometimes when a bolt would fall upon
us, a reflected wind makes it fly over our
heads, and carries it up to the tops of trees,
mountains, and towers. '

LADY CAROLINE.

Why, Mary, do farmers take care to

dry hay well before they houfe it ?
MARY.
Becaufe by this precaution the moft vo-

latile parts of the plants exhale, and pro-
duce
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duce no fermentation, When farmers

negled drying it, it acquires a bad tafte, and
is heated, fometimes {o my
fire, which often caufes ve
flagrations,

ich as to take
ry dreadful con-

SEVENTH
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THE SEVENTH CONFERENCE,

ON WATER.

SIR THOMAS.
T ATER is a humid fluid, without

tafte or fmell, and generally ex-
tinguithes fire when this laft 1S not too pow-
erful for it.

Natural philofophers differ very much
upon the fubjelt of the formation of ice.
According to Defcartes, the defe&t or di-
minution of the motion of water is- the
caufe of congelation ; and repofe alone
is fufficient to unite the parts of it {o'asta
form a hard body.

Rohault, and moft of the Carthefians are
pearly of opinion with Defcartes. They
believed that it is the motion of fubtile
matter that makes water liquid, and that

the
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the defe® or diminution of motidn con.
verts it into ice.

Claudius  Perrault, doftor of phyfic,
contended, that bodjes become liquid
through the interpofition of certain volatile
- parts, which he calls common corpufcula,
which flow and pafls through them ; and
that when a ceffation of this flowing takes
place, thefe bodies are no longer liquids,
"They harden by reafon of the weight of the
fubtile portion of air comprefled in the
grofler particles of them, applied one againft
the other, '

According to the fyftem of Jean Baptifte
Duhamel, the only difference betwixt wa.
ter and ice is, that the particles of the firft
are agitated by a very fubtile matter, and
that thofe of the latter remain immoveable,
and reft ope upon the other,

The hypothefis of Hartfoeker is, that
- water is changed into jee by the abfence of
fire, and that it again becomes water on its
Feturn,

Accord-



ON WATER. b

According to the celebrated Boerhaave,
water is never without fire, and that in a
very great quantity. If fire diminifh in the
thermometer only to the thirty-fecond de-
gree, the water becomes ice. Water;
then, in its natural ftate, is only a fpecies
of glafs, which is melted by the thirty-third
degree of heat, and again frozen by a very
little greater degree of cold,

The illuftrious Gravefand has recourfe
to attraction, to explain the formation of
dcei: ¢¢ Water,”" fays he; ¢ is only melted
¢ ice ; and it is liquefied by heat, which
¢¢ naturally changes folids into fluid bodies.”
If water be deftitute of the fire which dilates
it, 1its particles re-unite, drawing them-
felves to each other, and are transformed
into ice. If ice be penetrated by fire, its
particles acquire a repulfive force; they
then move, feparate themfelves from each
other, and become a perfeét fluid ; that is,
water.

A ftrange
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. A ftrange fubftance is introduced by
Muflchenbroek for the formation of ice.
The want of fire, the repofe of the parts,
even attra&tion itfelf, which he, befides, ad-
mits of, are not fufficient in his opinion
to turn water into ice, There isin the air,
as: he pretends, certain frigorific particles,
which: infinuating into the water, “make it
change into ice. If it freeze very hard,
the reafon is, that the air is full of thefe
particles ; if but little, there are only few
of them in the atmofphere. It freezes
often without being cold, and frequently
produces great cold without freezing.
When we demand of this philofopher,
what thefe frigorific particles may be, he
fairly owns that he does not yet know
them, but that they may be known fome
time or other.

By the help of certain principles founded
upon the nature and properties of bodies
which change into ice, De Mairan has
undertaken to explain how, and by what

; mechan-
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mechanifm fuch a change is -brought

about.
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¢« Would you,” fays‘ he, ¢ make ice,
that is, change a liquid body, fuch as
water, into a folid body, drive out a part
of the fubtile matter which flows betwixt
its interftices ; diminifh its motion, or
weaken its {pring in fuch a manner that it
may no longer overcome the refiftance of
the integrant parts of the liquid, by all
of which cold is produced, and you will

¢ have ice.
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¢« On the contrary,” continues he,
would you change a very hard body, {uch
as glafs, bronze, &c. into a liquid body,
introduce a fufficient quantity of fubtile
matter into its pores, or increafe the mo-
tion and {pring of that which is contained
in it, that it may feparate the parts that
are united by their furfaces, and difem-
barrafs thofe that are entangled by their
branches ; you will then do what is done
by the heat, and have a liquid or thaw.

G e Lt
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“ Itisto the rays of the fun that this alteJ
€¢ ration of heat and cold muft be attributed;
““ which we experience according to dif-
¢* ferent circumftances. Thus, the dif-
¢ tance of this heavenly body; the obli-
‘¢ quity of its rays, and the quantity of air
““ or of vapours which they may have to
¢ traverfe, are the moft general caufes of
¢¢ the diminution of motion, of fpring, or
““ of quantity of the fubtile matter con-
‘¢ tained in liquids, and confequently of
¢ their congelation. Other caufes which
“¢ may ftill weaken the activity of this mat-
“ter, are either a fubtile nitre, which
‘¢ fometimes f{preads itfelf in the air, a dry
““wind, or the fupprefion of hot va-
“ pours which exhale from the bofom of
& the carth>

Thus, my dear children, T have brought
you acquainted with the different opinions
of the greateft philofophers upon the fubject
of the element about which Lady Caro-
line is going to queftion you. Ileave every

2 one
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one free to adopt that which may appear
the moft natural and the moft feafible ; but
at the fame time muft acquaint you, that
the, as well 25 mylelf, falls in with that
of Hartfoeker, for its fimplicity, proba-
bility, and apparently inconteftable truth,
LADY CAROLINE.,
Why, George, is water a fluid ?
" GEORGE.

Becaufe the particles of fire with which
for the moft part it plentifully abounds in
temperate climates, fupport the refpeQive
‘mobility of its parts, and thereby render it
a fluid body.  Thefe particles of fire pene-
trating the water, fet its parts into a flate of
flowing one upon the other, and to obey
the inclinatian of their own weight, or any
ather impulfion. But, independent of this
general caufe, we may fay, that water is
more fluid than many other liquids, becaufe
1ts ‘particles are extremely fmall, and of 2
form apparently very fit for motion, being
fpherical.,

G LADY
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LADY CAROLINE.

Why, Kitty, does not cold water pene-
trate bodies with as much eafe as that which
is heated ? and why does this laft raife more
quickly to its furface bodies that adhere to
it? Why is the folution of falts more quick
and effe@ual as the degree of heat is greater ?
In 2 word, why do we cook victuals and
fruits in boiling water, and not in that
which is cold ?

KR,

Becaufe all thefe bodies, dilated by heat,
become more penetrable, more ealy to fe-
parate, and even the water itfelf, animated
by heat, becomes the more a&tive for it.
Add to this, that the fame heat, {ub-
dividing the particles of water, makes them
more fit to infinuate themfelves into fub-
{tances that are ditfoluble.

LADY CAROLINE.

Whence, William, originates fountains,

wells, rivers, and all thofe current waters

that are conftantly renewed ?

WILLIAM,
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WILLIAM.

From rains, {nows, mifts, and, in ge-
neral, from all vapours which exhale
both from continents and iflands. There
are, however, fome fountains which owe
their immediate origin to the water of the
fea ; but then they are clofe to its borders,
or at moft not far removed from it.

LADY CAROLINE.

Since the water of the fea is falt, Eliza-
beth, how happens it that we find in very
{mall iflands {weet frefh water, even upoh_
their very coafts ?

ELIZABETH. :

It is the rain, and not the fea that pro-
duces thefe waters ; hence they difappearin
dry weather. .

LADY CAROELINE,

‘W aters that come to us from the bofom
of the earth, Henry, are almoft always
freth. Why {o?

HENRY.
Becaufe thefe waters, in rifing into va-

G3 pours,
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pours, fimilar to thofe that conflitute the
clouds, quit: the falts with which they
are charged, and every other heavy {ub-
ftance that might volatilize like them.,

Sources that border near to the fea are
likewife as frefh as thofe that are much far-
ther removed from it, becaufe they all owe
their origin to the waters which defcend
from the atmofphere, and there never af-
cends to this a {ingle exhalation that 1S not
perfectly clear of every faline particle.

LADY CAROLINE,

How is it, Fanny, that fprings are more
commonly found at the bottoms of moun-
tains than in any other place ?

FANNY,

Thefe large maffes being elevated in the
atmofphere, ftop the clouds, prefent more
furface to' the rains and the mifts, and are
for the moft part covered with {fnow, which
diffolves by degrees, and produces perpetual
flowings, the greateft part of which remain
hidden either in rocks or in the earth, and

fthew
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fhew themfelves only in places fituated
very low. :

We fee {prings even upon the tops of
mountains ; they come from others ftill
- more high ; if there be a valley betwixt thefe
mountains, the water is condu&ed from
 the higheft to the fummit of the loweft;” by
fubterraneous channels, like communi=
- cating and curved tubes which carry water
from refervoirs to places the moft elevated,
down to the iffue which lies the low-
eft, and allows it to efcape in' form of a
{pring.

LADY CAROLINE.

Why, Mary, are there found in remote
-plac‘es, fountains of falt water that are {ub-
jeét to ebb and flow ?

MARY.

They flow immediately from the fea,
which, agitated and raifed by the tempeft
and the flood, may, by falling back, im‘pel
its falt waters, and raife them through fub-

terraneous
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terraneous channels into refervoirs formed
above the level of the {prings.
LADY CAROLINE.

Why, Edward, in the heats of fummer

do we fee fountains entirely dried up?

EDWARD.

+ Becaufe their fubterraneous waters flow-
Ing too near the furface of the earth, are
abforbed in the great heats by the extreme
drought of the foil. Befides this, a {pring
aay be dried up by an earthquake, which
deranging the channels of the water, will
force it to take another courfe.

Waters are lefs fubje& to dry up, and
are more frefh and more pure, when the
channels that convey them to the {urface of
the earth are more diftant from them ; be-
caufe then they are lefs agitated, and lefs
troubled by the external air and the heat of
the {un.

We find at great diftances from the fea,
fprings of falt water ; becaufe the waters.
of thefe fources have paffed through fome

mine
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mine of falt, of which they have carried off
a great quantity of the particles.

Some fountains petrify certain bodies,
becaufe their waters are charged in:the
earth with grains of fand and extremely
minute ftones, which finking into the pores
of the bodies that encounter them, through
the agitation of the waters, immerfe them
without their beingable to difengage them-
{¢lves. Thefe bodies then become more
maflive, more folid, and harder. Ience
the name of petrifying fountains. ‘

There are fome rivers which in twenty-
fyur hours change iron into copper, and
fointains that require only five or {ix hours
to'change copper into iron: The reafon
is, ‘hat their waters in different mines have
impegnated themfelves with particles of
coppir or of iron, which, penetrating like
little vedges, inferted and fixed in the in-
terftice of the bodies, detach a great quan-
gity of f\g’:ir particles from them, of which

\ they

\

\



b0 RUDIMENTS OF REAsON.

they affume the place, and become either
1ron or copper.
LADY CAROLINE,

There is, Sophia, at Senlis, a village
near Chevreufe, in France, a public foun-
tain, the water of which caufes the falling
out of the teeth without pain or bleeding,
How can this poflibly happen ?

SOPHIA.

It very probably happens from this water
pafling through nitrous and aluminous
places, and by this means becoming laadec
with {pirits of nitre, with long, round, and
pointed corpufcula, which may very eafiy
feparate the teeth from the roots, andbpe
the caufe of the effects produced by tis

water.
LADY CAROLINE.
It is related by travellers, Frederi, that
there is a fountain in China, the vater of
which towards the top is very cold but fo

hot at the bottom, that 2 man car fcarcely
bear
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‘bear his hand in it. What can be the
.caufe of this? ;
FREDERIC.

This water muft flow through oily places,
where it becomes impregnated with the
corpufcula of oil, acids, falts, and alkalis 2
all of which are adapted to ferment toge-
ther. Itthenbecomes heated ; and the cold
towards the top, when the bottom is hot,
proceeds from the fine particles being agi-
tated and worked up to the furface, which
very eafily diffipate in the air; and that
thofe of the bottom, being retained and kept
down by fuperior ones, unite their forces,
and hence produce the agitation that caufes
its heat,

LADY CAROLINE.

It is faid, George, that the waters of
fome fountains are cold by day and hot ig
the night. How can this happen ?

GEORGE.
The heat of the day renders the particles

of the vapours and exhalations too minute,
; RS |
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and too foon diffipated to caufe any fen-
fible agitation : the cold of the night, on
the contrary, condenfes and ftops them,
re-unites them, and thereby puts them in
a ftate of giving to the fenfe of feeling, by
their agitation and violence, fuficient
power to caufe the heat that is then ex-
perienced.
LADY. CAROLINE.

~ There is a fountain in Germany that
emits ﬁlc to the height of three feet, as
foon as fire is held one foot above its {ur-
tace., What is the reafon of this, Kitty ?

KRRV,

The light {pirits and volatile particles of
‘fulphur and bitumen, with which in its
courfe it becomes charged, rife, flutter
upon the furface of the fountain, and in
taking fire at the approach of the flambeau,
fpread flames over the top of the water.

‘The fame' thing does not happen if any
portion of this water be removed from its
original fituation, becaufe the fulphureous
e s particles

%Y Y
AR
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particles exhale and diffipate in the agitation
of fuch a motion.
LADY CAROLINE.

Why, William, are certain fountains

intermitting ? '
WILLIAM.

If the rays of the fun, interrupted by the
points and prominent parts of rocks, give
many checks to the {now which fupplies’
the waters of fome fources, this fnow,
melted at different intervals, muft pro=
duce interrupted flowings, or intermitting.
fources.

LADY CAROLINE.
Experienced miners, Elizabeth, have al-
moft always remarked, that wherever they
found water under ground, they likewife
had air with it ; but when this laft failed,
they could no longer draw breath, and that
their lights went immediately out. Whence

can proceed this air ?

Vo IIL. H ELIZA-
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ELIZABYTH.

The apertures that introduced the water,
at the fame time admitted the aj¢ with equal
liberty.

The fame workmen, in many mines,
fmellvery far below ground the fweet odours
of flowerets and fhrubs ; becaufe the waters
that have wafhed the mountains and bathed
the meadows in the feafon of their bloom-.
ing, flow afterwards under ground in hol-
low tracks, and charge the air that they
bring-with them, with the fpirits of odori-
ferous herbs over which they have flowed.

LADY CAROLINE,

Why are the waters of many publie
bathing places found hot 3 Tell me,
Henry.

HENRY.

This heat comes from fumes or fub.
terraneous vapours, fuch as we perceive im
the bottoms  of very deep mines, or from
fome mixture of minerals, as iron or ful-
phur, which, by . their reciprogal fhock,

3 excite,
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excite, in rolling with the water, the fire
which they contain.
LADY CAROLINE.

Why, Fanny, does not a mineral water
heat as quickly over the fire as common cold
water ?

FANNY.

Becaufe the heat that the mineral water
brings from the bofom of the earth confifts
only of light vapours, which the impreffion .
of the fire at once diffipates.

Mineral waters do mot burn the tongue,
although common water heated to the fame
degree as thefe, burn it: this is owing to
the vapours that produce the heat in mi-
neral waters being more fine than the par-
ticles of common water, which have lefs
power to feparate the parts or fibres of the
tongue. Mineral waters that are loaded
with f{ulphureous parts, may fpread upon
the tongue plentiful layers of them, which
render it inacceflible to the heat of thefe
WwWaters,

H 2 Mineral
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* Mineral waters, however, that do neot
burn the tongue, burn the hand, becaufe
the particles of fulphur do not fo eafily ad-
here to the hand; or, on account of the
- different texture of the pores, the hot va-
pours infinuate themfelves with more vio-
lence into thofe of the hand.
LADY CAROLINE.

‘Whence, Mary, arife the {alutary effeéts

of mineral waters ? '
MARY.

From the different particles with which
they are charged, calculated to render the
blood clear, facilitate its éirculation, and
diffipate obftru@ions, Certain mineral wa-
ters are perniéious, becaufe they contain.
corpufcula of a quality to tear the fibres of
the body, to thicken and ftop the blood, and
to caufe obftru&ions, o

LADY CAROLINE.,
How happens it, Edward, that frefh

water is fometimes found at the bottom of
the fea? " L
} EDWARD,
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EDWARD.

This water is that of certain rivers which
are brought into the fea through fubtemra-
neous paffages.

LADY CAROLINE.

In certain rivers, Sophia, are found
fmall fpangles of gold, filver, &e. Wience
come they ?

SOPHIA.

The water in pafling through different

jnines becomes charged with thefe bodies.
LADY CAROLINE.

Why, Frederic, does the Nile regularly

overflow Egypt?
FREDERIC.

According to the obfervations of travel-
lers, Abyflinia, where the Nile takes its
fource, is full of mountains. It conftantly
rains there from June to September. The
vapours raifed at this time by the heat of
the fun fituated in our tropic, arg carried

_towards thefe mountains by the north winds,
are re-united into large drops by the cold of
H3 : the
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the fame mountains, and there fall
rain.  During this time, the Nile receives
ﬁreams, torrents, and rivers, Wthh over-
ﬂowmg, pour down from thefe mountains;
it then fwells to a prodwxous height, and
at laft, by its mundatlon, mm[’cens the foil,
Watms the face of the whole country, and
depofes there its falts and fat rich earth -
hence the overﬂowmg and fru1tfu1nefs of
Lcypt. i

; LADY CAROLINE.

What caufes the faltnefs and bitternefs
of fea-water, and occaﬁons fea -ficknefs,
George? :

GEORGE.

It proceeds from the falts which the ri-
vers and floods bear away with them, and
from falt mines that are frequently found
at the bottom of the fea.

We mutt attribute the bitternefs of fea-
water to the bitumen with which it is im-
pregnated ; fince ‘it is no Ionger fo when
thls is taken away.

~On fea we experience great ﬁc:kne!'sn

COr'=
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and agitation of the inteftines, becaufe the
?:orpufcula of falt and bitumen too ftrongly
a& upon the body, fearching and difturb-
ing the internal parts, ﬂoppmg the courfe
of the fpirits, and diftending the fibres,
This is what we call fea-ficknefs.

LADY CAROLINE

In fea voyages, I&ltty, frefh water alter-
nately corrupts and pu’riﬁes'; in the courfe
bf three months, this change takes place
three times, When it {poils, it is full of
{mall worms ; when it becomes again {weet,
- thefe worms difappeér. i Every time that it
fpoils,' there is a new f'pecies of infect feen
in it. Account i i h g g s |

TR ETT Y,

The freth water which is put into the
barrels, is charged with the eggs of various
infe@s. The heat of the veflel hatches
them : they become a fwarm of {mall
worms, and hence the water is fpoiled.
Soon after this they die, and the particles
of them feparating, are loft in the water:
1t then bccomes fwcet by retaking its firlt

{tate.
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ftate.  After this, the heat gives rife to
others, from the eggs of another {pecies of
animals, which require a certain degree of
time and heat, as did the firft - the water
1s then fpoiled a fecond time, Thefe like-
wile very foon die, and the water refumes its
former goodnefs. The heat then produces
a third kind of infe& ; and hence the fuc-
ceflion of different animals, and the vicif-
fitudes of corruption and purity of the
water.

All this may be prevented by throwing
into a barrel of freth water a very {mall
quantity of {pirits of vitriol ; or rather by
wathing it in hot water, and burning in
it before we fill it a fmall piece of ful-
phur ; becaufe {pirits of vitriol and {ulphur
render thefe eggs fruitlefs, kill the infe@s
before they appear, and preferve the water
perfectly frefh through the whole of a long
voyage.

LADY CAROLINE,
Whence, William, arifes the different
; ; tafte
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talte we experience in rain water (though

caught in very clean veflels, without hay-

ing pafled over the roofs of buildings, or

through guttcrs,) when compared to any

other ? §¥ - |
- WILLIAM.

From the heterogeneous particles that it
imbibes in the atmofphere, which is al-
ways more or lefs charged with different ex-
halations. .

After having fettled, it improves and be-
comes more like other water ; becaufe if it
be not covered up, it purifies itfelfin a very
fhort time of its heterogeneous particles,
the 0reateﬁ part of wh1ch are extremely
volatile,

LADY CAROLINE.

How does it 'happe‘n, Elizabeth, that
the heat of the water upon the fummit of a
mountain 1s lefs fenfible than that in a
plain, or in any other fituation that is
lower ¢

ELIZ A«
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ELIZABETH. 4

From a fmaller quantity of fire being re-
quifite to heat water, when it is lefs prefled
by the weight and fpring of the air. Now,
upon the mountains, the ajr being more
rarefied than in lower {ituations, it makes
Iefs refiftance to the fire, and gives it a
freer paflage ; while that of valleys making
a greater effort againft the column of air,
which is higher and confequently more
heavy, re-affembles and 285 with {fo much
the more force upon the water.

LADY CAROLINE.

Whena certain quantity of falt is thrown
into a veflel full of water, how happens
it, Henry, that this Iaft does not run over
the brim?

HENRY,

Becaufe the particles of the falt lodge
themfelves in the pores of the water, and
occupy only thofe parts of the fluid where
vacuities were found, or which were only
flled with bodies foreign to the water.

LADY



ON WATER. 33

LADY CAROLINE. , .

If we mix five or fix ounces of fal ammo-
niac, powdered, in half a pint of pure frefh
water, in proportion as the falt diffolves,
the water becomes extremely cold. Why
fo, Fanny?

FANNY.

By the reciprocal penetration of the wa-
ter into the falt, and of the faline particles
into the-pores of the water, the parts of fire
are driven about for fome time ; which, in
whatever it confifts, flackens this {pecies of
motion, and depends entirely upon itfelf
for produ&ion and exiftence. This au-
thorifes the conjecture that there are cer-
tain cold fermentations which exhale from
hot vapours, and which by this effe&t feems
to indicate that fire ftrongly chafed from
bodies that mutually penetrate each other,
carries off with it the moft fubtile parts of
them.

The fea is falter in hot than in cold coun-

15585,
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tries, becaufe the water holds {o much the
more {alt infufion as it is warmer.

We fee at once, that the pores of this
fluid, dilated by heat, become much larger,
and confequently contain much more falt.
Water, therefore, muft be falter in the
feas of hot countries than in thofe of any
other.

LADY CAROLINE. -

You delight me, Fanny, by your ra-
tional, true, and explicit account. Now,
Mary, tell me, if you can, why we fee the
. water of certain wells fume in winter and
not in fummer ?

MARY.

When a veflel contains water warmer
than the air that furrounds it, the fire which
exhales from it carries, with it the parts of
the {urface that are expofed. to its attack.
Thefe fmall mafles, thus detached, rife or
extend as much by the impulfion they have
received as by the fuction of the air, which
does the office of a fponge, and form that

kind
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kind of vapour that we call fume, which is
fo much the thicker as the air is colder and
fitter for condenfation. This is the reafon
that we {ee water frefh drawn from wells in
winter, fend up a fteam or vapour. In
{fummer this effe& does not take place ; for
when the heat of the atmofpherc is greater
than that of the well, the fire, very far from
exhaling from the water, on the contrary,
enters into it, and even could the vapour
afcend, the heat which reigns m the air
would only fubtilize it, and render it in-
fenfible to us.
LADY CAROLINE.

Why, Edward, does the watee of lakes
and marfhes evaporate quicker, and in
greater quantity, than that of rivers and
other current {treams ?

EDWARD.

Becaufe the furface of the waters of the
firft is longer, and more expofed to the
rays of the fun than that of the latter.

J LADY
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LADY CAROLINE.

What is it, Sophia, that produces the
noife and hifing which water generally
makes when it begins to boil ?

SOPHIA.

This is caufed by the bubbles of air which
the particles of fire raife up and 1mpel from
the veflel that contains it. When this air
Is gone out, we only hear a dull kind of
noife produced by the parts of water thrown
up by the fire, which again fall by their
own weight. The noife is more or lefs
loud, as the veflel happens to be made of
earth or metal, which laft is of courfe
more fonorous.

LADY CAROLINE,

Whence comes it, Frederic, that when

a cook throws into 4 frying-pan (particularly

if it be very hot) fith, or any moift pulfe, we

hear crackling for fome time, and the boil-

ing oil very often flies out upon the hands

and face of thofe who happen to be toe
near it ?

FREDERIC.
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FREDERIC.

Fat fubftances fupport a greater degree
of heat than water would do, without eva-
porating. When the particles of this enter
into the frying-pan, they are at once tranf-
formed into vapours, and fuddenly dilating,
make the oil by which they are on all {ides
enveloped, fpout from them.

LADY CAROLINE.

How, George, is ice caufed ?

GEORGE.

“When water does not contain a fufficient
quantity of fire, which is the general caufe
of the fluidity of bodies, its parts, touching
each other too clofely, lofe their refpective
mobility, attach themfelves the one to the
other, and form a folid tranfparent fub-
ftance, which we call ice; and this paf-
fage from one f{tate to another is called
congelation.

LADY CAROLINE.

Why, Kitty, does a glafs in which water
is frozen, break ?

'3 KITTY,
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RITTY,

The air that is in the water, as long as
it occupies only the pores of this element,
that is, the vacuities or fimilar {paces, does
not increafe the volume of it ; but as foon
as it is changed into fenfible globules, when
by congelation the parts of the water draw
to each other and chafe it, this interrupts
the continuity of the mafs, and makes it
become much larger. Hence the external
furface of the glafs fwells, becomes con-
vex, and being at laft overcome by the wa-
ter (now converted into ice) it breaks.

LADY CAROLINE.

The fame water, William, in the ftate
of ice, weighs lefs than in its fluid ftate,
Give me the reafon of this.

WILLIAM.

The increafe of volume gives to ice
that lightnefs which makes it {wim ; for
one body is lighter than another, when with
dn equal quantity of matter its volume be-
gomes greater,

LADY
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LADY CAROLINE.

It is faid, Elizabeth, that melted iron,
the inftant it lofes its liquidity, increafes its
volume in the fame‘ manner as water
changed into ice. How can this happen?

ELIZABETH.

It is occafioned by an imperfect arrange-
ment of its parts. The moment that thefe
are fixed by fudden cold, a very intenfe
heat being neceffary to convert this metal
to a liquid, and a very {mall degree of cold
fufficient to make it lofe that liguidity
again, its parts prefled one againft the other
are already no longer in a {tate of fluidity,
although they may be ftill flexible enough ta
fink, nearly in the fame proportion as the
fire evaporates, and the motion flackens.

Implements caft from this matter are
commonly very expenfive, becaufe, in-
ftead of quitting the mould like other metals,
it on the contrary unites itfelf to it as one
hody.

LADY
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1LADY CAROLINE.

.How, Henry, didthe hard froft of 1709

kill trees of great ftrength and of very long

ftanding ?

FANNY.

Becaufe it furprifed them at a time when
they had thoroughly imbibed the water of a
thaw : now, this water having frozen im
the fmall channels, dilated them, removed
the fibres which obfiru&ed it, and broke
them. Thefe trees were the oldeft and the
firongeft ; on which account, their fibres
being much lefs flexible than thofe of later
growth, great numbers perithed.

‘ : LADY CAROLINE.

Water frozen in the barrel of a gun
fometimes burfts it; water in the fame
ftate raifes the pavements of ftreets, and
burfts the tubes of fountains when we ufe
not the precaution to empty them ; nay, it
will even burft a veffe] of copper, the force
neceflary to do which, Muﬂ"chenbroelc has
calenlated as equal to that which js capable
of
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of lifting 2 weight of 27,720 pounds.
Whence proceed thefe effe&ts, Fanny? .
FANNY.

From the water, by freezing, increafing
its volume; and the air gathering into
tubbles, is, without doubt, the immediate
caufe of this increafe of volume ; ﬁnce;
without this interruption, the watey would
occupy lefs {pace; things, however, would
be thus, though thi¢ air made no effort to
extend itfelf ; but it gathers fo much the
mare into thefe bubbleé,, a's it comeé out 1n
gx‘eafér quantity from the pores where it is
naturally lodged. "The expanfion of vo-
lume, thercfore, proceéds from the fame

caufe, whatever it may be, that contrals

the pores of the water and condenfes it :
now that which condenfes water, and makes
a body become hard, is what hardens other
bodies when their fluidity is uafupported by
fome internal caufe ; and we know by
ynany common inftances with what powAer

it aés: for the condenfation of water 18
mors
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more powerful and more quick, as the cold
1s more intenfe. In like manner, ice muft
be more full of bubbles of air, to have a
greater volume, and to be able to make a
ftronger effort, which agrees perfectly with
common experience.

LADY CAROLINE.

Why, Mary, does water begin to freeze
firft upon the furface?

MARY.

Becaufe the cold which produces freez-
ing, comes from the atmofphere; and
this caufe cannot have jts effe@ at the bot.
tom, without firft freezing cvery thing that
is above it. JFtis therefore improperly faid,

that ice comes from the bottom of the
water,

LADY CAROLINE,
The middle of 5 great river, which we

call the ftream of the water, never freezes,
Why is this, Edward ?

‘EDWARD,
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EDWARD.

Its motion being irregular, and as it
were by leaps, the parts which fhould at-
tach and unite themfelves together, are
pever two inftants at a time on the fide of
each other, fo that the froft has not time to
fix and congeal them.

v LADY CAROLINE,

How comes it, Sophia, that the ice of a
river that is frozen is not united like that
of a lake? And why do we commonly fee
piles of ice heaped one upon the other ?

SOPHIA.

A great river is never entirely frozem,
except when the arches of a bridge or fome
other obftacle ftops the heaps of ice that are
borne by its qurrent, and which have there-
by opportunity given to unite, and foldex
as it were themfelves to each other,

LADY CAROLINE.

Pure and clear water, Frederic, freezes

in 2 much fhorter time, and becomes a
' | i great



84 RUDIMENTS OF REASON.,

greatdeal harder than any other. What s
the reafon of this ?
FREDERIC,

Becaufe, in pure water, there is nothing
to make up for the lofs of the fire, and to
hinder the parts of it from approaching ;
now we know that the congelation of the
water is only a clofer and more intimate
union of its parts, occafioned by the ab-
{ence of the fire, which before kept them
dittin& from each other, and in a flate of
mobility,

Salt water freezes with more difficulty,
becaufe the parts of the falt oppofe the union
of thofe of the water, which, in their turn,
hinder the falt from becoming hard, by
their tendency to melt it, till it entirely
moiftens. '

The ice of falt water is not every where
equally falt, and the middle does not frecze
at all, or only takes 2 very flight con-
fiftence ; this is owing to the faline particles
at laft giving up to the force that condenfes

the
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the waterand contra&s the pores of it, en-
tering into the portion that is {till liquid, in
the fame proportion as they are compelled to
- abandon that which becomes folid. Thus
the middle is too much loaded with falt,
and freezes lefs.

LADY CAROLINE.

What is the caufe, George, of the north
feas freezing very deep ¢

GEORGE.

"They are expofed to colds of much longer
duration, and much more intenfe than thofe
of other climates; add to this, that their
waters are commonly lefs loaded with
falt.

1LADY CAROLINE.

Why, Kitty, is the dirt of the {treets,
when it begins to freecze, always lefs hard
than ice ¢

QSR

"The water is mixed with a great quan-
tity of earth, which makes its congelation
; much
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much more difficult, by hindering the
aqueous particles from joining together.
LADY CAROLINE,

Why, William, do ice creams, and
other delicate preparations by ice, require
a much greater degree of cold to frecze
them than common water.,

WILLIAM, - .

Becaufe they are always charged with
fugar, or rather fpirituous fugar, which
does the office of falt, and keeps the parts of
the water difunited.

When their freezing is only to a degree
of fimple congelation, fome of them are
fenfibly colder than others, though al] may
have had the fame degree of cold neceffary
for freezing ; becaufe thefe liquids carry
more or lefs fugar, one than the other,
and likewife as they are more or lefs {pi-
rituous.

LADY CAROLINE.
The water of 3 ftanding pool, mixed
with faline liquids, and fat {ubftances, ei-
ther
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ther of animals or vegetables, which cor-
rupt and there frecze, very often reprefent
fingular figures refembling the works of art,
and even thofe of nature. What produces
this effe, Elizabeth ?

ELIZABETH.

The parts of the ice are arranged rela-
tively to each other, and to the quantity
and order of the foreign bodies that are
mixed with the water, and which inter-
rupt or more or lefs retard congelation :
or rather, they are the tracks that the par-
ticles of fire have taken, which evaporated
in proportion as the water loft its flui-
dity.

LADY CAROLINE.

Fruits that freeze in bleak winters, when
a thaw takes place, lofe their flavour, and
very often become rotten. Why fo,
Mary 2

MARY.

Becaufe their juices confift in a great part

of water, which freezes and difcompofes
K them :
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them : the aqueous particles become {mall
voluminous pieces of ice, which break and
burlt the little veffels in which they are
inclofed,

LADY CAROLINE.

Why, Fanny, does meat that has been
frozen eat moré tender than other meat ?

FANNY.

Becaufe the particles of ice formed from
thofe of the water, have removed (in dila-
ting by the fire that roafted the meat) thofe
fibres, the union of which conftituted the
hardnefs of it,

LADY CAROLINE.

In countries that are intenfely cold, the
inhabitants fometimes experience the dread-
ful calamity of lofing their ears and nofes.
What can be the reafon of this, Edward?

EDWARD.

The humours frozen by the cold fwell
and diftend the organized parts ; or rather,
their principles remain difunited, when
their ﬂuidity comes back to the parts to

» which
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which it agrees, before the veflels that have
been forced become confolidated. It is for
this reafon, that in order to thaw them,
they hold them fome time in fnow before
they expofe them to a warm air, which
gives time for the parts to refume the order
which they have loft.
LADY CAROLINE.

Why, Mary, are the ices of Greenland,
and thofe of almoft all the north feas, of
a2 blue colour, approaching a little toa
green ?

) MARY.

This colour may be occafioned in fome
degree By the condenfation and thicknefs of
the air, which, refle@ing the folar rays in
3 certain manner, may produce it: on the
other hand, it may proceed from the quality
of the bottam of thefe feas, particles of
which may be detached, and mix with
their waters, as it happens in many ns«
ftances,

K2 LADY
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- LADY CAROLINE.

We encircle with ground ice or {now,
the ball of a' fina]] thermometer, placed in
a veflel ; then wait till the fluid be fixed to
the point of congelation. We now throw
upon the ice an ounce or two of any kind
of falt. A thort time after, the bottom of
the veflel is immediately covered with falt
water, and the liquor of the thermometes
defcends below the fixed point we have
mentioned.  Explain  this effet, Fre-
deric, '

FREDERIC.

The cooling of the ice by the mixture of
the falts is effected nearly as the freezing of
water, Humidity penetrates the falt, djvides
it, and enables it to do ihe fame thing in
regard to theice. The two {ubftances mu-
tually penetrate each other as they melt,
and the parts of one rapidly running through
the pores of the other, drive out for ap in-
terval the matter of the fire which is i}l

there ;
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there ; and thence arifes a great privation of
heat in the mixture. :
LADY CAROLINE.

If fire be the general caufe of fluidity,
and water become ice only when it is defti-
tute of it to a certain point ; how can it be
that a greater want makes the ice liquid
Tell me, George,

GEORGE.

It is not becaufe there is lefs fire in the
ice that it becomes water, but becaufe we
{ubftitute for the fire that comes out of it,
and which continues to exhale, another
{ubftance that lodges betwixt its parts, con-
tinues to exhale, and renders them move-
able in proportion one to the other,
Though fire be the general caufe of flui-
dity, it is not the only one that can give
rife to and fupport this ftate: it is fuf-
ficient that an interpofed body fhould hin-
der the parts of a fubftance from joining,
and that people fhould not make ufe of it
#s a common link. This body becomes

Kz  imme

L]
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immediately a fluid, whatever degree of cold
1t may have befides : it is thus that {pirits of
wine, falt, nitre, &c. mixed with a fuf-
ficient quantity of water, hinders its con-
gelation, and reftores to it its fluidity after
having loft it ; the falt, thoroughly divided
by diffolution, produces the fame effet and
for the fame reafon. .

THE
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THE EIGHTH CONFERENCE.

ON COLOURS.

SIR THOMAS.,
AM now, my dear children, about te
difcufs a beautiful and interefting fub-
je&, that of Colours. It will infpire you
with fublime thoughts, and you will be
amazed at the novelty of the knowledge you
are about to acquire. The definitions and
illuftrations which I fhall now enter upon,
will enable you to anfwer the queftions
which Lady Caroline may put to you, with
as much precifion and accuracy as you
have exhibited throughout the former Con-
ferences,
Definitions.
1ft, Defcartes and Malebranche prefu-

med to fay, that colours were only medifi-
* cations
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cations of light.  Defcartes thinks that
they are relations of the ftrait motion of
celeftial globules, and of their circular mo.
tion round their center, If this circular
motion be a great deal more rapid than the
other, the colour is red ; if the circular
motion be but a little more rapid, the co-
lour is yellow : if the ftrait motion, on the
contrary, be much more rapid, the colour
1s bluz: if it be but a little {tronger, the
eolour is greexn. ¢

2d. According to the hypothefis of Neww-
ton, which ought to be preferred to all the
inventions that had preceded him and have
followed him, Coleurs are a very parti-
cular difpoﬁtiqn of luminous rays, adapted
to give the perceptions of red or yellow, &c,
Every ray takes the name of the colour
that it bears ; not that it is really coloured,
but that it occafions one appearance rather

than another,
3d, According to the fame author, one
Ipecics of rays Producesin the organs vibra-
tions
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tions of a certain magnitude, which raife in
the foul a fenfation of a certain colour ; in
the {fame manner, neaﬂy, as the vibrations
of a certain magnitude in the air give rife
in the mind to a {cnfation of a certain found.
For inftance, the rays of one fpecies that
produce the fhorteft vibrations, fhew the
violei colour ; the rays of another fpecies
that produce vibrations the moft expanfive,
give the red. The firflt are the caufes of
fhort vibrations, becaufe they are coms
pounded of the fmalleft corpufcula, The
Iaft of thefe, having lefs force than the
others, make lefs impreflion. Thus, the
violer that they give rife to, is the moft
gloomy and feeble of colours, The fecond
occafions the moft extended vibrations, be-
caufe they have larger corpufcula, which
having more f{trength than the others, make
a {tronger impreflion. The difference of
fize in the corpufcula of other rays makcs
the difference of other colours. Hence red
rays, orange rays, yellow rays, &,

4th,
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4th. Newton reckons feven principal
rays or primitive colours: the firft is red,
or of the colecur of fire ; the fecond orange
the third ye/low ; the fourth green; the fifth
blue 5 the fixth purple or indigo ; the fe-
venth @70/,

We may be convinced by the following
experiment : ,

Newton made in a fhutter a fmall aper-
ture of one fourth of an inch diameter.
When a bright fun fhines on the fhutter,
the rays are received through the orifice in
a chamber well clofed up, and tend to paint
the likenefs of the fun, or ofa circle on the
wall oppofite, or on a white fheet, or on a
fcreen deftined to receive them. If near
this hole you place before the rays of the
fun the fide of a prifm, that is, of a trian-
gular folid of chryftal well chofen, very
€qual in its fides, and without {treaks, the
figure which the rays form on this occafion
upon the linen is no more round as be-
fore; it preferves the fame width, but it

becomesg
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becomes very long, terminated by two firait
lines in its length, and only round at the
- two extremities. Toward one of the ends
of this figure, we fee the moft beautiful
red, then the orange, afterwards the yellow,
the green, the blue, the indigo or wiole,
Thefe feven colours are not precifely cut,
but we fee between them delicate thadow-
ings, that bear a refemblance to the neigh-~
bouring colours on the end, and which are
nearly blended into one. :
sth. After having carefully examined
this fingular figure, the difcovery we make
is, a compound of rays of different colours,
and which being in themfelves of different
natures, undergo folds, all of them different
in the prifm, and then remove diﬂ’erently
from themfelves, in fuch a manner as to
fallupon the linen at points unequally diftans
from thofe to which they thould have
gone, if they had not been broken by the
prifm.
Krogm
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From the mixture of the feven rays
arife all the colours of nature, and the whole
of them re-united and reflected together
from the furface of an object, produce the
whitenefs; and we only call them red,
. green, &c. becaufe the rays make fuch and
fuch an impreflion upon the retina, whe-
ther it be becaufe the globules of the rays
are of different fizes, or that they may have
a different motion. And not only refle&-
ing furfaces have their pores filled with
light, to refle® that which falls from
above ; this light in coloured furfaces is of
fuch or fuch a fpecies, and by that means
capable of receiving and of reftoring to fimi-
lar globules the motion that is moft pro-
per to them. Thus cochineal dyes red,
yet not of itfelf, but becaufe its particles,
divided and lodged in the pores of wool,
are like fo many {ponges imbrued with red
light, adapted to re-a& againft a fimilar
light, and upon which the rays of 2 differ-

& ent
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ent nature are deadened and extinguithed
by the want of an effectual re-a&ion.

6th. Let us conceive tranfparent bodies
that have colours, net as fimple fieves, but
as little beams of which the methes contain
{ome particular {pecies of light, adapted to
receive and to tran{mit, beyond the motion
communicated to it, by rays of one and the
fame nature. The pores of red wine con-
tain a feries of globules, which, ftruck by
a compound light, only receive and tranf-
mit the motion that belongs to the rays of
that colour.

1 fhall now refign to Lady Caroline the
tatk of illuftrating what 1 have been fay-
ing, and hope that thefe preliminary ob-
fervations bave already prepared your minds
for the explanation of what her Ladyfhip
may propofe to you.

LADY CAROLINE.

There are found, George, in certain
places, {tones, generally of the fize of a
hen’s egg, of an irregular round figure,

Vo, LI1. L their
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their colour grey, and in their nature fome=
thing like talc (a tranfparent mineral, of
which a curious white-wath is Oenerall/

made.) This Pcone, or any other that may
be fubftituted in its place, having been cal~
cined in a coal fire, and kept in a2 box in-
ternally covered with cotton or flannel, we
expole to the free air and open day during a
few minutes, but placed in the fhade: we
afterwards take it out of the box, to be feen
in a darkened room ; and that the experi-
ment ‘may fucceed better, it is proper that
thofe who are to look at it fhut their eyes
for a few minutes before, or ftay in the
room till it 1s fhewn. 'The ftone then
will appear luminous like a piece of iron
reddened by fire, and-beginning to extin-
guith. = This light lafts a few minutes, but
becomes gradually more feeble, after
which it entirely dxfappears. Account for
this.

GEORGE.
Thc cdour exhaled by this fione (which,

g p : Fre.
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T recolle&, Sir Thomas told us was a na-
tive of Bologna in Italy) after having pafled
the fire, gives us to underftand that its na-
tural fulphureous particles have been difen-
gaged from its earthy parts. Thele fub-
tilized particles of fulphur contain like
other particles of fire, but with this dif-
ference, that being very much difpofed te
obey the expanfive force of this clement,
their inflammation begins in an initant.
The moft feeble light of the day is fire fuf-
ficient to give light to this {tone, which
placed in the dark produces thefe effes,
LADY CAROLINE.

Why, Kitty, do bodies appear to us une

der feveral different colours ?
KUY E oy,

It is that the figure of their pores, the
texture, the confiftency, the inclination of
their parts, refleét more rays of a certain
{pecies, while they tranfmit the greater
part of the others; that is, they abforb
them.

2 The
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The particles of which the furfaces of
bodies confilt, may be conceived as blades
of a very minute thinnefs, of different na-
tures ; and as the rays are themfelves en-
tirely unlike to each other, they do not find
in all thefe minute blades upon which they
may fall, the fame relations and the fame ~
difpofitions. One blade, for inftance, that
will receive and break the yellow in its
pores, will totally force the green. Cer-
tain bodies appear to us red, becaufe they
reflet and fend back to our eyes a great
quantity of red rays. Gold refleés yellowy
rays, while other rays pafs over them ; for
if we place betwixt the light and the eye, a
very minute blade of gold, the light tra-
verfes it, and appears blue or green.

A furface of a bady which in a certain
inclination would have admitted and bent
the violet, being otherways inclined, re-
fufes its paflage, and wholly refle@s it.

A pigeon, or a pheafant, cannot make the
leaft motion with its head without exhi-

biting,
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biting, {ometimes little {urfaces adapted to
refle&t certain rays; at other times, other
furfaces, calculated to refle¢t quite different
rays from the firft, In the mixture of
fome liquids, there are formed particles or
layers that refle& many more rays of cer-
-tain {pecies than of others, which run
through the mixture, or which are there
abforbed ; hence the colours which we fee
fuddenly rifing. It is ealy to perceive that
all thefe changes may be! infinitely divec-
fified.

The {mall irrefiftible parts of the fur-
faces of all bodies may be looked upon as
fo many fine fieves, which, if I may beal-
lowed the expreflion, {ift the light. The
rays that may be received and admitted by
the pores of one fieve, may be rejected by
another. 'The white is a very fine fieve,
which allows no ray to pafs ; the black is
the largeft fieve, and through it every ray
flows.  Hence it happens, that white
woven f{ubftances ar¢ more cool, and lefs

Lig calculated
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calculated to receive heat. It is upon this
account alfo, that a fheet of white paper
pinned to the hat of a traveller, faves him
from a too great heat, by {ending it offinte
- theair’; and for the very fame reafon, black
cloths and zll black bodies receive a vaft
deal of heat, and fometimes are upon the
point of being burned. ‘
- Colours are then effentially different in
us, upon us, and in light, as well as upon
all coloured bodies. In us, they are very
different fentiments, by which we are
intimately affe€ted in the appreciation of the
appearance of obje&ts. In light, they are
fo many darts, fimple ‘and diftinguithed
from each other. Upon coloured bodies
there is a very certain foundatjon to fay of
one, that it is red, and of andther, that it is
blue ; fince particles that réfle@ ope of
thefe colours are, by the inequality of their
ftructure, their denfity, their delicacy, their
pirangement, their inclination, very different
| ~ from
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from the particles which conflitute a furface
of another colour.

Black 1s' not properly a colour: itis a
privation of refleted light; and the lefs
the refle®ion is, the greater is the black-
nefs.  Some opaque (dark) bodies fend back
but a very fmall quantity of light, the re-
mainder of which becomes extinét in thefe
bodies by being difperfed on all fides
through contrary refletions and refractions;
and hence, it moft undoubtedly proceeds,
that a black fubftance is more rapidly heated
than any other. et

LADY CAROLINE,

Your difcernment in the intricacies
which you have rendered at once clear and
obvious, fhew you, my dear Kitty, to be a
girl of great acutenefs.

A ray of the fun obliquely falling upon
the furface of a tumbler of water, placed
upon the border of a table, difplays the
prifmatic colours at the diftance of fome
feet from it : this does not ufually happen,
| except
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except the light, which traverfes the glafs,
be extended a little farther after its emer-
fion. To -what, William, may thls be
attributed 2

WILLIAM.

The mafs of water which the folar ray tra-
verles, is.in this cafe a true prifm, of which
the refraGted angle is' towards the rim of
the glafs 5 it muft therefore produce fimilar
effedls to thofe of a folid piece of glafs,
with the fame form as the water and the
tumbler ; but as the different degrees of
refrangibility of the rays do not remove
them one from the other, but under very
acute angles, it is only at a confiderable
diftance from the refradtive body, that they
are {ufliciently unmixed to appear with
their own colours ; nearer the glafs, there
can be at the moft but the border of the
emergent light, coloured, and that in a
faint degree.

LADY CAROLINE.

Diamonds, efpecially thofe of the fineft
water,
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water, held in a ray of the fun, produce by
their angular cut, a vaft number of fmall,
beautifully coloured figures, How does
this happen, Elizabeth ?

: ELIZABETH.

From their facets, which form fo many
{mall’ prifms. = The incident light is di-
vided into many {mall fhootings, which are
ftill fubdivided upon the facets, differently
inclined from the bottom, and which re-
flecting from this, fail not to be difcompo-
fed by coming out, if they have not been fo
by entering, Colours are more vivid in
the diamond than in glafs, becaufe they are
better feparated; the firft being more re-
fraltive, and its tranfparency likewife more
perfet. The light of a wax taper pro-
duces the fame effe@, though with lefs
fplendor than that of the fyn. It isfor this
reafon that night affemblies are {o favour-
able to thofe parts of drefs that are orna-
mented with diamonds ; thootings of direét
light, multiplicd in a place where the light

is
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is lefs powerful than by day, render the ef-

 feéts of which we are {peaking more fenfible

and more numerous. |
LADY CAROLINE,

Paper dyed blue becomes at firft a fine
red, and fome time after turns pale, when
it has been wathed over with aquafortis,
weakened by a little common water: nearly
the fame thing is obferved when we apply
to it any other acid, as the juice of citron,
vinegar, fpirits of vitriol, the fimple dif-
folution of nitre, &c. Hew does this hap-
pen, Henry ?

HENRY.

Becaufe the particles that give the colour
to the furface of the paper being freed by
the attion of the acid, change, probably,
their fize and figure, and thereby become
fit to refle&t red, rather than blue or violet
rays 3 and as this altion remains a certain
time before it has all its effet, the red,
which appears at firft very deep and vivid,

runs
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runs through many fucceflive thadowings
to a colour more weak and pale.

It is thus that certain ingredients, as
foap, fpoil variegated cottons, lincas, &c.
by interrupting and difuniting the compo-
nent parts of their dyes, which appear un-
der other colours, and generally without
remedy. A method to prevent thefe ef-
fe&s, in part, or wholly, is, to foak thefe
ingredients in a good quantity of pure and
clean water, and to beat it well up before we
put in any of the draperies which I before
mentioned for cleanfing ; butit is fill ne-
eeflary to obferve, that the dye which we
with to preferve, fhould naturally be of
itfclf a eolour not calculated to vicld to the
water in which we mean to wafh it.

LADY CAROLINE.

At the clofe of day, the thadows of bo-
dies produced upon a white wall are of a
blue colour. Give me the reafon of this,
Fanny,

FANNY:
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FANNY.

The {hadows of bodies that proceed from
the red hue of the fetting fun, which is
near the horizon, will always be of a celef-
tial blue ; and for this reafon, that the
furfaces of all opaque bodies take the co-
lour of the body which enlightens it; there-
- fore the whitenefs of the wall being entirely
deftitute of colour, it takes the hue of its
obje&, that is, the fun and the heavens ;
becaufe the fun towards evening is of a co-
lour approaching to red, as the heavens to
the blue ; and the places where the thadows
are, not being feen by the fun (fince no lu-
minous body can fee the fhadow of the
object it enlightens), as the places of this
wall where the fun does not thine are feen
by the heavens, the thadow refle@ed by
then% upon the white wall will be of an
azure colour ; and the fpot of this fhadow
being enlightened by the fetting fun, in-
clining to red, will likewife partake of
this red colour; thdt is, the white wall
takes
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takes the hue in a vifible manner of the ce=
Teftial blue light of the heavens, and this
colour appears only in the place of the fha-
dow, becanfe the other parts of the wall are
illuminated by a ftronger light; which hin-
ders the blue from appearing. This will
take place, though the fhadow be but faint,
and on this we may rely when the fun is
not too much above his defcent, or better if
he be defcended.
~ LADY CAROLINE,

To what caufe can we attribute the bea~
tiful red with which lobfters, crabs, and a
variety of other fhell-fith, are tinged when
boiled ? ‘Fell me, Mary.

MARY.

It may be attributed to fome change of
their fuperficial contexture, which becomes
fit to reflet only the red rays: a change {o
delicate and {o imperceptible, as not to be
difcoverable by the moft piercing eye, af-
fifted by the beft microfcope,

M LADY
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LADY CAROLINE.

I take this phial of thin glafs, which is
exceedingly tranfparent, and the figure of
which s cylindric, about an inch in dia-
mcter, and feven or eight inches in length ;
this I fill nearly one half with clear wa-
ter, and pour upon it as much {pirit of te-
rebinth ; after which, without moving it
from the place it ftands on, I cork it as
clofely as I am able.

You now obferve, that fo long as I do
not agitate this, the two liquors remain one
above the other, and each of them preferves
all its tran{parency.

I then fhake for a few moments the
bottle, and the two liquors, you obferve,
mix in fuch a way that the water is inter-
rupted by an infinite number of {mall glo-
bules of terebinth of a dull and thick white.
How is this occafioned, Frederic ?

FREDERIC.

The fpirit of tercbinth, being lighter
than the water, remained on the top when

your
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your Ladyfhip gently poured it inte the bot.
tle ; and the two liquors, thus feparated,
preferve the qualities that are pecyliar to
them, and confequently their natural tranf-
parency. But when, by the agitation of
the bottle, the leaft denfe of the two dj-
vides into fall globules, the continuity of
the water is interrupted, and a mixtute
formed, of which the parts are heteroge-
neous as to the denfity ; then the light is
lott by the irregular refle@ions and refrac-
tions which it undergoes in this mafs ;
and the reft, repelled and making its way
back again, fhews the mixture under 2
white appearance..
LADY CAROLINE.
Water beaten in its fall by the wheel of
a mill, the white of an egg whipped, and
in general all mucilaginous fubflances, are
opaque and white. Give me the reafon of
this, Sophia ?
SOPHIA.
This happens becaufe the air, which in~
M2 troduces
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troduces itfelf into them in {mall globules,
and is mixed with matters much more denfe
than itfelf, compofes with them mafles,
the parts of which are very different in
denfity, |

LADY CAROLINE.

Glafs, ground, cracked, or unpolifhed,
which has loft its tranfparency, retakes it,
like an infinite number of other bodies, by
being only moiftened with water. Oiled
paper is very often {ubftituted for the pane
of a window. Why fo, George ?

GEORGE.

Becaufe we fupply for the air which is
mixed with thefe bodies, or which fills the
pores and inequalities of them, a liquid,
of which the denfity approaches ncarly to
theirs. |

We muft obferve that the glafs is fo much
the more tranfparent, as it is more thin
and more polithed, becaufe its pores are by
this fo much the more free, lefs interrupted,

and
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.and lefs clofed ; they give therefore an cafier
paflage to the rays of light.

It is fo much the lefs tranfparent as it is
thicker;  becaufe then its pores being
more crooked, more obftructed, and ftopped
with folid particles, the rays pafs with more
difficulty. :

‘Water, when frozen, 1s very tranfpa-
rent, while o1l in this {tate almoft wholly
lofes its tranfparency ; becaufe the pasts of
the water in approaching are fo arranged,
the one next the other, in parallel lines, at
the moment when they freeze, that they
always preferve a great number of pores,
firait, free, and difpofedin every direction;
‘whereas the parts of the oil are intermixed
in fuch a manner, that the paflages of the
light become tortuous (twifted or winding)
and inaccellible to the greateft part of the
FAYSe :

LADY CAROLINE.
In frofty weather, the glafles of a car-

M3 riage
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riage in which we are feated, become very
foon dull and ‘obfcured, {o that we cannat
diftinguith any obje& on the outfide, What
can be the caufe of this, Wiiliam ?

WILLIAM.

It is occafioned by the tranfpiration of
the body, which attaches in {mall drops to
the furface of the glafs. Thefe particles of
water, with the partitions of air, feparate,
compofe a layer of matter very heterogene-
OUs'as to denfity, and on that account very
little adapted to allow the light to pafs in a
right line. 'What proves that the glafs does
not lofe its tranfparency is, that if we re-
unite the fmall drops with the hand, or
flightly pafs a handkerchief over them, the
glafs immediately refumes its former tranf-
parency : it is even a means of preventing
its becoming any more {o obfcured, for the
humidity that arifes afterwards, only unites
to that which is extended, and takes no
more the form of drops.

LADY
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ILLADY CAROLINE.

How, Fanny, do we fec any thing that
is black, fince no kind of light is reflected
from bodies of this caft ?

FANNY.

When we look upon a black body, it is
not that body that we fee, but the enlight-
ened or luminous furfaces that encdmpafs
it, and which ferve as a field ; the light
that they fend, makes impreflion upon the
whole of the fight, except at the place which
correfponds to the body that we have in
view. Lhis place of the organ which does
not receive the light, is circumfcribed and
terminated according to the figure of the
‘black body, which is the caufe of this pri-
vatton ; and it is by this that we are enabled
to judge of the magnitude, form, fituation,
and nature of it. When we read a book,
it is not the letters of ink that make im-
preffion upon our eyes, byt the white of
the paper that is betwixt them, fince it is

from
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from this that the light comes: we diftin-
guifh'them only by the defe&s of {enfation
which they occafion.

Black fubftances do not appear to us, as
ftains or fhadows: a man drefled in black,
and an animal of this caft, look very dif-
ferent from fhadows. We diftinguifh all
the parts with their reliefs : it is that thefe
- objeds are not entirely black, as we may
imagine them ; the parts the molt promi-
nent, and . the moft expofed to full day,
detach themfelves from the others by iha-
dings more or lefs clear, and the refle@ion
of the light, which thews the mouldings,
contours, and projections of them, ‘This
1s fo true, that a painter who undertakes
to reprefent them cannot effe@ it, but by
employing white and other colours capable
of reflecting the light ; and if thefe bodies
are not enlightened on the fide by which
we view them, they appear to us like real

thades.

LADY
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LADY CAROLINE.

Why, Edward, do aftronomers burn the
glafles black or fmoke them, through which
they look at the fun?

EDWARD.

Becaufe all black bodies, as well folid as
hiquid, being generally the molft fit to inter-
eept the light, the eye is not overpowered
by a too great refplendence of rays.” The
fun then appears of a yellowifh red, becaufe
of all the fpecies of light that emanate from
him, thofe of the red and the yellow arc the
moft ftrong, piercing through fubftances and
degrees of opacity in which the other colours
flop and become extindt,

LADY CAROLINE.

When we look at a glafs of red wine in
which water is mixed, we diftinguifh nei-
ther the parts of the water, nor the folid
parts of the glafs. The {enfation it gives
rife to within us, is only that we fee the
fimple wine without any mixture or inter~
puption. How happens this, Sophia ?

| ' SOPHIA,
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SOPHIA.

It is becaufe the imprefﬁon that comes
from the red wine is ftronger than that
which proceeds either from the glafs or the
water ; and this {preading upon the retina
renders both the latter infenfible,

Thus a green meadow fcattered over
with white flowers, when viewed from a
great diftance, appears entirely white.

LADY CAROLINE.

How, Frederie, is the rainbow pro=
duced ?

FREDERIC..

We call by that name the arch that ap-
pears when a fpeCator has his back turned
towards the fun. It is feen in a dull thick
part of the atmofphere, -while it rains, be-
twixt this and the fun. It often happens
that we fee at the fame time two of them
parallel to cach other. The colours of the
uppermoft are more faint, and inverted, in
relation to thofe of the lower, and are the

fame
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fame as thofe we {ee in the rays of the fun
pafling through a prifm. We may fay, in
general, that in the lowermoft bow, the
rays of - the fun make a double refraltion,
firlt at the entrance into the drops of rain
falling from the atmofphere, and again '
when they iffue {rom them, befides one re-
fleftion which tlie ray makes in the interior
of the fame drops. In the upper bow,
nére is not only ‘a double refra&ion, but,
belides, a double refle@ion. It is not,
refore, furprizing that the rays in this

-
e
(g
—
(@)

bow being more faint, the colours thould
likewife be lefs vivid.  In the fuperior
arch, the rays entering into the drops of‘
water by their inferior parts, proceed to
‘the eye from their upper furface ;. and'in
the other arch, they penetrate at firft the
{uperior parts, and then they advance to-
wards us by their inferior part. | Hence, it
neceflarily follows; that the inverted order
muft take placs,

LADY
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LADY CAROLINE.

I mix in this cup ‘the tinQure of fun-
flower with aquafortis and oil of tartars
the mixture gives a violet colour. Why
fo, Mary ?

MARY.

The mixture is violet when it refleéts
more rays of this colour than any other:
1t 1s blue when it {ends forth more of the
blue. On the fame principle there arifes a
fine blue from the mixture of alum with
the juice of corn flags.

LADY CAROLINE.

Again, Mary, I putinto this cup a little
water and o1l of tartar upon the {yrup of
violets, which mixture immediately pro-
duces a beautiful green. In what manper is
this effe@ed ?

MARY.
This mixture, abforbing the other 1ays
of light, refle@s.the green only.
LADY CAROLINE.

The {pirit of vitriol in a tinGure of the

3 pome-
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pomegranate gives a colour bordering upon
orange. How happens this, Kitty ?
KTy
Becaufe this mixture reflets back only
the orange rays, abforbing the others,
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THE NINTH CONFERENCE#

ON VISION.

SIR THOMAS.

SHALL now, my dear children, beg
I of Lady Caroline to proceed ta that part
of light which treats of Vi/ion.

- LADY CAROLINE.

When we are in a chamber we fee the
paflengers through the window panes much
plainer than they fee us. What is the reas
fon of this, George ?

GEORGE.

It is, that the light which comes from
them to us, is more vivid than that by
which they perceive us; befides, their eyes,
affected by the open light in which they are,
cannot feel this weak, light fo well as our

eyes, which are more remote from the full
N 2 g o
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light, can feel a {tronger: the effe@s are
altogether different when it is night, and
when we are in a place well illuminated ;
as the people within cannot fee thofe with~
out, while thefe on the contrary are clearly
feen by the latter.

LLADY CAROLINE.

By drawing together the eye-lids ina kind
of blinking pofition, if we look in a ftrait
line at a lighted candle, by night, we-
perceive from the upper and lower parts of
the flame long rays of light, like thofe
which reprefent the glory that furrounds
certain piGtures ; and if we let any obfta=
cle (the finger, for inftance) gently defcend
before the eye, it will intercept the rays be-
low: thofe above in the fame manner
will difappear, if we raife the obftacle from
the lower to the upper part of them., How
does this happen, William ?

WILLIAM,

It proceeds from the rays of light that

come from the flame, and refra& from the

UPPCT
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upper to the lower part, and from this to
the upper part, traverfing a glairy ‘water,
which gathers on the borders of the eye-
lids, at the place where they touch the fe-
cond coat of the eye, which contains the
watery humour. We may remark, that the
-rays to which the queftion alludes, are not
»reprefentéd under different colours, as it
happens to refracted light, and this thould
be -attributed to the bendings of the rays
in pafling near the borders of the eye-lids,
above as well as beloy.
LADY CAROLINE.

Purblind, or fhort-fighted people, fee
diftin&tly when the obje& is near, and even
read with very little light, but at a diftance
they fee confufedly, and perceive not at all
objects that are a little removed, Among
this defcription of people, fome can only
read by bringing the book to touch their
nofes, others by holding it an inch or two
farther off, others again remove it half a

N3 foot
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foot from them, = Give me the reafon of this,
Elizabeth.
ELIZABETH.

In fhort-fighted people, the eye is too
round, the cryftalline too vaulted ; the lu-
minous rays re-unite there too fuddenly,
they crofs each other in it before they arrive
at the retina, where they often make only a
{pot which has nothing diftin&. This in-
convenience diminifhes as age brings on
others. ' Children newly born are near-
fighted; they have a very fpherical eye.
Drynefs and weaknefs infenfibly flatten this
too round eye ; and hence people fay, that
fhort fights laft long. It is not that they
laft longer than others, but that at a certain
age the dried eye is flattened : then he who
was before under the neceflity of bringing
a book within three or four inches of his
eye, may fometimes read at the diftance of a
foot: but even his fight becomes foon con-
founded and cloudy, and he can by no
sneans fee diftant objects. To remedy the de-

fe&k
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fe&t of the eye of the purblind perfon, which

15 too round, he muft have a glafs that will
hinder the rays from re-uniting too quickly.
This glafs ought to be concave, that the
rays becoming more divergent may be re-
united upon the retina, that is, farther than
they before were. The concavity of thefe
glafles muft be proportioned to the defects
of the eyes. 3

LADY CAROLINE.

Perfons who fee afar off (diftin&ly, and
nearer very  confufedly, have their fight
even to three degrees, or foci. The firft is
a foot and a half diftant; the fecond is
twe feet and a half 5 the third is farther than
cither of them. This fight, which is' op-
pofed 1o that of the purblind, is proper to
old men. Why and how does this’ hap-
pen, Henry?

HENRY.

The eyes of thofe who cannot fee but
afar off, are too fat, either by the confor-
mation of the fecond coat of the eye, or by

that
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‘that of ‘the cryftalline, which age or fick-
nefs has dried up or flattened: then the
-reffactions are more feeble and of lefs quan-
tity 5 and the rays, inftésd of being re-
aflembled upon the retina, fhoot beyond it,
and thew confufed objeéts clearly to them.
Naturehas given tothe mufeles of the eye the
power of prolonging or of flattening the eye,
tobringitnear or to remove it from the retina.
But when this ftrength is Toft in old perfons,
‘aremedy is applied through the interpofi-
‘tion of a lens (a glafs convex on both fides),
‘which renders the rays lefs divergent, by
making' them concur at a.lefs diffance,
The eye then receives the rays, both more
-colletedly and in greater number ; they
‘terminate at. a point of the retina, as they
dhould do ; ‘they come to the eye as if they &
had been fhot from a point more remote,
and which an old perfon might diftinguifh
with eafe,
LADY CAROLINE.
What conftitutes 2 good fight, Fanny?
FANNY,
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FANNY.

* It is that by which we ‘can fee to read
well at about the diftance of one foot, In
this fight the cryftalline is in its perfec-
tion ; we diftinguith from afar, like the
perfon who fees objects moft clearly at the
greateft dlﬂance, but not {o accurately as
he. This fight ‘has three degrees, or foci,
the firft is-half a foot, the fecond one foot,
the third 4 little more than this laft.

A good fight is fometimes changed into a
thort fight, particularly among people who
read ‘much, or who apply to fine works ;
and it is liable to be changed into the fe-
cord kind of fight in an !advanced age,
The fight of the purblind never changes,
either into a/good fight, or into that of the-
fecond kind of fight. Thefe different va-
riations of fight happen only by the dif-
ferent changes in the convexity of the
¢ryftallines

LADY
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LADY CAROLINE,

- What is firabifmus, or fquinting ? Can
30&1 explain it to me, George ? ‘

g ) 4l GEORGE. 2ici

- We faya perfon fquints, of whom oné:
of the.two eyes is not turned to the fide of
the objeét he looks at.  People who have
this defect, fquint fometimes with one eye
and fometimes with the other, ‘and it often
appears that the two eyes fquint both at;
once. . “There are fome who f{quint. very
little when they are near the objeé, but 4
great deal when they are more remote fiom
1t Others fquint with' one eye near the.
objeét, and with the othériat a imote re=
mote- diftance.. ' When they fhut the eye
which does not fquint,. that which fquinted
is immediately. reQified; and by opening
the eye-lid, we find that the one that was
ftrait or right before is now fquinting.

All this relates to thofe who fquint from
their infancy, and it is all found to origi-
mate n the difcord of one of the right

mufcles
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smufcles of the ‘eye.. But when this incon-
venience happens in an advanced age, we
muft attribute it to a palfy in one of thefe
mufcles of the eye : {uch perfons fee -two
or three objeéts, and fometimes more, when
they look only at one.

The difference betwéen thofe who fquint
from their infancy, and thefe laf, is, that
the firt do not fee double, as the laft do. In
the firft, the eye that fquints turns equally
to every fide, on fhutting the eye which
appears found ; while in the laft, on thut-~
ting the found eye, the other cannot be car-
ried to the fide oppofed to that towards
which the prunella is turned, Thus, in
infants, the caufe is, the want of animal
{pirits, which are not equally conveyed in
the mufcles of the eyes, whence it hap-
pens that the ball is turned on ope fide ;
~whereas, in people of more advanced age,
one of the mufcles being paralync, the eye
remains immoveable towards one fide by
the. contraction of its oppofed mufcle, and

2 cannot
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cannot be directed towards the part that
contends with that which is relaxed.

LADY CAROLINE.

Why do we open the prunella fo much
when we wifh to read any thing at the clofe
of the evening, or when we are in places
where we are ftinted for light ; and in thefe
cafes, why do we look nearer than we do in
common? Tell me, Edward.

EDWARD.

By thefe two means, the:prunella en-
braces more light ; but the laft, in dufky
places, exalts from the eye an effort to re-
move a too great divergence of rays; and
this effort, while it lafts, fatigues the organ
very much.

LADY CAROLINE.

When the bile mixes with the watery hu-
mour of the eye, how happens it, Fre-
deric, that every obje& appears yellow to
the perfon thus afflicted ?

\
( FREDERIC,

|
1
\
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FREDERIC.

The light that is brought to their eyes is
difcompofed, as if it paffed through a yellow
glafs ; and there are hardly any rays but of
this colour that trace images to the bottom
of the organ. We find fome people who,
in confequience of ficknefs or fome great
accident, fee red, green, and blue ; when
this happens, it is believed that the hu-
mours of their eyes have received tints of
thefe colours.

SIR THOMAS.

We thall now proceed to the feience of
light in general.

it. The fcience of optics is that
which demonftrates the laws according ta
which the rays of light depart from a radius,
and terminate at the eye,

T he fcience of catoptrics teaches us the
laws that the rays of light follow, which are
refleCted by a body, and of which the image
i1s conveyed to the {ight,

Dioptrics is that fcience which treats of

Vo, It Q the
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the lavvs according to which the luminous
rays pafs through mediums more or lefs
denfe, more or lefs rarefied, and changed

or broken by them.
2d. Light is an infinitely {ubtile matter
which ftrikes upon our eyes, which paints
objects to them over which it is refleCted,
and of which the impreffion is followed in
us by another which affe@s the foul, and
acquaints us with the prefence, the ar-
rangement, the figure, the fituation, and
.the diftance of objects. Vifible obje&ts, as
the eyes, by which they fhould be per-
ceived, are always plunged in a fluid that
extends without interruption from one to
the other ¢ this intermedial matter is {uf-
ceptible of afpecies of motion that is fit,
and cannot be felt but in the bottom of the
eye, in the fame manner as it can only be
excited by blazing bodies, or thofe fimilar
to them. As foon as it is agitated in this
manner, the organ, placed wherever it may
happen to be in the fphere of activity, fails
not



ON VISION, 14%

not to be affe@ed by it; and on this occa.
fion the mind perceives and judges at a cer-
tain diftance, and in the dire@ion of the
motion by which impreflion has been
made, the obje& that is the caufe of it,
The matter of light is the fame as that of
fire, becaufe it enlightens and burns like
ire 5 the fame element produces thefe two
effells, and if we fee one without the other,
it is that both do not depend upon the fame
circumftances, although they have one and
the {fame principle. ‘

Thofe who pretend that the fun conti-
nually fends the light to us, do not fohidly
anflwer an infurmountable objection : for if
the fun {end light, it ought ince {fantly to lofe
its {ubftance, and confequently become
{fmaller and lefs fplendid ; this, however,
does not take place. Will the objectors
fay, that comets are thrown into the fun to
ferve him as aliment ? Or that the lofs ful.
tained bv the fun is alw vays repaired by the
fame matter, which returns to it again ?

O Thefe
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Thefe anfwers offer nothing folid, and it
appears to me that we ought to prefer the
{fyftem in which it is faid that the matter of
light is fpread throughout the world, and in
order to fhine, it waits only for a certain
motion which the fun gives to it.

For a candle to enlighten three miles
round, it is not neceffarv that it fend the lu-
minous matter every where., It is fufficient
that it imprefs a certain motion to the {ub-
tile matter expanded in that place. If that
be eafily comprehended, why thould we not
fay the fame thing of the fun? May we not
confider it as the candle, and of courfe fay,
that this luminous ftar, imprefling a certain
motion to the matter of light of which
the univerfe is full, occafions it to enlighten
us? ;

3d. We may confider the particles of a

Juminous ray that is extended from a ftar
to our eye, as {o ‘many little balls or fmail
elaftic clufters, and very contiguous, whence

it happens, that the action of the luminous
' body
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body in all the length of the ray which
ought to tranf{mit it, is not in{tantaneous
but to our fenfes, and in the cafe of 2 very
thort difltance : but this tranfmiffion, how-
ever rapid, however imperceptible it may
be, requires a real fucceffion of inftants, of
which the fum will become very confide-
rable, if the way that the light {hould run
through be very long.

We may confider the particles of mats
ter as globules, becaufe this figure agrees
better than any other with the pheno-
mena. We muft believe that thefe mi-
nute balls are fo many little elaftic bo-
dies, by the vibrations of which is tranf-
mitted from one ro the other the re-iterated
fhock of the luminous body, nearly in the
fame manner as that of a ball of ivory paffes
in an inftant from one eXtremity to the
other, of a row of equal balls: we fhall
conceive, that if any perfon fhould apply
his finger againft the laft ball, he would
fecl this fhock every time that we fhould
imprefs the firft: thus the organ, at the bot-

O3 tom
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tom of which a feries of globules terminate,
with which we fuppofe light is made, fails
not to be thaken by the vibrations, which
the re- 1terated impulfion of theinflamed body
that fhmes at fome diftance effeéts on thefe
little fprmcs.

4th. We call divergent rays, two rays,
whxch, departing from the fame point, are
always removed one from the other in pro-
fortion as they advance. We give the
name of Eonv&rgeizt.ray; to thofe which com-
ing from different points of the fame ob-
Je& approach each other in propoition as
they continue their way. By optic or vifual
angles, we ﬁnde_rﬁand the angles formed by
the rays that dart from the extremities
of the objelt, and érofs each other in thc
prunella, |

5th. We may believe that light is re-
fleGied by the globules of light with which
all bodies are characd as is a {ponge with
vuater, and which globules are, as it were,
frgmed in the imperceptible pores of bo-

dies,
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dies, the folid or elementary parts of which
aflift the refiftance of globules of every fpe-
cies, upon which the different rays fall.

6th. Zhe angle of incidence is that which
is made by a train of ‘oblique light, with
the perpendicular that we fuppofe drawn
upon the reflective furface.  The angle of in-
clination is that which is made by the
incident ray with the axis of incidence.
The angle of reflection is formed by the
fame ray, refleGed from one point into
another. The angle of refletion is always
equal to that of incidence,

7th. The radiant peint is that whence de-
part many divergent rays. Fhe focus, or
point of concourfe, is that where the conver-
gent rays are gathered together.

8th. The rule of the diminution of light
is in an inverfe ratio of the fquare of the dif-
tance, and the rule of its increafe is like-
wife in an inverfe proportion of the fquare
of the diftance. The following example
will explain what this proportion is, which

ig
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is one of the foundations of our new phi-
lofophy,

I fay, in the firfk place, " that the ratio of
the decreafing of the force of light is in
the inverfe ratio of the fquare of the dif-
tance. I will here inftru& you, my dear
children, how to underftand this expref-
fion, If after haying meafured the dif-
tance from a hole of a window in a dark-
ened chamber to the wall, yop prefent to
the opening a fpiral fall tube of wax of
any colour, lit on its ftand, you will per-
ceive that the light received at one foot
from the hole upon a piece of pafteboard,
is very ftrong ; that at two feet from the
hole it diminithes, not by the half, but by
the quadruple; multiplying two by two, you
have four for the fquare of the diltance ; that
at four feet, the pafteboard will be fixteen
times lefs lightened than if it were at one
foot, fixtecn being the {quare of four ; fo
that at five or fix feet, the light is no more
than the twenty-fifth or the thirtieth'part of

what
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‘what it was when it firft iffued from the lu-
minous body.

I fay, in the fecond place, that the ratio
of the increafe of the ftrength of light, is an
inverfe ratio of the fquare of the diftance.
When, for inftance, the rays of light, in-
ftead of ftraying, converge and tend to-
wards one and the fame‘point, departing
from the bafe of a cone to join in its apex
(point or fummit), they fortify each other
in proportion as they approach the common
point, where they will re-unite; and this
convergent light continues now to in-
‘creafe -as the f{quare of the diftance di-
minifhes ; {o that it is four, nine, fixteen,
twenty-five times more {trong, or the dif-
tance in refpect of the {fame point is found,
four, nine, fixteen, twenty-five lefs than
it was before. 'We all know, befides, that
the fquare of a number is the number mul-
dplied by itlelf. Thus fixteen is the
fquare of four, becaufe four times four
make fixteen,

gthy
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ogth. If parallel raysin their incidence be
reflected by a plane mirror, they conftantly
remain parallel as they were before.

toth, If divergent rays in their incidence
be reflected by a plane mirror, their diver-
gency does not change,

11th. If convergent rays in their inci-
dence are refle@ed by a plane mirror, the
rays preferve the fame degree of conver-
gency.

12th. If the convergent rays in their in-
cidence be refle@ed by a convex mirror,
their convergency diminifhes.

13th. If the rays which fall paralle] to-
gether, are reflefted by a convex mirror,
they become divergent by the refle@ion.

14th. If divergent rays are refle@ted bya
convex mirror, they become more di.
vergent., .

15th. If parallel rays are together re-
fleCted by a concave mirror, they become
more converging,

16th, If convergent rays are together
refleéied
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refleCted by a concave mirror, they become
more converging than before they had
touched the mirror. |
17th. If diverging rays in their inci-
dence be refleCted, they become lefs di-
verging.
18th. Refraftion of light is a deviation
which its rays undergo in certain circum-
ftances, by pafling from one medium into
another. Light is refra&ed in thefe two
re-united emergencies ; that is, when it
pafles from one medium into another, more
or lefs denfe, and that its dire&ion is ob-
lique to the plane which feparates the two
mmedia ; that is, that (with whatfoever di-
re¢tion) the ray of light would not fuf-
fer any refra&ion; if iffuing from the
air, for inftance, it fhould enter into
a diaphanous (tranfparent) matter, which
thould be neither lefs nor more pene-
trable for it than this fluid ; and that even
where there 1s a difference of penetrability
betwixt the two media, the ray of light
would traverfe through them into a right
3 line,
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line, if, when it goes out of one, it falls
perpendicularly upon the furface of the
other.

The true caufe of refra&ion is this ; the
firength of the folar ray from a rarefied
medium into a more denfe one, is broken
at the moment of its entrance into a denfer
medium, and flies off from the perpendicular
line which falls through this laft.

19th. We give the name of point of ins
cidence or of refration to the point or the
ray of incidence, which with the broken ray
makes the angle. The rays of light are al-
ways refrated when they obliquely pafs
from one medium into another, that is, of
a greater denfity or of a different nature,

20th. When light is refratted by pafling
from a rarer medium into one more denfe,
the angle of refrattion is fmaller than the
angle of incidence, and reciprocal to the
former,

This law admits of fome exception&;
fat or fulphurcous matters for the moft part,

which



ON VISloN, ¥57

which are tranf{parent, refra® the light
more {trongly than a perfon might expe&;

if he did notattend to their denfity. Thete
are in them two caufes of refraion, one
belongs to their denfity, the other de-
pends on their particular nature : this laft
may amply {upply that which the other can-
not do, or produce a juft compenfation ;
whence it may happen that light paffing
from a rarefied medium into a more denfe
one, may make its angles of refraQion
much larger than that of its incidence, or
1t may make them both equal, that is, that
the ray is not refradted at all. We might
even cite examples of thefe cafes, which are
contrary to the general law ; but as this law
is true in the common courfe of things; and
particularly as to bodies in which it js the
moft neceflary to follow the motions of
light, we fhould always look on the ge-
neral propofition as g principle of diop-
trics.

21t
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21{t. Although the refraion of light
become more or lefs great, either by the
degree of obliquity of the incident ray, or
by the nature of the refrallive medium, the
fines of the two angles of refration and of
incidence remain always in conftant pro-
portion.

22d. Neither refra&ion nor refleGion
can fenfibly alter the activity of lights
fince a refra&ted ray forced to return on it=
{elf, refumes, as it iflues from the refra&ed
medium, the very dire&ion that it had in its
incidence. '

235. The refralted and incident ray
are always found in the fame plane, which
is perpendicular to the furface of the re-
fraéted medium.

24th, If parallel rays in their incidence
fly through a rarefied medium into one more
denfe, which may be terminated by a
plane furface, the refradted rays remain
parallel.

25th. If converging rays in their inci-

dence
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deace traverfe a medium more denfe than
air, and terminated by two plane parallel
furfaces, the convergency of thefe rays di-
minifhes when they enter it, and increafes
when they depart from it, ‘ .
26th. If diverging rays in their inci-
dence enter into a medium more denfe or
more rarefied, bounded by plane and
parallel furfaces, they lofe a part of their
ﬁivergency, and refume it when they leave
it.
27th. If parallel rays pals from a ra-
yefied medium into one more denfe, boun-
ded By 2 convex {urface, they become cone
verging,
28th. If the converging rays which flow
from a rarefied medium, are received in
ene more denfe, and bounded by a convex
furface, they become more and more con-
verging than they naturally are, or remain
fuch as they were by pafling through the air
in this refraltive medium.

2gth, 1f diverging rays pals from a ra-

P2 refied
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refied medium into a denfer, bounded by a
convex furface, they lofe a part of their di-
vergency, and may become parallel, or
€ven converging.

3oth. If parallel rays pafs from a ra.
refied medium into one more denfe, ter-
minated by a concave furface, they di-
verge.

31ft. If converging rays pafs from a ra-
refied medium into a denfe one, bounded
by a concave furface, they neceflarily be-
come lefs converging than they were, and
can become parallel or even divergings

32d. If diverging rays iffue from a ra-
refied medium to enter into 2 denfer one,
terminated by a concave circle, they can
undergo no change ; but they may become
more or lefs diverging than they naturally
are. _

33d. Surfaces perfeQly refleQing, I
mean thofe which we call mirrors, and
which fend back every fpecies of light, fe-
parately er altogether, contain in their

pores,
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pores, like limpid bodies, as glafs, water,
&c. globules of every order, and in pro-
'p(}rtion fimilar to that which nature has
obferved in the compofition of folar Iighf:
whence it happens that thefe bodies are al-
ways ready to repel or tranfmit the altion
of the homogeneous rays, feparated or re-
united,
34th. White furfaces, and bodies that
have but an imperfe@ and colourlefs tranf-
parency, differ from thefe laft only in this?
that the incident light is there refleGed or
paffes through with lofs and 1rregularity,
;ither from the want of order in the pores,
or by the ﬁuure, the fize, or the arrange-
ment being unfavourable to the parts of
thele bodies.
35th. What we call dufky, cbfcure, and
black, is only a privation of a greater or
lefs light tranfmitted or refle@ed: for the
{ame reafon that enlightened bodies, which
appear f{uch to us, abforb or extinguith the
action ; and this effe& ought to be attri-
P ¢ buited
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buted to the light that fills the pores which
is too much engaged among the parts of
the matter that contains it, and by this
means 1is incapable of receiving and com-
municating a great part of the fhock in-
fli¢ked by the incident rays.

36th. Since gold, which is of al] known
matter the moft denfe, becomes tranfparent
when it is made infinitely thin by gold-
-beaters to a certain point, it is reafonable
‘to think that there is not a body which in
its nature is of abfolute opacity ; and as
we fee bodics the moft diaphanous, tranf.
mit fo much the lefs light as their thick-
nefs increafes, we may furely fay that thege
15 no medium perfectly tranfparent, and
which may not become opaque : we only
aflude here ta relative and comparative opa-
city and tranfparency, and to fhow how
one body is more opaque or more diapha-
nous than another,

You fee, my dear children, that I have
gone very much at large into the fubjec of
; : light ;
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light; yet I have dwelt on nothing but
what is eflentially ncceflary ; and it will re-
quire all your attention to underftand and re-
tain the different principles that I have been
laying down. I fhall now, having given
vou the cleareft infight into the fubject that
my reafoning powers are capable of, refign
you to Lady Caroline,
LADY CAROLINE.

Why da certain infets, as glow-worms,
fhinein country places during night, George?
GEORGE.

‘The light {ent forth by thefe animals,
procceds from a fluid matter which they
Liave in their bowels, and which even after
we have prefled it from the part which con-
tains it, ftill fhines fome minutes. It
{ecms, however, that it is in the pawer of
the animal to allow it to fhine, or to ex-
tinguith it at pleafure ; for it does not al-
ways fhine with the fame brightnefs, and
{ometimes it will not be feen at all. This

gives us reafon to believe that it is a fpecizs
‘ of
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of phofphorus which makes a part of the
animal. This compofition is a matter, in
which the element of fire js but very ﬂightly
engaged, f{o that it is eafily animated to the
point that is neceflary for lighting a matter,
very fimilar in its nature, refiding in the
air. |

We muft think the fame of an inﬁﬁite
number of other animals that have the fin.
gular property of thining in the dark,

In the iflands of the Antilles, as I haye
heard Sir Thomas fay, the nativeg place on
their feet and on their hands, glowing flies,
to enable them to travel by night ; ang that
thefe flies fend forth fo much

they refemble fmall brilliant {tars
-LADY CAROLINE.

A multitude of people fee all - at once,
whatever fingle obje&t prefents itfelf to
their eyes; thus a numerous troop of fol
diers obey a fignal given by one perfon oA
ftar may be peiceived in one and the fame in.
ftant by a great number of the inhabitants of

the

light, that
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the earth, &c. How are thefe things to be
accounted for, Kitty?
KITTY:

1 conceive, that around a luminous
body ftanding by itfelf, there is not one
place fo large as the prunella of the eye
of the fmalleft animal, that may not receive
the bafis of 2 pyramid of rays animated or
fent_back by that obje&: it is therefore
painted in the eye, and the mind attending
to this rcprefehtation perccives the ob-
ded i

LADY CAROLINE.

The fowler aims his gun in the dire&ion
of the partridge ; an engineer, to make
ftrait any way or ditch of a rampart, plants
fmall white fticks, of which the extremi-
ties are found ranged in the vifual ray ; a
geometrician judges an obje& in the line
of direction of the fights or glaffes of his
jnftroment,  Why {o, Wiiliam ?

WILLIAM.
Becaule the pyramids of light which
’ came
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come from the radiant point to the eye,
and which we call rays, are pertectly right
in a homogeneous medium. This is re~
ceived as an axiom (or felf-evident propo-
fition), and it is very neceffary that it thould
be fo ; for if we were not {ure that the ray
which goes from the object to the eye were
perfectly ftrait in the whole of jts length,
we could not lawfully conclude and deter-.
mine the pofition of this object by the part
of the vifual ray which would have fol-
lowed the inftrument in reaching the eye ;
and in that cafe how very much thould we
be embarrafled !
LADY CAROLINE,

The crew of a veffe] in coming from fyll
fea to land, perceive the {teeples and roads
of a town before they fee the ftones of
- edifices, or any of the lower parts of them ;
and thofe who are already in port, firft dif-
cern the arrival of a veffe] by the heights of
the mails and fails, before they difcover

the

I T——
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the body of it. How does this happen;
Elizabeth ¢
LADY CAROLINE. g
Tt proceeds from the convexity of the fea,
which follows that of the globe of the earth, -
of which it makes a part ; but this happens
thus only through the curve of the furface
of the water, which interrupts the vifual
ray of the fpeQator, who {eeks for the lower
parts of the object.
~ LADY CAROLINE.
What is a thadow, Henry ?
HENRN
Properly fpeaking, it is nothing more
than a light extinguithed by the interpofi-
tion of an opaque body : it fhould confe-
quently occupy all the {pace that would be
enlightened Dby this portion of light, if it
had the motion which it can no longer,
Teceive. :
Thus a very {mall obftacle produces
much fhade when it is very near the lumi-
nous body, and makes lefs in progortion as
it
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it 1s farther removed from it: the proepor-
tion is fuch, that the number of the inter-
cepted rays diminith as the fquare of the
diftance augments ; that is, when the ob-
ftacle is at a double, triple, or quadruple
diftance, it intercepts four, nine, or fix-
teen times lefs light than when it was at the
firlt diftance.
LADY CAROLINE,

Why, Fanny, by looking too far do we
mifs the obje&t of our fearch ?

| FANNY.

The vifual rays, occafioned by their di-
vergency, are too rarefied for what enters
into the prunella to he fufficiently felt. But
this degree of diftance in which the fight
fails, varies according to the ftate of the eye,
the nature or the qualities of the obje&t,
and the intenfity of the light which makes
the obje& vifible.

LADY CAROLINE.

Owls, cats, and other animals who prowl

by
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by night, perccive objectsin the dark. How
does this happen, Mary ¢
MARY.

Thefe animals have very open eyes ; and
as they in general only fee by rays of light
very faint and rarefied, nature has given to
them the means of receiving a greater num-
ber of them ; and, without doubt, has joined
to this advantage, that of a very fenfible
organ: for we may remark, that great
light hurts the eyes of thefe animals, and
that when they are expofed to it, they take
care to draw in the prunella, to enable them
to do which nature has given to it a parti-
cular organization.

LADY CAROLINE.

Although the eye change place, it al-
ways perceives the fame obje& before
which 1t 1s fituated. How, Edward, does
this happen ?

EDWARD.

The eye which is performing its func-

tion, or which looks, becomes the com-

Q mon
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mon bafis of an infinite number of pyra-
mids of light which have their apices (tips
or ends) in the radiant points of the vifible
body ; and although the eye change its place,
it perceives always the fame obje@, not by
thofe rays by which it was firft ftruck, but
by others altogether fimilar; fince every
point of the furface which it contemplates,
animates a whole hemifphere by thefe di-
verging rays, of which each luminous py-
ramid is only a very fmall portion.
LADY CAROLINE.

In 2 room clofe fhut, and where light
enters only by a hole bored in the window-
thutter or in the door, we fee on the ceiling
and on the wall, in an inverfe order, the
figures and motions of objects paffing with-
out. What have you to obferve upon this,
Sophia ?

SOPHIA.

All the clufters of light tend from the
different points of the objet to the eye, and
crofs each other in the prunella.

It
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It 1s a known truth, that every enlight-
ened objeé’c which is placed before the eye,
is painted at the bottom of this organ ; and
that its image there takes a fituation ex-
altly oppofite to that which it really has.
A man who ftands before it, is there repre-
fented with his head downwards, and his
right-hand where his left fhould be. We
may be convinced of this by a very curious
experiment, but which requiresa little dex-
terity in order to perform it with fuccefs.
We muft thut up the doors and the win-
dows of a room, by which it will be ren-
dered totally dark ; then bore in one of the
fhutters a round hole of a diameter equal to
fix-twelfths of that of the eye, and in that
hole place the eye of an ox newly killed,
and from which all the teguments have been
taken, excepting the laft, which immedi-
ately touches the vitreous humour, [f this
preparation be well made, and we have
taken care not to change the natural form
of the eye by prefling it, thofe who are in

Q2 the
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the room will fee at the bottom of the eye,
in an inverted pofition, the objets with-
out, with all their motions and natural
colours, and with a peculiarly bright ap-
pearance.

LADY CAROLINE.

How isit, George, that ona lake we are
lefs certain of ftriking the birds at which we
aim our gun, than in any other place ?

GEORGE,

Itis not, asis commonly fuppofed, that
the ball fenfibly preferves there lefs velocity
than upon the open plain ; but that, not
being able to aim well at a diftance, through
the deception of the water, we thoot teo
far without being aware of it,

LADY CAROLINE.

When we enter a long avenue, it appears
to us to be lower and more narrow at the
other extremity, although the trees with
which it is formed be every where equally
high, and the rows accurately parallel,

What is the caufe of this, Kitty?
(5 TR
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KITEY.

It is occafioned by the rays that come to
the eye from the fartheft of the trees, taken
two by two, and which form angles more
acute than thofe that are fituated nearer ;
we may fay the fame thing of thofe Wthh
proceed from the root of each of thefe trees
and thelr fummlts.

LADY CAROLINE.,

We entirely lofe fight of, or fee but very
confufedly, an obje& of which the likenefs
is diminifhed beyond a certain point. Cuve
me the reafon of this, William.

WILLIAM.

Becaufe then the different parts are no
longer painted upon the places of the or-
gan, that are feparated f{ufficiently each
from the other: it is faid that the human
fight ceafes to be diftin& when the optic

angles come under one minute of a dea
fice:

LADY CAROLINE,
Why, Elizabeth, do the fun and moon,
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which are really globular, offer to our eyes

only circular and luminous planes, as if

they were fimple ditks ? -
ELIZABETH.

Becaufe all the lines which conftitute their
convex furface, are prefented to us as ftrait
lipes.

LADY CAROLINE,

If we look at 2 man who is about an
hundred paces from us; according to the
rules of the vifual angles, he fhould appeat
to us about as fmall again as if we faw him
at fifty paces; for his image in the bottom
of the eye diminifhes in this proportion,
notwithftanding he appears to us in both
thefe cafes nearly of the fame magnitude,
What is the reafon of this, Henry 2

HENRY.

It is by being thoroughly affured that a
full grown man, has, in general, not lefs
than five feet in height; and perceiving in
his air and exteérior every thing that con-
flitutes man’s eftate, we implicitly. give in

to
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to this, without paying attention to any

thing that might break down the limits of

fenfation, and overpower the judgement.
LADY CAROGLINE.

We fee the fun and full moon much
larger in the horizon than in any other
place of the heavens, although it is well
known that thefe bodies are more remote
from us than when we fee them in the
zenith.  Can you explain the caufe of
this, Fanny?

' FANNY.

As obje&s are ufually prefented to our
eyes with fo much the more brightnefs as
they are nearer to us, the habit of thus fee-
mng them inclines us to think that thefe
fame objects are very far diftant when they
are more dufky. Thus, as the light of
thefe bodies is then much enfeebled, we
fancy that this proceeds from their being at
a greater diftance ; and we judge in the
fame manner that they have approached us,
when in rifing more above the horizon

they
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they become more fplendid. Now, though
the vifual angle be always the fame, the
object which it embraces fhould appear
larger if we think it more diftant, We
therefore fuppofe the diameters of thefe bo.
dies greater when they are in the horizon
than when they are more elevated, be-
caufe in this laft cafe we think them nearer
© us.
LADY CAROLINE.

Why, Mary, have the heavens the figure

of an arched vault ?
MARY.

Becaufe they are much more enlightened
toward the zenith, than toward the hori-
zon ; and thence it muft happen that the
hemifpherical curve is changed into ano-
ther apparent curve, which is extremely
arched.

LADY CAROLINE,

An obje& does not appear double, al-
though each of the eyes receives an image of

the
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the fame*objelt. Give a reafon for this,
Edward.
EDWARD.

1f the mind refer the two images of the
fame object to the fame place, the obje
cannot appear double. The mind cannot
fee an object precifely double at the fame
point and at the fame place. Now, it re-
fers the two images to the fame point, for
it refers them to the extremities of the two
optic axes; and thefe two extremities ter-
minate in the fame point. Prefs the angle
of one eye, fo that the optic axes may not
terminate at the fame point as the other,
the objet appears double, This inconveni-
ence is often occafioned by ficknefs. Some-
times infants bring it along with them, and
as they grow up are in perpetual embar-
rafflment when the intention is to fee 2
{ingle object,

LLADY CAROLINE.

How is 1t, Sophia, that an obje& which

is differently coloured, for inftance, one

half
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half red and the other blue, does not appear
of a mixed colour ?
SOPHIA.

Itis that the prunella is not the laft boun-
dary of the rays which affemble there: this
part of the eye is only a fimple opening,
We thould therefore conceive, that all thefe
pyramids of light which terminate in the
¢ye, pals without confufion through the
prunella, and increafe'in it ; after which they
Continue their road to the bottom of the
eye, where each of them makes its impref-
fion feparately from the other. Now it is
all thefe impreflions coliectively that form
the image of the objet.

LADY CAROLINE.

Why, Mary, cannot we move one of

our eyes without moving the other ?
MARY.

Itis that the immediate caufe of muf-
_cular motion is fuch, that the fpirits cannot
penetrate into the one without flowing in
the fame manner and at the fame inftant

into the other.
LADY
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LADY CAROLINE.

Why do obje&s, when the eye looks too
near them, appear confufed? Tell me,
George, | ‘

GEORGE.,

The angles made by the rays being too
great, and thofe which fhoot from every
point of the obje& too much alunder, are .-
not re-united enough upon the fame part
of the retina.

LADY CAROLINE.
What is the reafon, Kitty, that we do
not {ee the ftars in the day-time ?

KT

The impreflion of the fun is a great deal
too flrong, and the vibrations of which it
is the fource in the organ of fight, repel
that of the ftars, and render them 1nvi-
fible.

From the bottom, however, of 3 deep
tower, we fee the ftars in open day; be-
caufe in the dark bottom the impreflion of

the flars is fironger in its turn, fince the

z ays
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rays of the fars fall therein perpendicularly
upon the eyes, without having been weak-
ened by any refle@tion; while the rays of
the fun can only enter obliquely, and do
not arrive at the eyes ; or, if they do, it is
not till they have been much weakened by a
great number of refletions.
LADY CAROLINE.

Why, William, does a fquare tower,

feen from afar, appear round to us?
_ WILLIAM.

As the angles of the tower do not make
in the eyea fenfible angle of viffon, on ac-
count of its great diftance, we cannot dif-
cern them ; and as foon as we fail to diftin-
guifh the angles of the tower, it muft of
courfe appear round.

LADY CARQLINE.

When we come out of a very light place,
and enter into one that is rather dark, for
fome feconds after our entrance we cannot
fee any thing. ~What is the reafon of this,

Elizabeth ?
ELIZA-
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ELIZABETH.

Thespranella, which is contra@ed when in
= place very bright, that it may not admit
the rays that might wound the organ of
fight, remains thus for fome moments after
we have entered the darkened place, and
admits not of the weaker rays of light fuf-
ficiently to perceive the objeds.

When, on the contrary, we pafs from a

‘dark room into one that is very light, the
impreflion of the latter is at firft painful,
becaufe the prunella, which has been dila-
ted in obfcurity, in order to receive 2 greater
Quantity of the feeble rays, remains fome
time dilated in full light, and receives tog
many vivid rays ; which excels wounds the
organ of fight,

LADY CAROLINE, ~

What is the caufe of the twinkling of
the ftars, Henry 2

HENRY.

We may attribute it to the motion of the
media through which the images' of thefe

You I11, R : fars
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ftars pafs to come to us. Thefe media,
which are the air, &c. have a motion that
is communicated to the rays of light, which
enable us to fee the ftars. Hence they ap-
pear to twinkle,

LADY CAROLINE.

Why do certain portraits feem to look at
us, let them be viewed whichever way they
may ? Tell me, Fanny.

FANNY.

Such portraits have the nofe a little turned
on one fide, and the eyes toward the other.
According as you are placed, they fome-
times appear to look an one fide, becaufe
the eyes are turned to that {ide ; at others,
we fthould think they looked on the other,
becaufe the point of the nofe is turned thi-
they ; and the pifture being flat, we do not
perceive that the eyes are turned towards
the oppofite fide.

SIR THOMAS.

Every neceffary principle having been
previoufly' Jaid down to you, we fhall

now
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now proceed to that part of the prefent fub-
je&k, which relates to

REFLECTED LIGHT.

LADY CAROLINE.

Water alters the whitenefs of paper, by
making it appear more brown. How hap-
pens this, Mary ?

MARY.

From the light which falls upon it, find-
ing the pores filled with 2 tranfparent mat= '
ter, ablorbing itfelf in its thicknefs, paf-
fing beyond it, and returning with much
lefs refle®ion. . Now, we know that a
body appears more obfcure, when it re-
fletls lefs rays,

LADY CAROLINE. ;

Why can we not make ufe of a fimply
plane mirror, however large it be, to col-
le&t the folar rays, and to increafe the de-
gree of heat that they produce? Can you
explain this, Edward?

R 2 EDWARD,
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EDWARD.

Becaufe fuch a refle@ion changes nothing
of their natural parallelifm ; and we can-
not expect an cffect to happen that is pro-
duced only by their Convefgency: the di-
rect light of the fun would be more effica-
cious, the mirror never being fufficiently
perfet to refleét regularly all the rays that
fall upon it.

LADY CARQLINE.

The light of wax candles has commonly
an increafed effect in places where there are
cut-glafs luftres and chandeliers. 'What is
the reafon of this, Sophia ?

SOPHIA.

Independently of thofe fmall flames, of
which the images are multiplied, more
light returns from the polithed glafs than
from any other refleting body that may or-
nament them.

LADY CAROLINE.
Why have burning glaffes fuch extraor-

dinary power, Frederic ?
FRED =
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FREDERIC.

"They re-unite the rays of the fun in a
focus, which only contains a very fmall
{pace. The rays of the fun being in a par-
ticular manner deemed parallel, thofe
which are difperfed on the furface of the
mirror are re-united in one point; and
as this re-union much increafes their
ftrength, it is not furprifing, that, fepa-
rately having much heat, they burn and -
melt whatever is expofed to the point of
- their re-union.

. LADY CAROLINE.

The rays of the fun which fall upon the
mirrors have more ftrength to burn than
thofe of a lighted fire. How happens this,
George ? ‘

GEORGE.

The rays of the {un which fall on mir-
rors, being parallel, or nearly fo, the re-
fle¢tion or refraction re-unites them in a
greater number upon the combuftible body ;
and this {fuperabundance of rays re-united

R3 S
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is an excefls of ftrength. The rays which
procecd from the fire are lefs parallel, per-
haps on account of the nearnefs of the fire,
or becaufe they are impelled with lefs force;
they are therefore re-united in a fmaller
number upon combuftible ‘bodies, and the
refult of this defect of the re-united rays is
a want of force.
LADY CAROLINE.

Why does a large mirror produce more-

effect than a {mall one, Kitty ?
KITTY.

It receives more rays, and refle@s more
of them to its focus.

An eminent philofopher (M. Buffon) by
the means of a mirror of fix fquare feet,
was able to melt tin at 150 feet dif-
tance, lead at 140, filver at 50 feet, and fet
fire to a block of wood, diftant 200 feet.

LADY CAROLINE.

The burning mirror of the royal palace
in Paris has lefs power in great heats than
in common heats. It had fcarce any

power



ON VISION, 13

power at all in the extremely hot fummer
of the year 1705, and fometimes it hardly
has eight favourable days during all the
whole fummer. What is the caufe of
this, William ? '

- WILLIAM.

It muft undoubtedly be from fulphureous
exhalations which are raifed from the earth
in the great heats, and which are the caufes
in the air, and in the light, of thofe trepi-
dations and undulations which from time to
time we there obferve; thefe intercept a
great part of the rays, and hinder them
from falling on the mirror, envelop the
rays which flow over it and tend to re-
unite in the focus, and take from the ex
treme fubtility neceflary to enable them to
penetrate and infinuate themfelves into z
hard body. This excefs of weaknefs furpaf-
fes the excefs of ftrength that proceeds from
great heats.

When we place betwixt the mirror and
the focus, a chafing-difh full of lighted

coal,
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coal, under the rays which tend to the
focus of the mirror, the power of the rays
is confiderably weakened ; the reafon is,
that the rays become faint by traverfing the
fulphureous exhalations that arife from the
coal.

LADY CAROLINE.

How did- the mirrors of Archimedes(as
we are told) burn the veflels of the Ro-
mans, Elizabeth 2

ELIZABETH.

I have heard Sir Thomas fay, that this
relation is hard to be believed ; for though,
according to the rules, a mirror may be
made of which the focus may be very dif-
tant, yet the rays would not be better
united, on account of the great difficulties
it would encounter in traverfing the air,
and of the uncertainty of the accurate con-
firuction of the mirror,

The portion of fphere of the concave
mirror which Archimedes made ufe of,

eonfidering the diftance of the veflels, which
2 was
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was thirty paces, fhould have been one hun-
dred and twenty feet. .
LADY CAROLINE.

Why do we in vain make ufe of convex
mirrors to increafe the heat that flows from
the folar rays ? Tell me, Henry. '

HENRY.

The light of the fun being naturally al-
moft parallel to itfelf, far from conver-
ging as it fhould to acquire more ftrength,
can only diverge and be rarefied when it is
seflected by fuch furfaces.

LADY CAROLINE.,

Why is the light which comes from the
planets to us fo very much weakened,
Fanny ?

FANNY.

It not only makes a longer paflage by
flowing from its fource to other celeftial
bodies, and from thefe to our globe, but,
befides, there is only a fmall part of it re-
flecied towards us, and the portion of light

which
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which is given to us, is very rarefied by

the divergency it receives from the {phe-

rical nature of the refle@ing furfaces,
LADY CAROLINE.

The heat of the fun is lefs powerful upon
the fummits of high mountains, than in
valleys. [Explain this, Mary,

MARY.,

Among the caufes which contribute to
this effe@, we may reckon the divergency of-
the rays of light, confiderably increafed by
the round figure of the mountains ; for the
heat experienced on the furface of the carth
darts not ouly from dirc& rays of the fun,
but alfo from thofe that are refleCted ; thefe
being rarefied or difperfed by the manner
in which they refied, the total efc@ muft
be lefs.

LADY CAROLINE,

By fixing the fight upon a gold or filver
button, a watch-cafe, &c. well burnithed,
we may there fee our faces as in miniature
paintings ; they are feen alfo in their na-

tural
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tural {ituations, and very near behind the

refleing {urface, but we feldom fee them

corre&ly defigned; and the motions of fuch

reprefentations do not correfpond to thofe

who confult them. What is the reafon of

this, Edward? |
: EDWARD.

This is occafioned, without doubt, by the
irregularities of thofe little mirrors which
are adapted to fhine, rather than to repre-
fent obje&s ; but even if they were fitted
for this laft effe@, they would always in
common circumitances have the imperfec-
tions I before mentioned.

LADY CAROLINE,

Why does a concave mirror which has a
'very fmall curvature reprefent pretty accu-
rately the figure of a fmall objelt ; and
the contrary, if it be more hollow in re.
gard to its diameter, and the obje& be lar-
ger, Sophia?

SOPHIA.

The dimenfions of a large obje& not be-

ing
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ing parallel to the refle®ing furface, and
the vifible points being reprefented at dif-
tances proportionate to the degree of the
diftance which they have before the mirror,
it is natural that the images which refult
from all thefe particular reprefentations
thould make us fee in curve lines that
which is reprefented in the mirror in ftrait
lines ; or, which is the fame thing, the ap-
parent figure is not conformable to the real
figure of the objeét.
LADY CAROLINE.

Why do plane mirrors reprefent objeéts
juft as they are, without changing either
the colour or the arrangement, or the fize
of them ? Tell me, Frederic ?

FREDERIC.

Hard, uniform, and polithed, they fend
back to us the rays, fuch as they have re-
ceived them, in the fame order, and with
the fame modification ; the angle of reflec-
tion being equal to that of incidence.

LADY
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LADY CAROLINE. :

The object appears beyond plane mirrors
at the fame diftance as it is, or appears to
_be, on this {ide of the mirror. In propor-
tion as I approach the glafs, or remove
from it my image, which is feen beyond
it, feems to approach or remove as I do.
‘What is the caufe of this, George?

GEORGE.

The rays before they reprefent the ob-
ject, go from the fame obje& to the glafs,
and come back from beyond the glafs even
to the eyes. They have therefore, when
they enter into the eyes, notonly the fame
difpofition and the fame inclination, but
likewife the fame force and the fame direc.
tion, which they would have, if they had
altually come from the point, and the djf-
tance where the obje&t appears beyond the
mirror. Of courfe, they ought to repre-
fent it there as they really do, fo much the
more as the mind naturally refers objects
to the extremity of the right rays, which

approach
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approach to ftrike the organ, or which face
you.
LADY CAROLINE.

Sometimes the light of a fingle wax-
candle, fallingupon a pane of glafs with an.
obliquity of forty-five degrees, appears
double beyond it. Why fo, Kitty?

KR,

It is, that there is a ftronger light and
one more weak ; the ftronger one is re-
fletted by the foremoft furface of the plane
of the glafs, and the weaker one is fent
back, at leaft in part, by the air expanded
upon the hindmoft furface. 1f we moif-
ten with water, clear oil, or tranfparent
and liquid honey, that furface, a great part
of the rays will no more return, becaufe
thefe fluids will allow them to pafs. The
rays return, however, when the air alone
immediately covers the furface.

LADY CAROLINE.

Why do convex mirrors reprefent obje&s
fialler than they really are; and concave
' Mirrors
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mirrors, on the contrary, larger. Can yoﬁ
tell me, William ;
WILLIAM.

The convexity of the firft is the caufe
that the moft powerful rays are reflefted
to the eye only by a very little furface.
They ftrike the eye under very {mall angles,
"Thence the angle of vifion is extremely mi-
nute, and the image of the obje& corre~
fponds to this angle.

The concavity of the latter is, that. the
rays reflected by the concave furface make a
much greater angle ; and if we look within
it, the objec of a point where the eye may
be more remote than the focus of the rays,
or than the point of their re-union, the ob- |
je& appears inverted, becaufe the rays
muft crofs each other in their focus, and
then feparate in fuch a manner, that thofe
which come from the fuperior part of the
objet are downwards, before they enter into
the eye; and thofe which come from the
inferior part are upwards,

8 2 SIR
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SIR THOMAS.
The part of this fubje& with which we
arc now about to clofe, is called

REFRACTED LIGHT.

LADY CAROLINE. :

We thould infallibly mifs a fith in water
if we thot at the place where we fee it,
How does this happen, Elizabeth ?

ELIZABETH.

For two reafons ; the firft is, becaufe
the fith is always lower than the fpot in
which it appears to be. In the fecond
place, the ball undergoing a refra®ion in
a contrary direction to that of the light, ne-
ceffarily rifes above the dire@ion which we
intend to give it.

LADY CAROCLINE.

We fometimes fee the moon on her Tig
fing, totally cclipfed, while the fun is {ll
wholly feen in the oppofite part of the ho--
rizon. How happens this, Henry ?

HENRY,
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HENRY. :

It is not the moon that is fhewn upon
the horizon, but only its reprefentation
raifed by the effe@ of refrattion.

LADY CAROLINE.

Plane glafles, as thofe which we put in
windows, thofe of which we make mir-
rors, &c. cannot be ufed to condenfe the
folar light which runs thropgh them. Give
me the reafon of this, Fanny,

FANNY.

Thefe rays, being parallel to each other,
€an never be more inclined one than the
other to any fingle plane : thus, refrative
furfaces that are even, do not change any
| thing in their refpective pofition.

LADY CAROLINE.

How 1s it that we fee, Mary, through
the glailes of carriages, almoft, if not quite,
as well as if we looked {imply through an
homogeneous medium.

MARY.
When media more denfe than the air

S 3 have
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have even furfaces, and thefe are very fine,
their interpofition does not caufe any {enfible
change in images, becaufe the light is but
little refracted.

LADY CAROLINE.

Denfe media, very thick, although with
plane furfaces, make us fee objeéts much
larger tlan they are fith, for inftance,
appear larger in water than when they are
taken out ; gravel, ftones, plants, in like
manner, deceive us when we fee them at
the bottom of bafons, fountains, rivers, &c,
The fpaces alfo appear to us more extended,
and the limits which furround them feem
to us to leave betwixt cach other a greater
diftance. 'What reafon, Edward, can be
given for this ?

EDWARD,

All this may be accounted for by the

rays, which become more and more con-

verging when they dart from the water to
enter into the air,

LADY
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Having the eye placed direétly above a
veilel full of water, or of any other clear
liquid, if we look at a picce of money, or
any fimilar thing at the bottom of the veflel,
and fufficiently lightened, we fee it larger
than in the air; but it does not appear to
us to be out of its place, like another fub-
ftance of which we fhall hereafter fpeak.
W hat i$ the reafon of this, Sophia ?

SOPHIA.,

We may comprehend the reafon of this,
by confidering that in this cafe, the eye
perceives a part of the piece ; its center,
for inftance, through a clufter of rays, of
which the axis fuffers no refraction, per-
pendicularly pafling from the water ‘into the
air ; this part of the piece is therefore feen
in its true place, and in its natural direc-
tion ; the others are feen by oblique rays, of
courfe reflefted, whichapparently difperfes
them from the firft, as if it were immove-
able ; hence the object appears macfm‘"“
but
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but not difplaced as to its direGtion : the
figure itfelf is not fenfibly altered, if wedi-
re€t our look in fuch a manner that the di-
re€t ray may come from the middle of the
obje& which we propofe to fee, at leaft if
it be not too large.

LADY CAROLINE.

Solid bodies put in glafs veffels full of
water, or any other tranfparent liquid, ap-
pear to us under deformed fhapes when we
look at them through the fides of thefe vef
fels, which are often curved in one f{enfe
and {trait in another. What is the caufe of
this, George?

GEORGE.,

"There are certain dimenfions, as in thefe
inftances, which admit more than others of
the effeés of refra@ion. .

LADY CAROLINE.
_ If we put a crown piece or any other
piece of money into an empty bafon, and
withdraw till we juft lofe fight of it, and
another perfon come and put a certain

quan-
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quantity of water gently into it, {0 as not
-to muve the piece, it will, neverthelefs,
fuddenly appear again to you. Can you,
Ritty, explain the caufe of this ?

KETAY, .,

The oppofite fides of the bafon hinder
the rays which fhoot from the furface of
the piece of money from coming in a
ftrait line to our eyes. If we fill the bafon
with water, we may fec the money at the
fame diftance in the oppofite points of the
curve of the bafon, beyond and above the
fpot where it really lics.

LADY CAROLINE.

Certain artifts in fine works, as en-
gravers, &c. for the purpofe of procur-
ing light for their evening labour, have
lamps, of vah;ch they make thel light: pafs
through a glafs bottle,  thin, round, zand
clear, which they call' the jug, and which
hey fill with clean fpring water. For what
purpofe have they recourfe to this expe-
dient, William ?

WILLIAM,
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WILLIAM.

The flame of a candle or of a lamp bes
ing placed near this bottle throws upon a
great part of its {pherical furface diverging
rays, which become by degrees a great deal
lefs ; and this light afierwards lofes the reft
of its divergency by pafling through the
water into the air, becaufe on each partit
is refrated ; the rays of courfe are con-
tra&ted into a fmaller fpace, and become pa-~
rallel or converging.

ILLADY CAROLINE.

Why, Elizabeth, does a ftraight {tick put

obliquely into water, appear broken ?

ELIZABETH.

The rays which fhoot from the end of
the ftick are refrated in their entrance
from the water into the air, and the eye re-
ceiving them as if they were fhot from a
point where the end of the ftick is not,
the mind is referred thither, and thinks it
broken in two.

LADY
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LADY CAROLINE.

Why do round magnifying glafles, or
lenfes, enable us to fee more clearly ¢ Tell
me, Henry.

HENRY.

As they are convex on both fides, they
force rays to enter into the eye, which
would not have entered had we looked at
the object without them ; it is a natural
confequence that they will render the light
lefs diverging, for the refracted rays being
more contraled between themfelves, the
prunclia muft feize thofe which might have
efcaped.

SIR THOMAS.

We are now, my dear children, arrived
at the end of our labour. My defign is
completed. 1 am convinced that you
perfeftly underftand all the queftions and
principles which have been propofed and
expounded by your good mother Lady Ca-
roline and myfelf.

You will now be able with confidence to

account
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account for every phenomenop that can
occur in common life, Many things of
which great numbers of people, who are
confidered as having been wel] educated,
are completely ignorant, you will be en-
abled to explain to their great aftonithment
and admiration.

We fhall now leave you to cultivate and
improve whatever ney ideas may arife upon
the fubje&s of which we have been treat.
ing; and T truft that your own ingenuity
will prompt new and ufeful experiments,
which your induftry will bring to perfec.
tion,

THE END.
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\

._ OF

TERMS ori:SCEBNCT, " ée

OCCURRING

IN THESE VOLUMES,

A

ABSOLUTE —com-
plete, unlimited.
Abforbent---the pro-
perty of fucking up or
drying away moifture.
Accelerated---one in-
creale of fwiftnef{s con-
tinually added to a for-
mer increafe.
Accord---when two or
more {onorous bodies
form {ounds, the union
of their impreffion is
called an gecord.
Aeids ---liquors and
fubitances which being

compofed of pointed
particles affect the tafte
in a fharp and piercing
tanner, as vinegar, le-
mon-juice, &c.

Aétion---the power of
one body exerted on
another ; compreffion.

Aftive---a body that
can exert its power on
another.

Aeute---fharp; end-
ing in a point; the
higheft found of an in-
ftrument.

Adhberence--~the union
of

[A]



DEFINITIONS,

of two bodies fimply
touching each other,

- Adipous- - fat, greafy.
Adulterated - _the mix.-
ture of fome bafe mat-
ter, which renders a
fubftance Corrupt, un-
wholefome, or naufe.
ous.

Agate---a hard, par-
ty-coloured, and fmooth
one.

dir-pump-_a machine
by which the air con-
tained in all bodies may
be exhaufted.

Aikali--any {ubftance

which when mingled
with acids produces

termentation and effer.
velcence.

Alternatives.--the va.
rious fuceeflions or fitu-
ations ‘of one thing to
another; the choice gi-
ven of two things, fo
that if one be rejected,
the other mufl be taken.

A/zmzz';zaus--belonging
to, or containing alum,

Amphibioys - - having
Power to live either on
land or in the water in-
differently,

Analogous - - bearing
fome refemblance or
Proportion.

Angle---the ends of

two lines inchining to,
and meeting each other,
form an opening or cor-
ner called an angle. Ap
angleis called aeure whep
the two lines that form
it contain between their
open ends a lefs portion

than one-fourth ofacir-

cle’s circumference. Ii:
is called obrufe, when its
lines contain more than
one-fourth of a circle’s
circumference. It is g
right angle, when they
contain exactly one-
fourth of a circie’s cir-
cumferénce.

Angle of Incidence. See
the 6th definition of
Light, Vol. 3, PeitisTs

Angle of Inclination.
See the 6th definition of
Light, Vol. 3, p. 151.

Angle, optzc. See the
4th definition of Lighs,
Voliig ) pinso.

Animalcul e the
fmallelt of all poflible
infects, which, without
the help of glaffes, ef-
cape the molt picrcing
eve.

Antipathy---a natural
contrariety to any thing,
fo as to fhun it involun-
tarily ; averfion, diflike;
the contrary to Svmpathy.

Apex—
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 Apex---top, point, or
fummit. :

Apices ---- plural of
apex.

Apparatus---things to
be provided for the pur-
poie of experiments.

Application- - -the fit-
ting uf one thing toano-
ther, ‘and the agree-
ment of both.

Aqua Fortis---a pow-
erful liquid compofed of
falt-petre and vitriol.

Agquatic---refiding in
water.

Aqueous- - -watery.

Aqueduls --- convey-
ances for water.

drcana---fecrets; al-
luding to the fecret
ftores of truth found by
philofophy in the wonib
of nature.

Arquebufe --- a hand-

Bamboo--a reed found
in the Eaft Indies.

Bafis---thefoundation
or ground-work of all
bodies.

Bas Relief---projeéted
ornaments which do not
ftand out from their
. ground in full propor-
tion,

[A 2]

gun larger' than tl%
common mufquer,
dﬂ\frz'ties--roughnem
on the furface of any
natural body.
Atmofphere --- the aiz
that furrounds the globe
of the earth; the odo-
rous particles which
furround a flower; the
effluvia of a heated bo-
dy.
Atoms---the moft mi-
nute and invilible parts
which conftitute bodies; .
any thing extremely
{mall. A
Auditive Nerves-- -the
feventh pair of nerves,
and  which convey
founds to the ear.
Axis---a direét line
pafling through the cen-
ter of any body - on
which it may turn.
Axes---pluial of axis,

Biprd—-any two-foots
ed animal.

‘Badze; ----all thofe
things which * can be

called fubftances, have
a fhape or foim, and
may be felt or known
by the fenfes.
Boerbaawve ---a celes
brated Dutch natnral
philo-
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philofopher, born 1668,
died 1538.
Bomb---athell or hol-
low  ball of caft iron,
charged with powder,

Calcination -- reducing

Tnre
£12C,

pute,
reckon.
_ Capacity---the quan-
tity of room that a body
has to receive other bo-
dies within it; .+
Capiilary--{mall tubes
Or counveyances in dif-
ferent bodies, refem-

. bling hairs in their ca-

pacities.
Caput mortuum---paf-
five or inactive dry
earth,
- Cardinal pont --- one
ot the four principal
points in" i_he compafs.
Caroptrics - - that part

of optics which treats of

vilion by reflection.
Cazje --- that  which
produces an effett.
Center of £rawity---is
a point through “which
any body may be divi-
ded into twoequal parts,
that is, one as heavy as
theother 5 the very cen-

of bodies to powder by

Calculate --- to com-
to number, to

nails, &c. formidable iy
war.

Breadth --- the mea-
fure of a body from fide
to fide.

ter point of the weight
of all bodies.

Chryfalis---any infect
In its cogue or egg-fhell.

Cinnabar --- yermi-
lion, a heavy red mine-
ral, confifting of united
particles of mercury and
fulphur. :

Circle---a circle con-
tains 360degrees, 21,600
minutes of degrees, and
1,296,000 {econds of de-
grees.

Coagulate --- to con-
geal, thicken, ‘or cur-
dle together,

Cochineal---an infect,
which, ‘when properly
dried, is ufed in the
dyeing-trade.

Cobefion---the union
of two bodies in fuch a
manner as to require
force to disjoin them.

Column---around pil-
lar; any body of cer-
tain  dimenfions pref-
fing vertically upon its
bafe.

Combination---the dif-
ferent ways that quan-

tities
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tities or fubftances may
be varied in eorder to
produce a new form.

Compafs---an  inftru-
ment dividing the ho-
rizon into 32 equal
parts; by this infiru-
ment mariners {teer their
courfe.

Compofition ---a mix-
ture of different ingre-
dients to conftitute one
whole.

Compound ----a fub-
tance made up of many
ingredients.

Compreffion---a thick-
ening or {queezing to-
gether, fo that, though
the bulk leflens, the
contained matter is ftill
the {fame. !

Concave---a cavity or
regular curved hollow.

Concuffion---a {udden
fhock, or loud and tre-
mendous clathing.

Condenfation--the {fame
with compreffion ; the op-
pofite to rarefaction.

Conformation--the way
in which the elementary
parts of a body are dif-
poled and arranged.

Congenial ---- fimilar
difpohition and tempera-
ture.

Conglomerated ---- ga-
thered together, asin a

[A 3]

fwarm or a ball, or any
round mafs.
Confecuticvely ---- fol-
lowing in tram, fuccef-
five, uninterrupted.
Conflituent--thofe parts
which placed together
form a whole.
Confumption---the ex-
pending of ftrength.
Contiguity---the near-
nefs of two bodies {o as
to touch each oth r.
Continued body--a {ub-
ftance fo conceived that
its parts are not fepara~
ted from each other.
Contraltion---thatkind
of motion which makes
a body collect its parts
into each other, gather
up, asit were, and fhor-
ten itfelf. :
Conwverging ---— rays
which incline towards
each other till they meet
in a point.
Conwvex--aform round
like the top of a watch-
glafs, as a concave is
hollow like the infide of
a warch-glafs.
Cornea--the fecond or
horny coat of the eye,
containing the watery
humour.
Corpufcula--the fmall-
eft of all bodies.
Cubic inch---is an inch
fquare
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fquare made into a {o-
Iid body like a die,
whofe length, breadth,
and depth are equal.

Curving ---. crooked,
bent, arched.

Day ---- contains 24
hours, or 1440 minutes,

Degree---contains 6o
minutes, or 3600 fe-
conds. Equal to 69L
Englifh miles.

Denfizy --- thicknefs 3
or that property by
which bodies  contain
{uch a quantity of mat-
ter under fuch a bulk 5
fo that more matter un.
der the fame bulk js
greater denfity.

Depth - --the meafure
of a body in the direc-
tion of from head to
foot.

Defeartes---a celebra-
ted French philofopher,
born 1596, died 1650,

Deterioration--the con-
trary of Improvement,
the act or ftate of be.
coming worfe.

Determined.- - -fixed to
one direction, ordered,
neceflitated, limited.

Diagonal--aline drawn
from angle to angle, and

~ Qlinder--a body hay-
Ing two flat furfaces and
one circular; a tube or
pipe completely round
and uniform from one
end to the other,

D

dividing a fquare into
equal parts,

Diameter--a ftrait line
paffing through the cen-
ter of a round table (for
inftance) and ending in
tWo oppolite points . of
the rim.

Dz'apbcznow--tran(pa-
rent, allowing the light
to pafs through, as glafs,
air, water, &c.

Diffufion of odours--the
difperfion and {preading
round of fine vapours.

Digeftion. --the action
by which the grofler
parts of food are fepa-
rated by the heat of the
ftomach, and certain in-
ternal juices from thofe
which are more fine and
{ubtile,

Dilatation---the aét of
becoming thin and wide,
fo as to preferve the
fame quantity of matter,
but acquire 3 larger vo-
lume ; contrary to con-

traltion, :
Dilute
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- Difute--tomeltdown;

the word is generally

ufed to imply feveral
{fubftances wafhed into
each other by long min-
gling and beating toge-
ther.

Dimenfion---the mea-
fure of a body either as
it is long, broad, or
deep.

Dioptrics---that  part
of optics which treats of
the different refractions

of light pafling through .

different mediums, as
air, water, glafs, &c.
Direftion---a {trait or
crooked line from the
place of {fetting-coff to
the place of arrival.
Difk---the body or
face of the fun or moon

E

Ebullition---boiling or
bubbling upwards thro’
great motion.

Effervefcence---a boil-
ing over.

Efluvia --- the {mall
and infenfible particles
that fly off from bodies.

Elafticity---the power
to return to a firft fitua-
tion, as a cane that is
forcibly bent flies back
again,

being round, and ap-
pearing to our fight as
flat.

" Diffeminated- --fpread
throughout, like feed in
a field.

Diffolution---a loofen-
ing afunder, fo as to
divide the particles of
folid bodies from each
other.

Diwvergent--rays which
going from the point of
any vifible object, de-
part from each other.

Diwvifibility---the qua-
lity of admitting divifion
or feparation of parts.

Ductility of metals—the
quality that metals have
of becoming flexible,
pliable, and extendible,

Ele&rical ---- bodies?

which have the poweér
of attracting light fub-
ftanees to them with-
out magnetifm ; amber,
fealing-wax, &c. when
heated by fri€tion, are
of this defcription.
Elements--are the ori-
ginal, unmixed, fim-
ple parts of any created
{ubfiance.
Emanation of Light—
flowing

-

*
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flowing round in al] di-
reCtions from a fource
Or center, as the rays of
light frem a taper or
from the fun. ’

Enveloped -- - Inwrap-
ped, covered, furround..
ed, inclofed.

Eolipile--a hollow ball
of metal with a long
Pipe ; which ball filled
with water, and €exXpo-
fed to the fire, {ends
out as the wa‘er heats,
at intervals, blafts of
cold wind through the
Ppipe.

Equilibrium - -_. equi-
poile, equality of n eight
at each end.

Lffence---the very be-
ing ofa thing. _

Lwacuation ---the a&t
of emptying.

Ewvaporate - - fending
out vapours from .the

F

Faces - fmall  fur.
faces; a fuperficies cut
into feveral angles.

Fermentation--_an ip.

ternal morion of the im-
- pereptible parts of g
body, accempanied with
grearexpanfion occafion-
ed by the acids niakine
theirwa yinto the albal;.

fubftance of the
itfelf.

Eolbale &2il throwing
forth vapours from the
furface only.

Expanfion-:-the fwel.
ling or increafe of bulk
of fluids when ftirred up
by heat. ;

Experiment --- 2 tria]
made on natural bodies
for the purpufe of dif-
covering their qualities
or their properties; and
afcertaining their caufes
and effeits. /

Expirase - .. vapours
thrown forth from a
hollow fubfiance.

External--from with-
out; that is, a caufe not
within the body itfelf,
but procecding  from
{fome other body.

Exudation-__g forcing
out of the juices.

body

Fibres--fine ligaments
or ftrings, tough and
long, the middle part of
which is very flethy.

Filaments---thin flen-
der threads; alfo {finall
fibres which make up
the texture of the muf-
cles.

Fluids - - - liquids, any

thing
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thing not folid ; thofe
bodies which are made
up of particles {o very
{mall and round, that
they are eafily put in
motion by touching each
other only in one point,
like fo many {mall
globes.~

Finite - -- that which
has' an” endi; . it valfo
means determinate.

Fecus ---- the point
wherein the rays are
colletted after they have
undergone refrattion or
refleétion.

Foci---plural of focus,

G

Globules--{mall round
bodies.

Gold purty---a cement
or pafte made of gold
in the way of common
putty.

Graduation --- by de-
grees, {tep by ftep, re-
gularly flow.

Grain---The follow-
ing weights are gene-
rally ufed in the expe-
riments of natural phi-

H

Harifoeker---an emi-
nent Dutch philofopher
and mathematician, born

Force --- power, im-
pulfe.

Farm ---the external
appearance or fhape of
any thing.

Frangible--eafily bro-
ken.

Friétion--the rubbing
of two bodies againif
each other, {o asto hin-
der or leffen motion.

Fulcrum---a prop.

Function --- the office
allotted to any aftive
power.

Fufion --- the att of
melting, the ftate of be-
ing melted.,

lofophy :

One pound contains
12 ounces, or 240 pen-
nyweights, or 5,760
grams.

One ounce ' contains
20 pennyweights or 480
grains.

One pennyweightcon-
tains 24 grains.

_Gravity--weight, hea-
vinefs, tendeney to the
center,

1596, died 165o0.
Hemifphere---the half
of a globe or {phere
when
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when divided in two by
a plane pafing through
1t5 center.

Hyterogmtom --- con-
ﬁ(ting of parts unlike
cuch other.

Homogeﬂecm == having
the fame nature or prin-
ciples ;. fuitable to each
other.

Horizon--the line that
terminates our view of

the ky.

Igneous-_the property
of thofe bodies which
Communicate fire,

]77zp€//£d—--pufhed or

riven onwards.

Impregnated - - - filled,
{0 as to admit no more,

Inch fquare .- is a por-
tion of any fubftance of
four equal fides, every
one of which is an inch
in length ; natural phi-
Yofophers ufe the ‘fol.
]owmgmeaﬁlres in their
experiments on {pace :
12 inches make ; foot.

3 feet —_ 1 yard,

6 feet —* 1 fa‘hom.

S Yards' . ak pole,
perchy or rod.

doipalasii& e Lo

ong.

8 furlongs — 1 pile.

1 linear foot makes 12

linear inches,

Horizontal- levyel with
the horizon.

Hour - contains 6a
minutes, or 35600 fe-
conds.

Humidity - - - moifi ure,
wetnefs,

Hypothofis - .. fuppoﬁ-
tion ; principle * "laid
down, and to be taken
for granted.

I .
1 linear inch makes 13

linear parts. .

1 {quare foot
fquare inches.
1 {quare inch — 144

Iquare parts.
1eublé foot’ =t 1728

cubic inches.

T etibic? fch s s 1728
cubic parts.

Inclined plane---a fur-
face that flopes or in-
clines to thelevel of the
horizon.

Iﬂcorpomtfd—-two bo-
dies (o joined that a dif-
tinétion of either be-
comes difficult. .

Inermefs---the flate of
being quite ftill.

Infirite--without end ;
indeterminate.

Infiexibility ---inca pa-
ble of being bent “or
wrouoht upon.

i Infiy-~

144
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Influence---the power
of one body flowing in
upon another_‘, _and.giv-
ing or. depriving it of
exertion.

Infufions--the ftate of
being {teeped in moif-
ture, or poured upon.

Integrant parts--- are
thofe which collectively
make up a whole bo-
diyr. |y

“Internal--inward, not
external.

Interpsfision- -a placing
betwixt, or one body
placed between two
others.

Interfiice ---{pace be-

tween one thing and
another. ;

Intimately ~-- clofely,
with intermixture of
parts.

Inverfe ratio---invert-
ed proportion; recipro-
cal 5 oppofed to direi?,

Fulian month --- con-
tains 4 weeks, or 28
days, or 672 hours, or
40,320 minutes.

Julian year---contains
13 months, 1 day, and
6 hours; or sz weeks,
r day, 6 hours; or
3655 days; or %766
hours ; or 525,960 mi-
nutes,

K

Kind---the word #ind all the human race to-

makes one’s thought ge-
neral, asmankind means

Layer---a thin cover-
ing of any one {ubftance
{pread upon another, or
a continued bed of any
kind of fubftance, fuch
as a bed of a peculiar
fort of clay in the bow-
els of the carth.

Length---is the mea-
{ure of a body from the
face onwards ; fromend
to end.

gether.\ See Species.

Lever---any contri-
vance to enable us to
raife a body that is ei.
ther too heavy or too
inconvenient]yplaced to
be raifed by the mero
ftrength of the arm.

Line of Diretion.-.ig
that line which proceeds
from the center of gra-
vity, and determines
the motion of the body

tQ



DEFINITIONS,

to fuch and fuch a di-
rection.

Litharge --- a  coarfe
kind of reddith mine-
ral ; properly, lead vi-

Machine---any com-
plicated work in which
one part contributes to
the motion of another,

Magnetifed --- having
the power of a magnet
i grven tot.

Maivan --- a French
natural philofopher of
the prefent century.

Mafs--abody, alump,
2 continuous quantity.

Mazter--is every {ub-
ftance that may. be felt,
divided, put in motion,
or ftopped, and is
extended in length,
breadth, and depth.

Medium---a peculiar
conftitution or frame of
any {pace through which
bodies move, as air, wa-
ter, vapour, &c.

Media---plural of se-
dium.

Membrane---this term
is ufed to exprefs a fil-
my web of fibres or
{mall threads which en-
velop or cover the par-
ticular parts of an ani-
tnated hody,

trified, either alone or
with a mixture of cop-
per.

Loml--being in a par-
ticular place.

M

Mercury or Spirit---is
a white fluid mineral,
the great principle of all
metals, the firft of fluid
or flowing bodies, and
only the fecond of heavy
ones, as gold alone is
heavier.

Microfeope---aninftru-
ment by means of which
the moft minute objeéts
are reprefented to the
eye as of a prodigious
fize, and every part dif-
tinétly.

Miles veduced--1n this
place it may not be amifs
to remind the young
reader of the following
meafures :

3 inches make a hand
breadth or a-palm.

3 palms a {pan,
131 f"pun a foot,

11 foot a cubit,

z cubits a yard,

1 £ yard anell,

1% ell a pace,

I pace a fathom,

23 fathoms ——a perch,

4 perches——a furlong,

8 furlongs ——a mile.;
Minute
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Minute---contains 6o
feconds.

Mixed bodies--implies
whatever {ubftance is
made up of a mixture of
the firft principles or
elements.

Modification---aquali-
fying or modifying; fet-
ting a meafure or limit
to any thing. ;

Muller---a ftone held
in the hand with which
any powder is ground

Nature --- a  regular
courfe of things; a dif-
pofition of bodies, a
dtate, a {yftem,

Nitre---a very fharp
and  corrofive’ body
drawn from falt-petre.

Nitreous--impregnated
with nitre,

o

Objef?---is the know-
ledge refulting from any
particular ftudy ; as fu4-
Jeét is the means of arri-
vingat that knowledge,

Oblique --- aflant, or
forming an angle with
the perpendicular line,

Obliquity—flantnefs.

Obtufe — blunt? the
€ontrary to acue,

[B]

upon a horizontal fione,
It is often improper|
calied muller, T
Mufchenbroek --- a fa-
mous Dutch philofopher
and mathematician, died
1761, aged 69, .
Mufcles---the princi-
pal organs or promoters
of motion in all anima=
ted bodies,
Mutual---the quality
of two bodies partaking
of each other’s powers.

N

Non-elaflic ---- bodies
that do not reftore them-
felves to their former
figures after having
been ftruck and bent by
other bodies.

Nutrition-~the act of
nourifhing,

Oleagz'rzous——partaking
of the nature of oj] -
oily.

Opacity — cloudinefs )
want of tranfparency.

Opaque — dark, ‘ob-
fcure, cloudy, the con-
trary to zranfparent.

Organ — the inftru=
ment of fome faculty ; .
Hhus,



DEFINITIONS.,

thus, theeyeis the organ
of Jight.

Orifice--hole, opening.

Parallel—equally or
every ‘where alike dif-
fant.

Particles — the very
{malleft points or atoms
that can'be conceived to
enter into the compofi-
tlon of bodies.

Paffive--abody which
muft receive action from
another, being inca-
pable of action in it-
{elf.

Percyffion,
ftriking in a flraight
line.

Perpendicular—in the
direCtion of a f{traight
line up and down.

Pervault — a French
matural  philofopher,
which Prof’eﬁion he
quitted for that.of an
architeft. Died 16%8.

Phenomenon—an un-
common  appearance,
difficult to be accounted
for.

Philofopher—a  man
deep in knowledge, ei-
ther moral or natural
Litgrally, 4 lover of wil-
dom. E

direl — a

Orpiment, yelloys mmy,
Ipecies of arfenic,

P

Phlegm- - pronounced
Jleme ) a watery humour
~of the body fo called

water, one of the five
chymical principles.

Phofphorus—a chemi-
cal preparation which
fhines only in the dark,
and being expofed to the
air, takes fire.

Phyfics—natural phi-
lofophy, or that fcience
which treats of the pow-
ers and properties of
bodies in their nayral
ftate.

Plane—a flat furface
level with the horizon.

Platen—a plate upon
which objeéts are placed
in the air-pump.

Pores — fmall open-
ings found between the
particles of all bodies.

Porphyry—a fine {pe-
cies of hard and reddith
marble.

Precipirated--exprefles
the idea of f{uddenly
{inking.

Precipitation—the fink <

ing down of the par-

- tieles of gny mixed body

thgt
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- that were kept prop-
ped up in a diffolving
liquid.

Preliminary -— going
before ; principles laid
down previous to en-
tering on the main fub-
ject,

Prefflure — one  body
lying upon another, and
forcing it to remain mo-
-tionlefs by its weight
upon 1t.

Principles — the firft
particles that the mind
can conceive in the con-
ftitution of any being.

Prifin -— a prifm of
glafs is a glafs bound-
ed with two equal
and parallel triangular

ends, and three plain
and well-polifhed fides
which meetin three pa-
rallel lines, running
from the three angles of
one end, to the three
angles of the other end.

Procefs—the way of
proceeding in and cona
duting any experi-
ment. !

Prominences —- little
heights on the appa-
rently fmooth furfaces
of bodies.

Proportion— compara-
tiverelationof one thing
to another ; ratio.

Prunella--a{mall apera
ture in the middle ofthe
eye ; the pupil,

@

RQuality — thofe pro-
pertues by which one
thing is diftinguifhed
from another.

Quantity— that pro-
perty of any thing which
may be increafed or di-
minifhed.

Quicklime —lime una
; 4
flaked with water.
Quotient—in arithme-
tic, the number produ-
ced by the divifion of
two given numbers ong

by the other,

R

Radiant point. See the
7th definition on Light,
Vol. iil. p. 151.

Rarefaltion—the fame
with dilatation ; which

ice,
[B 2]

Ray, or Radius—that
line  which proceeds
from the center of a cir-
cle, and ends in fome
points of its circumfer-

ence ;
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énce; abeam of light.
" Solar’ Ray, ray of the
{un.

ReaZion—refiflance,

Recipient—rthat part of
the air-pump which in-
clofes the bodies that

“are put therein.

Reciprocally — return--
ing equally on both
fides; affe€ting both par-
ties alike.

Refleclion — means a
veturn back, or the re-
greflive motion of a bo-
dy flying back from an
obftacle. -

Reflective—capable of
reflection ; that which
reflects or returns back.

Refraltion — means
breaking againff, or a
bending and {liding of a
body from its direét
‘courfe.

Relation—the connec-
tion that two quantities
have to each other with

S

Saline — partaking of
the nature of falt, one
of the five chymical
principles.

Salt—a mixed body,
of which earth is the
predominant or firft

regard to their fize or
magnitude.
Reparation—the re-
gaining of ftrength con-
{umed.
Repulfion — 3 beating
or driving back.
Refpeclive—relative to
any other body; the
refpetive or different
properties of each body.
Retarded—velocity or
fwiftnefs continually di-
minithed ; the contrary
to accelergred.
Retina—the expanfion
of the optic nerve on the
inner furface of the eye,
1s fo called from its re-
femblance to a net,
Reverberation — cauf-
ing the light of a body
to ftrike and beat back
again; beating or dri-
ving back.
Roration—a wheeling
round itfelf.

principle, water the fe-
cond, and fire the third.
Science—aclear, obvi-
ous, and certain know-
ledge of things founded

on truth,
Scintillation — {park-
ling ;
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Iing ; the trembling and
twinkling motion of the
ftars.

Second—the 6oth part
of a minute.

Serofity—waterifhnefs;
the thin or watery part
of the blood.

Sine — a right line
drawn from one end of
an arch perpendicular-
ly upon the diameter
drawn from the other
end of that arch.

Solar—belonging to,
or proceeding from the
fun.

Solids—the parts con-
taining the fluids ; hard
bodies having length,
breadth, and thicknefs.

Space — room, local
extenfion, any quantity
of place, any quantity
of time.

Species — this  word
makes our thought par-
ticular; as the Moors
are a part of mankind.
It is a fubdivifion of
kind, as the peacock is a
Jpecies of the feathered
kind.

Specifically — peculiar
to, and diftinguifhed
from others; the rela-
tion of different bodies
to each other,

Sphere—a globe, an
orb, a body of which
the center is at the fame
diftance  from every
point of the circumfe-
rence.

Stalaliites — petrified
drops of water hanging
likeicicles from the tops
of caves, &c.

Sublunary—any thing
confidered as being un-
der the moon, or with-
in her orbit.

Subflance -— being ;
fomething exifting ; {o-
lid, not empty; that
which makes a being
perceivable by the fen-
fes.

Subtile--thin, not denfe
nor grofs ; any invifibly
fine matter, as the par-
ticles of fire, {pirits, &c.

Succedaneum--one fub-
ftance or body fubftitu-
ted in place of another.

Sucker—that part of
‘the air-pump  which
draws up and exhaufts
the air.

Sulphur, or Oil—is a
mixed, inflammable bo-
dy, made up of fire, oil,
water, and earth. In
this mixture fire occu-
pies the firft. place, oil
the fecond, water the

# third,
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third, and earth the
laft.
 Superficies—the whole
of the outward parts of
bodies ; {furfaces.
Surface — fuperficies,
outfide; that of which
we only confider the
length “and breadth ;
thus an acre of ground
1s looked upon as a fur-
face, becaufe when it is
meaiured, itsbreadth is
never taken into confi-
deration,

T

Tangent—a line that
juft graZes the furface of
a circle, or touches it
in only one point.

Tenfion—a bending or
fretching out by the
force ot another bo-
dy ; the ftate of being
{tretched.

Tenuity -— thinnefs ;
imallnels, minutenefs.

Terebinth—a clear gum
or refin iffuing from fe-
veral {ortsof trees; tur-
peuntine ; oil.

Zexture—the manner
in v hich the elements of
any particular body are
interwoven with ‘each
other.

Zran/piration — emif-

Sufceptibility — a dif-
pofition of eafily receiy-
Ing impreflions.

Sympathy—iomething
felt by two beingsin the
fame way; the contrary
to antipathy.

Syphon—an incurva-
ted chymical tube or

pipe. [Perhaps more
properly written ;-
phon.]

Syringe—a pipe thro’
which any liquor is
{quirted.

fion in vapour; a fuf-
fering of the juices to
evaporate,

Treble—the moft acute
ftring of any inftrument
of mufic,

Trepidation — trem-
bling ; a gentle agitation;
a kind of foft trilling
motion,

Trigged—the ufe of an
iron cramp or hook,
that being affixed to one
of the wheels of a car-
riage when going down
a hill, prevents its turn-
1ng round like the other
wheels, and thereby
hinders the too quick
motion of the carriage
down the declivity.

Vacuum—
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Vacuum—a very fmall
fpace intervening be-
tween all globules.

Vapours—the minuteft
particles of any fluid
raifed into the air by
means of the fun’s heat,
or by any other fire.

Velocity — {wiftnefs ;
the property of a mo-
ving body to run over
fuch and fuch a quan-
tity of fpace in {uch and
{uch_a portion of time.

Vertical—in a direc-
#ion  perpendicular to

‘the horizon,

Vibration — the qui-
vering. of a mufical
ftring with quick or
flow trepidation produ-
cing found. Particular
wibrations, the imper-,
ceptible parts of a mu-
fical ftring ; they vi-
brate like the roral wi-
brations; they produce
found, and are ofcourfe
their elements. Total Vi-
érations arc the trepida-
tions of the whole {ono-
rous body, which qui.

vers only, but produc#s
no found.

Vitrify — to  become
glafs, tobe changed iato
glafs. :

“Void — a vacuity or
fpace wherein nothing
is contained; a total
emptinefs and abfence of
every kind of matter.

Volatile—bodies that
are apt t6 evaporate or
refolve themfelves into
air, are faid to be wo-
latile.

Volume—the quantity
of room that any {ub-
ftance or body takes up
in {pace.

Vortex—a fluid of any

kind, in which the fuc-
tion'is circular.
_ Undulation—a motion
like that of the waves,
waving to and froin the
air, the motion of a
worm on the ground.

Unifon—one and the
fame found ; the agree-~
ment of two notes or
{trings of an inftrument
in one and the fame
tone,

Water
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‘Water—a tranfparent
elementary liquid, tafte-
lefs, without colour or
odour, penetrating the
pores of moft bodies,
convertible into ice, and

Zenith—the point over
head, the vertical point.
Zone—a girdle, belt,
fpaces or boundaries cir-

capable of extinguifhing
fire.

Week—containsy days,
or ' 168% “honrsi™ ‘or
Io,080 minutes.

cularly defcribed oncer-
tain bodies ; a divifion
of the earth; circuit,
circumference.
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