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consonants, which are so many modifications of the
vowels? 'We are so conformed, that however com-
mon the practice, it is almost impossible to trace and
explain the real mechanism.

We distinctly observe three organs employed in
expressing the consonants, the lips, the tongne, and
the palate; but the nose likewise essentially concurs,
On stopping it, we become incapable of pronouncing
the letters = and n; the sound of 5 and 4 only is
then to be heard. A striking proof of the marvel-
lous structure of our mounth for the pronunciation of
the letters undoubtedly is, that all the skill of man
has not hitherto been capable of producing a piece
of mechanism that conld imitate it. The song has
been exactly imitated, but without any articulation
of sounds, and without distinetion of the different
vowels.

- The construction of a machine capable of expressing

sounds, with all the articulations, would no doubt be
a very important discovery. Were it possible to
execute such a piece of mechanism, and bring it to
such perfection, that it could pronounce all words,
by means of certain stops, like those of an organ or
harpsichord, every one would be surprised, and
justly, to hear a machine pronounnce whole discourses.
or sermons together, with the most graceful accom-
paniments.  Preachers and other orators, whose
voice is either too weak or disagreeable, might play
their sermons or orations on such a machine, as or-
ganists do pieces of music. The thing does not
seem to me impossible.®

16¢8 June 1761.

* Pipes have actually heen constructed of such forms, by Eratzenstein
and Kempelen, as to imitate very acenrately the different vowel sounds pro-
duced by the humazn voice. From this first attempt Kempelen proceeded
to anulyze the meachaniem of speech, and he suceeeded in econstructing a
speaking machine, which uttered not only wurds, but entire sentences.
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Lrrrer XXIIL—A SuMMany OF THE PRINCIPAL
- ParvomMENA oF Erxcraiciry.

THE subject which I am now going to recommend
Lo your attention almost tervifies me, The variety
it presents is immense, and the enummeration of facts
serves rather to confound than to inform., The
subject I mean is electricity, which for some time
past has become an object of such importance in
physics, that every one is supposed to he acquainted
with its effects.

You must undoubtedly have frequently heard it
menticned in conversation ; but I know not whether
you have ever witnessed any of the experiments.
Natural philosophers of modern times prosecute the
study of it with ardour, and are almost every day
discovering new phenomena, the description of which
would employ many hundreds of letters; nay, per-
haps, I should never have done.

And here it is I am embmrassed. I could not
bear to think of letting you remain unacquainted
with a branch of natural philosophy so essential;
but I would willingly save you the fatigne of wading
through a diffuse detail of the phenomena, which
after all would not furnish the necessary informa-
tion. I flatter myselt, however, that I have disco-
vered a road which will lead so directly to the ob-
Ject, that you shall attain a knowledge of it much
more perfect than that of most natural philosophers,
who devote night and day to the investigation of
these mysteries ol nature,

Thfa four lotters D, G, K, T, however, bafled all his ingenuity ; and he was
obliged to eubstituie for them the letter P, which was so managed as to
bear a gonsiderable resemblance to them, so much 80y at least, as to deceive
the anditory, —See the Edinburgh Encylopeedia, article Acousrics, vol. 1.

P 126 ; nud Aovosaros, vol. il p. 153, where a full account of this
marhing is given,~—Fnp, -
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Without stopping to explain the various appear-
ances and effects of electricity, which would engage-

me in a long and tedious detail, without extending ~

your knowledge of the canses which produce these
effects, I shall pursue quite a different conrse, and
begin with unfolding the trae principle of nature on
which all these phenomena are founded, however va-
rious they may appear, and from which they are all
easily dedncible.

1t is sufficient to remark, in general, that Electri-
cify is excited by the fiiction of o glass tube. It
thereby becomes electrical: and then it alternately
attracts and repels light bodies which are applied to
it; and on the application of other bodies, sparks of
Jfire are mutually extracted, which, increased in
strength, kindle spirits of wine and other combus-
tible substances, On tonching such a tube with the
finger, you feel, beside the spark, a puncture which
may, in certain circumstances, be rendered so acute
as to produce a commotion through the whole body.

Instead of a tube of glass, we likewise employ a
globe of glass, which 1s made to turn round an
axis, like a turning-wheel. During this motion it isi
rubbed with the hand, or with a cushion applied to:
it; then the globe becomes electric, and produces
the same phenomena as the tube.

Besides glass, resinous bodies, such as Spaunish
wax, and solphur, likewise possess the property of
becoming electric by friction ; but certain species of
bodies only have this quality, of which glass, sealing-
wax, and sulphur, are the principal.

Other badies undergo friction without producing
any such effect; no sign of electricity appears: bub
on applying them to the first, when rendered electric,
they inumediately acquire the same property. They
become electric, then, by communication, as they

Let. 23, PHENOMENA OF RLECTRICITY. 3.

touch ; and frequently the approximation only of

“electric bodies renders them such.

All bodies, therefore, are divisible into two classes;

- in the one are included those that become electric by

triction, in the other those which are rendered such
by communication, whereas friction produces no
manner of effect on them. . It is very remarkahle,
that bodies of the first class receive no electricity -
from communieation ; when you apply to a tube or
globe of glass, strongly electrified, other glasses .or
bodies which friction renders eleciric, this touch
conumunicates no electricity to them. The distine-
tion of these two classes of bodies is worthy of atten-
tion ; the one class being disposed to become electri-
cal by friction only, and not by communication—the
other, on the contrary, only by communication,

All metals belong to this last class, and the com-
munication extends so far, that on presenting one
extremity of a wire to an electric body, the other ex-
tremity becomes so likewise, be the wire ever so
long ; and on applying still another wire to the far-
ther ektremity of the first, the electricity is conveyed
through the whole extent of that second thread—and
thus electricity may be transmitted to the most re-
mote distances. , '

Water is a substance which receives electricity by’
communication. Large pools have been electrified
to such a degree, that ihe application of the finger
has elicited sparks, and excited pain. .

The prevailing persuasion now is, that lightning
and thunder are the effect of the electricity which
the clonds acquive, from whatever canse. A thun-

. der storm exhibits the same phenomena of elec-

iricity, on the great scale, which the experiments of
natural philosophers do in miniatuare.

20¢h June 1761,

YOL. Il JH]
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Lerren XXIV.—Tur TRUE PrinerpLE oF Na-
TURE, ON WHICH ARE FOUNDED ALL THE PHENO-
MENA OF FXECTRICITY.

Tage summary I have exhibited of the principal
phenomena of electricity, has no doubt excited a
curiosity to know what occult powers of nature ave
capable of producing effects so surprising,. .

The greatest part of natural philosophers acknow-
ledge their ignorance in this respect. They appear
to be so dazzled by the endless variety of phenomena
which every day present themselves, and by the sin-
gularly marvellous circumstances which accompany
these phenomena, that they are discouraged from at-
tempting an investigation of the true cause of them.
They readily admit the existence of a subtile matter,
which is the primary agent in the production of the
phenomena, and which they denominate the electric
finid ; bui they are so embarrassed about determin-
ing its nature and properties, that this important
branch of physics is rendered only more perplexed
by their researches.

There is no room to donbt that we must lock for
the source of all the phenomena of electricity only
in a eertain fluid and subtile matter ; but we have no:
need to go to the regions of imagination in quest of
it. That subiile matter denominated Etker, whose
reality I have already endeavoured to demonstrate,*
is sufficient very naturally to explain all the sor-
prising effects which electricity presents. 1 hope I
shall be able to set this in so clear a light, that you
shall be able to account for every elecirical pheno-
menon, however strange an appearance it may as-
sume,

% See Letter XV, Volume I,

i
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The great requisite is to have a thorough know-
ledge of the pature of ether. The air which we
breathe rises only to a certain height above the sur-
face of the earth; the higher you ascend the more
subtile it becomes, and at last it entirely ceases. We
must not affirm, that beyond the region of the air
there is a perfect vacuum, which occupies the im-

mense space in which the heavenly bodies revolve.

The rays of light, which are diffused in all directions
from these heavenly bodies, sufficiently demonstrate
that those vast spaces are filled with a subtile matter.

If the rays of light are emanations forcibly pro-
jeeted from luminous bodies, as some philosophers
have maintained, it must follow, that the whole space
of the heavens is filled with these rays—nay, that they
move through it with incredible rapidity. You have
ouly to recollect the prodigious velocity with which
the rays of the sun are transmitted to us, On this
hypothesis, not only would there be no vacuum, but
all space would be filled with a subtile matier, and
that in a state of constant and most dreadful agita-
tion.

But I think I have clearly proved, that rays of
light are no more emanations projected from lumi-
nous bodies, than sound is from sonorous bodies.
It is much more certain, that rays of light are no-
thing else but a tremulous motion or agitation of a
subtile matter, just as sound consists of a similar
agitation excited in the air. And as sound is produ-
ced and transmitted by the air, light is produced and
transmitted by that matter, incomparably more sub-
tile, denominated ether, which consequently fills the
immense space between the heavenly bodies.

Eiher, then, is a medinm proper for the transmis-
sion of rays of light; and this same quality puts us in
a condition to extend omwr knoWledge of its nature
and properties. We have only to reflect en the

-
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properties of air, which render it adapted to the re-
ception and transmission of sound. The principal
cause is its elasticity or spring. You know that air
has a power of expanding itself in all direetions, and
that it does expand the instant that obstacles are re-
moved. The air is never at rest but when its elas-
ticity is every where the same; whenever it is greater
i one place than another, the air immediately ex-
pands.  We likewise discover by experiment, that
the more the air is compressed, the more its elas-
ticity increases: hence the force of air-guns, in
which the air, being very strongly eompressed, is
capable of discharging the ball with astonishing ve-
locity. ‘The contrary takes place when the air is
rarefied : its elasticity becomes less in proportion as
it is more ravefied, or diffused over a larger space,

On the elasticity of the air, then, relative to its
density, depends the velocity of sound, which makes
a progress of about 1000 feet in a second. If the
elasticity of the air were increased, its density re-
maining the same, the velocity of sound would in-
crease; and the same thing would take place if the
air were more rare, or less dense than it is, its elas-
ticity being the same, In general, the more that
any medinm, similar to air, is elastic, and at the
same time less dense, the more rapidly will the agi-
tations exciied in it be transmitted. And as light is
transmitted so many thonsand times move rapidly
than sound, it must clearly follow that the ether,
that medium whose agitations constitute light, is
many thousand times more elastic than air, and, at
the same time, many thousand times more rare or
more subtile, both of these qualities contributing to
accelerate the propagation og light. -

Such are the reasons which lead us to conelude that
ether is many thousand times more elastic and more
subtile than air; its nafure being in other respects

. - {

Let. 25, DIFFERENT NATURE OF BODIES. i}
similar to that of air, in as much as it is likewise a
fluid matter, and susceptible of compression and of
ravefaction. It is this quality which will conduct us
to the explanation of all the phenomena of electri-
city. _

28d June 1761.

Lerrer XXV.—ContivvaTioN, DIFFERENT Na-
TURE OF BODIES RELATIVELY To ELECTRICITY.

Ermer being a subtile matter, and similar to air,
but many thousand times more rare and more elas-
tic, it cannot be at rest, unless its elasticity, or the

‘force with which it tends to expand, be the same

every where.

As soon as the ether in one place shall be more
elastic than in another, which is the case when it is
more compressed there, it will expand itself into the
parts adjacent, compressing what it finds there, till
the whole is reduced to the saine degree of elasticity.
It is then in equilibrio, the equilibrium being nothing
else but the state of rest, when the powers which
have a tendency -io disturb it counterbalance each
other. ‘ ‘

‘When, thevefore, the ether is not in equilibrio, the
same thing must take place as in air, when its equi-
librium is disturbed ; it must expand itself from the
place where its elasticity is greater, toward that where
it 1s less; but considering its greater elasticity and
subtilty, this motion must be much more rapid than
that of air. The want of equilibrium in the air
produces wind, or the motion of that fluid from one
place to ancther. There must therefore be produced
a species of wind, but incomparably more subtile
than that of air, when the equilibrium of the ether is
disturbed, by which this last fluid will pass from
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places where it was more compressed and more elas-
tic, to those where it was less so.

This being laid down, I with confidence affirm,
that all the phenomena of electricity are a natural
consequence of want of equilibrium in the ether, so
that wherever the equilibrium of the ether is disturb-
ed the phenomena of electricity must take place;
consequently, electricity is nothing else but a de-
rangement of the equilibrium of the ether.

In order to unfold all the effects of electricity, we
must attend to the manner in which ether is blended
and enveloped with all the bodies which surround us.
Ether, in these lower regions, is to be found only in
the small interstices which the particles of the air and
of other bodies leave mmocenpied. - Nothing ean be
more natnral than that the ether, from its extreme
subtilty and elasticity, should msinnate itself into the

smallest pores of hodies, which are impervious to afr,-

and even into those of the air itself, You will re-
collect that all bodies, however solid they may appear,
are full of pores ; and many experiments incontesta-
bly demonsirate, that these interstices occupy much
more space than the solid parts; finally, the less
ponderous a body is, the more it must be filled with
these pores, which contain ether only. Itis clear,
thevefore, that though the ether be thus diffused
throngh the smallest pores of bodies, it must however
be found in very great abundance in the vieinity of
the earth, '

You will easily comprehend, that the difference of
these pores must be very great, both as to magnitude
and figore, according to the diffevent nature of the
bodies, as their diversity probably depends on the
diversity of their pores. 'There must be, therefore,
mmndoubtedly, pores more close, and which have less
comununication with athers: so that the ether which

Let. 25, RELATIVELY TO ELECTRICITY. vt

. they contain is likewise more confined, and cannot

disengage itself but with great difficulty, though its
elasticity may be much greater than that of the ether
which is lodged in the adjoining pores. There must
De, on the contrary, pores abundantly open, nid of
easy communication with the adjacent pores: in this
case it is evident, that the ether lodged in them can
with less difficulty disengage itself than in the pre-
ceding; and if it is more or less elastic in these than
in the others, it will soon recover its equilibrium.

In order to distinguish these two classes of pores,
I shall denominate the first close, and the others

-open. Most bodies must contain pores of an inter~

mediate species, which it will be sufficient to distin~
guish by the terms more or less close, and more or less
open. )
This being laid down, I remark, first, that if all
bodies had pores perfectly close, it would be impos-
sible to change the elasticity of the air contained in
them; and even though the ether in some of these
pores should have acquired, from whatever cause, a
higher degree of elasticity than the others, it would
always remain in that state, ad never recover its
equilibrinm, from a total want of communication.
Tn this case, no change could take place in bodies;
all would remain in the same state as if the ether
were in equilibrio, and no phenomenon of electricity
could be produced. _
This would likewise be the case if the pores of all
bodies were perfectly open; for then, though the
ether might be more or less elastic in some pores
than in others, the equilibrinm would be instantly
restored, from the entire freedom of communication—
and that so rapidly, that we should not be in a con-
dition to remark the slightest change. LFor the same
veason, it would be impossible to distorb the equili-
brium of the etlier contained in such pores; as often
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as the equilibrium might be disturbed, it would be
as instantaneously restored, and no sign of eleciricity
would be discoverable,

"I’he pores of all bodies being neither perfectly close
nor perfectly open, it will always be possible to dis-
turb the equilibrium of the ether which they contain:
and when this happens, from whatever cause, the
equilibrinm cannot tail to re-establish itself; but this
re-establishment will require some time, and this
produces certain phenomena; and you will presently
see, much to your satisfaction, that they are precisely
the same which electrical experiments have discover-
ed. It will then appear, that the principles on which
[ am going to establish the theory of electricity ave
extremely simple, and at the same time absolutely
incontrovertible.

ATtk June 1761,

Lerrer XXVI—Ox 3£ save SUBJECTE

I wore I have now surmounted the most formi-
dable diffculties which present themselves in the
theory of electricity. You have only to preserve the
idea of ether, which I have been explaining; and
which is that extremely subtile and elastic matter
diffused not only through all the void spaces of the
universe, but through the minutest pores of all hao-
dies, in which it is sometimes more and sometimes
less engaged, according as they are more or less
close. This consideration conducts us to two prin-
cipdl species of hadies, of which the one has pores
movre close, and the other pores more opeu.-

Should it happen, therefore, that the ether con-
tained in the pores of bodies has net throughout the
same degree of elasticity, and that it is more or less
compressed in some than in others, it will make an
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effort to recover its equilibrium ; and it is precisely
from this that the phenomena of eleciricity take their
rise, which, of consequence, will be varied, in pro-
portion as the pores in which the ether is lodged are
various, and grant it 4 cominunication more or less
free with the others.

This difference in the pores of bodies perfectly
corresponds to that which the first phenomena of
electricity have made us to remark in them, by which
some easily become electrieal by communication, or
the proximity of an electrical body, whereas others
scarcely undergo any change. Hence youn will im-~
mediately infer, that bodies which receive eleciricity
s0 easily, by communication alone, are those whose
pores are open; and that the others, which are al-
most insensible to electricity, must have theirs close,
either entirely or to a very great degree.

It is, then, by the phenomena of electricity them-
selves, that we are enabled to conclude what are the
bodies whose pores arve close or open., Respecting
which, permit me to suggest the following elncida-
tions, '

First, the air which we breathe has its pores almost
entively close; so thai the ether which it contains
cannot disengage itself but with difficulty, and must
find equal difficulty in attempting to penetrate into.
it. Thus, though the ether diffused through the air
is not in equilibrio with that which is contained in
other bodies, where it is more or less compressed,
the re-establishment of its equilibrium is not to be
produced without extreme difficulty; this is to- be
understood of dry air, humidity being of a different
nature, as I shall presently remark.

Farther, we must rank in this class of bodies
with close pores, glass, pitch, resinous bodies, sealing-
waw, sulphur, and particularly silk. These substances
have their pores so very close, that it is with ex~

D2
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treme difficulty the ether can either escape from, or
penetrate into them,

The other class, that ot bodies whose pores are
open, contains, first, water and other liquors, whose
nature is totally diffevent from that of air. Tor this
reason, when air becomes humid, it totally changes
its nature with respect to electricity, and the ether
can enter or escape without almost any difficulty.
To this class of bodies with open pores likewise
must be referred those of animals, and all metals.

(Other bodies, such as wood, several sorts of stones
and earths, occupy an intermediate state between the
two principal species which I have just mentioned ;
and the ether is capable of entering or escaping with
more or less facility, according to the nature of each
species.

After these elucidations on the different nature of
bodies with respect to the ether which they contain,
you will see with much satisfaction how all the phe-
nomena. of electricity, which have been considered
as so many prodigies, flow very naturally from them.

All depends, then, on the state of the ether, dif-
fused or dispersed throngh the poves of all bodies,
in as far as it has not thronghout the same degree of
elasticity, or as it is more or less compressed in some
than in others; for the ether not being then in equi-
librie, will make an effort to recover it, It will en-
deavour to disengage itself, ns far as the openness of
the pores will permit, from places where it is too
much compressed, to expand itself and enter into

" pores where theve is less compression, till it is

throughout reduced to the same degree of compres-
sion and elasticity, and is, of consequence, in equi-
librio. :

Let it be remarked, that when the ether passes
from @ body where it was too much compressed, into
another where it is less so, it meets with great ob-
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stacles in the air which separates the two bodies, on
account of the poves of this fluid, which are almost
entirely close. It however passes through the air,
as a liquid and extremely subtile matter, provided
its force is not inferior, or the interval between the
bodies too great. Now this passage of the ether
being very much impeded, and almost entirely pre-
vented by the pores of the air, the same thing will
happen to it as to air forced with velocity through
small apertures—a hissing sound is heard—which
proves that this fluid is then put into an agitation
which produces such a sound. -

It is, thevefore, extremely natural, that the ether,
forced to penetrate through the pores of the air
should likewise receive a species of agitation. You
will please to recollect, that as agitation of the air
produces sound, a similar agitation of ether produces
light. As often, then, as ether escapes from one
body, to enter into another, its passage j:hrough the
air must be accompanied with light; which appears
sometimes under the form of a spark, sometimes un-
der that of a flash of lightning, according as its quan-
ity is more or less considerable. )

Heve, then, is the most remarkable circumstance
which accompanies mdst electrical phenomena, ex-
plained to a demonstration, on the principles I have
laid down. I shall now enter into a more particular
detail, which will furnish me with a very agreeable
subject for some following letters.

30 June 1761,
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Lerren XXVIL—Or PosttivE anp NEGATIVE
Kipcraicrry,  Expranation or THE PHENOME-
NON OF ATTRACTION,

You will easily eomprehend, from what I have
above advanced, that a body must become electrical
whenever the ether contained in its pores becomes
niare or less elastic than that which'is lodged in ad-
jacent bodies. This takes place when a greater
quantity of ether is introduced into the pores of such
body, or when part of the ether which it contained
is forced out. In the former case, the ecther be-
comes wore compressed, and consequently more
elastic ; in the other, it becomes raver, and lases its
elasticity. In both cases, it s no longer in equili-
brio with that which is external; and the efforts
which it makes to recover its equilibrimm, praduce
all the phenomena of electricity.

You sce, then, that 2 body may become electric
in two different ways, according as the ether con-
tained in its pores becomes more or less elastic than
that which is external; hence result two species of
electricity : the one, by which the ether is rendered
more elastic, er more compvessed, is denominated
increased o positive electricity ; the other, in which
the ether is less elastic, or more rarefied, is denomi-
nated diminished or negative electricity. The phe-
nomena of both are nearly the same ; a slight differ-
ence ouly is observable, which I shall mention.

Bodies are not naturally electrical—as the elasti-
city of the ether has a tendeney to maintain it in
equilibrio, it nfust always require a violent operation
1o distorb this equilibrium, and to render bodies
electrical ; and such operations must act on bodies
with close pores, that the eqnilibrium, once deranged,
may not be instantly restored. We accordingly

G o
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find, that glass, amber, sealing-wax, or sulphur, are
the bodies employed to excite electricity.

The easiest operation, and, for some time past,
the most universally known, is to rub a stick of seal-
ing-wax with a piece of woollen cloth, in order to
communicate to that wax the power of attracting
small slips of paper and of other light bodies. Amber,
by means of friction, produces the same phenome-
na; and as the ancients gave to this body the name
of electrum, the power excited by friction obtained,
and preserves, the name of electricity—matural phi-
losophers of the remotest ages having remarked,
that this substance acquived by friction the faculty
of attracting light bodies.

This effect undoubtedly arises from the derange-
ment of the equilibrium of the ether by means of
friction. T must begin, therefore, with explaining
this well-known experiment. Amber and ‘sealing-
wax have their pores abundantly close, and those of
wool are abundantly open; during the friction, the
pores of both the one and the other compress them-
selves, and the ether which is contained in them is
reduced to a higher degree of elasticity. According
as the pores of the wool are susceptible of a com-
pression greater or less than those of amber or seal-
ing-wax, it must happen, that a portion of ether
shall pass from the wool into the amber, or recipro-
cally, from the amber into the wool, In the former
case, the amber becomes positively electric, and in
the other negatively-—and its pores being close, it
will remain in this state for some time ; whereas the
wool, though it has undergone a similar change, will
presently recover its natural state. '

From the experiments which electric sealing-wax
furnishes, we conelude that its electricity is negative,
and that a part of its ether has passed during the
friction into the wool. Tlence you perceive Liow a




286 OF POSITIVE AND Let. 2.

stick of sealing-wax. is, by friction on woollen cloth,.
deprived of part of the ether which it contained, and
must thereby become electric. Let us now see what
effects must result from this, and how far they cor-
respond with observation and experience,

Let A B (See Prare IT, Vol I Fig. 6.) be a stick
of sealing-wazx, from which, by friction, part of the
ether contained in its pores has been forced out;
that which remains, being less compressed, will there-
fore have less force to expand itself, or, in othen
words, will have less elasticity than that contained

in other bodies in the ciremmambient air: but asthe -

pores of air ave still closer than those of sealing-wax,
this prevents the ether contained in the air from
pasging into the sealing-wax, to restore the equili-
brium: at least this will not take place till after a
considerable interval of time, ™

Let a small and very light body C, whose pores
are open, be now presented to the stick of sealing-
wax, the ether contained in them finding a free pas-
sage, because it has more force to expand itself than
is opposed to it by the ether shut up in the stick at
¢, will suddenly escape, will force a passage for itself
through the air, provided the distance is not too
great, and will enter into the sealing-wax. This
passage, however, will not be effected without very
considerable difficulty, as the pores of the sealing-
wax have only 2 very small aperture, and conse-
quently il will not be accompanied with a vyehemence
capable of putting the ether in a motion of agitation,
to excite a sensible light, A faint glimmering only
will be pergeptible in the davk, if the electricity is
sufficiently strong. _

But another phenomenon will be observable, which
is no less surprising—the small body € will spring
toward the sealing-was, as if attracted by it. To
explain the cause of this, you have ouly to consider,
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thai the small body €, in its natural state, is equally
pressed on all sides by the air which gurrounds it;
but as in its present state the ether makes its escape,
and passes throvgh the air in the direction Ce¢, it is
evident, that this last fluld will not press so violently

_on_the small body on this side than on any other, .
and that the pressure communicated to it toward e,

will be more powerful than in any other direction,
%mpel]jng it toward the sealing-wax as if attracted
it.

yTlms are explained, in a manner perfectly intel-
ligible, the attractions observable in the phenomena
of electricity. In this experiment, the electricity is
too feeble to produce more swrprising effects. I
shall have the honour of presenting yon with a more

‘ample detail in the following letters.

- Atk July 1761,

Letrrr XX VIIL,—ON THE saME SUBJECT.

Sucu were the faint beginnings of the electrical
phenomena; it was not till lately that they were carrvied
much farther. At first a tube of glass was employed,
similar to that of which barometers are made, but of
a larger dinmeter, which was rubbed with the naked
hand, or with a piece of woollen cloth, and electrical
phenomena more striking were observed.

You will readily comprehend, that on rubbing a
tube of glass, part of the ether must pass, in virtue
of the compression of the pores of the glass, and of
the rubbing body, either from the hand into the
glass, or from the glass into the hand, according as
the pores of the one or of the other are more sus-
ceptible of compression in the friction. The ether,
after this operation, easily recovers its equilibrium in
the hand, because its pores are open; but those of
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the glass being abundantly close, this fluid will pre-
serve its state in it, whether the glass Is surcharged
or exhausted, and consequently will be electrie, and
will produce phenomena similar to those of sealing-
wax, but nndoubtedly much stronger, as its electri-
city is carried to a higher degree, as well from the
greater diameter of the tube, as from the very nature
of glass,

Experiments give us reason to conclude, that the
tube of glass beconies, by these means, surcharged.
with ether, whereas sealing-wax is exhausted of it;
the phenomena however are nearly the same.

It must be observed, that the glass tube retains its
electricity as long as it is surrounded only with air,
because the pores of the glass, and those of the air,
are too close to allow a communication sufficiently
free to the ether, and to exhaust the glass of what 1t
has, more than in its natural state; superfluity of ether
always increasing elasticity. Bnt the air must be
very dry, for only when in that state are its pores
suffieiently close; when it is humid or loaded with
vapours, experiments do not succeed, whatever de-
gree of friction yon bestow on the glass. The reason
is obvious; for water, which renders the air humid,
having its pores very open, receives every instant
the superfluous ether which was in the glass, and
which of course remains in its natural state. Expe-
riments succeed, then, in only very dry air: let us
now see what phenomena a glass tube will in that
case produce, after having undergone considerable
friction,

It is clear, that on presenting to it a small light
body C (Prare II. Vol. I. Fig.7.), with open pores,
such as gold leaf, the ether in the tube, more elastic
at the neavest parts 1, E, will not manke ineffectual
efforts to discharge itself and pass into the pores of
the body €. It will force a path through the air, pro-
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vided the distance be not too great; and you will even
see a light between the tube and the body, occasioned

by the agitation excited in the ether, which passes

with difficulty from the tube into the body. When,
instead of the body C, the finger is applied to it, you
feel a pricking, occasioned by the rapid entrance of
the ether; and if you expose your face to it, at some
distance, you feel a certain agitation in the air, excited
by the transition of the ether. These circumstances
are likewise accompanied sometimes with a slight
cracking, produced undoubtedly by the-agitation of
the air, which the ether traverses with such rapidity.

I must entreat you to keep in mind, that an agi-
tation in the air always produces a sound, and that
the motion of ether produces light; and then the
explanation of these phenomena will become abun-
dantly easy. '

Let the small light body C, be replaced-in the vi-
cinity of our electric tube; as long as the ether is
escaping from the-tube, to enter into the pores of the
body C, the air will be in part expelled from it, and
consequently will not press so strongly on the bady
on that side, as in every other direction; it will hap-
pen, then, as in the preceding case, that the body C
will be impelled toward the tube, and being light,
will come close nptoit. We see, then, that this ap-
pavent attraction equally takes place, whether the
ether in the tube be too much or too litile elastie,
or whether the elasticity of the tube be positive or
negative. In both cases, the passage of the ether
stops the aiv, and Dby its pressure hinders it from
acting. _
“But while the small body C is approaching the
titbé, the passage of the ether becomes stronger, and
the’ body € will soon be as much surcharged with
dihier as the tube itsell Then the action of the ether,
which avises from its elasticity only, entirely ceases,
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1

and the body € will sustain ‘on all sides an equal
pressure. The atiraction will cease, and the body €
will remove from the tube, as nothing detains it, and
its own gravity puts it in motion. Now, as soon as
it removes, its pores being open, its superfluous ether
presently escapes in the air, and it returns to its na-

tural state. The body will then act as at the begin- .

ning, and you will see.it again approach the tube,

so that it will appear alternately attracted and re-
pelled by it; and this play will go on till the tube:

has lost its eleciricity. TFor as, on every attraction,
it discharges some portion of its superfluons ether,
besides the insensible escape of part of it in the air,
the tube will soon be re-established in its natural
state, and in its equilibvinm; and this so much the
more speedily as the tube is small, and the body
C light; then all the phenomena of electricity will
cease.
Ttk July 1161.

-

Lerrer XXIX.—Oxn tar ELEcTRIC ATMOSPHERE.

I san almost forgotten to bring forward a most
essential circumstance, which accompanies all electrie
bodies, whether positively or negatively such, and:
which supplies some very striking elucidations for
explaining the phenomena of electricity.

Though it be indubitably true that the pores of
air are very close, and searcely permit any commu-
nication between the ether that they contain, and
what is in the vicinity, it undergoes, however, some
change when near to.an electric body.

Let us first consider an electric body negatively
so, as a stick of sealingwwaz A B (Prare IV.

Fig. 1.), which has been deprived by friction of part

of the ether contained in its pores, so that what it
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" now contains has less elasticity than that of other

bodies, and consequenily than that of the air which
surrounds the wax. It must necessarily happen,
that the ether contained in the particles of the air
which immediately touch the wax, as at m, having
greater elasticity, should discharge itself, in however
small a degree, into the pores of the wax, and will
gonsequently lose somewhat of its elasticity. In like
manner, the particles of air more remote, suppose at
7, will Likewise suffer a portion of their ether to es-
cape into the nearer at m, and so on to a certain dis-
tance, beyond which the air will no longer undergo
any change. In this manner, the air round the
stick of wax, to a ceriain distance, will be deprived
of part of its ether, and become itself electric.

This portion of the air, which thus partakes of the
electricity of the stick. of wax, is denominated the
electric atmosphere ; and you will see from the proofs
which I have just adduced, that every electric body
must be snrrounded with an atmosphere. For if
the body is positively elecirie, so as to contain a su-
perfluity of ether, it will be more compressed in such
a body, and consequently more elastic, as is the case
with a tube of glass when rubbed; this ether, more
elastic, then discharges itself, in a small degree, into
the particles of air which immediately touch it, and
thence into particles more remote, to a certain dis-
tance; this will form another electric atmosphere
gound the tube, in which the ether will be more
compressed, and consequently more elastic than else-
where.

.. .1t is evident that this atmosphere which surrounds

such bodies must pradually diminish the electricity
of them, as in the Erst case there passes almost con-
tinually a small portion of ether from the surround-
ing air, into the electric body, and which, in the
other case, issues from the electric body, and passes
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into the air.  This is likewise the reason why elec-
tric bodies at length lose their electricity; and this
s0 much the sooner, as the pores of the air are more
open. In ahumid aiv, whose pores are very open,
all electricity is almost instantly extinguisl}ed; but
in very dry air it continnes a considerable time.

This electric atmosphere becomes abundantly sen-
sible on applying yeur face to an electrified body;
you have a feeling similar to the application of a
spider’s web, occasioned by the gentle transition of
the ether from the face into the electric body, or
reciprocally, from this last into the face, according
as it is negative or positive, to use the common ex-
pression.

The electric atmosphere serves likewise more clearly
to explain that alternate atiraction and repulsion of
light bodies placed near to electric bodies, which I
mentioned in the preceding leiter; in which you
must have remarked, that the explanation of repul.
sion there given is incomplete ; but the electric at-
mosphere will supply the defect. .

Let 4 B (Prare IV, Fig. 2.) represent an eleciric
tube of glass surcharged with ether, and let Cbea
small light body, with pores sufficiently open, in its
natural state. Let the atmosphere extend as far as
the distance D E. Now, as the vicinity of € con-
tains ‘already an ether more elastic, this will dl?-
charge itself into the pores of the body C'; there will
immediately issue from the tube a new ether, which
will pass from D into €, and it is the atmosphere

chiefly which facilitates this passage. For ifl the’
ether contained in the air had no conuumnication.

with that in the tube, the corpuscle € would not feel
the vicinity of the tuhe; but while the ether is pass-
ing from D to €, the pressure of the air between c
aud D will be diminished, and the corpuscle € will
no longer be pressed equally in all divections; it
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will therefore be impelled toward D, as if attracted
by it. Now, in proportion as it approaches, it will
be likewise more and more surcharged with ether,
and will become electric as the tube itself, and eon-
sequently the electricity of the tube will no longer
act upon it,

But as the corpuscle, being now arrived at ), con-
tains too much ether, and more than the air at E, it
will have a tendeney to escape, in order to make its
way to B ‘The atmosphere in which the compres-
sion of the ether continues to diminish from D to B
will facilitate this passage, and the superfluous ether
will in effect flow from the corpuscle toward . By
this passage, the pressure of the air on the corpuscle
will be smaller on that side than every where else,
and consequently the corpuscle will be carried to-
ward D, as if the tube repelled it. But as soon as
it arvives at E, it discharges the superfluous ether,
and recovers its natural state; it will then be again
attracted toward the tube, and having reached i,
will be again repelled, for the reason which I haye
Just been explaining, ‘

It is the electric atmosphere then chiefly which
produces these singular phenomena, when we see
electrified bodies alternately attract and repel small
light bodies, such as little slips of paper, or particles
of metal, with which this experiment best suceeeds,
as the substances have very open pores.

You will see, moreover, that what I have just now
saic respecting positive electricity, must equally take
Place in negazive, The transition of the ether is
only reversed, by which the natural pressure of the
air must always be diminished,

114k July 1'761.






