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Vicia leguminibus folitariis deorfum flexis hir-
futis, Sauv, Monffgelienf. 234,
17§50 Ulmus folio latiffimo {cabro. Ger. Emac. 1481,
Latiore folio. Park. 1404.

XXX. Remarks on the Opinion of Henry
Ecles, Efg; concerning the Afcent of Va-
poury publifbed in the Philofoph, Tranfaét.
Vol. xlix. Part i. p. 124. By Erafmus
Darwin, M. D. Communicated by Mr.
William Watfon, F.R. §.

To Mr. William Watfon, F.R. S.
S IR,

HE inclofed papers were defigned for the
perufal of the Royal Soeiety; being an en-
deavour to confute the opinion of Mr. Eeles about
the afcent of vapours, publithed in the laft volume
of their Tranfactions. But the author, having no
ele@rical friend, whofe fagacity he could confide in,
has at length prevailed upon himfelf to be {o free to
fend them to Mr. Watfon ; to whom the world is
fo much indebted for the advancement of their

knowlege in elericity.
~ Whence, Sir, if you {hould think, that thefe papers
have truth, the great Diana of real philofophers, to
patronize them, you will confer a favour upon me,
by laying them before that learned Body. If, on the
contrary, you fhould deem this confutation trifling
oF
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or futil, I hope you will be humane enough to fup-
prefs them, and give me your objetions; and by
that means lay a ftill greater obligation on one, who-
has not the pleafure to be perfonally acquainted with
you. From,

SIR,

Your very humble Servant,

March 23. 1757. Erafmus Darwin,
Phyfician at Litchfield, Staffordpire.

LETTER L

To the wvery honourable and learned the PRESIDENT
and MEMBERS of the Royal Society.

Gentlemen,
Read May 5. HERE is ever fuch a charm at-
1757 A  tendant upon novelty, that be it in

philofophy, medicine, or religion, the gazing world
are too often led to adore, what they ought only to
admire : whilft this vehemence of enthufiafm has
generally foon rendered that object contemptible, that
would otherwife have long laid claim to 2 more fober
efteem. ‘This was once the fate of chemiftry: the
vain and pompous boafts of her adepts brought the
whole art into difrefpect; and I fhould be forry, if
her fifter eleCricity fhould fhare the fame misfor~
tunes. It is hence the ingenious Mr. Eeles will ex-
cufe me, for endeavouring to lay before you my opi-
nion on the afcent of vapours, tho’ it by no means
coincides with that he is fo ftrenuous to eftablifh,
and plucks a plume from his idol goddefs elericity.

Voi, 50, Ii The
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The probability, fupporting the hypothefis of Mr.
Eeles, according to his own expreffions, refts on this :
« That every particle of vapour is endued with a
¢« portion of electric fire ; and that there is no other
“ tufficient caufe affigned for their afcending.” (Phil.
Tran/. vol. xlix. part.i. p. 134.). My defign is there-
fore firft to attempt to fhew, that another theory,
founded on principles better known, will fufficiently
explain the afcent of vapours: and then, that fome
kinds of vapours are not endued with a more or lefs
than their natural fhare of eleric ther.

The immenfe rarefaction of explofive bodies by
heat, depends cither on the efcape of air before con-
denfed in them, or on the expanfion of the conftituent
parts of thofe bodies. This diftinction has not been
fufficiently confidered by any one to my knowlege ;
nor fhall I at prefent amufe the Society upon this
head ; it being enough for my prefent purpofe to ob-
{erve, that they may be thus diftinguithed : where air
is emitted, it cannot be condenfed again into the fame
bulk by cold; but the expanfion of heated parts of
bodies, as foon as that heat is withdrawn, ceafes to
exift.

Nitre comes under the firft of thefe claffes: in de-
tonation it emits great quantities of air, not after-
wards condenfible to the like fpace. This may be
feen by firing a few grains of gunpowder in an
unblown bladder, or in a veflel nearly full of water
with its mouth inverted. The fame is true of all the
folid parts of animals and vegetables, when fubje&-
ed to fire ; as appears from the experiments of that
learned phllan’throplﬁ Dr. Hales.

But of water the contrary is evident. In the fteam-

engine,
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engine, a jet of cold water, we find, inftantly condenfes
that immenfe rarefaion ; which I apprehend could
not be, if it was conftiruted of efcaped elaftic air.
And altho’ this fteam muft be acknowledged to put
on fome properties of air; fuch as ventilating a fire ;
or that a taper blown out by it, is capable of being
again lighted immediately, and that without a crack-
ling noife, which occurs when touched with water ;
this does not in the leaft invalidate our opinion, tho’
it has certainly conduced very much to propagate the
former one: fince from this way of reafoning, the
whole muft be air, and we fhould have no water at
all in vapour.

From confidering this power of expanfion, which
the conftituent parts of fome bodies acquire by heat ;
and withal, that fome bodies have a greater affinity to
heat, that is, acquire it fooner and retain it longer than
others; which affinity appears from experiments, and
which, I apprehend, is 1n fome ratio of their fpecific
gravities and their powers of refraction, reflexion, or
abforption of light ; or at leaft in fome ratio much
greater than that of their fpecific gravities alone. From
confidering thefe, I fay, many things, before utterly
inexplicable, became eafily underftood by me. Such
as, Why when bifmuth and zinc are fufed together,
and fet to cool, the zinc, which is fpecifically heavier,
is found above the bifmuth? Why the buft covering
of inflammatory blood, the fkum of heated milk, the
fedative falt of borax, which are all fpecifically hea-
vier than the liquids in which they are formed, are
{till formed at the furface of them? How benzoin,
fulphur, and even the ponderous body mercury, may
be raifed intovapour, again to be condenfed unaltered ?

Ii2 And
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And, laftly, how water, whofe parts appear from the
zolipile to be capable of immeafurable expanfion,
thould by heat alone become fpecifically lighter than
the common atmofphere, without having recourfe to
a fhell inclofing air, or other affiftant machinery?
and when raifed, I am perfuaded we fhall find, that
to {upport them floating, (Perhaps many days, in the
atmofphere, is not a knot {o intricate, as to oblige us
to conjure up a new divinity to unravel it.

But before we proceed to this fecond part of our
tafk, it will be neceffary previoufly to confide ;| rft,
how fmall a degree of heat is required to detach
or raife the vapour of water from its parent-fluid,.
In the coldeft day, I might fay the coldeft night,
of winter, when the weather is not frofty or very
damp, wet linen or paper will become dry in the
courfe of a few hours. A greater degree of heat
muft indeed caufe a quicker evaporation. But I am
perfuaded, that was it not for the preflure of the fu-
perincumbent fluid, greatly lefs than that of boiling
water would inftantly difperfe the whole fo heated
into vapour.

Secondly, That in the opinion of Sir Ifaac Newton,
well illuftrated by the late lamented Mr. Melvil, the
fun-beams appear only to communicate heat to bodies
by which they are refracted, reflected, or obftructed ;
whence, by their impulfe, a reaction or vibration is
caufed in the parts of fuch impacted bodies.

This is fupported by the experiment of ap-
proaching fome light body, or blowing {moke near
the focus of the largeft glaffes ; and from obferving,
that thefe do not afcend, it is evident the air is not
fo much as warmed by the paffage of thofe beams

thro’ it, yet would inftantly calcine or vitrify every
‘ opake
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opake body in nature. And from this we may col-
le&, that tranfparent bodies are only heated at their
furfaces, and that perhaps in proportion to their
quantity of refrattion: which will further give and
receive illuftration from thofe very curious experi-
ments, of producing cold by the evaporation of li-
quors, publithed by the learned Dr. Cullen, in the
late volume of Effays Phyfical and Literary, at Edin-
burgh. In thefe experiments a fpirit-thermometer
was immerfed in {pirit of wine, and being fuddenly
retraGteu, was again expofed to the air; and as the
fpirit of wine adhering to the gla(s evaporated, the
{pirit contained within the thermometer was obferved
to fubfide. Now as the difference of the refra®ion of
fpirit of wine and glafs is exceedingly minute, com-
pared with the difference of refration of fpirit of
wine and air ; we may confider, in the above experi-
ment, the heat to be communicated to the thermo-
meter only at its furface : but here the adherent fluid
efcapes as foon as heated ; by which means the glafs,
and its contents, are deprived of that conftant addi-
tion of heat, which other badies perpetually enjoy
cither from the fun-beams immediately, or from the
emanations of other contiguous warmer bodies ; and
muft thence, in a few minutes, become colder than
before.

The ingenious Mr. Eeles, I dare fay, has already
forefeen the ufe I am going to make of this principle ;
viz. “ That the little {pherules of vapour will thus,
“ by refracting the folar rays, acquire a conftant
‘“ heat, tho’ the furrounding atmofphere remain
“ cold” And as from the minutenefs of their dia-
meters, if they are allowed to be globules, they muft

do
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do this to a very great degree, I apprehend none of
thofe obje&tions will take place againft us, with which
M. Eeles has fo fenfibly confuted the former received
theories on this fubject.

If we are afked, how clouds come to be fupported
in the abfence of the fun? it muft be remembered,
that large mafles of vapour muft for a confiderable
time retain much of the heat they have acquired in
the day ; at the fame time refle@ing, how fmall a
‘quantity of heat was neceflary to raife them; and
that doubtlefs even a lefs will be fufficient to fupport
them, as from the diminithed preflure of the atmo-
fphere at a given height, a lefs power may be able to
continue them in their prefent ftate of rarefattion ;
and, laftly, that clouds of particular thapes will be
fuftained or elevated by the motion they acquire from
winds.

I thould here have concluded this paper, perhaps
already too long ; but upon revifing it, I-find, where
the affinity of fome bodies with heat is mentioned,
that the deductions made from thence are not fuffi-
ciently explained to be intelligible. Firft then, If
the power of expanfion of any two bodies, by heat,
be in a greater propartion than their {pecific gravities,
then will there be a certain degree of heat, in which
their fpecific gravities will be equal ; and another, in
which the gravity of that, which was lighter when
cold, will exceed the gravity of that, which was

heavicr when cold. Hence zinc and bifmuth alter

~ their {pecific gravities in fufion; fome urine, and
many folutions of folids, grow turbid as they cool ;
others alter their colours. Secondly, If (the power
of expanfion by heat being equal) the power of re-
taining
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taining heat be in a greater ratio than the fpecific
gravities ; then, during the time of cooling after be-
ing fufficiently heated, there will be an inftant, when
the heavier body will become the lighter, and fwim
upon the other. This feems the cafe in the buff co-
vering of inflamed blood, the fkum of heated milk,
and the criftallization of fome falts: for if thefe
effeCts were from the evaporation of the thinner
parts at the furface, they fhould happen during the
greateft evaporation, or when boiling; but, on the
contrary, they are all done in the greateft degree
when the liquor has for fome time began to cool.
Laftly, If the quicknefs of acquiring heat be in a
greater proportion than their fpecific gravities (the
power of expanfion being equal), then, during the
time of their acquiring heat, there will be an inftant,
when the body, that was heavier when cold, will now
become the lighter. From one or more of which
principles, I apprehend, the volatility or fixity of all
minerals, and many other bodies, takes its origin.

It is no part of my defign to account to you,
gentlemen, in what manner fuch an expanfion of
the parts of bodies can be brought about by the
action of fire. 'Tho’ perhaps a rotatory motion only
of each particle on its own center might be fufficient
to produce fuch a rarefattion ; and the more fo, if
fuch parts were any other figures than fpheres, as
by the percuffion of their angles they muft refult
further from each other. Nor is the exiftence of fuch
a rotatory motion without fome probability, when we
obferve the verticillary motion given to charcoal-duft
thrown on nitre in fufion, or the wonderful agitation
of the parts of burning phefphorus, or even of a

common
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common red letter-wafer touched by the flame of a
candle. But as in this paper I have laboured (and
I hope not without fuccefs) to thew you, that fome
properties of folar heat are fufficient to account for
the clevation and faupport of vapours; fo in another
letter I propofe nearly to demonfirate to you, that
the ele@ric wther is far from having any fhare in the
production of this important phenomenon.

From,

‘GENTLEMEN,

Litchfield, Your very humble Servant,

Mar, 20, 1757,
Erafmus Darwin.

LETTER IL
To the very homourable and learned the PRESIDENT
and MEEMBERs of the Royal Society.

Gentlemen,

Read May 5, E VERY theoretical inquiry, whofe
1757 bafis does not reft upon experiments,

is at once exploded in this well-thinking age ; where
truth, under your patronage, has at length broke
thro’ thefe clouds, with which fuperftition, policy,
or parade, had overwhelmed her. But experiments
themfelves, gentlemen, are not exempted from fal-
lacy. A firong inventive faculty, a fine mechanic
hand, a clear unbiafled judgment, are at once re-
quired for the contrivance, conduct, and application,
of experiments; and even where thefe are joined
: (fuch
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(fuch is the condition of humanity!) error too fre-
quently intrudes herfelf, and fpoils the work.

My very refpetable antagonift, Mr. Eeles, to
whofe ear, I am convinced, the voice of truth is
more agreeable than that of applaufe, will forgive
me the following critique on his performance; as
by that means, I am perfuaded, the probability of
his notions will be intirely deftroyed, and the fore-
going theory receive additional fupports.

For this purpofe our firft- endeavour will be to
thew the uncertainty of fome of the moft material
principles, that fupport his arguments; and after-
wards, the fallacy of the experiments he has given
us.
Firft then, in page 130. Mr. Ecles has afferted,
that the greateft poffible rarefaction of water is when
it boils. I think it might be faid, with equal pro-
priety, that the greateft rarefation of folids was
when they began to melt: and this may indeed be
verbally true, if we chufe to alter the names of
bodies, when they undergo any alteration by fire:
fo folids take the name of fluids, when they are in
fufion ; and water the name of vapour, when it is
greatly rarefied in the fteam-engine. Whence we
find this aflertion feems to be founded on a con-
fufion in terms, and the fa& far from being exiftent
in nature. ,

In page 133. the {phere of ele@rical attivity is
faid to be increafed by heat. If by eletrical activity
is here meant an increafe of its repulfive power (the
thing, which feems to be wanted in Mr. Ecles’s hy-
pothefis), I know no experiment to fhow it. If it
be meant, that it is capable of being attratted to a

VouL. so. Kk greater
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greater diftance; I conjeCture it may, as the heat
will rarefy the ambient air, and we know the eleétric
=ther is attraCted at very great diftances in vacuo;
but this cannot properly be called an inereafed adti-
vi'%;f eletric fire.

e are afteswards told (page 4.)  that ele@ric
¢« fire will not mix with air:” whence, in the fuc-
ceeding fe@ion, it is argued,  That as each particle
« of vapour, with its furrounding ele&ric fluid, will
% occupy a greater fpace than the fame weight of
¢ air, they will afcend.” In anfwer to this, it mufk
be obferved, that there are fome bodies, whofe parts
are fine enough to penetrate the pores of other bodies,
without increafing their bulk ; or to pafs thro’ them,
without apparently moving or difturbing them. A
certain proportion of alcohel of wine mixed with
water, and of copper and tin in fufion, are inftances
of the firft of thefe ; the exiftence and paflage of light
thro’ air, and, I am perfuaded, of eleftrie fire, are
inftances of the fecond.

To illuftrate this, the following experiment was
inftituted. A glafs tube, open at one end, and with
a bulb at the other, had its bulb, and half way from
thence to the aperture of the tube, coated on the
infide with gilt paper. 'The tube was then inverted
in a glafs of oil of turpentine, which was placed on
a cake of wax, and the tube kept in that perpen-
dicular fituation by a filk line from the cieling of the
room. The bulb was then warmed, fo that, when
it became cold, the turpentine rofe about half-way
up the tube. A bent wire then being introduced
thro’ the oil into the air above, high eleCricity was
given. ‘The oil did not appear at all to fubfide =

3 whence
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whence I conclude, the eleéric atmofphere flowing
round the wire and coating of the tube above the
oil, did not difplace the air, but exifted in its pores.

This experiment T formerly tried various ways, as
I had conceived, if the ele&ric matter would dif.
place air, it might have been applied to anfwer the
end of fteam in the fteam-engine, and many other
great mechanical purpofes. But as from the above
it appears, that the contrary is true, it is evident, that
eleGtric matter furrounding particles of vapour muft,
in fa&, increafe their fpecific gravity, and cannot
any-ways be imagined to facilitate their afcent.

I may add further, that if this be true, that it
pervades the pores of air, its fpecific levity cannot,
by any means I know, be compared with that of
air. Its particular attraCtion to fome bodies, at
leaft to much the greater part of the terraqueous
globe, is abundantly greater than that of air to thofe
bodies : and hence its gravitation to the whole globe
would appear, at firft view, to exceed that of air.
But the more I confider this, the more perplexing
and amazing it appears to me: and thence muft
leave it to the inveftigation of my very ingenious
antagonift, or fome other able philofopher,

I come now to the experiments, that are given us
to fhow all vapour to be electrifed. In thefe Mr,
Eeles feems to have been led into error, by not having
obferved, that many bodies electrifed will retain that
elecricity for fome time, altho’ in conta& with con-
duétors. The Leyden phial may be touched three
or four times by a quick finger before the whole is
difcharged. Almotft all light dry animal or vege-
table fubftances, {uch as feathers and cork, do thisin a

Kk 2 much
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much greater degree : and in general I have obferved,
the more flow any bodies are to acquire elericity,
the more avaritious they are to keep it.

Part of the plume of a feather, hanging to a green
line of filk about a foot long, which was fufpended
from the midft of an horizontal line of the fame,
about four yards in length, was ele@rifed with a d
wine-glafs, according to the method of Mr. Eeles;
and, after being touched nine times with my finger,
at the intervals of two feconds of time, ftill mani-
fefted figns of eleCtricity, by being attracted at the
tenth approach of it.

A cork ball, on the fame line and circumftances,
after being ele@rifed, was touched at the intervals of
ten feconds repeatedly, for feven times, before it was
exhaufted. The fumes of boiling water were con-
veyed upon this ball after being electrifed ; and, after
a fumigation for thirty feconds, it fthewed figns of
ele@ricity, by being attracted to the approaching
finger ; ‘and, after thirty feconds more, without any
fumigation, it again obeyed the finger; and again,
after thirty more, but at lefs and lefs diftances. The
fame appearances occurred to me from the fumes of
refin. From whence I apprehend, that Mr. Eeles,
having dipped the ele@rifed down of the juncus bom-
bycinus in vapour for perhaps half a minute (for no
time is mentioned), and finding it ftill retained its
ele@ric attraction, was not aware, that this fame had
happened, if he had by intervals touched it with his
finger, or any other known conductor of ele¢tricity.

As Mr. Eeles had here objeGed, that there was
no real oppofition in the eleéric zther of glafs, and

that from wax; the common experiment to fhew this
was
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was many times repeated with conftant fuccefs; viz.
the cork ball, fufpended as above, after being elec-
trifed by the wine-glafs, and repelled from it, was
ftrongly attratted by a rubbed ftick of fealing-wax ;
and wvice verfé. In the fame manner I obferved the
ele@ric @ther from a black filk ftocking (which was
held horizontally extended by the top and foot, and,
being rubbed in the midft with an iren poker, was
applied to the cork ball), to be fimilar to that of
glafs, and oppofite to that of wax. But the follow-
ing experiment appears to me to put this matter out
of all doubt, and to demonftrate, that this difference
is only a plus and minus of the fame fpecific =ther,
and not different qualities of it, as Mr. Eeles would
{uppofe.

A ftick of dry fealing-wax was rubbed on the fide
of a dry wine-glafs, and a cork ball, fufpended as in,
the former experiments, played for fome time between
them : but glafs rubbed with glafs, or wax with wax,
did not manifeft any eletric appearance. Whence
it would appear, that in rubbing glafs and wax to-
gether, the glafs accumulated on its furface the iden-
tical ther that the wax loft. Nor is this a digreffion
from my defign: for if this oppofition of the elec~
tricity of glafs and wax be eftablithed, it ftill contri-
butes to demonftrate the fallacy of Mr. Eeles’s ex-

riments.

But what alone would intirely dettroy this eletrig
hypothefis, is, that from the experiments of M.
Franklin and others, the clouds are fometimes found
to be eleCtrifed plus, fometimes minus, and fometimes
manifeft no figns of eletricity at all. Whence to
fay an accumulation of elecric ®ther fupports thefe

clouds,
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clouds, feems an affertion built upon a very unftable
foundation, whofe whole fuperftruture may well
enough be termed an air-built caftle, the bafelefs fa-
bric of a vifion,

Add to this, that Mr, Ecles, in page 140. tells us,
that himfelf has paffed thro’ clouds refting on the
fides of mountains. Ought not thofe clouds to have
immediately difcharged their electricity, and fallen ?
And common experience may remind us, that any
cold bodies will condenfe vapour, whatever be their
eleGric properties. So mirrors, or the glafs of win-
dows, in damp rooms, are moft frequently found
covered with dew ; which, of all other bodies, ought
moft to be exempted from colleting vapours fup-
ported by eleCtricity, as they are the leaft capable to
attract or draw off that ather.

From all which, well examined, I am perfuaded,
gentlemen, you will be induced to conclude, that
tho’ clouds may fometimes poflefs an accumulation
of eleCtricity, yet that this is only an accidental cir-
cumftance, and not a conftant one ; and thence can
have no poffible influence either in the elevation or
fupport of them. I am,

GENTLEMEN,

Your very humble Servant,

Litchfield .
Mmi.cz;,.e 1759, Era{mus Darwin.

XXX’.



