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THE THIRD CONFERENCE.

HYDRAULICS AND HYDROSTATICS,

SIR THOMAS BOWARD.
-ﬁ; S the Conference we are about to en-

ter upon, my dear children, 1s as
cafy in itfelf as it will be delightful to you,
it requires very little previous knowledge.
I therefore will not Jong detain you from
Lady Caroline’s more pleafant part of the
bufinefs. What I have to fay, fhall be
comprifed in a very few fhort principles.
Vor, 11, B Hydraulics
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Hydraulics is that fcience which treats
of the motion of fluids in general, but of
water in a particular mannper,

Hydroftatics treat of the weight of liquids
or fluids; of their equilibrium, and of their

Joree on other bodies,

It is not only the whole mafs of fluids
that is faid to weigh ; they likewife weigh
1n themfelves ; that is, the parts of which
they are compofed enter into the account,

The weight of one part of one and the
fame liquid is independent of the weight of
any other part of that liquid.

"The weight of liquids takes place and is
exerted in every direion,

All the parts of the fame fluid are in ba-
lance with each other, whether they be in
one and the fame vellel, or in veflels cop.
municating with each other,

The preffure of liquids is exerted upwards
and downwards, as well 2 fideways, not
in proportion to their quantity, but in pro-
portion to their height above the plane of

the
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the horizon, and to the width of the bafe
which fupports them.

The difference of weight or of denfity of
two liquids is fufficient to {cparate their
parts when mixed, if the effet be not hin-
dered by other more powerful caufes.

- Many fluids or liquids, though of diffe-
rent natures, weigh againft each other, in
a proportion of their denfities apd their
heights.

Two liquids of different denfities balance
each other, when having both of them the
fame bafe, their heights above the horizon
are in an inverfe proportion with their {pe-
cific gravities, . '

The air is a fluid which weighs, and
which exerts the preflure of its weight in
every direction, like all other liquids.

A folid body, wholly plunged in any li-
quid, is comprefled on all fides round ; and
the preflure that it experiences is fo much
the more great, as its own depth and the
denfity of the liquid are greater.

B2 If
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If the plunged body be more heavy than
the volume of the liquid which it has dif-
placed, its refpeftive weight makes it fall
to the bottom. :

- The weight that a folid body lofes, when
plunged in a liquid, is equal to that of the
volume of the liquid which it has dif-
Plau’

If the folid body weigh lefs than an equal
volume of the liquid in which it is plunged,
it partly fwims; that part of it which is
plunged in the water, is the meafure of a
quantity of the liquid, equal in weight to
the whole body. ’

Specific gravity is only another term for
the word denfity, which I have already ex-
- plained to you ; but in our prefent {ubje&,

1 think it right to repeat the effet of the
expreflion.

Specific gravity is, then, the relation that
the weight of a magnitude of one kind of
body, has to the weight of an ¢qual magni-
tude of another kind of body.

There
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There are three {hort rules which natural
philofophers have given on this fubje&t.

The firft is this: if two bodies be equal
in denﬁty, and unequal in magnitude or
volumé, they {vill have their mafles, their
matter, or their weights, in a dire&t pro-
Portion to their magnitudes, that is, their
weights will be like their volumes: if the
magnitude of one body be double that of
aif_.c;ther, and the {pecific gravity of both be
equal, the weight of the firft will be double
that of the fecond body. S

The fecond rule is this: if tWQ:bod_ies be
unequal in denfity, but equal in m'ag‘r’litu,c}c,_
their weights will be in proportion to their
denﬁtiés , that 1s, if the denfity of the ﬁrff
be double that of the fecond, the weight of
the firff will be double that of the fecond.

The third rule is: when two bodies
are unequal in denﬁty and magnitude, their
weights will be, in a proportion, com-
pounded or ma de up of their denfities and
their mag)mtudcs, that is, you Wln not be

B 3 able
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able to know the refpetive weight of each,
but by multiplying their denfity by their
magnitude. If the magnitude of one body
be marked by the figure 2, and its denfity
by the fame number ; and if the magnitude
of another body be denoted by the figure 4,
and its denfity by the fame number, the
weight of the firft body will be as much
lefs than the weight of the fecond body, as
2 multiplied by 2, that is 4, 1s lefs than 4
multiplied by 4, that is 16; now 4 is only
the fourth part of 16 therefore, in the
prefent inftance, the weight of the firft
body will only be a fourth of the weight of
the fecond body for, when two bodies
differ both in denfity and magnitude, their
weights are in 2 compound proportion of
their denfities and volumes - of this, daily
€xperience confirms the truth.

In ‘this comparifon of the weights of
bodies, one alone is generally confidered as
the ftandard or the unit to which every
other body is compared ; and a5 rain-wate,.

18
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p)ents, that a cubic foot of rain-water
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is in all places pretty much the fame, na-
tural philofophers have chofen this quli.id ag
their term of comparifon. '

¢ It has ‘been found by repeated experi-

"'-‘-"i‘Wnghed 623 pounds avcrdupoxs, confe-

quently, 623 pounds, divided by »128 will
be the weight of one cubic inch oflam-

~ WalCLem

The knowledge of the fpecific gravities
of bodies is of frequent and great' ufe, in
computing the weights of fuch bodies as

are too heavy, or too unwelldy, to have thern
difcovered by any other means. ;

Thefe few hints will be fuflicient to
throw a light on the queftions that Lady
Caroline is now going to propofe to you,
and enable you, I have no doubt, to give her
very fatisfatory anfwers.

LADY CAROLINE:

Why, Mary, does a barge, or a bucket,
fink the moment it {prings a leak ; that
1s, when a fudden aperture takes place ?

MARY.
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= MARY.

Becaufe the {ubftance or matter of which
thofe veflels is made, is fpecifically hea-
vier than the fluid which fupports them : if
the water can by any means introduce it-
felf, and fll them, the whole together
makes up a mafs, of which the weight ex-
ceeds that of an equal volume of water ;
andfor this reafon the veffel muft fink and
be loft.

LADY CAROLINE

- All porous and fpongious bOdlCS, Mary,
when long expofed to the moifture or hu-
midity of the air, become a great deal hea-
vier than they were, What vadfe produces
this effe& ?

MARY.

Bodies of that nature, fuch as Wood {oft
ftones, the mould of the carth, and others,
naturally imbibe every aqueous particle that
touches them, by the addition ofwhxch fo-
reign matter their weights are necefarlly
increafed ; butw hen the air becomes more

dry,
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dry, they lofe that weight in the propor-
tion in which they exhale their moifture.
LADY CAROLINE.

What is the reafon, Frederic, that thofe
people who fell by weight goods equally
{ufceptible of becoming moift or dry, fuch
as tobacco, indigo, fugar, and others, are
particularly careful to keep them in the
cooleft parts of their repofitories ?

FREDERIC.

I thould imagine, Madam, that it is in
order to prevent an evaporation, which
inight turn out to be really detrimental to
their traffic. Befides, the very confider-
able quantity of aqueous particles with
which thefe bodies become charged in fuch
cool places, is an effeCtual addition to their
weight.

LADY CAROLINE.

The timber, William, allotted to the
building of veflels, fwims at firft, when
thrown into the wet-dock ; but by degrees
it finks, and becomes at laft hid beneath the

furface
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furface of the water, Tell me how thig
may happen ? ;
WILLIAM.

Incourfeof time I fhould imagine that the
timber muft be deprived of its falts, and other
fubftances fpecifically lighter than the liquid
which immediately takes their place ; and
then the liquid, made up both of wood and
water, equals, and even furpafles, in weight,
the liquid which furrounds it 5 stor 3t 4s a
well-known truth, that the . conftituent
parts of the lighteft wood are more heavy
than water, Cork itlelf ceafes to fwim
after having been long fteeped, becaufe
then its parts difunite, and do not any more
make up a volume, as ufual, with much
more void than folidity.

LADY CAROLINE.

How is it, Fanny, that hoar-froft fnow,
and eyery other kind of watery congelation
with which all trees and plants are {o often
coyered, bear down the bodies they adhere

to,
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to, and fatigue them much more than com-
men rain-water does ?
| FANNY.

In general I have obferved, that thofe
kinds of congelations thicken much more
round the {maller branches than round the
trunk: the weight, therefore, not only of
the humidity, but of every foreign little
fubftance, that the froft fixes to the tree
with this moifture, attacks it in its weaker
parts, fo that at laft the tree itfelf is de-
ftroyed in its branches.

LADY CAROLINE.

There are in many countries, Edward,
natural grottos and caverns, in which there
are {een va{t-quantities of ftony concretions,
which are formed drop by drop, and
hang down from thofe fubterraneous
vaults, like fo many icicles formed by a
thaw, under the roofs of houfes, or where-
ever there is a gradual melting of f{now :
what can be the caufe of this phenomenon ?

EDWARD.

Thofe ftones te which people have given
the
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the name of ffalactites, are originally liquid,
like the water in which their partsare con-
veyed. The firft drop which remains hang-
ing from the vault, adheres to it no more
than is neceffary to fupport its own weight;
but in proportion as its moifture evaporates,
it becomes folid, and able to bear the
weight of other fandy drops, which arrive
at a fimilar fituation; fo that at laft a
very confiderable mafs hangs from the
vault in fpité of its own weight, for no
other reafdn, than that it has become folid
by the evaporation of the water, and the
agglomeration of the little particles which
now are faftened to each other, by the
means of that one which originally clung
to the vault.

This operation of nature is very clofely
imitated by chandlers in general. They
thrid in a parallel manner the eyes of the
wicks upon long flender rods, and plunge
them repeatedly into trays of melted tallow ;
or fometimes pour from above the liquid

X wax
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wax all along the wick. Thislaft ufage is
generally recurred to in the making of large
wax tapers, defigned to be broader at the
bottom than at tie top : for it is eafily feen,
that the matter becoming cooler decreafes
in velocity towards the end of 1ts fall; and
great care 1s likewife taken rot to employ it
in too hot a flate, that, at every immerfion
or pouring, the greater guantity of, {ub-
ftance may adhere.
LADY CAROLINE.

How is it, Sophia, that a piece of ice
of one pound weight does a great deal
more harm when it falls, than an equal
quantity of water ¢

SOPHTA.

When the water falls, the air, asitis 2.
refifting medium, divides its parts ; this di-
vifion increafes the furface of the water,
and very confiderably retards the velocity of
its fall ; whereas the piece cf ice, offering
a lefler furface to the refifting air, preferves
its rapidity, and by its impreflion being

: C more
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more fuddenly made, exerts its power at
~once, and thereby does much more harm
than the water. )

This anfwer may be extended to 4n an-
gular or pointed body, whiCh is a great deal
more dangerous in its fall, than if it had
been flat ; for its whole effort is re-united
againft one finall {pot ; and, by a contrary
reafon, we are lefsin danger of being hurt,
when we receive g cricket-ball, for in.
ftance, with hollow infiead of extended
hands,

LADY CAROLINE.

Why, Mary, does an inclined bottle, or

a frefh tapped barrel, empty themfelyes »
MARY,

The liquor they contain prefles them in
every direion, and, of courfe, forces its
way out ; for the very fame reafon, [ have
heard it faid, that a fhip pierced by a can-
non-ball, immediately leaks by her fide,
and will as infallibly fink, as if the fhot
had been in the very bottom of her keel ;

and
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xand the water will fo much the more quick-
ly ruth in, as the fea is higher above the
hole. |

LADY CAROLINE.

Here, Elizabeth, isa cup with a very
fmall hole at the bottom of it. How is it,
thatit becomes full, as I thusperpendicularly
prefs it down in this bafon of water?

ELIZABETH.

The weight of the {urrounding columns
of air prefles on the liquid, fo as to raife it .
upwards. Thus, to draw water from very
deep wells, people fometimes make ufe of
two buckets, tied to the two ends of one
and the fame rope, which runs round a fpe-
cies of pulley, that turns in fuch a manner,
as to let one bucket down while' the other
rifes. They are filled at the bottom by
means of a kind of pump-fucker, which
opens to receive the water that prefles up-
wards, but fhuts when full, by the wates

that prcffcs downwards.
Ca TADY
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LADY CAROLINE.

Why, George, when water is intended tes
be carried on by its own weight from one
place to ancther, for the purpofes of focie-
ty; why, I fay, does the undertaking fail in
{ucceeding, even when the fpaces are per-
fectly level ?

GEORGE,

It is ablolutely neceffary that there be a
{lope, in order to furmount the refiftance of
friction ; and it is for this reafon, thatin
all aquedu&s, in all conduit-tubes, and in
all canals, where it is meant that the water
thould flow, workmen generally give the in<
clination or flope of one twenty-fourth part
of an inch, to every fathom that they ad-
vance. :

LADY CAROLINE.

Tell me, Kitty, how can water be made
to afcend, even into our very apartments,
for the purpofe of domeftic convenience ?

RIE Y,

The water that we receive in this extra=-

ordinary
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ordinary manner is previoufly preferved in
refervoirs of a higher fituation, or runs over
a2 higher ground than thofe places to which
it is intended to be conveyed ; and this con-
veyance is effected by a continuity of {lop-
ing tubes, lodged under ground, and dire&-
ed to their {everal deftinations; as all water,
therefore, endeavours to rife to a level with
itfelf, it will forcibly mount up through the
pipes of the feveral apartments, until it
becomes at laft equal to the height and le-
vel of the body of water from which it

came.
LADY CAROLINE.

Why, Frederic, is it prejudicial to the
owner of a pump, that the workmen fhould,
through ignorance, make the pipes intended
to convey the water too {mall ?

FREDERIC.

The owner will receive a very {mall por-
tion of that water to which he is intitled,
on account of the great increafe of friction ;

for this kind of refiftance increafes as the
C3  {urfaces



i3 RUDIMENTS OF REASON,

furfaces increafe, and ‘the internal furface
of a fmall tube proportionably exceeds
that of a large one.
 LADY CARGLINE,

I have feen, William, when on Board of
a pleafure yacht, a Very curious experiment.
tried, which I truft you will be able to ex-
plain to me. The founding-lead, you
know, is a large leaden weight, tied to the
end of a very long rope. The gentleman
who fhewed the experiment, took firft a
common cylindrical quart g]afs bottle,
perfeltly empty, and having corked it with
a cork fecured by many folds of linen, and
fealed all round with fealing-wax, in as
exat a manner as could be done, he tied it
to the end of the founding-lead. The
empty bottle, dragged down by the weight
of the lead, went to the bottom of the fea,
when we were at anchoring. He did the
fame thing with a round bottle, and an
oval one ; and when they were all hauled
in, I was extremely furprifed, as well as

the
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the reft of the company, to fee them all
full of the moft tranfparent water, and
confiderably more falt than the water on
the furface of the fea. The founding-lead
had defcended two hundred and twenty-five
fathoms. Now, William ?
W ILLIA’VT 4
Every fathom that the bottle (efccndcd
added new firata of water oyer it, and the
preflure of fo enormous a weight continu-
ing inceflantly to a& upon it, with weight
always increafing, forced through the very
pores of the bottle, as well as through the
wax and the cork, the acute and fmall par-
ticles of falt, which, from the preffure they
are always in at fo prodigious a depth, are
urged by the furrounding particles and wa-
ter, to rufh in wherever there is lefs com-
preflion : now, the pores of the bottle and
cork offer pores enow to fuch fine {picula
which, when entered, melt down into wa-
ter, and foon fill the refpe@ive bottles
when the altitude and bafe of the fea the]
wer



S

20 RUDIMENTS oOF REASON.

were in, multiplied into each other, amount-
ed to 2 ftrength equal to produce fuch anp
effe&t. X

LADY CAROLINE. .

How does water rife, Henry, in thofe
pumps which a& by a fpecies of attra&iop 2

HENRY. :

The external air prefles down upon the
water, and in pProportion as the fucker, by
being drawn upwards, exhaufls the internal
air of the tube, the external air impels the
water after it,

LADY CAROLINE,

I faw, Henry, - a2 curious experiment
performed by your father g confiderable
number of years back, which I hope you
will be able to account for. He filled 2
vepy {mall and long tube with a few pints
of ale ; this tube he placed on the fluice,
or, asit is eommonly called, the bung-hole
of a very large barrel, ful] of ale, and fo
placed in 2 copper trough that the liquor
might not be loft to 2 group of his tenants,
‘ whom
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whom he meant to regale by the experi-
~ ment. He no fooner placed the tube on
the orifice, and poured the few pints in,
~ but the large barzel inftantly burft,  'Well,
Henry ?

HENRY.

I am not fure that I am right, but I
fhould imagine that when this {mall tube
or column is placed upon the aperture of the
barrel, and the pints poured in, it becomes
one continued body with the barrel itfelf,
and having the barrel for its bafe, the tube
acquires the fame ftrength as if it were
equally broad along its whole height: for
as fluids increafe in preffure by the increafe
of their altitude and bafe, you cannot aug-
ment ene without communicating its weight
to the other.

LADY CAROLINE.

I have here prepared two fmall kegs,
equal in fize, and both equally full of wa-
ter. I now beg the tavour of Sir Thomas
to pull out thofe two fmall bungs which

cork
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cork up two apertures, exaltly equal to
each otbe., and when thi$ thall have becn
e‘R&cd Elizabeth will be fo good as give
us an account of what the obferves ?
ELIZABETH.

Are thofe bafons, Madam, equal in con-
tents, which you have placed to receive the
water in each keg?

LADY CAROLINE,

They are, Elizabeth,

ELIZABETH.

I perceive then that the water of one of
thole kegs rufhes out with much greater ra-
pidity than the water of the other : and I
perceive that one bafon is almoft full, while
the other has received little more than half
its contents. The reafon of this muft, I
think, be, a circumftance which your La~
dyfhip has not mentioned to us, and that
15, that the hole of one keg is a great deal
lower than that of the other : there muft
therefore be a much greater weight above
the water that fows hoz the loweft hole,

than
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than there is on the water that iffues from
the higheft, on account of the greater length
of the column. .

It is for this reafon that all jers-d’caus,
~or water-fpouts, rife and throw out in the
proportion of the heights of the refervoirs ;
and the elevation of the fpout becomes lefs
in the fame proportion that its refervoir
‘empties itfelf. Hence it likewife follows,
that all veflels of uniform capacities, fuch
as cylinders, prifms, and others, never
empty themfelves equally in equal {ixnes,
‘when the flowing of the liquid takes place
at the bottom of the veffel. The refpeé&tive
guantities which flow during every minute
of time, diminifh in the exac proportion
of the defcent of the furface of the flowing
hiquor.  For this reafon, I fhould think
that the bafons of public refervoirs thould
be always religioufly kept equally full, that
individuals may not be wronged in their
jult allowances,

In the time of the vintage, when the
' wine-
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wine-tubs are broached, the iffuing wine
fpouts farther, and in much greater quan-
tity at firft than towards the middle or the
end of its flowing, for the above-mentioned
reafon, of the altitude of the liquid dimi-
nithing, the preflure decreafing, and the
ceafing of the fermentation of the {pirit.

' LADY CAROLINE. ;

Why, | Kitty, during violent and long
rains, do we fee brooks confiderably large,
which had no previous exiftence ?

; KT Y:,

I fuppofe the fame reafon takes place in
this inftance. There are a great many
iprings whofe furfaces lie much beneath
the furface of the earth, and never make
their appearance until long rains fhall have
raifed the column of their waters, not only
to a level with the earth, but fhall have
made them overflow, fo as to feed for a

fpace of time the brooks they thus give
sife to,

LADY
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LADY CAROLINE.

I take this fmall bottle, Mary, full of
lavender-water, and uncorking 1t, I lay it
on its fide. What do you obferve ?

MARY.

1 perceive that the lavender-water has
been a long time in coming out, but I now
fee it flow with increafing {wiftnefs: I be-
lieve the reafon of this may be, that the air
at firt took fome time before it could
infinuate itfelf into the neck of the bottle,
and by that means proved a temporary ob-
flacle to the water’s running out; but
having once procured a paffage, it forces
its way on, and, by the elafticity of its
fpring, urges the water more rapidly out,

LADY ' CAROLINE.

The air, Fanny, prefles much more for-
cibly in the valley, than on the mountain ;
~and water rifes to a much greater height in
the firflt than on the laft. What is the rea-
fon of this$

D FANNY.
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FANNY.
The fame as before ; the preflure and
the elevation are both owing to a longer
column of air. I thould therefore on this
occafion think, that before clock-work had
arrived at its prefent perfe@ion, the inftru.
ments which were ufed for the meafuring
of time muft have been very imperfeé,
The ancient clepfydra and the modern hour-
glafs, being only vellels of which one part
empties itfelf in a certain time of its water
or of its fand into another, can never give
a divifion of time to be trufted to ; for, ge-
nerally fpeaking, the velocity of flowing
fubftances depends not cnly on the perpendi-
cular height of the fluid, but alfo on the
quantity of frition, on the degree of flu-
idity, and on the proportion of denfity,
which are all'in themfelves very variable,
and extremely difficult to be citimated.
LADY CAROLINE,
I have here a curious kind of crooked
glals tube, fomething, you [ee, like a pair of

fpring
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{pring tea-tongs, with this difference, that
one of the arms is ten times wider than the
other. Both the arms of the tube commu-
nicate - with each other, and having now
poured this water into one, you fee it rife
in the other to a height exaltly equal ; that
1s, though one arm holds ten times the water
of the other, yet the fmaller balances the
greater. ~ Account for this, George ?

GEORGE.
All liquids of the fame kind which have

in any way immediate communication with
each other, act againt each other precifely
in the proportion of their heights. By be-
ing more or lefs wide, their reciprocal
power is in fenfe diminithed or increafed,
becaufe bodies of this nature a& againft
each other, juft in the degree they are pref=~
fed. Now the preflure they experience,
1s accurately and folely in proportion to
their heights, -
LADY CAROLINE.
I take this other crooked tube, one of

D2 the
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the arms of which is equally wide as the
large arm of the other ; but this other arm,
you may perceive, is fo minutely fmall,
that the width of its opening is but one
thirty-fixth part of an inch. I pour water
in the large arm, but you may now fee,
that having entered the fmall arm, it ceafes
to be level. Is not this againft the general
rule, Frederic ?
FREDERIC.

I do not fee how the general rule can
in this inftance take place ; for the internal
fpace of the {maller tube is fo extremely
fmall, that I have heard it called by Sir
Thomas the capillary tube, from the re-
femblance of its aperture to a hair, in Latin
termed capilla.  Now the very {mall por-
tion of water contained in this capillary
tube, having more furface to contend
againft, and being more impeded and fup-
ported by the irregularities of the almoft
contiguous {ides of {o narrow a tube, has
fearce any force left, and muft {tand above

the
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the level, to be able to counterpoife the
water of the large arm. 'This extraordi-
nary exception to the general rule proceeds
therefore from the extreme tenuity of the
tube, and not from the capillary column of
the contained liquid.

LADY CAROLINE.

Why, Sophia, does comprefled water,
fuch as that contained in the narrow paf-
fages that lead into or out of mill-dams,
accelerate 1ts motion ?

SOPHIA.

The lateral parts which meet the ob-
ftacle in the contraded fides of the little
channel, are at the moment of their paffage
more comprefled by the water that follows -
them, and inceflantly pours on them. Be-
ing thus urged on and {queezed, they make
a greater impreflion on the parts which flow
directly and freely in the center of the ftrait,
and the refiltance of thefe laft parts is never
felt, as there is an open paffage for them to
proceed. In this fituation more water muft

D3 flow
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flow in equal times, and therefore in thofe
narrow necks the increafe of water will
ever produce an increafe of velocity ; this
may be exemplified by the flow motjon of
a river in the larger pﬁrts of its bed, and its
extreme velocity when it rufhes through
the arches of a bridge : and I have heard
you fay, Madam, that if the mouth of a
common fquirt be ten times narrower than
its body, it will acquire a tenfold velogity in
the water it fends forth,
LADY CAROLINE,

As you have made mention of the fquirt,
Sophia, I beg you would tell me by what
means the water mounts into it ?

SOPHIA.,

When I place the arifice of the fquirt in
water, and draw the fucker up, the water
next the mouth lofes the fupport of the air
which I have extralted ; it therefore be-
comes lighter, and muft conﬁequem]y yield
to the heavier parts which furround it, and
heave it upwards. In general, all the

weaker
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weaker parts of any liquid afcend, impelled
as they are by the heavier and ftronger parts
which raife them. _

Liquids of different kinds and of different
weights never are level with each other,
becaufe the heavieft muft defcend and raife
up and fupport the lighter. This is the
reafon why we fo often fee little balls of air
flowing rapidly up after each other in 2
decanter, where the water has been long
kept; for the air that has gradually crept
into it, being put in motion, flies to the
furface to regain its natural fituation, by
means of the water’s weight,

LADY CAROLINE,

I take this wine and water, and pour
them into this glafs. It 1s well known
that the water is heavier than the wine,
yet you fee they both mix. How does this
happen, Mary?

MARY.

Your Ladyfhip poured the water on the
wine, and then they both immediately
: ' mixed ;
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mixed ; but had "you gently poured the
wine on the water, there would not have
been a mixture without fhaking them ; but
the reafon that they really do mix, is, that
they both acquire 2 velocity in their fall of
ftrength enough to divide thejr particles, to
trouble their balance, to introduce them-
felves into each other’s pores, until fri&ion
exhaufts their motion, and renders them
unable to difentangle themfelves.
LADY CAROLINE.

I avail myfelf, Mary, of your ingenious
hint of gently pouring the wine on the wa-
ter, and now pour the water firft into this
glals ; the confequence I fee is, that the
wine {tl] goes to the bottom, and yet I
have not fhook them. How does this agree
with your anfwer, Mary ?

MARY.

If your Ladythip will indulge the wine
with time to recover itfelf, and if you have
not been over-hafty in the pouring of it
out, I fancy you will foon fee it affert jts

; fupe-
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{uperiority over the water: and 1 think I
already fee the little ruby ftreaks re-af-
cending and getting the better of the preci-
pitancy of your hand.
SIR THOMAS. :
You are perfeétly right, my fweet girl;
the wine has already got to the top, and
Jnothing but lofs of balance in the hand that
pours it in could make it quit the {urface s
but that you may always be fure of fuc-
ceeding in this little experiment, I will
beg the favour of Lady Caroline to cut an
exceeding thin flice of ftale bread, and lay
it on the furface of a broad finger glafs,
half full of water, and then pour gently
upon it as much wine as the finger glafs
will hold.

Her Ladythip I fee has fucceeded. Now,
Mary, what do you obferve ?
MARY.
I obferve that the wine is now wholly
uppermoft, and I think I can give a reafon
for it,

The
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The motion it had acquired is by this
ftratagem of yours, Sir, almoft inflantane.
oufly arrefted ; and if there fhould aught
remain of motion, it becomes totally loft
by the filtering through the pores of the
bread: it will therefore by its fpecific
lightnefs remain in that fuperior fitua-
tion.

LADY CAROLINE.

- Let us fee, William, if you can give as
ingenious an account of what I am going to
thew you, as my dear Mary has given of
the laft experiment. I have here a tumbler
full of new milk, which I have purpofely
fet afide, that I might have your obferva.
tionsiupon it, and the reafon of what you
obferve ? 4] <

Ch R WL AN

I obferve nothing but a circumftance
that daily happens ; I fee g very rich layer
of cream on the top, made confpicuous by
the yellownefs of its colour, while the
pure white milk lies under to fupport it,

The
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Jhe reafon of which I take to be this; the
particles of the cream are of a more adi-
pous (fat or greafy) nature, than tlhofe of
the milk, and confequently lefs compact ;
they cannot be lefs compa& without con-
taining lels matter; they cannot contain
lefs matter without being lefs denfe ; and if
* they are lefs denfe, they cannot be fo {pe-
cifically heavy as the milk. The milk,
therefore, muft tend to the bottom, and the
cream {wim. Thus all fat, animal, ve-
getable, and mineral.fubftances, when {ha-
ken with water, mix in it for a time ; but
the particles being infinitely lefs denfe,
or {pecifically heavy, they foon difengage
themfelves and rife to the top ; and the ge-
nefal method recurred to by people em-
ployed in thefe matters, 18, to allow them
time to extricate themfelves for the purpofe
of {eparating them,
LADY CAROLINE.

We frequently fee on the furfaces of

flagnant pools, rich ftreaks of various co-

dours,
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lours, which, in certain dire&tions, emu-
late the tints of therainbow. What isthe
reafon of this, Henry ?

HENRY.

The earth beneath the pool may be ei-
ther bituminous, or fulphureous, or both.
In this cafe, the fat particles, being wafhed
away from the bottom, rife to the top

“through their fpecific lightnefs, and muft
therefore refle&t the rays of light as they
form a continuity of furface, and perform
in a manner the offices of mirrors. Wa-
ters in which clothes are wathed, and
ditches in which the carcales of dead ani-
mals are thrown, are likewifle fubje&t to
have their furfaces covered with this
{pume.

SIR THOMAS.

Tell me, Edward, why does a fat ani-

mal, rational as well as irrational, excel a
meagre one in the a& of {wimming?
EDWARD.

A drop of oil, a particle of any kind of

fat
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fat fubftance, always lies on the f{urface of
water : a larger quantity, therefore, of
the fame matter muft have the fame effeét,
fince fubftances of that kind are lefs heavy
than others.  This reafon comprehends
another, which is, that adipous bodies
have more vacuities and hollows, and par-
take more of the nature of bladders, the
very eflence of which, if I may be al-
lowed the expreffion, is the oppofite of de-
fcent or finking. On this principle, a hog,
or a bullock, run much lefs rifk of drown-
ing, when thrown into the water, than a
cat or a ferret.
LADY CAROLINE.

How does it happen, Kitty, thatconfider-
ing the impalpability of the air, and the pal-
pability of {traws, bits of paper, and the
groffer kinds of exhalations, fuch bodies,
notwithftanding, mount up to confiderable
heights in the air, and remain there for a
long fpace of time ?

Vor. I, X xITTY!
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Their rifing into the air is owing ta the
motion of the air itfelf, when their weights
are fpecifically heavier, or even equal ;
but when their particles are fo divided as
to [pread through a large portion of the air,
they then are lighter, and will rife and re-
main in the air till {fuch time as they dif-
folve into rain, or are exhaufted by the

heat of the {un.
LADY CAROLINE.

"This fmall phial of oil has been for =
long time laid afide, and has of courfe col-
leCted a vaft quantity of aerial particles: I
now fhake it, and the globules of air all
mount to the top. What is the reafon of
this, Frederic?

FREDERIC.

There is no other feafon, Madam, but
that the air is lighter than the oil, as oil is
lighter than water, as water is lighter than
faercury ; and {o on.

LADY
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You fee, Elizabeth, I have here beat up
together a little oil and water, and have
{uffered the air to mix with them ; the con-
fequence is, that they all three have loft
their fluidity. I now again whip a little
cream with this white of an egg, and you
may eafily perceive that they tco ceafe to
be fluid,  'What can bé the reafon of this?

ELIZABETH.

- The friction increafing in proportion as
the furfaces are multiplied, the mixed li-
quors may be divided into {o fmall portions,
that they may touch each other in too
many points, and the difference of their
weights, which can alone difunite them,
may not equal the fri&ion, or, which
is quite the fame thing, the dificulty they
meet  with of difengaging from each
other.

It 1s for this very reafon that oil and
wine, when well beat up together, be-
come ointment ; ‘and that the white of an

B egg
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egg, cream, &c. fwell into a motionlefs
froth : for the air is fo extremely divided,
and its mixture with thofe liquids is fo
very intimate, that its fpecific lightnefs is
not fufficient to loofen it from them.

To thefe reafons I can add two other
caufes, which render the feparation of the
parts fo difficult; one is, the vifcofity,
which is greater or lefs in one fubftance
than in another, but from which no fub-
ftance is exempt: the other is, the fym-
pathy, or rather analogy, which is fre-
quently found between two liquids, and
which probably confifts in an adaption of
parts, a likenefs of magnitude, and a fit-
mefs of figure. Thus the fpirit of wine once
mixed with water can by no art be ever
again feparated from it, while the oil of
turpentine, which is not a great deal
lighter, fuffers no difficulty in being drawn
from the water it was mixed withs

LADY CAROLINE.

Here is a little but very curious glafs in-

ftrument,
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{trument, George ; it confifts of a fmall
1ube o gla ,ab.ve which there is a fpecies
of ci ip, and the ba'e, you fee, is a kind of
phial of the fame matter as the tube. I
now fill this phial with red wine; and
then I fill the cup and the tube above it
with wqter, and defire you will not only
tell me your obfervations, but account for
them ?
GEORGE.

I begin 'to fee (if I miftake not) one of
the molft beautiful of all experiments: I
obferve a delicate film of the wine raife it-
felf off the furface of the phial, form itfelf
into a point, dire@ itfelf in the form of a
column to the mouth of the cup, and con-
tinue its progrefs through the water ; while
at the very fame inftant of time, an equally
{mall thread of water defcends from the Cup
into the phial ; and both the column of the
wine and the thread of the water cohtinue,
the one to mount, and the other to defcend,
in a fpiral motion, until every drop of the

E3 water



42 RUDIMENTS OF REASON,

water fhall have fallen into the phial, and
every particle of the wine afcended into the
cup.

The reafon of all this I fearce need men-
tion after what has been already faid by my
fifter Mary. I can only add to her account
in this inftance, that the water being the
heavier of the two bodies, and placed in
the uppermoft part of the veflel, cannot
have its exertion of defcent made otherways
known, than by its forcing the wine to ap-
pear firlt to move upwards.

LADY CAROLINE.

You alluded, George, to your fifter
Mary’s anfwer ; but how will that, or your
own anfwer, account for thig? the two H-
quids in the inftance of your fifter Mary’s

experiment, on their being poured on each
other, mixed,

but in this cafe no mixture
takes place.

GEORGE.
Jn this veffel the water poured into the

€up gently defcends upon the wine, not by

a ma-
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2 manual pouring, but by the {malleft of
tubes. It is no otherways admitted but
by the floweft defcent of its own weight,
without any velocity acquired from a fall.
Hence the vifible tranquillity betwixt the
afcending wine and the defcending water :
they have neither of them motion enough to
divide or to embarrafs each other, and of
courfe cannot mix.

LADY CAROLINE.

I take this inverted fiphon, and pour
mercury into one arm of it, until it rife in
each arm to one half of a graduation. ¥
now pour this coloured water upon it ; and
the confequence is, that when the furface
of the coloured water is rifen, as you fee,
to the fourteenth graduation, the mer-
cury rifes jult one graduation higher in
one arm than in the other. Account for
this, Kitty ?

" KITTY.

The mercury loaded on one fide by the

column of water, rifes on the other fide in
? ‘ L order
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order to balance the liquid which preffes ity
as foon as it ceafes mounting, its height
above its own level is equal to the four-
teenth part of that of the water; and I
have heard Sir Thomas fay, that the weight
of water is to that of mercury, as I is
to 14 : it is therefore very evident that the
heights of thefe two balanced fluids are re-
ciprocally proportionable to their denfities,
for as the mercury is fourteen times as
heavy as the water, fo the water is fourteen
times as high as the mercury.
LADY CAROLINE.

How does it happen, William, that our
bodies never feel the immenfe. weight of the
alr upon them ? ‘

WILLIAM.

From the very moment of our birth we
are accuftomed to its preffure, This pref-
fure is equal, uniform, continual, and af-
fects the whole extent of our bodies at
once ; {o that one part feels no more pref-

fure than another; now fecling i1s nothing
elfe
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elfe but a way of judging of our prefent
fituation, when compared to another pre-
ceding fituation : but if our fituation has
never been altered, the fenfation of the
preffure can never have been interrupted,
and therefore is, to f{peak the truth, no
fenfation at all.
LADY CAROLINE. /

I take this glafs tube, ftopped at one end,
and of about three feet in length; I pour
mercury into it; now that the tube is en-
tirely full, I place my finger on its orifice
to ftop it, and after having turned it uplide
down, I convey that end which is ftopped
by my finger into a veflel which likewife
contains mercury, and I now take away
my finger from the orifice. The tube
now plunged into the other mercury by the
open end, partly empties itfelt, as you may
all fee, into the veflel ; but there ftill re-
mainsa column of mercury of about twenty-
ty-feven inches in height. Can you ex-
plain this, Elizabeth ?

ELIZA-
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ELIZABETH.

The air being a matter or fubflance has,
like all other bodies, a tendency or weight
towards the center of the earth, A heavy
body acts by its weight againft every thing
that is oppofed to. its fall, or becomes a bafe
toit: thus, when a column of air repoles
upon any body, it comprefles it with al]
the ftrength of its weight. Now the fur.
face of the mercury in the other veffe] st
in your experiment, Madam, the bafe of
a column of air ; it muft therefore be pref-
fed by its weight. When your Ladyhip
applied a tube to a fpot of this prefled fur-
face, the column of mercury the tube
contained being heavier than the column of
air that immediately correfponds to its bafe,
{inks, until its diminifhed elevation places
its weight in balance with the preflure
exerted on all the fimilar parts of the
furface of the mercury in which the tube is
plunged,

LADY
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LADY CAROLINE.

I now make a fmall aperture in the up-
permoit and clofed end of the tube, and I
perceive that the mercury immediately de-
fcends. 'What is the reafon of this,

Henry ?
HENRY.

The air by this means enters through the
fmall aperture you made, and aés upon the
mercury fo as to deftroy the effort that the
other part of the air made upon the mercury
contained in the veffel : thus the column of’
mercury in the tube being placed betwixt
two equal preflures, muft fall to its own
level through its own weight.

LADY CAROLINE.

I take this other tube, Fanny, open at
both ends, and placing one end of it in this
veflel full of coloured water ; I fuck up
the air which is in the tube, and the water
immediately fucceeds, afcends and fills it.
How do you account for it ?

FANNY,
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FANNY.

I fee no other reafon for it, Madam,
than that the water, unloaded of the weight
of the air contained in the tube, obeys the
weight of the column of air which prefles
the water in the veflel. :

LADY CAROLINE.

In this other veflel full of mercury, I
dip the end of a tube of at leaft thirty inches
length, but notmore than one twelfth of an
inch in width. I fuck the air out from the
tube, and the mercury rifes up twenty-
feven inches, or thereabouts, and though I
thould continue to fuck, the mercury will
rife no higher. Can you give me a rcafon
for this, Mary ?

MARY.

As the mercury isa great deal more heavy
than the water, the weight of the external
air which helps to raife it, is balanced by a
lefs long column. Had there been any
other fluid more heavy than the mercury,
we {hould have. certainly feen it remain at

a point
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2 point ftill lower. In a word, in pumps
where fuckers are employed, the water
only mounts to two-and-thirty feet; be-
caufe as the weight of the atmofpheré 1s Ji-
mited, a column of air does not weigh more
‘than a column of water of thirty-two feet,
though the column of air be vaftly higher.
Now mercury afcends only fo the height of
twenty-feven inches ; for its weight being
to [that of the water, as one is to four-
teen ; the column of air in raifing up the
mercury to twenty—fe?en inches, exerts it-
felf as much as it does in raifing the water
to thirty-one, or thirty-two feet. Ior the
mercury weighing fourteen times more
than the water, if it is at the height of
twenty-feven inches, we muft, in order to
compare this elevation to that of the water,
reckon twenty-feven times fourteen inches,
which on calculation you will find to be
thirty-one fect and a half.
LADY CAROLINE.
How is it, Edward, that the greater
¥ number
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number of long-billed birds, fuch as herns,
ftorks, woodcocks, as well as almoft all
quadrupeds,  fuch' as horfes, cows, ftags,
and others, can when they pleafe raife up
water in their ftomachs ?

EDWARD.

All thefe animals may be more properly
faid to fuck than to drink, and the a& of
fucking is nothing elfe but that of rarefying
the internal air by dilating the capacitics
which contain it, to give room to the pref-
fure of the atmofphere. The cheft in
raifing itfelf, fomewhat in the way of the
opening pannels of a bellows, prepares a
new vacuity, to fill which the external ajp
rufhes in, an a& which we call refpiration 3
but if the mouth be moift with, or full of
water, though this lat fluid were beneath
the ftomach where the void is made, it is
thither carried by the weight of the air with
which it is alwaysloaded.

LADY CAROLINE.
Why is it fo very difficult, Sophia, to
x draw
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draw up the fucker of a fyringe, the orifice
of which is either entirely ftopped, or ina
vellel void of air 2

SOPHIA.

‘Nhﬂe the fucker preffed externally by a
column of air, is likewife prefled back in-
ternally by another column of water, fup-
ported by an inferior column of air, it is .
in balance betwixt two equal powers ; and
to move it, we have nothing to do but to get
the better of its friction. IWhen, however,
the inferior fupporting column of air is re-
moved, we can no more draw the {ucker
upwards, without raifing the whole column
~of air that preffes againft it : and this co-
Yomn is a cylinder, the height of which is
tlie atmofphere itfelf, and the bafe the top
of the {ucker.

LADY CAROLINE.

Here is 2 fmall pair of bellows, Frede-
ric, of which I have thut up all the aper-
tures. Take them and tell me what you

ﬁxperiencc ?
: Fa FREDERIC,
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FREDERIC.

I experience that it is with a great deal'of
difficulty that I can move them. They
appear to me to be in the fame fituation as
the {ucker in the {yringe ; for as there is no
internal air to act againft the external air,
there can be no balance.

I fhould imagine that it is for the fame
reafon that the breaft of an animal can no
longer expand itfelf as ufual in the a& of
refpiration, when the admittance of the air
is impeded. "And it is the opinion of ali
able anatomifts, that drowned animals have
died, not through the quantity of water
they have fwallowed, but through the in-
terruption of that motion which refpiration
requires.

LADY CAROLINE
I take this tumbler, George, I fill it with
ter, and cover it with a paper that will
ely touch its rim all round. 1 place
my hand upon 1t, and then turn the glafs
vpfide down upon my hand: I now take

- lﬂy
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my hand away, and you notwithftanding

fee that the water remains unmoved in the

tumbler, and the paper adheres as clofe to it

as if the tumbler were placed upright ¢ Is

there any reafon you can give for this ?
GEORGE.

The water contained in the tumbler can~
not defcend, but by overpowering the co-
Iumns of air betwixt it and the floor, and
fupported by the floor ; nor can it be re-
moved fideways, as it is propped on all
fides round by the atmofphere itfelf, which
has a ftrength of bearing up a mafs of
water of thirty-two feet height. Thus the
refiftance of the column beneath the
water in the glafs is a great deal more
than fufficient to keep it from falling.
The ufe of the ferap of paper in this ex-
periment is only to hinder the divifion
or mixture of the two fluids; for their
weights are fo very different, that they cauld
not be otherways hindered from falling

|3 3 into
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into each other, if I may ufe the exs
preflion.
SIR THOMAS.

I once faw, when abroad, Kitty, an
experiment of a moft fingular nature,
which I hope you will be able to account
for. A tube of fome feet length, 1 for-
get the number, communicated at one
end with about a dozen of other fmaller
tubes. The ends of each of thofé tubes
terminated in as many bladders; in the
middle of the large tube there was a kind of
key, which could open or ftop up the pal-
fage of the tube; this was the apparatus,
but the occafion of this apparatus was the
following :

A very confiderable bet was laid between
two young men of the firft fathion in Ital ¥s
on the refpe&ive ftrength of the Swifs,
who guarded their gates. In the alterca-
‘tion, one of thefe noblemen laid the wager
alluded to, and faid that the f{on of his
bwifs, eight years old only, had more bo-

dily
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dily ftrength than the Swifs of’the other
nobleman._

On the day agreed upon, a large beam
was placed acrofs the fmall tubes of the ine
firument I have already mentioned to you;
It was then propofed to the Swifs to raile
that beam, and fimply remove it from the
tubes: every exertion of his ftrength was
put forth in vain, he could not fo much as
give it an appearance of motion. The
child was then called, and, having received
his cue, defired every body fhould withdraw
to fome diftance from the beam, then blew
into the tube with all his might, and when
tired, turned the key or cock, that the air
might not return back, and this he conti-
nued for a while to the great amufement of
_his mafter’s opponent; in a few minutes
more, however, he {o effeGtually filled the
bladders with air, that the beam role of its
own accord, and rolled with great noife
from off the tubes.
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KEERY.

The breath of the child, I fhould think,
compreiled and gave a'new {pring o the air
contained in the large tube, from_ which
the air in the fmaller tubes and in the Llad-
ders receives a gradual and growing pref-
fure ; this fucceflive excefs of fpring or
elafticity, exalted by the heat of the child’s
breath, diftends the bladders fo violently,
that the imprifoned air, becoming at laft
equal in ftrength to the weight of thebeam,
communicates a commencement of motion
to it, which the weight of the beam it{clf
- completes, by adding power enough to the
fpring, through preflure, to force it at lcngth
entirely from its fituation,

LADY CAROLINE.

Why does a heavy body, William,
weigh lefs in the hand of a perfon who
holds it in 2 heavy fluid, than if the fame
perfon held it in a fluid of lefs denfity ?

‘ WILLIAM.
All bodies are fupported in fluids, in the
» exact
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exa& proportion of the weight of thofe
fluids. If I take a body that weighs ten
pounds in the air, and plunge it into water
of an equal volume with itfelf, and which
perhaps weighs two pounds, my hand
will then have only to fupport eight pounds -
weight.
SIR THOMAS.

Do you recolle&, Elizabeth, what may
be the weight of the column of air which
Currcfpondis to the human body ?

ELIZABETH.

It has been difcovered that a middling
fized perfon correfponds to a mafs of air of
upwards of twenty thoufand pounds weight,
But a fith at the bottom of a river or of a
fake has not only the preffure of the air,
but that of the water to fupport ; fo that if
1t be thirty-two feet deep, it is loaded with

wice the weight of the atmofphere. What
then muft the preflure be on the b‘ody of an
animal at the bottom of the ocean? Thefe
enormous weights, however, continually
apl‘;licd
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applied to the furfaces of their bodies, do
not deltroy them, for the reafon that they
are internally fupported by the fpring of
the fame fluid which furrounds them ; we
breathe within the fame air by which we
are comprefled without, and ffh arein ‘e
fame fitvation as we are with regard ta .
the water ; for if they breathe air with wa-
ter, this air, before it pafles into their bo-
dtes, is in balance by its {pring with the
preflure of  the fluid with which it is
charged. The motion of the brealt, in
the time of breathing, is only free in ag
much as there is an equilibrium betwixe
the external and internal air, Whatever
accident renders the laft weaker or {tronger,
adds to the difficulty of refpiration, In z
word, neither the weight of the air, nor that
pftlle water, deﬂroys the diver who Plunges
t® the bottom of the fea, becaufe he ig
equally prefled on all fides round, and besy
caufe the internal balances the external alr,
and that his ribs form a feries gf arches. It

muft
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muft be, however, remarked, that many
divers who have bzen fent down under wa-
ter in large bells full of air, have generally
been obliged to be drawn-up, their nofes
and ears running with blood. The reafon
of this is, that it 1s not fuflicient that the
diver has air conveycd down with him ; it
is alfo neceflary that that air preferve the
ufual thicknefs he was accuftomed to ; and
I do not think that this can ever be prac-
ticable, confidering the vaft preffure of fo
immenfe a volume of water. -

 SIR THOMAS.

When fithermen have thrown their net
to great advantage, how comes it, Hen-
ry, that they are not afraid of breaking it
when they draw it from 'the water into
the air?

HENRY.

Immerfion always reduces bodies to a re-
fpective weight, much lefs than their ab-
folute one. Thus it fometimes happens,
that a man of one hundred and thirty

pounds
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pounds weight on land, is not above one
or two pounds in the water. Hence a twig,
or even a few blades of grafs on a bank,
may fometimes fave a drowning perfon,
whereas a perfon falling out of a window
would pull the weight of a very confiderable.
relief after him. j
LADY CAROLINE.

I throw this wax ball into a bafon of cold
water, and it {wims. I now heat the wa-
ter over this chafing-dith, the ball then
finks, but now the heat increafes, and the
ball mounts again.  Can you give any rea-
fon for this, Fanny ?

FANNY.

It fwims at firlt becaufe it is lefs heavy
than cold water ; it then finks becaufe it
becomes heavier than an equal volume of
water rarcfied by heat, It afterward
mounts again, becaufe being itfelf now ra-
refied by the ftill increafing heat, which pe-
netrates and dilates the air that it contains,
it becomes lighter than an equal volume of

water.
L.ADY
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LADY CAROLINE.

How do fith, Mary, remain fufpended
and motionlefs? How do they go up and
down the water with fuch freedom?

MARY.

They have in their bodies a bladder,
which they fill with air when inftin&
prompts them to become more light, and
which they empty when they mean to be-
eome hcavier : thefe viciffitudes of light-
nefs and gravity are aided by the {trokes of
their tail again(t the refifting fluid.

LADY CAROLINE.

Why, Edward, do drowning animals
defcend at firft to the bottom of the water ?
EDWARD.

Becaufe their bodies are heavier than the
volume of the water in which they fall.

LADY CAROLINE.

Why do we afterwards fee the drowned
animal on the furface of the water? And
why are thefe appearances fometimes fo
very frequent? Tell me, Sophia,

@ SOPHIA...
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SOPHIA.

It is becaufe their carcafes become alter-
nately lighter and heavier than the volume
of water to which they correfpond ; the
body defcends at firft into the water, be-
caufe it is heavier ; it then re-afcends, be-
caufe the dilatation of the internal air gives
more volume to the body ; it then at laft
re-plunges, by the burfting of the mem.
branes which contained that air, and by
means of which the body' was made to
fwim,

SIR THOMAS.

How, Frederic, is the a& of fwimming
accounted for ?

FREDERIC,

The fwimmer raifes the water at his
fides by the motion of his arms and legs,
the neighbouring columns of Water become
by this means higher : being thus made
Yonger, they weigh more, fince all columns
of water weigh in Proportion to'their height,
The great quantity of air which the fwim-

mey
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mer likewife inhales, affifts him confide-
rably in this exertion by diminifhing his
refpetive weight.
: : SIR THOMAS.
And pray, Frederic, why do {wimmers
fometimes ufe bladders under their arms?
| FREDERIC.
To increafe the volume of their body,
and thereby procure more columns of waterx

7

to {upport them.
SIR THOMAS.

Since we are upon this fubje@, Frede~
ric, I fhall atk another queftion. How
does a diver, after touching the very bot-
tom of the fea, remount?

FREDERIC.

His refpeltive weight in f{uch an im-
menfe body of water is much leflened ; he
has nothing to do but to ftrike the bottom
perpendicularly with his foot, to procure a
fpring; the collateral columns of water
wiil then urge him upwards with great
yelocity. ;

Gz LADY .
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LADY CAROLINE.

How is it, George, that a large veflel at
fea fails with the utmoft fecurity, whereas,
as I have heard it faid, it would fink on a
lake of freth water ?

GEORGE.

Salt water is much more heavy than frefh
water, and therefore can {upport a much
greater weight ; for it is well known that
all floating bodies {ink more or lels, acs
cording to the denfity of the fluid they
move in, .

I ADY CAROLINE.

I have heard much talk of the floating
iflands, Kitty. “Can a motion of this na-=
ture happen ?

KITTY.

1 think it may ; water may in procefs of
time undermine any mould, and the picce
of earth is kept clofe together by its being
of a light nature, and interwoven mn 1ts
parts by immenfe quantities of roots and
other ligatures,

LADY
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LADY CAROLINE.

Your conception, Kitty, is clear and
adequate to the fubjet. How does it hap-
pen, Henry, that lefs water is requifite in
order to fupport a veflel in a ftrait, than in
the wide and {pacious ocean ?

: HENRY,

In the ocean, water expands itfelf into
a larger circle, and rifes to alefler height,
In a more confined place, water corre-
fponds to alefs width, and rifes to a greater
altitude. Now, water having a great
weight, counterbalances and fupports the
{hip precifely in the proportion of its exal-
tation : hence, the more a harbour 1s nar-
row, the le(s need is there of depth of
water,

LADY CAROLINE. ;

Why, William, do fluids afcend in ca-
piilary tubes? '

WILLIAM,

The unequal preflure of whatever fluid
js probably the fundamental point of the

‘ G3 explanas
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explanation of the afcenfion of the fluids in
capillary tubes; but the adherence or na-
tural vifcofity of all quuofs, the fize and
the figure of their parts, and perhaps a cer-
tain motion which belongs to them, are fo
many means which nature may have em-
ployed for thefe kinds of effeéts, and as fo
many objects which we ought to confider
in our refearches. -

Here Sir Thomas interrupted William,
faying, that capillary tubes are fo called on
account of their minutenefs. They may
be made of glafs, or any other matter fit
for containing water. They take this
name, without doubt, from the refemblance
that their apertures have to a hair, which
we commonly look on as fmall canals, hol-
low throughout the whole length, and ca-
pable of tranfmitting fome certain fpecies
of fluids. However, the diameter of ca-
pillary tubes may be equal to two twelfths

of
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of an inch, and even two twelfths and a
half of an inch. i
LADY CAROLINE.

We often find a heap of fand, a foft
ftone, a billet placed upright, moiftened
even to the top, although thefe bodies may
not be an inch in water. What is the caufe
of this, Frederic ?

: FREDERIC.

As thefe bodies are porous, the water
finds in them minute channels through
which it afcends, as it would do in {mall
tubes of glafs ; and to improve ftill farther
this idea, becaufe in a channel extremely
polifhed and very ftrait, the liquor oppofing
all its weight to the caufe which elevates
it, in lieu of pafling through the winding
pailages, which are offered to it by the in-
ternal part of a folid body, it finds here and
there a refting place : whence it may hap-
pen that it fets off by repeated fprings,
and perhaps with frefh force,

LADY



/
68 RUDIMENTS OF REASON,

LLADY CAROLINE.

Why, Mary, do the waters, and in ge-
neral all bodies, evaporate a great deal lefs
in moift and calm weather than when it
blows a dry wind ?

MARY.

Becaufe a capillary tube which fupports
a column of liquor, like a fpunge full of
water, cannot draw up any more j in the
fame manner the air being too much Joad-
ed, raifes vapours no longer. In moift
weather the airis a charged fpunge ; in a
dry wind it is an empty fpunge, and which
is conflantly renovated upon the fame
furfaces.

LADY CAROLINE,

What is it, my dear Fanny, that makes

the vapours fall in rain?
FANNY.

Tt is a degree of cold which condenfes
the part of the atmofplhere where thofe va-
pours reign, and which draws 'ing together
the parncles of water, unites them into

drops
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drops too heavy to be fupported by an equal
volume of air ; then the condenfed air is a
fpunge compreflible.  This cempreflion
may be attributed not only to the chilunefs
which may be the ufual caufe, but likewife
to the winds, by which the clouds are
fqueezed together, that is, the parts of
the air moft loaded with water ; and in
fact, the rain, particularly that of a ftorm,
always falls by fudden gufhes, like the ex-
preflion of a fpongious body full of water.
EADY CAROLINE:.

How, Edward, does the fap of a trece
pafs from the roots to the trunk, and from
the trunk to the branches ?

EDWARD.

We may look on its courfe as on fo many
finall capillary channels, or as a continuity
of {pongious bodies, by which it is con-
veyed from the toots to the top of the tree,
and more or lefs copioufly, according to the
actual flate of the different parts which re-
ceive the fap.

LADY
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LLADY CAROLINE.

How, George, does every tree in a gar-
den reccive the nutriment which nature hag
prepared for it? How can the apple-tree
not take that which is adapted to the vine,
to the myrtle, to the jaflmine, and to the
honey-fuckle ? {

GEORGE.

If it be true, that the channels which cofa
vey the fap perform the office of capillary
tubes, there prefents itfelf an example of
this kind, which might be looked upon as
a coarfe imitation of nature concerning the
obje& before us.  If we put into a vafe two
liquors very different each from the other,
as oil and wine, and if you dip the two ends
of a piece of lift, one into the wins, the
other into the oil, of which ‘one will imbibe
wine, and the other oil, both will a& like
a fponge; but the firft will fuck up the
wine alone, and the laft only the oil.  All
bodies of this kind are fit for drawing up

fluids, but they load themfclves with one
rather
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rather than another, according to the ana-
logy it has with thofe liquors.  This ana-
logy muft undoubtedly confift in the form,
the fize, the difpofition of parts, &c. Each
fpecies of plant probably does fomething
of the like nature,' and for the fame rea-
{ons.
LADY CAROLINE.

You have anfwered, my dear fon, like a
Iad of genius and penetration. I fhall elu-
cidate this in another place ; however, my
dear George, I muft remind you of a re-
mark which you forgot to mention, that
the ends of the lift thould, previoufly to their
being putinto the oil and wine, be daubed,
one with oil and the other end with wine,
or otherways they might both at once abforb.
the oil, and leave the wine untouched. Why,
Kitty, does an angular or pointed body
wound us more in falling upon us than a
flat body ?

KITTY.
Becaufe its effort is wholly exerted upon

ene fmall fpot, and by a contrary reafon
we
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we rifk lefs being hurt when we hold our
hand hollow to receive a bowl than when
we extend it.

LADY CAROLINE.

I fuppofe that there is a great deal more
fubtle air within one body than in another ;
the confequence will be, that this Jaft body
will be lefs hard, What is the reafon of
this, Henry?

. HENRY.

Becaufe then the folid parts of which it
confifts touch each other by lefs furfaces,
and the preflure from without is better fup-
‘ported by that which the fluid tranfmits in-
wardly., When wax, for inftance, {en-
fibly foftens,- it is that the fubtle air with
which it is penetrated, dilated by thetheat,
dilates in the fame manner the fpace that it
occupies 3 and as thefe {paces cannot ,in-
creafe but by removing the folid parts of
thofe which {urround them, the conta& of
thefe laft becomes more rarefied, their
junction lefs exa@, and their coherence

lefs {trong.
LADY
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| LADY CAROLINE. ,

in {ome determinate cafes, two liquors

take all on a fudden a confiftency greater or

lefs, although we are not able to obferve

any degree of fenfible refrigeration. Pray
tell me if you underftand this, William 2

WILLIAM.

This effe I have heard Sir Thomas
«call coagulation, and it can be explained by
fuppofing that the parts are of different -
configurations, and {uch as to reciprocally
embarrafs each other ; and that they put an
end between themfelves to that mobility,
in which principally confifts the ftate of
being liquid. The moft beautiful coagu-
lation is that which is made with oil of
lime and the oil of tartar, When a per-
fon ftirs this mixture a little, it becomesa
white mafs, to which you may give any
form you pleafe, hardening itfelf like wax.

Some people, likewife, coagulate a uri-
inous, volatile, and a very fubtile fpirit,
with the fpirit of well-re&ified wine ; the

You. 1l. H white
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- white of an egg and the fpirit of fult ; blood
and aqua vitz, or brandy.

This laft experiment informswus of what
importance it is foberly to ufe fpirituous li-
quors, fince they have the power of adulte-
 rating and ftopping the flnidity of the blood.

LADY CAROLINE.

A fpecies of long clear glafs bottle is
filled with water, and if you would preferve
it from freezing during the winter, you put
in one third of {pirits of wine; then clofe
the mouth of the bottle by tying a moift-
ened piece of bladder round the neck. In
this bottle thereis a little hellow and ena-
melled figure, or figures, fuch as men o
birds, which are more light than the liquid
they fwim in; and in the foot of which
figures, a little hole is made through which
a pin may pafs. The effe@s of this inven-
tion now follow :

In the firft place, with the extremity of
your finger you prefs upon the bladder ; the

: and
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and is there ftopped, and remains there as
long as the preflure continues.

In the fecond place, if you prefs with
lefs force; or if you ceale to prefs, it imme-
diately rifes.

In the third place, if you moderate the
preflure, when the figure is on its way of
delcending, it ftops at the very fpot in which
you choofe to keep it.

In the fourth place, if you prefs the
bladder, and at the fame time whirl the
glafs around, the little figure plays the
whirligig about its own axis.

Thefe effe@sare the fame when you turn
the bottle upflide down, and when that
preflure is made from the lower part to the
higher: thus, one may give it an air of
myltery, by arranging many tubes in a
frame, and making the neceflary preflure
on their orifices, in a2 manner hidden from
the eyes of the {pe@ators, with levers fend-
ing them back, or with ftrings hidden in

H 2 the
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the depth of the wood, or otherways.' Can
you, Elizabeth, explain thefe effe@s ?
’ ELIZABETH.

In the glafs parallelogram in the fum-
mer-honfe, thefe efe&s are all produced,
- and it is upon this that your Ladythip has
been fpeaking ; previous to my an{wering
your queftion, I will run for it.

. The water is cither not comprefled, or is

Comprefled with great difficulty,  The
air, on the contrary, is a flexible fluid,
which may be compreffed with the greateft
facility,  The little hollow enamelled
figures which are here inclofed, are there-
fore full of a compreflible matter, and en-
vironed with another that is not. When
you prefs with your finger upon the bladder,
as I now do, I prefs all the mafs of water
which is in the bottle ; the column which
. correfponds to the fmall hole in the figure,
which your Ladyfhip has mentioned, not
being able to re-enter upon itfelf, on account

a
L6)3
-
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of its inflexibility, carries ali the effort that
it receives from the preflure againft the
air which is in the figure : and as this fluid
allows itfelf to be compreffed and fqueezed
into a {maller {pace, it yields to the water a
part of that which it occupies ; then the
figure 1s more weighty than it was, for we
muft look upon it asa compofition of ena-
" mel; of air more condenfed ; and of a lit-
tle water which it has received. If the
whole, all together, be more heavy than the
correfpondent volume of water, it goes to
the bottom ; 1t, on the contrary, re-afcends
when it is lighter, that is, when a leffer
preflure impels lefs water into the figure, or
when I fhall allow the compreffed air the,
liberty of repelling, by its fpring, that
which has already entered ; and you may
very readily conceive, that by managing this
preflure of the finger, I retain in the figure
fuch a‘quantity of water, that the whole, all
together, is in equilibrium in the mafs.
At laft, as the little hole through which the,

H 3 water
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water may enter or flow out, is made one’
of the two legs ; that is, on the fide of this
little plunged body : if the fluid which
pafies intd it be puthed, or .repell'ed with a
violent velocity, the oblique impreflion
makes the figure turn round 1t{elf 5 “for be-
ing thus fufpended in the water, it is as if
it Were moveable upon two pivots, or upon
an axis. This figure, or figures, be-
come fometimes more light, fometimes
more heavy, than fhe quljid in which
thei«' are 'plu'nged 5 not that the volume of
the :correfpondent' water changes its denfity
or its fize, but Becaufe the plunged bodies
become themfelves alternately more denfe
and more light, in matter, without chang-
ing their volumes, SHLN
If you recolle&, Madam, we once faw in
our town here, 2 quack, who fucceeded
in a wonderful manner i thefe experi-
ments ; he called this":ﬁgure his Little De-
vil, and made it afcend, fomc;imes to prove
the goodnefs and eflicacy of his remedies,
B 1t 4 ~ and
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and fometmes to thank the buyers, with
various other tricks and devices, -
LADY CAROLINE.

Your e'xp]'anat‘iom and remarks upon this
fubje&t, my dear Ellzabeth have been
clcar and fenfible. Tell me, Fanny, how
a great number of animals, and above éH
qmdrupeds, can have ! more facility in fwxm—
mmg than men : ?

FANNY. y

When a quadruped {wims, it can hold
its head out of the water without much ef-
fort but of man, the head is the firlt part
of his body which plun%s ; and even when
he fwims ‘well enough not to go to the bot-
tom, he is ftill under the neceflity of
making the utmolft efforts to avoid having
his face in the water: thus it is, that 2
fwnnmcr is much more at eafe upon his
back than in any other fituation.

' LADY CAROLINE. _

VVhy do bxrds, bcmg hcav1er than an

equa;
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equal volume of air, fly? Tell me, So.
phia.
SOPHIA. -

When birds fly, the cheft is dilated by
a greater quantity of air than enters to it ;
they extend their wings, their tail, in-
creafe their volume, and con[equently di-
minifh their refpective gravity. The air,
{truck by their wings, becomes a fixed
point, by which they procure motion to
alcend, to defcend, or to advance.

LADY CAROLINE.

Why does a ftone bridge, loaded with
men, animals, &c. which, inftead of pil-
lars, has nothing but moveable barges, fill
fupport itfelf ¢

MARY.

Becaufe the volume of fones and of air
contained in thefe barges are more light, on
account of the fmall weight of the air, than
an equal volume of water.

LADY
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EADY *CAROLINE.

Why, Frederic, does a fteel needle,
placed foftly and gently upon the furface of
a tumbler of water, fwim by itfelf, without
falling immediately to the bottom of the
glafs.

FREDERIC.

The lightnefs of the air, the form of the
tumbler, with the vifcofity of the water,
produce this effeét. The air clings to the
needle more eafily than to the water, for it
is with difficulty that the needle can be
moiftened; the water flows cven above
it, without being able to wet it, "This
fuppofed ; on the vifcid furface of the wa-
ter, which makes the parts more difficult
for feparation, the weight of the needle,
with the air environing and furrounding i‘t;.
produces a kind of cavity, in which the
needle appears to lie beneath the furface of
the water. It is in this way, that this lit-
tle volume, compounded of the needle and
the air, is more light than an equal volume

d of
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of water, and therefore it muft {wim abovye
* the furface of the water. . In a word, we
may moiften the needle, and, the partjcles
of air no longer adhering to it, it will in-
ftantly go to the bottom,

LADY CAROLINE.,

You have anfwered, my dear boy, with
great good fenfe ; and I fha]] now leave this
{ubje&, thanking all of you, my good chil-
dren, for your attention and rationa] an-
fwers to the queftions which I have pro-
pofed to you.

Here Sir Thomas, previous to  their
withdrawing, informed them that he had
forgotten an effential part of the exercifes
in queftion, which Was, 1o put into their
hands a Table of the relative weights of bo-
dies of|, the fame volume to each other.
il Demiiard he, scthat you will all of
you commit it immediately to memory, as
1t will clear UP many things which have
been already nentioned, and help you the
more ealily to underftand thofe which are
to follow.
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Of the Weights of different Bodies, ac-

cording to the beft Calculation.

Cubic Foot.

Gold 1326 - 4 Ounces.
Mercury 946 = RO
Lead 803 - 2
Silver 720 12
Copper 558 0
Tin 516 2
White Marble 188 12
Slate 150 0
Brick 127 0
Lime 85 2
Sea Water 70 19
River Water 69 12
Wine 68 6
Wax 66 4
Oil 64 o
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+ THE FOURTH CONFERENCE,

ON AIR, MUSICAL AND COMMON
"SOUNDS, AND WIND.

SIR THOMAS.

AM now, my dear children, about to

{peak of Air, and feveral things apper-
taining to it. This fubje& will be enter-
taining and inftruive ; you will find plea-
fure in every elucidation that will here take
place ; {o be attentive, I requeft you, while
I communicate the following preliminary
obfervations:

1ft. Air is a fluid which covers the fur-
face of the earth, and which encompafles it
on all {ides round. Pt is the moft univerf{al
element, andthe moft neceffary for the pre-
fervation of every thing that lives on the
earth. It is the air that forms the winds,
that makes the waters cvaporate, that be-
~ftows vegetation upon plants, that fup-
1 ports
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ports the life of man, and of all animals.
1t is the yehicle of founds, odours, &c. &c.
2d.. Air is a fubftance of which the na-
ture is fixed, of which the integral parts
are fimple' and homogeneous, and the
principles united in fuch a manner as never
to give way to any efforts that we might
be able to make to difcompofe it.
3d. Itis probable that air remains cog.
ftantly fluid, becaufe it is perfectly elaftic ;
if it were only compreflible, its parts
brought together might perhaps touch each
other near enough to form a hard body,
and nothing could force them to depart from
that fituation ; but the fpring which they
have naturally tends to rarefy the mafs of
which they are compounded, becaufe th,
ftrongeft compreflion will be vainly ufed to
force it ; thus thefe parts preferve that re-
fpective mobility in whick fluidity confifts.
4th. We may conceive of the integral
parts of the air as of minute filaments, out-
fined in the form of {piral lines, or of
fcrews,
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fcrews, flexible and elaftic, and their aflem-
blage nearly like a little packet of cotton,
or of carded: wool, which you may eafily
reduce into a very {mall volume, when you
prefs it; but which, when compreflion
ceafles, always rifes and fpreads itfelf, re-
gaining its firft fituation.

sth. Air, like all other fluids, weighs in
every dire@ion. Its {pecific gravity, al-
though not always the fame, is to that of
water, as 1 is to 600, and thence up to
1000,

6th. The void, which is generally made
in the recipient of an air-pump, is not,
properly {peaking, avoid; it is only rare-
fied air. But obferve, that the air which
re-enters again into the void, out of the re-
cipient, may, as people have computed it,
runin afecond of time the {pace of 1308
feet ; while a wind, which in a fecond of
time pafles through 32 feet, is a hurricane
capable of tearing up trees by the roots.

In order to aflilt your underftandings on

L ek this
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this fubje@, my dears, one of you run to
my library ; you will there find the Lite-
rary Journal for the year 1716 ; in the fe-
cond part of which, page 260, an explana~
tion will be found of what we have been

alluding to.
7th. We muft fuppofe that the parts of
air, intimately mixed with any other mat~
ter, do not any longer touch each other ;
but that they are immediately applied to the
very parts of the body which contains them;,
as {mall hairs might be, or the filaments
of cotton, which might envelop, for in-
ftance, mmute grains of fand, or might he
feparately lodged i 1n the intervals about to
be filled between thefe fame grains, and
which then joined together form one mafs.
Although a great number of filaments of
cotton ufually form a {mall flexible flake,
which occupies a fpace confiderably fenfi-
ble, on account of ‘al] the vacuums which
are in its volume, we yet perceive that it
would occupy confiderably fewer of thofe
A | vacuums
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vacuums with its own matter, if thefe va-
cuities, filled with another fubftance, did
not contribute to its bulk.

8th. The atmofphere is about fixty miles
high, and the vapours or exhalations, being
more or lefs abundant, make it more or lefs
heavy. The air with which 1t is com-
pounded is fometimes very unwholefome ;
that is, not in 1tfelf unwholefome, but from
the different exhalations which mix with it.

oth. The origin of found is commonly
found in the collifion or thock of two bo-
dies ; the thaken parts of which produce a
tremulation and found on all fides to 3
certain ' diftance, f{tnking the fluids that
furround them:.

This tremulation is communicated to
other bodies which are fufceptible of re-
ceiving it ;- that is, which meet in the{phere
of its a&ivity. Sonorous bodies, properly
{o called, are thofe of which the founds,
after the fhock or frition ceafes that pro-
duced them, are ditin&, comparable with

j each
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each other, and of fome duration ; for we
muft not give this name to thofe bodies,
the fall or thaking of which occafions a con-
fufed and fudden noife, fuch as the dif-
charge of a cart of gravel, for inftance, the
noife of a water-fall, or the roaring of agi-
tated billows. None but elaftic bodies are
really fonorous ; and the found they give is
always in pfoportion to their vibrations,
cither in refpe to their duration, or of the
intenfenefs and force of their found.
“1oth. In the rope as well as the bell,
when we pull it for a found, we may per-
ceive two kinds of vibrations - the firlk
total, becaufe they belong entirely to the
fonorous body; I mean thofe vibrations
Which procecd from the zones of ap oval
clock, or rather thofe which were circular
before they were changed into ovals, by
which we may fee the ftring of a violin or
a harpfichord under the figure of a paral-
lelogram.  The other vibrations, which
we may call particular, belong to the in-
R Gl e fenfible
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fenfible parts, and may be looked upon as
the elements of the firft vibrations. ‘
People formerly believed that bodies
were fonorous by the total vibrations ; but
they are now undeceived, and fully%bnvinced
of their error. ~ It is principally to three fo-
reigners that we owe this correGtion, The
faft of the three, whofe name was De /2
Hire, was the chief correfor of this falfe
fuppofition : he proved by a very judicious
experiment, that found eflentially confifted
in the partim/ar vibrations of the infenfible
parts. ¥ ¢ Let a perfon,” {aid he, ¢ hold
¢ a pair of tongs fufpended upon his finger,
¢ and let him prefs with the other hand the
¢ two arms, and afterwards allow them to
¢c efcape, they begin their vibrations, but
< they remain mute. Inftead of reducixig
¢ them into pradtice in this manner, the
¢¢ perfon muft ftrike one of the arms witl

«¢ his finger, or with any other folid body,

* See Memoirs of the Academy, 1716, p. 265-

<« and
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““and though they will fill make vibra-
““ tions as they did in the firft trial, yet the
“ perfon who tries the experiment will
* have ‘the pleafure of hearing the vibra-
‘¢ tion accompanied by a very intelligent
“ found.” Now, what can be more ex-
actly in point with this pofition, than the
tremulation of the parts of the iron which
a perfon might feel if he gently conveyed
his hand to it ? It is therefore to the parts
which tremulate, that {ound muit be attri-
buted ; and after this experience we fhould
be perfuaded, that were jt poflible to fepa-
rate thefe two fpecies of vibrations, we
thould never have any found with thofe we
call total : but when the 1.f arife from the
firft, and this is the moft ufual cafe, al-
though they make not the founds by them-
felves, they regulate the force, the dura-
tion, and the modification of them.

11th, The air tranfmitting found ought te
have a certain denfity, that its parts may
act ftrongly cnough and freely each on the

- other,
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other, It fhould be elaftic, becaufe the
movement of the vibration originates in

the fpring of the parts.
12th, Sound runs through 173 fathoms,
which are 1038 feet, in a fecond by day or
by night, in ferene or boifterous weather,
‘The motion of light has therefore no con-
nection with the propagation of found,
the mingled vapours with the particles of
air do not interrnpt the motion of vibra-
tion. Ifit blow a wind, of which the di-
geCtion be perpendicular to that of found,
this has the fame velocity as it has in calm
weather, If the wind blow in the fame
line, traverfed by the found, it retards or
accelerates according to its own velocity 3
I mean, that, with a favourable wind,
found will furpafs by 173 fatlroms in every
fecond the velocity of the wind ; on the
contrary, if the wind be direétly oppofed,
the velocity of the found is {lill uaiform ;
that is, in equal and continuous times, it
will always traver{e a like fpace, The in-
: 1c.1fwcf'
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tenfenefs or force bhangcs nothing in the
velocity of found. Although a ftrong found
extend itfelf farther than a weaker, yet the
latter, as well as the former, goes through
173 fathoms every fecond,

13th. We muft believe that the particles
of air, differing infinitely in fize,. differ
alfo in their degrees of {pring, as a blade
of fteel would make the {prings more ftiff
of both, if it be divided into unequal por-
tions. Placea fonorous body wherever you
will, it muft find in the common mals
particles of air, of which the {pring is ana-
logous to its own, and which will confe-
quently be capable of receiving, of pre-
ferving, and of tran{mitting vibrations,
Thus, two cords of different tones make
themf{elves heard through the fame mafs of
air, but by different Parts of that mafs. It
1s true that a fonorous body aéts firft on all
the particles of air which immediately fur-
round it; but it does not eﬁ"e&ually con-

tinue
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tinue its action except on thofe that are fit-
ted to move precifely like it.

Thus, my dear children, have I endea-
voured to open your underftandings, that
you may clearly comprehend thofe general
principles which will enable you to fatisfy
the inquiries of Lady Caroline, by appofite
and rational anfwers, 1n the moft eflential
parts of the prefent Conference.

LADY CAROLINE.

Why, in many inftances, my dear litte
Mary, does the air communicate humidity
to the bodies which it touches ?

MARY.

"The reafon I think is, that it communi-
cates to them fome of thofe aqueous par-
ticles with which it is itfelf more or lefs
impregnated.

LADY CAROLINE.

Your anfwer, my geod child, convinces
me that the preliminary notions which Sir
Thomas endeavoured to inculcate, were

not loft upon you. Your allufion is very
] jut
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jult to the natural humidity of the airy
which, were it not for the fun, would acs
tually keep us in perpetual damps. Now
tell me, ‘my dear, how the air dricg
hinen ?

MARY.

I fhould imagine that, congenial to the
nature of the fponge, it imbibes the watry
particles contained in the linen,

LADY CAROLINE.

What is the reafon that cordage and fails
which have been fteeped in {ea-water, are
dried in the air with {o much difficulty ?

MARY.

I fhould think ‘that the water, {tub-
bornly adhering to the faline parts attached
to the fuperficies, the air from this refiftance
takes a long time to imbibe t.

LADY CAROLINE.

Whence comes it, Henry, that a barome-
ter which has not been filled before the fire .
that 1s, of which the mercury has not boiled
in the tube, appears without the bright-

nefs
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nefs it ought to have? And whence come
all thofe little bubbles which we perceive in
many of thofe inftruments ?

HENRY.

Sir Thomas has already given me to un-
derftand, that when we pour out into a
vafe, any liquid which forces the air to
ruth out, there always remains a layer of
this fluid or air adhering to the fides of the
vafe., It is not commonly obferved, be-
caufe it 1s very minute and tranf{parent ;
but it becomes perceivable by the eye, when
it is dilated by the vafe being ftrongly
heated, or when it 1s placed in the open
air,

As for the bubbles, they are produced in
the fame manner ; for the {urface of the in-
fide of the tube is obfcured with the remain-
ing particles of air, they being in reality
nothing more than the mercury intermixed
with thefe particles of air.

LADY CAROLINE.
A volume of air of two or three pints,

K taken
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taken at hazard in the atmofphere; renders
an ounce of falt of tartar humid and more
heavy than common tartar. What is the
caufe of this, George ?

: GEORGE. .
This arifes from the falt being imbibed
by the aqueous particles with which the air

1s charged.
LADY CAROLINE.

When we begin to empty an air-pump,
its {ucker at once defcends without any ob-
ftru&ion. How is this effelted, Kitty ¢

KITTY.

It is effeCted by the dilatation of the in.
“ternal air, which defcends into the pump,
and puthes the fucker down with a force
almoft equal to the' refiftance of the ex-
ternal air.

LADY CAROLINE.
Why does the fucker, William, refift

ftill more in Proportion as we pump the in-
ternal air from the recipient ?

WILLIAM.
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WILLIAM.

The more internal air we pump out, the
more freedom of {pace has that air which
remains, and is greatly dilated ; but as the
more it is dilated, the lefs ftrength hasit to
fecond the hand, we feel more fenfibly the
refiftance of the external air, and confe-
quently the fucker appears to refift a great
deal more. \

LADY CAROLINE.

How does it happen, Elizabeth, that
leaving the fucker free on its defcent, it re-
afcends of its own accord ?

ELIZABETH.

The fucker being repelled by the external
air, finds not in the rarefied air of the re-
cipient a refiftance equal to the force which
repels it,

LADY CAROLINE.

By allowing the exterior air to enter
into the recipicit, by turning the key and
the tube of communication, the recipient

K2 comes
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comes off. Give me, Fanny, the reafon
of this ? )
FANNY.

The return of the air pufhes it back to
the exact height of it, with an elaftic force,
equal to the a&ion of the gravity of the ex-
ternal air which had pufhed it down.

LADY CAROLINE.

By drawing up again the fucker, we fee
a kind of fmoke, a fmall rain, and the fides
of the recipient fullied and obfcured from
within.  'What is the caufe of this effe&t,
Edward ?

"EDWARD.

The internal air which is rarefied in an
inftant, puthes and fhakes the impercep-
tible vapours which it contains, and which
it can no more fupport, if it'be in a certain
degree of rarefaltion. Thefe vapours, re-
united in the concuffion, and in their fall,
pour down rain. The"air which is dilated
at the fame time, and with vaft rapidity,
prifkly darts on all fides round a great num-

ber
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ber of particles of water, which thrown
with the vapours on the fides of the reci-
pient, fully it within, and darken it by
fhutting up the paflages of light. This
happens after it has been placed in 2 moif-
tened fkin, which is extended on the
platen.
LADY CAROLINE.

The hand becomes clofely attached to
a {mall recipient open at the top, when we
make 2 void by the air-pump : this does not
take place before the void be made, How
does this come to pafs, Sophia ?

SOPHIA.

So long as the recipient is full of air, as
denfe as that of the atmofphere, the hand
of a perfon is not only prefled upon its
brim, but, befides, upon the mafs of the
fluid which is there fhut up, and refifts the
external preffure : but when the recipient
is void, the hand, always prefled by the air
without, is no more fupported but by the
rim of the recipient ; and to feparate it

K3 from
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from it, it were neceffary to make from the
earth upwards, an effort capable of raifing
the column of air which weighs upon the
hand. Now, the weight of this column is
equal to that of a cylinder of mercury which
fhould have for its bafe the plane termina-
ted by the borders of the recipient, from
twenty-feven to twenty-eight inches height.
It follows thence, that this preflure is {o
much the more great and violent, as the
;écipient has more overture upwards ;
therefore the hand flicks to. it much more
than does the extremity of a finger, when
a perfon places it upon the very hole which
1s 1n the ?ccntgr of the platen ; and by the
fame reafon, a key drilled, when fucked
by any pevfon, and afterwards attached to
the tonguc or to the lip, cannot be detach-
ed from either but with the greater dif-
ficulty, as the channel of the key is more
wide. '
LADY CAROEINE.
"This external preflure of the air, which
pro-
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proceeds from its weight, does not crafh
the bells of glafs with which we cover the
platen of the air.pump to make the void.
Can you, Frederic, give the reafon for
this ¢

FREDERIC,

Thefe veflels being always made round,
in the form of a cylinder or of a vault, their
external furface is neceflarily greater than
that within. All the parts which compofe
the thicknefs, refemble thofe with which
arches are made ; they are likewife fimilar
to wedges, or to truncated pyramids which
mutually {upport each other, in-proportion
as they are prefled towards an axis or com-
mon center, by the a&ion of a fluid which
weighs in all directions.

‘Whatvery well provesthatthe circularform
defends the glafs globes againft the weight
of the air, when they are void, is, that
they infallibly fly to pieces when they have
any other figure; and thus it happens to
two fides of a bottle which is fquare, each

fide
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fide is puthed towards the other by two
columns of air, a ftrength which they can-
not refift, unlefs they be fupported by an
interior force, equal to that which impels
them. Now they are not fupported by the
pumped air of the fquare bottle, the parts
of which, not being difpofed in the form of
a vault, do not lean on each other, confe-
quently cannot give mutual afliftance,
LADY CAROLINE.

Why do bottles of thin glafs, flat op
both fides, and ufually covered with ofjer
twigs, very often burft, when carried up
to the mouth half full of liquor in order 1o
drink ? Tell me, Henry.

HENRY.

It is becaufe the fu&ion rarefies the in-
ternal air, and the weight of the atmo.
Iphere, aéting on the two flat fides, bears

them one againft the other, and cracks the
~glafs.

LADY CAROLINE.
Whence proceeds the great noife that ac-

companies
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companies thefe kinds of cafualties, which
always by the fuddennefs of their report at
the firft inftant make people ftart? Tell
me, George.
' GEORGE. :

This effeé refults from the circumftance
of the air entering with great velocity (for
we have read before, that the air of the at-
mofphere re-entering into the void, flies
with a velocity that will make it traverfe
1305 feetin a fecond) ; theair, I fa){, enters
with great velocity, and all at once in great
volume, in a void veflel of which it ftrikes
the fides ; for the noife primitively comes
from the fhock of the bodies, and fluids
are very capable of clathing againft (olids.

LADY CAROLINE.

Whence refults the noife that we hear,
when we rapidly pull off the top of a tooth-
pick, or pin-cafe } Tell me, Kitty.

) i )
It is that then we make a kind of void
" which
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which the air from “without haftens to fill,
as foon as the accefs is free to1t. For du-
ring the time that we open the cafe, its ca-
pacity increafes, and the internal ajr in it
becomes fo much the more rare as it is con-~
tained in a larger fpace.
LADY CAROLINE.,
+ The air that we breathe in 2 valley is
more denfe than that which we inhale on
a2 mountain. How does this happen, Wil-
liam? 4
WILLIAM.

The air is compreffed into jtfelf by its
own weight in the valley; and that of a
mountain is charged with a column of lefs
length than that of the valley, it muft
therefore be compreffed a great deal lefs,
and of courfe be not fo denfe ?

' LADY CAROLINE.

We fix on the platen of an alr-pump a
Little mill, which we cover with a {mall
recipient having a hole in its fide, and fur-
nithed with a fmall end of 3 tube, which is

kept
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kept corked while we, rarefy the air with

one blow only of the {fucker. As foon as

we take out the cork to leave the channel

open, we hearablowing, and fee the fmall

wind-mill turn with great velocity, - What

is the caufe of this, Elizabeth ?
ELIZABETH.

I imagine that we fhould attribute this
blowing to the air which paffes rapidly from
without to the infide of the recipient, to
re-place that which we have pumped out,

LADY CAROLINE.

Why, Henry, do we fee two hemi-
fpheres, from which we have pumped the
air, attach themfelves ftrongly to each
other, yet eafily feparated when air has been
reftored ¢

HENRY.

When the internal air of the two hemi-
fpheres 1s rarefied by the action of the pump,
the force of its fpring is by that means
more weakened, the equilibrium is broken,
and the adherence of the two hemifpheres is

\ propor-
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propogﬁenal to the difference which there
" is between the denfity of the air that exter-
pally refifts, and that of the air which re-
fifts within ; fo that if this one could be re-
duced to a cypher, it were neceffary to em-
ploy, in order to feparate thefe two pieces,
an effort fomewhat greater than the weight
of a whole column of the atmofphere, of
which the bafe fhall have fix inches diame=
ter ; this would produce 400 pounds weight,
by. only fuppofing, according to the com-
mon calculation, that a column of the at-
mofphere makes a preflure of ten or eleven
pounds weight above a circular {pace of one
inch diameter. At laft, when the air re-
fumes its place in the hemifpheres, they
eafily feparate, becaufe the effort that the
internal air makes to extend itfelf, and to
remove thefe two circular cavities which
oppofed it, 1s precifely equal to that of the
atmofphere which externally prefles them,
and each of them is in equilibrium between
two powers of the fame value.

LADY
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1LADY CAROLINE.

Whence comes it, that when we place
under the recipient the two hemifpheres
ftrongly united together, we cannot fepa-
rate them, not even by the means of a bar
of iron, well flattened and edged at the end,
which we have paffed betwixt greafed (kins ;
for, after this, one would imagine that their
difunion would be eafily effefted, becaufe
the recipient, though nobody may have:
pumped the air out of it, cught to hinder
above the hemifpheres the a&ion of the at-
mofphere.  Whence, Fanny, I afk, does
the caufe of this proceed ?

FANNY.

When we place the vacant hemifphereg
under a recipient, which takes from them
all communication with the atmofphere, it
is no more the weight of this atmofphere
which reftrains the two hemifpheres, and
keeps one againft the other ; but it is the
re-action of the mafs of air, previoufly
comprefled by this weight, which is capable

Vori. 1k, L of



1o RUDIMENTS OF REASON.

of the fame effe@s. It is for this reafon -
that the two pieces cannot ealfily feparate,
till we have relaxed the {pring of the fur-
rounding air, by diminithing its denfity
through many blows of the fucker, and it
* s thereby become as much rarefied as that
which remains in the two hemifpheres.
LADY CAROLINE.

The two hemifpheres placed in the reci-
_pient from which we have eafily pumped
the air for their feparation, cleave again to
each other, when we give once more to
the recipient which contains them, the air
which we had taken fromit, Tell me the
reafon of this, Mary ?

MARY.

The air of the hemifpheres and that of
the recipient being rarefied, the forces are
equal; they ought then to feparate very
eafily, when they are drawn from each
other ; butif the air, re-entering into the re-
cipient, find the two hemifpheres rejoined
m fuch a manner that it cannot introduce

and
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and extend itfelf, as it has done in the reft of
the veflel, it prefles them anew, one againft
the other, on the fame principle that they
had been at firft attached, and with as
much force, if there be the fame difference
betwixt the air without and that within.
LADY CAROLINE.

How does it happen, Edward, that when
a vacuity is made, the recipient is ftrongly
united to the platen :

EDWARD.,

It happens by pulling down the fucker
from one end to the other of the pump;
we thereby produce a fpace without air, in
which that of the recipient fails not to ex-
tend, in virtue of its elafticity ; but a mafs
of air which divides itfelf into two fpaces,
neceflarily becomes more rarefied than ei-
ther of the two ; and confequently, being no
longer in equilibrium with the air of the at-
mofiphere, this laft muft weigh a great deal
more upon the recipient, and uniteit tothe

L2 platen
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platen with fo much the more ftrength, s
the internal air is more rarefied.
LADY CAROLINE.

Why, Sophia, when a bladder is placed
under the recipient, with a fmall portion
of air in it, does it {well to fuch a large
fize?

SOPHIA.

It {wells by the rarefying of the {mall
portion of air contained in it, in propor-
tion to the lofs of the denfity of that which
{urrounds it.

LADY CAROLINE.

Why, in a fimilar cafe, does not a body
of lead weighing twelve or fifteen pounds
weight, hinder the bladder from f{welling ?
Tell me, Frederic,

FREDERIC.

1t cannot fwell, becaufe it would not be
equivalent to the preflure of the air which
ceales to act around in the recipient,

, LADY CAROLINE.

A bottle of thin glafs, and +full of air,

corked,
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corked, burfts in the void or recipient.
Give me a reafon for this, George.
GEORGE.

There isnothing to make an equilibrium
to the fpring of the air that the bottle con-
tains, ~nd which makes a continual effort
to difcharge itfelf.

LADY CAROLINE.

Can you, Kitty, account for an egg
placed in a goblet emptying itfelf by a hole
made with a needle in its under part,
when the air 1s rarefied around it ? |

KITTY.

An egg, particularly if it be an old one,
contains air which {fwimsabove in the moft
elevated part of the fhell, on account of its
lightnefs ; this air extends itfelf and chafes
before it the contents of the egg, in pro-
portion as we diminith the preflure of the
external air, with which it was at ﬁrft n
equilibrium.

LADY CAROQLINE.
How does the egg, William, il itfelf
‘ L3 again
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again by the fame little hole, when the air
is allowed to re-enter the recipient ?
WILLIAM.

We have no fooner given air to the reci-
pient, than its preflure makes the matter of
the egg re-enter, and {queezes the internal
air into the {pace that it firft occupied.

The following explanation, Madam, I
prefume, you will think obvious: if in a
phial full of water, of which we plunge the
orifice in a veflel of any fort, a bubble of
air is let in, it cannot fail to occupy the {u-
perior part ; and if you tranfmit the whole
into the recipient, in proportion to the ra-
refied air within it, we mult rarefy thatair,
We {ee that the bubble extends itfelf more
and more, and precipitates the water which
is thut up with it; after which, if the air
re-enter the recipient, the liquor re-af-
gends, and the air refumes its firft volume
above it. el ‘

LADY CAROLINE.

Bly good and fenfible boy, your expla-

nation
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nation pleafes me much. Now, my dear
Elizabeth, I have a queftion to put to you:
The withered fkin of a ftale apple lofes its
wrinkles and becomes fmooth in the recipi=
ent? Tell me the reafon of this. '
ELIZABETH.

The air which is under the fkin extends
itlelf and raifes it. It becomes more
wrinkled than before when you withdraw
it from the recipient, becaufe the ajr con-
tained in it, having taken a larger fcope, has
neverthelefs enly gong out in part; confe-
quently the air in the apple being lefs, it
has lefs power to repel the preflure of the
external air; and for thefe reafons the
wrinkles of the apple muft be augmented,

LADY CAROLINE.

From an air-gun (which is a fpecies of
arquebufe, made up of two metal barrels
placed one in the other, and between which
there remains 2 fpace accurately fhut up,
where the air is ftrongly condenfed by
feans of a little treading pump lodged in

MR dhe
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the but-end), how can one fhoot many
balls one after the other ? and whence comes
this force, Henry ?

HENRY.

The condenfed air betwixt the two bar-
rels makes a {trong effort to get out; as
foon as it has effe@ed this, by means of the
barrel, it carries off every thing 1t meets
with ; the ball then receives a velocity al-
snoft equal to that with which the air flew
off; but as the fucker of its pump dogs not
remain open for an inftant, there flies from
it at every time as much as 1s neceffary to
fend the ball to an immenfe diftance. If
you then charge again, and put the gun
on its cock, another ball darts from it.

In this gun, the laft balls are impelled
with a great deal more power than the firdt,
becaufe the fpring of the air diminifhes in
proportion to that which flies out of it, and
gives a much wider fpace for it to extend
its power.

The noif of this gun is more weak than

that
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that of a common one, becaufe neither the
ball nor the air which impels it ever ftrike
the air with fuch forcible velocity as a
charge of inflamed powder, of which the
explofion is made with incredible rapidity,
The report of the arquebufe may be heard
in the moft immured recefles, even with-
out the leaft kind of aperture,
LADY CAROLINE.

We throw into a clear fire fmall globules
of glafs, which burft with a very loud report,
What is the caufe of this, Fanny?

FANNY.

A violent heat dilating the air contained
in the globules (or what my brothers call .
crackers) makes it a& within them with
fuch force that they fly to pieces. The
proper name of this globule is what Sir
Thomas calls eolipile, Madam, if I am
not miftaken.

LADY CAROLINE,

You are very right, Fanny, and it pleafes

me to hear you exprefs wijth technical pro-
: : pricty
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priety fo common an incident. Chefnuts
burft under great heat. Why fo, Mary?
MARY.

The air contained under the rind being
dilated by fire, a&s againft it to make a
free vent for its liberation. The more the
rind refifts, the more loud is the rupture,
becaufe the air has the time of being more
dilated, and of courfe acts with greater
force. ,

This effe& does not take place when we
remember to cut the rind previous to their
being put to the fire; the reafon of this is,
that the dilatation of the air finds an eafy
iffue, and confequently makes no kind of
effort.

LADY CAROLINE.

Very juft, my dear Mary. When we
heat a bottle, Edward, of which the neck
and the orifice are fo very narrow, that
there are po means to fill it, not even by
the ufe of a funnel, why do we very
gafily conquer it, after having heated the

bottle,
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bottle, and plunged its orifice immediately
into the liquor we wifh to introduce into
it ?

EDWARD.

By dilating the air by heat, we force 2
great part of it to iffue out, and that which
remains, beginning to condenfe in propor-
tion as it cools, leaves a vacuity, at which
the weight of the atmofphere conveys in
the liquor, |

LADY CAROLINE,

The air of a chamber is rarefied when
there is a lighted ftove in it. How does
this happen, Sophia ?

SOPHIA.

The caufe of thisis, that the air is not
fo much confined, but that it can commu-
nicate a little with that on the outfide the
room, by fmall chinks or apertures which
happen to be in the doors or the windows,
where the air from the ftove has liberty to
extend itfelf, _

We muft obferve, that the air of this

chamber,
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chamber, thus rarefied, and lefs denfe th4it
the atmofphere, muft hold in equilibrium
with it ; becaufe, by heating, it acquiresa
degree of fpring which enablesit to {upport
the preflure of the atmofphere. The fame
caufe which diminifthes its denfity, by fo
much the more increafes its {pring, and
one is a {uccedaneum to the other.
LADY CAROLINE.

How does it happen, that when we light
a fire in the chimney-place of a room, the
air is thereby rarefied without any increafle
of its fpring? Tell me, Frederic.

FREDERIC.

As foon ‘as the equilibrium ceafes be-
twixt the two columns of the atmofphere
correfponding to the openings of the two
extremities of the chimney, that which
weighs below having all its denfity, fur-
pafles the other which is partly rarefied,
and then there occurs a current of air from
the lower extremity to the upper.

The fmoke, inftead of {preading itfelf in

z the
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the chamber, takes its vent up the chim-
ney, becaufe the air of it, being rarefied by
heat, refifts lefs the fmoke than the air
of the chamber, and the fmoke impelled
forward by the fire muft of neceflity de-
feribe a right line, 'or any other paflage
open for its afcent.
LADY CAROLINE.

In the operation of cupping, we apply
upon the fkin a fmall velfel of glafs, which
alts as a recipient, and which at its cope
has an-aperture to which we adapt a fmall
pump ; when a vacuity is made through
this pump, the (kin f{wells under the reci-
ptent or glafs. Give me ‘the reafon,
George, if you can ?

GEORGE.

The air contained under the fkin, finding
no longer the refiftance of the atmofphere,
raifes by dilatation the fkin produced by the -
effelts of the operation ; and when it is
fulliciently pulled up, the recipient is taken

1\/.[ 3 © i t.-_,
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off, and we fcarify the part thus puffed up
with fmall lancets made for this parpofe.
LADY CAROLINE.

Why, Kitty, does a bird placed in a re-
cipient, of which the air is confiderably ra-
refied, ceafe breathing?

RITLY.

"This air no longer participating with the
weight of the atmofphere from which it is
feparated, its fﬁ'ring, as well as its denfity,,
being very much diminifhed, itis i{‘npoﬂible
for the lungs of any animal to dilate, becaufe
the filuid which is accuftomed to be there in-
haled, ceafes to exift; thus the alternate
motion which we call refpiration, cannot
any more have place, fince of the two
powers which produce it, we fupprefs one
and weaken the other, by the abfence
of the indifpen{zble weight and fpring of
the air.

Another caufe gives deaih to the confined
animal ; which is, that the air contained-in
the different capacities, and even in. the

fluid



ON AIR, SOUND, &c, 123

fluids of its body, ftrongly rarefies when it
s ne longer fupported by the preflure of the
external air. Al thefe pértions of dilated
air, acquiring a volume much greater than
that which they had in thicir natural ftate,
comprefs, and often break the parts where
they are engaged ; or, rather, where they
make obftru@ions in the vellels, and arreft
the courfe of the humours.

Animals ufually are fick, or evacu-
ate, when we pump out the air from the
recipient in which we place them, becaufe
the air of the inteftines of the {tomach, be-
ing greatly extended, throws up the un-
digefted aliment, or precipitates the ex-
crements which nature has aliotted to dew

{cend. :
LADY CAROILINE

INIY
Whence comes the air which we fee iflue
from a fith- when put into a veffel of water
and covered with the recipicnt ! Tell me,

William.

Z\Vf 2 \ ILI—/]..L:\:\VI?
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WILLIAM.

This air was in the body of the animal,
but it flows out in the fhape of bubbles,
which appear upon the furface of the water
propomonably to the void in the recipient,
becaufe it finds lefs refiftance on the part
of the rarefied air which furrounds the fifh.

LADY CAROLINE.

Why, Kitty, does not ‘the privation of
air give death fo foon to aquatic and amphi=
bious animals, as to others ?

RITIIY

There is every appearance that the firlt
have a different Way of refpiring from the
others. An air more rarefied may therefore. .
be fufficient for them. However, there is
that which moft accelerates their death in
the void ; it is the internal air which dilates
and puts the whole {yftem of the animal inte
a ftate of agitation and deftrucion.

LADY CAROLINE.

Why, Elizabeth, does a carp fwim
only on the furface of the yvater, notwith-

ftanding
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ftanding its inclination to the contrary
when it is placed in a veffel under the re-
* cipient ?
ELIZABETH.

Becaufe the double bladder which we
" find in this fith, as well as in many others,
is diltended on this occafion, and blows up
the body of it, which now becomes lighter
than the volume of water to which it cor-
refponds, and confequently it muft fivim on
the {urface of the water.

The {fame fifh becomes lefs, and is in-
voluntarily precipitated down, when the
air is allowed to re-enter the recipient, be-
caufe the little bladder, by dilatation, is
partly voided, and the remainder-of the air
which it contains, when it refumes a den-
fity equal to that of the atmofphere, is no
more capable of filling it, as it may be
proved by opening the body of the fith.

LADY CAROLINE.
:

How, Henry, doalmoft all infe&s, even

thofe which ‘live in the open air, fuch as
M 3 butter«
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butterflies, common flies, and fcarabees
(2 kind of beetle), {uffer, without perithing,
the privation of air, fometimes for fourteen
or fifteen days ?

HENRY.

As they have in their bodies but very
fmall volumes of air, the dilatation is ex-
tremely minute.  The void cannet be
mortal to them, but through the want of
refpiration. Thefe little animals may pro-
bably be a long time without refpiring
even the groffer air. However, Madam,
I dare fay that you will agree to this, that
the natural ftate of all thefe animals is to
breathe.

LADY CAROLINE,

It is evident, my dear Henry, that they
breathe, though the air may never be too
rarefied for them ; and as they can fupport
the recipient fo long as fourteen or fifteen
days, you may be aflured that it is the want
of food which caufes their death, and not
the want of air, which I might have pre-

vioully
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vioufly explained to you. However, my

dear Fanny, can you explain to me the

caufe of fith dying under the ice ?
FANNY.

They die through the want of air, fince
we may avoid this accident by taking care
to break the ice.

LADY CAROLINE,

Why do dogs, cats, and the young of
rabbits, not die in the recipient s foon as
thofe full grown? Tell me.

{ Here Sir Thomas propofed to anfwer Lady
Caroline himfelf. ]

SIR THOMAS.

The refpiration is of more urgent ne-
eeflity for the full grown than the young
ones. To feel the difference of them, we
muft know that, before the young is brought
forth, there is only one circulation for the
dam and it. In this laft, which does not
yet refpire, the blood goes from the right
car to the left auricle of the heart, by a

communication which the anatomift has
called
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called the oval orifice, and without being
obliged to pafs by the lungs, where the ex-
ternal air has no kind of accefs: but after
the birth, this paffage gradually fhuts up,
and refpiration becomes neceflary to {well
the bladders of the lungs, and to make the
blood circulate in young animals newly
from their dams, in the fame manner as the
refpiration of this laft. made it previoufly
‘circulate in both.

Many little ftories have been related con-
cerning perfons who were faid to have
been hours, days, and even weeks in the
water, and under ice, without having been
drowned. If thefe accounts be true, I do
not know how to explain them, unlefs by
fuppofing that thefe perfons had the oval
orifice ftill open.

LADY CAROLINE.

Why might we not fave the lives of ma-
ny perfons who have not been too long in
the water, if inftead of holding them fuf-
pended, the head downwards, and often in

acold
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& cold chill air (which is the cuftom in
many places, and a&ually effe@s their
death), we endeavoured to re-animate the
blood by a gentle heat, by (pirituous liquors,
by friftion, and by holding them up in a
natural and  commodions fituation? Can
you explain this, Edward ?

" EDWARD.

Althotigh their ftomachs may be over-
charged with water, this is in reality the
flighteft confideration: the firfk objelt
fhould be to aflift and re-animate fufpended
circulation.

LADY CAROLINE.,

¥f any animal be fuffered to remain in 2
fluid a2 few degrees more denfe than the
common air, it will die in the fpace of five
or fix hours. What is the caufe of this,
Sophia ?

SOPHIA.,

Violence is done to it by breaking the
equilibrium betwixt the internal air of their
bodies, and that which {urrounds them.

Nar
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Nor would animals fecarcely exift any
longer, were they pent up in a foul and un-
wholefome inclofure, prefled one againft
the other, and never renewing the air they
inhale: for the airlofes its {pring by ftay-
1ng too long on the lungs, or in the fanguine
vellels, and, its elafticity being deftroyed, it
is no longer capable of giving refpiration.

LADY CAROLINE.

A lighted flambeau, expofed againft the
ground in the celcbrated grotto of the Dog
in Italy, is extinguifhed in a fecond of time.
Can you form any idea of what may be the
reafon, Frederic?

FREDERIC.

I fhould imagine that it is owing to {ul-
phureous exhalations, which, I have heard
your Ladyfhip fay, afcend in great quanti-
ties from the bottom of this grotto. Ilike-
wife remember your Ladythip. telling us,
that if adog were thrown into it, he would
immediately die; which I attribute to the

fame
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fame caufe, the fulphur overpowering and
fuffocating the animal.
LADY CAROLINE.

Why does a candle go out when it is
thut up in a vault full of wine in fermen-
tation ? T'ell me, George.

' GEORGE.

It is becaufe the volatile fpirit contained
in the wine diflipates and fills the vault
with exhalations, which exhalations extin-
guifh the light of the candle,

Thus alfo the exhalations of burning
copper, fhutup in a glafs, will fuffocate, in
2 very fthort time, any animal that may be
held over it.

Hence thofe who work .in mines, either
of coals or of metal, die on the {pot, when
certain exhalations fuddenly arife from the
bottom of the quarry,

Again : a man who fhould place his nofe
to the bung-hole of a tun of wine in fer-

mentation, and fhould breathe but once
over
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over the exhalations, would be ftruck dead
immediately, as if with a thunder-boit.

- Obferve anotherinftance : mafter brewers
have frequently found their draymen dead
in their brewhoufes full’ of fermenting
porter, the confequence of having impru-.
dently thut all the windows during winter,
for preferving themfelves from the cold: it
is therefore abfolutely neceffary, for avoid-
ing {uch fatal accidents, to open every paf-
fage of the brewhoufe in winter as well
as fummer.

LADY CAROLINE.

Why is it unwholefome to remain a long
time, nine or ten hours for inftance, in a
bed of which the curtains are extremely
thick, and clofely fhut? Tell me, Kitty?

KI 1T axN.

Becaufe the fmall mafs of air contained
within, notbeing renewed as it ought con-
tinually to be, its purity cannot fail of be-
ing adulterated by the infenfible tranfpira

tion and refpiration of the body.
LADY
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- LADY CAROLINE.

To what caufe muft we attribute epide-
mic maladies, or contagious difeafes, which
fpare not the king any more than the beg-
gar ? Tell me, William,

WILLIAM,

They are to be attributed to an infeQted
air, the effe&s of which are experienced
by communication, or by the winds and
other changes in the atmofphere.

LADY CAROLINE.

In great heats we have recourfe to frefh
drinks, to bathings, to cold liquors, toice.
What is the reafon of all this, Elizabeth ?

ELIZABETH.

It is that the air, which by this means
we contract, may, after enlarging itfelf,
re-eftablifh the vigour, by removing the
oppreflive languor of the body which the
heat had caufed, and thus, by continued
incitements to d[gefhon and nutntlon, we

gonquer that heat,
N LADY
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LADY CAROLINE.

Why do the moft combuftible matters
refufe taking fire in an air that is not free ;
and why, when they are fet on fire, are
they {uddenly extinguithed in the recipient,
Henry:

HENRY.

As the flame confifts in 2 motion of vi-
bration, imprefled on the parts of combuf-
tible bodies, which are diffipated under the
form of an extremely fubtile fluid, this
motion cannot have place but in a {pring
medium, capable of re-a&ion, which re-
ftrains the flame of it. Now this {pring
fails both in the recipient and in an air
that is not free. It thence follows, that a
candle is by degrees extinguifhed under the
recipient, in proportion as the airis rare-
fied. Gunpowder thrown upon a burn-
ing hot metal, previoufly placed in the re-
cipient, where the vacuity is afterwards
made, produces nothing but {moke, or at

the
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the moft a very feeble flame, which in an
inftant goes out: this arifes from the {pring
‘of the air diminifhing in proportion as the
fluid is rarefied ; for the vibrations of the
flame experience no more the re-a&ion of
the fixed part.

If, however, we employ, by degrees, a
certain quantity of powder, that which
thould fall the laft into the recipient would
infallibly be inflamed, and might blow up,
‘with very great danger to the manager of
the machine ; becaufe the {ulphur and the
falt-petre burning, produce air in the reci
pient, and this air increafes the fpring of
that which is in the vafe. Thus, you have
nothing more to do, but throw fome grains
of powder upon the burning metal, to
make a {mall quantity of air iflue from
thefe grains ; which, however, is incapa-
ble of ccnﬁdcrably increaﬁng the {pring of
that which was rarefied in the recipient,

LADY CAROLINE,
Why are a lighted bougi} or a red hot
N 2 coal
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coal extinguithed when we put them into
inflammable liquids, fuch as fpirits of
wine, oil, &c.? Tell me, Fanny.

FANNY.

Thefe liquids are fo very compreffible,
that we muft look upon them as deftitute
of the neceffary degree of elafticity ; for
the flame cannot rife nor be kept up, but
in a {pring medium.

A lighted bougie, or a red hot coal, how-
ever, communicates in a moment fire to
fpirits of wine and to oils, when thefe {ub-
ftances are, by burning, reduced into va=
pours. In the ftate of vapour thefe bodies
are mixed with air, and form with 1t an
elaftic fluid, of courfe, capable of a re-
a&ion, fuch as is necefary tofupport the in-
flammability.

LADY CAROLINE:

Why does the fire burn 2 great deal bet-
ter, and fuel more quickly confume, dur-
ing frofts, than at any other time ! Tell me,
Mary.

MARY,
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MARY.

Itis becaufe the air is more denfe, and
that there is a greater {pring in frofty wea-
ther. = A chafing-difh full of lighted char-
coal extinguifhes Very foon if it be expofed
to the heat of the fun, partlcu]arly during
the fummel, becaufe in the dog-days the
air has the leaft {pring, being then the moft
rarefied, that is, more extended and occu-
pxes more fpace

'LADY CAROLINE.

Why do conflagrations ufually ceafe,
when they penetrate into places where every
aperture may be clofed up, provided their
walls arc likewife able to withftand the ef-
forts of the air and the vapours which dl«
l’i'LC wuhm ? Aacount for thls, Georoe

'GEORGE.

It 1s not enough that there be air around
the inflamed materials to keep up the ﬁxe,
it is neceflary that this air be free, and that
it have a certain purity.  Now, when a
Plac,e 1S Well ﬂoppcd up, the air has loft its

’ N 3 | Frcedom,'
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freedom, and heterogeneous particles iffuing
from the inflamed bodies, corrupt and
deaden 1t.

LADY CAROLINE.

How does the breath of the mouth, or

wind, put out a wax-candle, Méry?
' MARY.

It diffipates the parts of the flame, and
feparates the fire from its aliment; for
every time that this diffipation does not
take place, the fire, far from ceafing, in-
creafes.

LADY CAROLINE.

When we attempt to raife fires in the
void, and particularly thofe which origi-
nate in fermentation, why does the reci-
picnt fly into pieces to the great danger of
the {pettators ? ‘

EDWARD.

The liquors adapted for raifing fires in
the void, being {fo much the more a&tive, as
they are lefs conftrained by the weight of

the
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the atmofphere, their explofion muft naty.
rally be more violent in the void than any
where elfe, whether ,théy produce by fer-
mentation a great quantity of air, of which
the {pring is inftantaneoufly difplayed, or
whether (and this is the beft reafon), being
reduced into vapours, they dilate them{elves
by their own conflagration.
LADY CAROLINE.

Here is a glafs of clear water, in which
I puta piece of wood or flone, a nut, an
€gg, or other folid porous body, in fuch 3
manner that they may be entirely covered
with the water. To effe@ this, I make
ufe of a fmall piece of lead tied to the fub-
ftances which do not {ink, in this inftance
the nut and the picce of wood. T now take
the glafsand place it upon the platen of the
machine with the recipient over it ; then
make the pump a& to rarefy the air. At
every blow of the fucker you obferve that
there iffue out innumerable bubbles of ajr

from the bodics ut the bottam of the glafs,
I will
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1 w111 now take out one of the bodies, the
nut, for inftance, which you may fee is
penetrated by, and filled with the water,
more than it could poffibly have been by a
fimple immerfion. Can you account for
this, Sophia? e
g SOPHIA. |

The air which is inclofed in the pores of
the wood, ftone, and other bodies, which
your Ladyfhip put into the glafs of water
is, at leaft, as denfe as that of the atmo-
fphere, of which it fupports the weighf'
When you fupprefs that refiftance, or di-
minifh it by the action of the pump, this
air is dilated by virtue of its {pring ; its vo-
lume 1ncreafes, and, unable to remain any
longer in the fmall fpaces which contained
it, 1t flies into the water, and becomes vifible
under the form of little globules, whic‘h‘
rapidly rife on account of their refpe&xve
lightnefs, :

"The air which paffes from the folid body

to the water v blch furrounds it, isformed

: e th
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into little balls, and this happens, gene-
rally fpeaking, to every fluid which is
plunged into another fluid with which it
cannot mix but with great difficulty ; and
for this reafon, that all its parts, equally
prefled on every fide, tend to ohe coinmon
center.

When you petmit the air to re-enter the
recipient, the water in the glafs is more
comprefled than it was when in the ratefied
air ; it confequently fupports itfelf upon all
the furfaces of the bodies which your La-
dythip put into the water., The air which
has been rarefied in the pores of the nut,
obeys this new preflure, contrads itfelf into
a fmaller fpace, and the water tends to fill
the voids which the air has left. "This is
the reafon, that when thefe bodies are
opened after the expériment, we fée theé
objects penetrated by and filled with water,

LADY CAROLINE.

Why do thefe drops of water and of
mercury, which you fee [ have placed in the

reci-
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recipient, ftill keep their natural globular
form, Frederic?
FREDERIC.

Their parts tend to a common center,
being cqually preffed on every fide, juft as
they are in the recipient for we cannot
imagine that it is a real void ; it is but a ra-
vefied air.  There is always in the recipi-
ent a fluid independent of that which iffues
by means of the pump. :

LADY CARCLINE.

In proportion as I rarefy the air of the re-
cipient in which I have, as you fee, placed
a champaign glafs exadtly two thirds full
of champaign wine, the air which it con-
tains difengages itfelf and rifes to the fur-
face, on which, you may obferve, it caufes

foaming. You now fee it {pouting forth
to a confiderable diftance fparkling globules
which increafe in number and in fize, flying
more and more diftant. Give me the rea-
fon of this, George.

GEORGE,
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GEORGE.

As you fupprefs by rarefa®ion the ex-
ternal air, you give room to that in the
champaign to difengage itfelf ; for, being no
lIonger loaded as it was before, it acquires a
greater volume ; and its refpe@ive lightnefs,
now more powerful than the friction, and
the other caufes which tended to reftrain
it, fails not to elevate the liquor to the
{urface.

LADY CAROLINE,

I now put into the recipient {pirits of
wine, and luke-warm water, in thefe two
glafles feparately. I then draw out the air
to a certain degree, and you fee they all
on a fudden guth over their furfaces in
copious ebullitions. How is this brought
about, Kitty?

KITTY.

The more eafily a liquid feparates, the
more quick and more large are the bubbles
of air that afcend from it ; for it finds a
lefs refiftange to conquer in the enlarging

atfelf
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itfelf to a greater expanfion. Now, {pirits
of wine and luke-warm water, I have heard
your Ladythip fay, are very fluid and eafy
to be feparated.

LADY CAROLINE.

You are very right, Kitty. I now put
to the recipient, beer in one glafs, and
milk in another. You perceive that they
rife up into a high froth ; fo much fo, that
the glafles are become wholly empty. Ex-
plain the caufe of this, William.

WILLIAM.

The beer and the milk, being of a vifcous
nature, are divided with difficulty : the
globules of air which are formed init, re-
main enveloped in minute bladders, and
vrife very flowly ;. and as they are conftitu-
ted of particles of the liquors which are dif-
ficult to f{eparate, the bubbles of air, by
carrying them off, empty the glaffes.

In thefe experiments, Madam, we ob-
ferve that the bubbles of air increafe in vow
dume as they approach the furface of the li-

quors,
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quors. As they afcend, they have a lefs
weight to fupport, and, of courfe, their dila-
tation is increafed.

LADY CAROLINE.

Butter, refin, melted gum, and other
liquids of a fimilar nature, fwell by de-
grees, and furprize us at firft with their
fudden effervefcence ; they are frequently
alfo very dangerous in boiling. Can you
account for this, Elizabeth ?

ELIZABETH.

The grofler parts of the air are mixed
with thefe coarfe liquids, and when put on
the fire, being already inflammable in their
Own natures, the perfons who are in the
room, and the houfe itfelf, are in the ut-
moft danger. i

LADY CAROLINE. s
The air that is extraed from leavened
pafte, from fruits, and from the greater
number of vegetables, fuffocates animals,
extinguithes fire, and firikes our fenfe of
fmelling with a very annoying and pierc-

‘/rOL: I[a O lng
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ing odour. To what, Henry, do you attri-
bute this ¢
HENRY.

This air is not only impure, butalually
poifonous. It is a compound fluid, par-
taking very much of the nature of whatever
it flows from, and is loaded with a copious
vapour, which makes up the greateft part
of its volume.

LADY CAROLINE.

How do perfons who drink in too great
quantity of {pirituous and fermented liquors
deftroy their lungs and coagulate their
blood ¢ Tell me, Fanny.

, FANNY.

All fuch liquors, in general, as well as
crude aliments, contain and convey with
them a great quantity of tainted air, which
is afterwards dilated with alarming efforts
in the ftomach.

~ A moderate ufe of aliments, as well in
beverage as in food, is what every body
{thould
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thould obferve for the prefervation of their
healdH,
LADY CAROLINE.

We call a certain appearance of the air
and tky, a ferene heaven. How is that ap-
pearance caufed, Edward ?

EDWARD.

During the day, the rays of the fun heat
at the fame time both the earth and the air
which environs it. When the fun is fet,
the heat that it had communicated, abates
imperceptibly ; but it preferves itfelf g
longer time in bodies which poflefs more
matter, f{o that during the night, the earth
and the waters are commonly more warm
than the a3ir of the atmofphere.  Then the
matter of fire, which tends to expanfion, al-
ways uniform with the nature of the fluids,
palles from the earth into the air, and car-
ries with it the more fubtile parts of terref-
trial bodies, which it detaches and animates
by its motion. On this account, that part
of the atmofphere which is neareft to the

Q 2 garth
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earth receives a greater quantity of thefe
evaporated fubftances. Hence that moifture
which we very often feel upon our clothes
when we walk out in the frefth evenings of
{pring and autumn ; and this we call a fe-
rene heaven.

LADY CAROLINE.

Whence proceeds the dew ? This is an
Anterefting fubjedt, and I wifh you would
explain it at large, Frederic.

FREDERIC.

The ferenity jult fpoken of lafts all the
night in the feafons, and in the climates,
where the earth receivesa genial heat during
the day. At the rifing of the {un, the heat be-
gins to warm the atmofphere, and the air be-
ginning to dilate, drops its vapours, too
fubtle to fill its pores, or rather, they follow
the matter of fire, to which they are ftill
united, and return them towards the earth,
Such vapours, and fo falling, we call dew,

LADY
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LADY CAROLINE.

Whence comes the hoar froft? Can you
tell me, Mary ?

MARY.

‘The fmall drops which make the dew,
are frozenintoa feathery kind of ice bya cold
air. It is this kind of froft that melts and
diffipates as foon as the fun begins to make
1ts heat felt. :

LADY CAROLINE,

What are mifts, Kitty ?

KRN,

They are a large thick expanded heap of
vapours,* and grofs exhalations, which
their own gravity or violent cold condenfes,
and hinders from rifing any higher than 3
{mall matter above the furface of the earth,
which moiftens it with unwholefome damps.
The fevere cold, which unites the grofs
vapours and fickly exhalations, makes the
grofs mifls very malignant. England, I
believe, is the only ifland that is infefled

with thele unwholefome damps,
Q3 LADY
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LADY CAROLINE.

Why, George, in frofty weather, are
the windows of our chamber frozen within
and not without ?

 GEORGE.
. The air is warmer within our chambers
than it is without, fo that the fire which
paffes through the humid vapours, runs
out, always tending to fpread itfelf in a
uniform manner. It carries off, of courfe,
the vapours, but it leaves them on the in-
fide of the panes, to which they adhere,
and, in f{pite of the warmth of the,chamber,
are frozen on every pane, fometimes fo
thick that we cannot fee through them.
LADY CAROLINE,
Of what are the clouds compofed, Kitty?
KTT Y

Of certain mifts or vapours, which,
when rifen to a proper height, become
~great mafles, and are floated by the wind
through the atmofphere. Such are the
clouds whu.h we fee fufpended on all {ides,

and

v
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and above our heads, and which occa-
fionally hide from us, in their courfe, thofe
beautiful objeéts, the fun, moon, and ftars.
LADY CAROLINE,
How is rain formed, Willjam ?
WILLIAM.

The clouds often become very thick,
either by the a&ion of the winds, which pufh
them one againft another, or by the conden-
fation of the air on which they are borne.._
Their parts, re-united into large drops,
become too heavy, and make, while thby
are falling, what we call rain.

LADY CAROLINE.

Whence comes rime, Elizabeth ?

 ELIZABETH.

Froma mift, which cold weather freezes
and attaches to the branches of trees, to
dry plants, to the hair of travellers, and,
generally, to every thing expofed to it,
The rime owes likewife its origin to the
dew, which tranfpires from the veflels of
plants during the night,

: Rime
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Rime alfo announces thaws : ; becaufs
when the rime appears, it is a fign that th
air is full of humid and warm vapours.

_ LADY CAROLINE.

It has been faid, as fome of you, my
dear children, have read, in Titus Livius,
and other eminent ancient authors, that
fhowers of blood, of fulphur, of fand, &e,
have been feen. If thefe could poffibly hap-
pen, what could produce them, George?

GEORGE. -

Let us fuppofe, for an inftant, the truth
of all the phenomena which have been re-
lated upon this fubjec. It may be allow

able to fay, that thofe kmds of rains, while

thus falli ling, produce copious and different
exhalations. '~ But although Plutarch, as
well as others, {peak of raining blood, }
cannot be brought to believe that it was real
blood ; T am perfuaded of the contrary,
and that this blood did not fall in the man-
ner of rain,

In order the more eaﬁly to conceive what
3 I mean,
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I mean, you will have only to attend feri-
oully to my illuftration,

When a butterfly iffues out of its chry-
falis, it always lets fall two or three drops
of a red ferous fluid, which refembles
blood. Now there are times in which a
prodigious number of thefe animals (fwarm
- in the nether regions of the atmofphere ;
for this fpecies of infe@®, like moft others,
is extremely prol.fic, and if all their cggs
were to turn out well, thofe who live in the
countries where they abound, would be
very much incommoded with them

When a great fwarm of caterpillars be-
come chryfalis, and are changed into but-
terflies, what immenfe numbers of thofe
red drops muft be feen ! efpecially as there
1s a fpecies of them which fick to walls
and buildings, for there are many that never
leave the earth ;> fome alfo there are, that
cling to the ftems of “planis, and then we
fcarcely perceive the traces of their meta
morphofes !

Were
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Were any one ferioufly to tell me that
he had feen it rain fhowers of toads and
other animals, 1 fhould immediately reply,
that the male and female could not be in
the atmofphere on account of their weight,
It were much more rational to think that
all thefe little animals, newly hatched, and
hidden under the grafs and h fbage, or any
where elfe, were routed out by the rain
from their nefts and hidden retreats to feek
fhelter : for how can any reafonable being
think that they could be produced fortui-
toufly ; or, allowing this, that the hard
earth on which they muft fall, would not
with their own weight dafh them to
pieces ? | |

Let-a countryman, after a heavy rain,
bring me a handful or two of wheat, which
he has juft gleaned, and at the fame time
tell me that it has been raining corn, J
fhould finile at his fimplicity, and prove
mylelf as fimple as he, were I to under-
take explainipg the caufe of it to him,

LADY
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LADY CAROLINE,

Your explanation of this phenomena is,
my dear fon, at once true, philofophic, ard
fenfible. How, Kitty, does rain purify
the air?

KLTBYL.

It precipitates all the exhalations which
are gathered together in the atmofphere
during the hot weather, of which a too
great quantity would corrupt the air, and
occafion epidemic maladies., We {enfibly
feel the good effe@ts of rain, not only by
breathing more freely and fweetly, but by
the pure and tranfparent appearance of the
air: obje&s are feen more diftinétly and
obferved at a greater diftance ; for there
never was a telefcope that could fhew a
body fo clearly as a ferene heaven after a
heavy rain.

Rain refrefhes the air, becaufe the re-
gion of the clouds whence it flows is al-
moft always more cold than that part of the
atmofphere in which we are, 'This is a

falk
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fa&t well known to thofe who have feen
high mountains covered with fnow (which
your Ladythip and Sir Thomas have men-
tioned to have yourfelves feen) when at the
fame time in the valleys beneath, the air has
been very hot. Thus, when it rains in
fummer, the rain being cold water filter-
ang through a heated air, this air muft ne-
ceffarily lofe a great part of its heat.
LADY CAROLINE.

Whence refults the furprifing and formi-*
dable phenomenon called the water-{pout,
which is very often feen at fea, rapidly flow-
ing down from the atmofphere, and fome-
times on land? It is a thick black cloud
which prolongs itfelf from the atmofphere
to the ocean, in form of a cylindrical co-
lumn, or rather, an inverted cone; it
throws about itfelf a vaft quantity of hail-
{tones and rain, and makes a noife fimilar
to that of the fea in a violent ftorm. It
tears up trees and houfes wherever it pafles,
and when it falls upon a veflel, that veflel is

imme«
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immediately funk by it. Seafaring men,
who well know this dangerous appearance,
fail as faft as they can from it, and when
~they cannot avoid approaching it, they en-
deavour to break it by caﬁnn'on balls, and if
they fucceed in breakiﬂg it, the danger is
avoided. I begtoafk the caufe of this phe-
nomenon, Frederic.
FREDERIC.
Although few obfervers have had the op-
# portunity of nearly examining it, I think
that the cloud, ‘determined to turn by the
double impulfe of two contrary winds, of
which the direQions are parallel, takes the -
form of a watery whirlwind, which length-
ens and enlarges itfelf more or lefs accord-
ing to the velocity with which it turns,
and follows the extent of the wind which
agitates it, |
LADY CAROLINE.
Excellent, Frederic, Now, Edward,
tell me the origin of hailftones,
P EDWARD,
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EDWARD.

Vapoursconden{e by cold weather, which
freezes the aqueous particles, and they
form themfelves into drops, fometimes
equal in fize to a walnut or fmall €gg, e
caufe many drops of rain are united toge-
ther while falling ; or rather, and they
have recelved a fufficient degree of cold,
‘they freeze all the particles of water that
they touch 1n their fall, and become like
the flones of fruits, with many layers of
ice. Itis for this reafon that large hail-
ftones are always angular, and that thofe
which are round, never are of a uniform
denfity from the furface to the center.
.- Hailftones which fall during a violent
wind are generally of a lefs regular figure
than the former, becaufe the wind makes
the drops of rain lofe their roundnefs, and
flattens them by compreffion, in a manner
which preferves that form when they are
frozen.

Lt pever hails in thofe vallcys whish have

their
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their refpe&tive mountains to the eaft ; the
reafon of which is, that the great quan-
tity of rays which thofe mountains refleét
mele the hailftones the moment they fall.

Previous to a fall of hail we fometimes
hear in the air a great and crackling noife,
T his noife is caufed by the {tones which are
vpu-‘{hed againft each other by the wind ; for
as thefe little pieces of ice are hard bodies,
they“give a found fimilar in their degree
to-all other hard bodies when impelled by
each other.

LADY CAROLINE.

What is the caufe, and what are the

ufual effets of fnow, George ¢
GEOCRGE.

The cold, in the region of the clouds,
condendes the 'vapours, and freezes the
agueous particles, prior to their union into
Jarge drops. = Thefe mfinitely thin flakes of
ice coniift of the moft minute particles of
fvozen vapours,

Snow contributes to the richnefs and fer-

. P2 tility
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tility of the foil ; as it confines the exhala-
tions, and is accompanied with particles of
nitrous {pirits, the warm exhalations of
which, joined to it, nourith and promote
vegetation,

LADY CAROLINE.

Why, Kitty, does mercury afcend in
the barometer ?

KITY,

Becaufe it is impelled by a heavy column
of air, which is extended to the very top
of the atmofphere. Thus, the heavier the
air is, the higher the mercury afcends ; the
lefs the air weighs, the lower the mercury
defcends.

LADY CAROLINE.

Why, William, do the vapours weigh
lefs when they afcend, than when they are
motionlefs ?

WILLIAM.

When a body of any confiderable weight
alcends, it cannot prefs downwards with
the fame force as it does when {ufpended in

the
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the air without any motion. The vapours
which afcend raife and make the air, againft
which they are driven, in a certain degree
afcend likewife ; and as they are impelled
to traverfe by rifing, this air then prefles
lefs downwards than before,

LADY CAROLINE.

¥f T pour on the lower’ mercury of a ba-
rometer fourteen inches of water, why,
Flizabeth, does the mercury afcend an
mch in the tube ?

ELIZABETH.

Becanfe an inch of mercury equilibrates
fourteen inches of water.

If we put into this water the orifice of a
{yringe, and draw the fucker, the water
follows it becaufe by lifting it up, every
obllacle to the clevation of the water, pref-
fed' by the external air, is taken away,
which weighs about twenty-eight inches
of mercury. :

LADY CAROLINE.
Why, Henry, do two pieces of polithed
P2 marble,
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marble, when rubbed againft each other,
clof’c]y adhere ?
i HENRY.

The internal air is driven out from be=
twixt them by friction ; and the equilibrium
betwixt this laft air and the external air
becoming {tronger, adls in every direQion,
and weighing upon the two pieces of mar-
ble, attralls them together.,

In the recipient they would eafily fepa<
rate, becaufe the preffure of the external
air diminifhing in the proportion of the ra-
refaétion, weighs no longer fo much on
thefe two bodies ; there is therefore lefs
firength required to feparate them.

LADY CAROLINE.

We are convinced, Fanny, by a great
number of experiments, that the air above-
each part of a body preffes it as much as if
it fupported twenty-feven inches of quick-
filver, as you may obferve upon the baro-
meter at the twenty-feventh inch, or 14
times as many inches of water.

Suppofing
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Supp‘oﬁng the body of a man to be fix
feet high and one foot bread, the air will
prefs as much on each foot as if there were
thirty cubic feet of water ; each of which
weighs at leaflt fixty-three pounds. This
number taken thirty times, makes one
thoufand ®ight hundred and eighty pounds,
which prefs upon every foot of our bodies,
and confequently all the width of the body
fupports {ix times this weight, that is,
11,348 in the fore part of our bodies, ‘and
as many behind, which, together, make
22,696 pounds weight. How can fo pro-
digtous 2 force be fupported by a human
being witheut crufthing him to atoms ?

FANNY.

This .weight of air equally prefles our
bodies on all fides, as well within as with-
out ; it therefore changes nothing in the
difpofition of its organs. We know
that. the internal air of our bodies has the
{fame force and the fame {pring as that which
furrounds us. The forces being equal then,

there
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there muft be an equilibrium, and confe-
quently the body will not be overpowered.
SIR THOMAS.

Having proceeded thus far, my dear chil-
dren, your mother and I will now colle&
fuch queftions as will well fall in with the
foregoing, and be equally as pleafant, in-
ftructive, and eafy. They will treat of
found and of the winds, and will require no
other definitions than their queftions will
naturally prompt, and your own judgements
and knowledge well {upply. '

THE
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/THE FIETH CONFERENCE.

OF SOUND, AND OF THE WINDS,

" LADY CAROLINE.
‘ % YHY, Edward, are clocks made of

\ a metal compounded of tin and
zed copper ?

' EDWARD.

Becaufe every compound metal is more
hard, more fiff, and confequently more
elattic, than the fimple metals which enter
mto the mixture ;.and as fonorous bodies
are fo much the more {o, as their parts
have greater fpring, they make clock-bells
of a compound metal, to draw more found
from them. The greateflt number of fmall
bells, howcvcr, are only of copper ;. but it
5 a bad copper, adulterated, and cafily

Broken, called by workinen, brittle glafs.

As
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As this fubftance is very ftiff and brittle, it
is more fonorous than new copper would
be, and more {weet and foft, and is pro-
perly called molten copper.  Silver hand-
bells would have but very indifferent founds
without alloy.

LADY CAROLINE,

On touching a bell with one’s hand, or
any other fubftance, its found immediately
ceafes. Why fo, Mary?

MARY.

The found is formed by the vibrations of
the particles of the bell, which vibrations
are interrupted by the application of the
hand or other {ubftance.

LADY CAROLINE.

The bells of clocks, when they are co-
vered with fnow, produce only 2 dead kind
of found, fimilar to that of muffled drums at
fome funeral ceremonies. Account for
this, Sophia ?

SOPHIA.

The fnow, inthe farne manner as the co-

vering
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vering laid over the drum, interrupts the
vibrations of the {onorous body.

LADY CAROLINE,.

Why does not a cracked bell ftl] pre-~
ferve its vibrations and ufual clear found 3
“Tell me, Frederic.

FREDER

- Becanfe the hrmts of *Le cracLed part re-
ciprocally clath, and do to each other what
2 ftrange body would do in touching ity
were it {till unbroken. The found woulc‘z
Le probably lefs interrupted, if, inftead of
having a fmall fracture it had been much:
larger.

LADY CAROLINE.

Why do clock-makers take great care
that the clappers of clock-belis be fuddenly
made to rife again upon the blow being
given by the fpring? Tell me, George.

GEORGE.

Becaufe they excite the found, and that
they may not alter it by remaining too long
applicd to the fonorous body ; clock-makers

are
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are obliged to be particularly attentive te
this part of their branch.
LADY CAROLINE.

Whence, Kitty, proceeds the found that
appears fhll continued to us, although it
be not fo, fince it is only a feries of vi-
brations ?

KITTY.

Becaufe the ceflation from one vibration

to another is too fhort to be perceived.
LADY CAROLINE.

Why, William, do the buzzing of flies,
and the chirping of grafshoppers, and of
crickets, continue fo long ?

WILLIAM.

Thefe founds come not from their
mouths. In the fly, it is a kind of beating
of the wings. In the grafshopper and
cricket, it is the beating of a fpecies of
drum, which they have in the belly, and
fometimes upon the back, as may be ob-
ferved on certain grafshoppers whigh con-

esal
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ceal themfelves in the bufhes, and which
have no wings,

” LADY CAROLINE,

Whence, Frederic, proceeds the found
of the thong of 2 whip, which a carman or
poftillion fuddenly fmacks ; the humming
of a thin piece of notched fath, which
boys call the bull-roar, and which is turned
rapidly round with a piece of ftring ; and
the whiftling of a fwitch, when we fhake jt
with great velocity ?

FREDERIC,

In all thefe cafes, as well as in many
ethers, the fluidity of the air refounds, the
parts of which flow into vibrations from
having been fhocked by a folid body.

LADY CAROLINE.

Whence comes the found of 2 flute or of

a whiftle ? Tell me, Henry.
HENRY.

From a certain volume of air, blown from
the mouth of the player, which ftrikes ano-
ther mafs of air contained in the inftru-

Q ment ;
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ment ; for the vibrations of wood are of no
other effe¢t than to tranfinit with more
power the found already formed.

LADY CAROLINE.

How, Fanny, does it happen, that fome
people can break a wine glafs with the found
of their voice, by placing it before their
mouth ?

FANNY.

Becaufe they take the unifon of the glafs,
and force, by the ftrength of their voice, the
magnitude of the total vibrations, and con-
fequently the particular vibrations from
which thefe lalt low. Now thefe latter vi-
brations cannot be formed without the glafs
being fhivered to pieces; of courfe, when
they become too great, the diflipation of
their own continuity produces the above ef-
fe&t. In a word, the force of the voice
operates upon the glafs in the fame manner
as the bow of a violin, which istoo forcibly
drawn over the tieble.

LADY
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LADY CAROLINE.
Why, William, when a drum is beaten
befide a calm body of water, do we perceive
the vibrations upon its furface ?

WILLIAM.

Becaufe the trepidation of the air commu-
nicates to the particles of water,

Thus, when we twang the cords of mu-
fical inftruments near the rays of the fun,
which difcover the atoms. that play in the
air; we {ee in thefe corpufcula, vibrations
conformable to thofe of the twanged cords,
becaufe the vibrations of the air communi-
cate to thefe fmall bodies.

In the inftance of {trong founds, fuch as
thofe of church bells, the drum, and bafs
viol, it often happens that the panes of
windows, and even wain{cot partitions, tre-
pidate.  We ourfelves, likewife, feel emo-
tions of a trilling nature within us. It is
very eafy to comprehend, that the air hav-
ing received the vibrations of thefe different
inftruments, not only communicates to

Q2 panes
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panes and partitions, but even makes our
infides thudder. '

LADY CAROLINE.
Why does the bell of a clock produce ne
found when fufpended in the vacuity of the
recipient ! Can you tell me, Elizabeth?

ELIZABETH.

Becaufe a bell which makes its vibrations
there, can communicate them to nothing ;
fince, therefore, they only a& when they
tranfmit themfelves, they muft of neceflity
remain in profound filence ; though, in re-
ality, as Sir Thomas has obferved to us,
there is no abfolute void in the recipient ;
yet the air that remains there is o very ra-
refied, that its too-relaxed parts have not
fufficient re-a&ion. his fubtle fluid is
too defeétive in denfity to place the parts in
a fituation to act ftrongly againit each
other,

LADY CAROLINE.

‘Why, Henry, does a bell, when placed

alone on the platen or in the recipient,

Produce found ?
HENRY,
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HENRY.

Becaufe the found s tran{mitted by the
folid bodies communicating on one part
with the bell, and on the other with the
external air.

Were the bell in 2 ftate of fufpenfion, it
would not, as my fifter Elizabeth has ob-
ferved in the foregoing an{wer, produce
any found,

LADY CAROLINE,

I take this repeater and fix it to the
leaden platen, which 1s, as you may f{ee,
about five-twelfths of an inch thick 5 I now
cover 1t with this {mall recipient, the rim
of which I clofely ftop round with melted
wax. I now fufpend the whole by four
united ftrings from the top of the recipient,
in order to plunge it into this large cylindri-
cal veflel, which contains about thirty pints
of water, and entirely free from air,

We now hear the repeater ftrike, al-
though it be furrounded with many inches
of water ; but this found, as you all evi-

Q 3 dcntly
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dently hear, is very much weakened. ~Can
you, Fanny, give the reafon of this ?
‘ FANNY.

Becaufe the found is communicated from
the repeater to the air that furrounds it ;
from the air to the recipient, from this to
the wafer, from the water to the external
air, and then to us. We may eafily ima-
gine that the found, paffing through fo
many bodies of different denfities, muft at
lalt become exceedingly enfecbled,

LADY CAROLINE.

Whence, how, and where proceeds that
rebounding of the voice, &c. commonly
called echo ? Tell me, Sophia. '

SOPHIA.

From a flow and refle@ed found which
comes with the fame modification as the
dire& found, and ftrikes the organ of
hearing, whence the dire& found makes no
more impreflion.

Thefe refle&ions of found are never heard
in open fields, but frequent]y in groves and

woods,
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woods, among rocks, and on the fides of
high, irreguléi‘, and craggy mountains ;
becaufe in thefe laft places, the found very
often meets with obftacles which refle& it 3
this does not happen in free, open, and un-
confined fituations.

Echo repeats more of thefe reverberations
by night than by day ; becaufe in the filence
of the night, the tranquil air, either lefs
agitated or lefs charged with vapours and
exhalations than by day, more eafily conveys
to, and receive its impreflions from, a greater
diftance.

A folid furface is fit for echo ; becaufe it
reflects the found with the fame circum-
ftances as the dire& found.

A concave furface is alfo adapted to echo ;
becaufe it hinders the difﬁ'patio.n of founds, -
and confines it to a certain fpot.

There is no echo when the furface which
fhould reverberate, is too near us ; becaufe
it reflets the found before the impreflion of
the direct found be paffed ; then two founds

make only one, which is that we firft heard.
There
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There is no echo when the furface which
ought to reflect istoo low 5 becaufe the air,
which has received the vibrations of the
found paffing above the furface, is not re-
fleGted toward us.

LADY CAROLINE,

How, George, does mufic cure the bite of

a tarantula ¢
GEORGE.

The venom of the tarantula thickens
the blood, and ftops many conduits of it
hence refult dullnefs, numbnefs, and me-~
lancholy. Thefe, furnifhing very few ani-
mal {pirits, their conduits fink down in the
brain ; the nerves, deftitute of {pirits, are
relaxed: hence inadion, the deprivation
of underftanding and memory, all of which
are experienced by the perfon bitten,

The vibrations of lively tunes agitate
the blood ; and the f{mall remainder of anj-
mal fpirits are foon multiplied by this agita.
tion, and flow into the hbres, nerves, and
the reft of their accuﬁomad channels,

Thefe,
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Thefe, put in unifon with the fonorous
cords, receive their vibrations, which, alter-
nately fhortened and prolonged, produce
inceflant dancing. This a&ion of conti-
nued and hard dancing, heats and agitates
the blood, and puts the patient at laft into
a violent perfpiration, The attenuated
and difperfing venom by degrees then ex-
hales, and he begins to feel alleviated,
This relief makes him a great deal more
eager to refume his dancing ; till, all the
poifon being diffipated by prodigious exer-
cife and confequent perfpirations, the blood
returns to its former fluidity and ufual
courfe, the poifon now having totally gone
off by perfpiration,
LADY CAROLINE.

Why, Sophia, fince we have two ears,
do we hear only the fame found at once;
and having two eyes, perceive only one

objedt at the fame time, and have not a dou-
ble fight?

SOPHIA.
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SOPHIA. :

In the firft inftance, becaufe the found
attacks parts perfectly {imilar, which poflefs
one point of common re-union in the brain.
There is then but one impreffion in it,
which muft be very firong, fince it is form-
ed by the two auditory nerves being united.
Thus, by having two ears, we hear better
than if we had but one of thefe organs.

Exaltly the fame reafon may be given
for our feeing with two eyes but one ap-
pearance of any objelt.

LADY CAROLINE.

My dear Sophia, among the many dif-
ferent tones, there are fome which are
better underftood than others by certain
perfons who are very hard of hearing. The
eficacy of fome founds compared with
others, may be attributed to fome defe&t of
the {piral wave, which is affeted but in
part. If, for example, the .two extremi-
ties of this part were become lefs fenfible,

by fome accident, than the middle of it, the
perfon
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perfon who had this defe@ would hear with
cafe only founds of a mean proportion be-
twixt the high and low. Inga numerous
company he would affuredly find fome one,
whofe tone of voice would happen to agree
exaélly to this found part, and who would
make himfelf be perfe&ly heard by him,
without {peaking any louder than common,
SIR THOMAS.

We will now, my dear children, pro-
ceed to the explanation of the phenomengz
of the winds, with their general caufes:
on which fubje& Lady Caroline wil] enter-
tain us, by her ufual, pleafant, and cafy
inquiries.

LADY CAROLINE,

What is the wind, George ?

GECRGE.

The wind is 2 violent agitation in the
air ; and though there be zs many different
winds as there are different points in the
horizon, we yet diftinguith four principal
oness  Thele blow from the four cardinal

points
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points of the fphere, and are, the wind of
the north, that of the fouth, that of the
eaft, and that of the weft. To thefe four
winds we add twenty-eight others, thus
dividing the horizon into thirty-two prin-
cipal parts, which make up the common
divifions of the compafs. ;

. .LADY CAROLINE.

Whence come the winds in general ?
Can you tell me, Edward ?

EDWARD.

From a defe@ of equilibrium in the air ;
becaufe every time that certain portions of
the atmofphere become more charged, more
denfe, more elevated, or more prefled
than others, being more heavy, they muft
fly off, rufh forwards through thofe fpaces
where there is the leaft refiftance, and
pufh = before them the other parts more
weak ; nearly like the water of a channel,
raifed by the throwing of a large {tone into
it, which moves the water in undulations,

that
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LADY CAROLINE.

Why, Edward, during the fummer, is
the rifing fun frequently accompanied with
a little wind ?

EDWARD.

Becaufe the heat of the fun, rarefying the
air, forces it to occupy a greater {pace, and
makes it fly to thofe places where it finds
the leaft obftacle.

LADY CAROLINE. ;

How does it happen,__Sophia, that trees
are lefs fubje® in winter than in fum-
mer to be broken by the violence of theé
wind ?

SOPHIA.

The teafon is, that in winter the trees,
not being furnifhed with leaves, oppofe lefs
furface, and confequent]y give lefs powey
to the wind.,

LADY CAROLINE.
Why, Frederic, are cafterly winds fo con-
tinually dry ?

R 2 FREDERIC,
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FREDERIC.

Traverfing a vaft quantity of land, and
little fea, they are charged with very few
vapours.

The weftern winds are humid ; becaufe,
traverfing many feas, they are loaded ‘with
vapours.

South winds are generally hot ; becaufe,
blowing from a hot country, they bring
with them vapours, exhalations, and agitated
particles of air, naturally caufed by a mo-
tion which in every direction prodirces
heat.

The north wind is extremely cold, as it
ruthes from the coldeft regions of the earth.
It brings with it falts, nitre, and flakes of
ice, which certainly contribute to make
thefe winds extraordinarily bleak ; for if
we place fmall pieces of ice in the nozel of
a pair of bellows, there blows from them
a wind more than ufually cold.

LADY CAROLINE.
How, George, are certain plants pro-
duced
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that is, wave over wave, fimilar to the re-
fiftance of the winds,
LADY CAROLINE.

Why do certain winds blow by fhakes

and fudden gufts ? Tell me, Henry.
HENRY.

Thefe winds are produced by exhala-
tions congregated and fermented together
in the middle region of the air ; which fer-
mentations are fudden and intermittent ex.
plofions, that confequently pufh the air by
fudden attacks,

LADY CAROLINE.

Why does 2 very impetuous wind rife
fometimes all on a fudden, when 3 cloud
is ready to burft, during. calm weather ?
Tell me, Fanny.

FANNY.

The cloud prefles the air betwixt itfelf
and the earth,. and is forced to ruth rapidly
down. Thefe violent forts of winds are -
ufually followed by rain ; becauf the clouds

Vour. II. R falling
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falling produce it, and form it into drops
during its fall. :
LADY CAROLINE.

Whence, Mary, comes the fpring ze-

phyr ? '
‘MARY.

It probably originates in the great quan-
tity of air which, from the atmofphere,
paffes into different mixed bodies that na-
ture produces where lefs {pace 1s occupied,
‘There is, therefore, in the atmofphere, 2
fmall defe& of equilibrium, produced by a
gentle wind, called zephyr.

The zephyr of autumn probably comes
from the air, which at this time iffues from
bodies that are difcompofed. It 1s very
certain that all bodies contain air, which,
by being diféompofed in the atmolphere,
increafes its volurr .~ deftroys a part of
the equilibrium which there prevails. The
atmofphere being then a little agitated, we
' feel a light and gentle breeze, which we

call zephyr. | 1
LADY
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duced on the tops of towers, trunks of
trees, &c.
GEORGHE.

The wind raifes with the duft the feed,
which fthoots and buds forth. Cow—grafs
and other herbs very often grow in places
where we with they fhould not ; becaufe
their feeds being: brought thither by the
wind, afterwards vegetate.

" *LADY CAROLINE.

How, Kitty, are the wings of a wind-

mill turned round by the wind ?
§ G 1 G B s

Tts four wings fupply the place of levers,
and prefent their plancs in an oblique man-
per to the direGion of the wind. The
power which continually a&s on thefe
four inclined planes, forces them inftantly
%o fly back ; this is what thrv cannot do
without turnine ,: ad making the axle-tree
tusn, to which they are fixed.

- R3 LADY
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LADY CAROLINE.

How, William, does the wind raife your
kites into the air?

WILLIAM. :

The ftring by which we hold them is
tied in fuch a manner that their furfaces are
always obliquely oppofed to the direétion
of the wind ; and then the impulfion of the
air naturally tends to make them mount, by
defcribing an arch of a circle, which has
for its radius the twine that is held in the
hand of the perfon who guides the kite.

LADY CAROLINE.

Why are the winds more rapid and more
violent upon fea than upon land? Can you
explain this Elizabeth ?

ELIZABETH.

Becaufe they encounter no obftacle upon
fea ; while on land they are continually in-
terrupted by mountains, edifices, and thick
woods.

END OF VOL, II.























