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LIV. ALetter from Mr. B. Wilfon, F. R. §.
and Member of the Royal Academy at
Upfal, 20 Mr. AEpinus, Profeffor of Na-
tural Philofophy in the Imperial Academy
of Sciences at St. Peterlburg, and Member
of the Academies of Berlin, Stockholm,

and Erfurth.

Read Dec. 23, 1763 Have not had the favour of hear-

March 1764. ing from you fince I fent you
fome experiments upon Gems fimilar to thofe pro-
duced by the Tourmalin, which induced me to con~
clude, that tbe electric current moves always along
the grain thereof. It was the more agreable to
communicate thefe new experiments to you, be-
caufe from the leaft hints the greateft difcoveries
have been made; and what may we not expett
from that curious obferver of nature, who firft dif-
covered thefe extraordinary qualities in the Tour-
malin, which have fince excited the attention of fo
many Philofophers. .

Your treatife upon this ftone, publithed in 1762,
feems to be the fame you formerly mentioned in 2
letter to me. 'The remarks at the end of that work
intereft me in a particular manner, as they contain
objections to feveral parts of the letter to Dr. He-
berden. 1 am obliged therefore to fay fomething
in the defence of my own experiments and deduc-
tions, which I hope will merit your attention, and

remove your difficulties.
In
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In repeating fuch of the experiments with the
Tourmalin as were moft proper to anfwer your ob-
jections, I accidentally obferved an appearance which -
has given rife to fome new-expetiments, very fimple,
and of great confequence in elettric refearches.
Thefe difcoveries you fhall be acquainted with,
before I conclude this letter, that I may have the
pleafure of hearing your fentiments concerning them,
the fooner.

Iam glad to find we * agree in admitting what are
called the two fpecies of elecricity, one whereof con-
fifts in the augmentation of the elecric fluid, and the
other in it’s diminution. But ftill, notwithftanding the
experiment made with the bent tube in order to deter-
mine that interefting queftion, you feem to doubt which
of thefe is the plus, and which the minus ele&ricity.

You fay 4 I have proved the oppofition of the two
fpecies, by the knobs of light appearing at the up-

per

* Mr. Wilfon reconnoit de méme que moi, l’exiftence de deux
efpeces d’électricité, dont I'une confifte dans ’augmentation, et
Pautre dans la diminution, de la quantité naturelle du fluide éle@t-
rique. C’eft une queftion qui doit intercfler chaque phyficien,
de deméler, quelle de deux éleétricités, ou la vitrée, ou la réfineufe
de Mr. du Fay, eft la pofitive, et quelle en eft la négative ?
Quant 3 moi j%ai declaré, il y a long tems, dans mon Sermo de
Similitudine electricitatis et magnetifmi, que je ne connois aucune
expérience, propre i decider cette queftion. Je fuis maintenant
encore du méme fentiment, car la belle expérience de mylord
Charles Cavendifh, rapportée ici et perfeGtionée par Mr. Wilfon,
me femble laiffer pareillement la chofe indécife.

+ Quant & Poppofition des deux efpéces d’élecricité, je con-
viens qu’elle eft fort clairement prouvée par expérience de Mr.
Wilfon, et par ce phénomene, que la lumiére €le&rique eft beau-
coup plus vive qu’ailleurs dans le vuide, aux furfaces fupérieures

des colomnes du mercure, (jufqu’a y former comme des boutons
Vou, LIIL L1l de
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per furface of the quickfilver, ‘when one electrifies
with glafs ; and at the under furface, when one elec-
trifies with wax, -or fulphur; but that, in your
opinion, is all which can be concluded fromit. You
then declare, that was you difpofed to argue againft
me, it would be in this 'manner. < It is eafy to

de lumitre) quand on éledtrife avec: un tuyeau de verre; et que
ces boutons fe trouvent au contraire aux furfaces inférieures du vif
argent quand on fe fert d’un béton de cire d’Efpagne ou de fouf-
fre. Mais felon moi c’eft tout ce quon en peut conclure. Voila
comme je raifonnerois, fi j’avois envie de difputer contre Mr.
Wilfon. Il eft facile de concevoir, que, quand un fluide (et fur
tout un fluide élaftique, ou dont les parties fe repouflfent mutu-
ellement) fort d’un corps, le fluide, dis-je, doit étre plus denfe
proche de la furface d’ou il fort, que 13, ou-il trouve plus de li-
berté de fe répandre. La furface denc, proche de la qucile la
lumiére éle@rique eft la plus vive, doit étre celle, de la quelle fort
le fluide, qui caufe ces apparences lumineufes. o

Ces raifonnemens, n’ont ils pas autant de probabilité, que
ceux de Mr. Wilfon ? Mais ne prouvent-ils pas diretement ‘le
contraire de ce que Mr. Wilfon a avancé? Ne prouvent-ils pas,
dis-je, que éle&ricité réfineufe eft la méme que la pofitive, et
la vitrée la méme que la négative ? »

Pour dire le vrai, le raifsnnement dont je me fuis fervi, me
femble prefque avoir plus de vraifemblance, que celui de Mr.
Wilfon., 1 eft inconteftable, que la maticre éleCtrique entre trés
librement, et fans éprouver une refiftance confiderable dans les
metaux et autres corps non éle&riques, comme je le prouve-
rai clairement tout 3 'heure. Le raifonnement de Mr. Wilfon
femble, par confequent, étre fondé fur une hypothéfe gratuite-
ment admifé, favoir, que la matiére életrique s’accumule 3 la
furface du vif argent, parce qu’elle n’y peut entrer librement.

Je ne pretends pourtant pas prouver par tout cela, qu’effective-
ment Péletricité réfineufe foit la méme que la pofitive, et la vi-
trée au contraire la méme que la négative. Mon unique but eft-
de faire comprendre, que cette hypothefe eft au moins aufli pro,
bable, que celle, pour laquelle Mr. Wiifon s’eft déclaré.

4 « conceive
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¢« conceive that when an elaftic fluid iffues from a
«¢ body (as from the quickfilver in the bent tube) it
«¢ willbedenfer at the furface from whence it iffues,
¢ than it is where it finds more liberty to expand
¢« jtfelf. And therefore the furface near which
« the ele&ric light is the brighteft, thould be that
¢« from whence the fluid iffues, which caufes thofe
¢¢ luminous appearances.”

This reafoning appears intirely new to me, and
I am at a lofs to comprehend why an elaftic fluid
confined within a tube, whofe fides are fuppofed
parallel, will be denfer at the furface of abody from
whence it iffues, than in any other part; fince its
expanfive force muft in- that cafe be limitted by the
fides thereof. ~As you have not given any particular
experiment to prove what you affert in this cafe,
you will therefore give me leave to differ from you
in opinion: If, as you: fay, there is really more
liberty for an elaftic fluid to expand in any other
part of the exhaufted tube, than at the furface it-
felf, you muft produce’ fome evidence in favour of
that opinion, before it .can be admitted. On the
other {:and, I fhould have thought, if all r¢fffance is
fuppofed to be removed from within the tube, the
liberty, for the fluid to expand itfelf, will be equal
in every part; reckoning from the furface of one
column of quickfilver:through the whole void,
to the furface of the other column of quick-
filver. G . o
As I am for fupporting: this opinion, let us exa-
mine it more particularly, and attend only to the
appearances which glafs affords in certain circum-
ftances : becaufe when the direction of the fluid,

; L1l 2 caufed
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caufed by glafs, isonce traced, thatwhich is caufed
by wax, amber, or refin, follows of courfe. The
electric fluid, when it is emitted from any fmooth
furface of metal without edges, crangles, appears,
in certain circumftances, to iflue from all parts of that
furface equally. This fa&, Iapprehend, is fo well
eftablifhed that it needs no further proof,

Now the column of quickfilver being confined
by the fides of the glafs, which are fuppofed par--
allel, the top of the quickfilver will anfwer to
the {mooth furface defcribed. The eleéric fluid
therefore that is to pafs from it, into the void fpace,
which is of the fame diameter with the column of
quickfilver, will move forward within the hollow
of the tube to the next column of quickfilver.
And fince no refiftance is fuppofed to be within any
part of the vacuum, there can be no caufe for an
accumulation : confequently when -the fluid is fuf-
fered to pafs along the tube, the appearance ought
to be the fame at the furfaces, that it is in every
part of the void fpace. But by my experiment
there is a greater quantity of light feen at the fe~
cond furface of the quickfilver, than in any other
part, (when polithed glafs ele@rifies the firft co-

‘lumn) and that this light which appears{o denfe,
extends itfelf aboutone tenth of an inch from the
furface. Whereas the light extending all along the
intermediate hollow of the tube, appears to be
much thinner, and rarer, and of an uniform
denfity. I conclude therefore that this luminous
accumulation at the {econd furface is caufed by a
refifiance exerted at, or near, the furface of the
quickfilver : when the eleric fluid, iffuing fro}rln

the
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the glafs that eleCrifies it, is puthing forward to
enter the fecond column of quickfilver.

At the time I related this experiment with the
bent tube in the letter to Dr. Heberden, 1 omitted
certain phznomena, which attended the experi-
ment, greatly favouring the do&rine here advanced.
If when glafs is ele@trified, and applyed to the firft
column, we fuffer the ele@ric fluid to pafs along
the tube in fmall quantities only, and at fhort in-
tervals, little luminous ftreams will be feen to
move from the firft to the 2d column of quick-
filver, and confequently from the glafs. The like
appearances happen, but in a contrary direion,
when refin or amber is made ufe of, and applyed to
the fame column. Glafs therefore eleGrifies plus;
or fills bodies with more of this fluid than belongs to
them naturally: and refin, &c. vice verfa.

When you fay, your reafoning appears to have as
much probability as mine, I believe you do not in-
clude your obfervation, that the eletric fluid enters
with great freedom, and without any confiderable re-
fiflance, into metals and other non-eleétric bodies. Be-
caufe the words any confiderable refifiance, imply fome
refifiance, which is all that is contended for: and
avery fmall r¢ffffance will occafion very extraordinary
appearances, as I fhall be able to fhew by and by.
There is no occafion to trouble you with any further
arguments to prove this refffance; of which your-
{elf feem to entertain no doubt ; and the accumulation
caufed by the r¢fjffance is evident,

In
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In yourfecond remark, refpécting the impermeability
of glafs, you fay you agree with Mr. Franklin * as }t]'o
the

- * Je me tourne vers un autre objet; fur lequel, il me femble,
que Mr. Wilfon a eu envie de'favoir mon fentiment. Cleft la
queftion de I'imperméabilité du verre. .On peut bien favoir par
mon livre: Tentamen Theoriae Eleétrisitatis et Magnetifii, ce que
j'en penfe, et que bien que je tombe d’accord avec Mr. Franck-
lin, de Vexiftence de'cette imperméabilité, je différe pourtant
beauccup de lui, par rapport a plufieurs autres points, Il ne fe-
roit donc pas a la vérité néceflaire, d’expofer ici de nouveau mon
fentiment, néanmoins je me chargeide ce travail, pour ne laiffer
rien 2 defirer a ceux qui liront ce reueil, ‘ (

Qu’on fufpende un fil de fer ou' d’archal, quelque long qu’il
foit, 2 des fils de foye, et qu'on en éleftrife un bout par le moy
en d’uh tuyeau de verre, ou d’un baton de cire d’efpagne. Dans
moins d’un clein d’oeil non feulement le bout qu’on éleétrife,
devient éle&rique, mais auffi le fil entier le fera d’un bout 3 I’au-
tre, et le fera partout également. " 'Qu’on totiche aprés Pun des
bouts, et Péle&ricité fera détrviteidans tout le fil, d’un bout a
P’autre, avec la méme vitefle, qu’elle:avoit été produite,

. Qu’on fufpende au contraire de la méme facon un tube de ver-
re bien fec, ou un cilindre de cire d’efpagne ou de fouffre, et
qu’on le traite de ]a méme manicre. " 'Le fucces en fera tout 2 fait
différent.  Ce n’eft pas le cilindreientier, qui devient alors élec-
trique dans un inftant, mais feulement une partie de la longueur
de quelques pouces, ou. d’un pied tout au plus, acquiert cette
force, et il faut travailler fort long tems, fi on veut améner les
chofes, au point d’en rendre ‘éleétrique une partie d’une lon-
gueur un peu confiderable. - ‘Qu’on toliche aprés la partie éleét-
rifée du tuyeau, et Iélericité ne fera détruite, ni dans un in-
ftant, ni dans le tuyeau entier, comme dans ’expérience préce-
dente. Au contraire, encore que l’endroit touché perde fon
€le&tricité, il n’en fera de méme, des parties tout proches, qui
conferveront plutdt leur életricité pendant fort long tems.

Jen tire la conclufion: gque la maticre ilefirique, traverfe les
metaux ou & autres corps non Eleéiriques et [ diffribue en eux fort fa-
cilement et fort rapidiment, mais qgi’au contraire elle paffe par le
yerre, la cire d'efpagne, et dautres corps Eledriques par eux mémes
teaucoup plus difficilement et plus lentement. Cette regle ne doit

pas
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the exiftence of this impermeability, though you
differ from him in‘many other points: and refer to
your Effay upon zbe Theory of magnetifin and eleéiri-
¢ity. You then relate two experiments, one with a
wire, and the other with a glafs tube, or cylinder of
wax: and obferve that the firft may be eafily elect-
rified, and the latter alfo, though with great diffi-
culty, to any-confiderable length. You then draw
this conclufion from the two experiments, that the
eleGric matter pervades metals and other non-ele&t-
ric bodies, andexpands itfelf in them with the great-
eft eafe and rapidity. - But that on the contrary it
paffes through glafs, wax, and other ele@ric bodies,
more flowly amif with much greater difficulty.

This conclufion,. inftead of eftablithing the im-
permeability of glafs, moft evidently affirmsthe con-
trary : for though, according to your obfervation,
the fluid pafles more flowly and with much greater
difficulty through glafs than iron; your admitting
that it does pafs at all through the glafs, ends the
difpute, as to the point of permeability : and at the
fame time effab/ifbes my do€rine of refifiance; atleaft
in glafs, and tefinous fubftances.

In regard to'my experiments upon the Tourmalin,
youfay * that the firlt andfecond correfpond with your

" difceverics.

pas étre prife pour-une hypothéfe. C’eft une loi, prife immédiate-
ment et d’unc manidre inconteftable, de Pexpérience. )
Cette propriété des corps éleétriques par eux mémes, eft felon
moi laméme que celle, que Francklin a appellée d’un autre nom,
imperméabilité, Au moins, je ne fais confifter Pimperméabilite
en rien autre chofe, qu’en cela.
* Je viens aux expériences de Mr. Wilfon. La premiére et
la feconde s’accordent tout 3 fait avec mes découvertes, Il n’en
L1l 4 eft
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difcoveries; but that thofe from the 3d to the 8th

do not agree with your notions and experience : and
then

eft pas de méme, de celles qui fuivent, depuis la troifieme
jufqu’a la huitieme, qui demandent d’étre difcutées avec plusde
foin, '

Jai établi comme une loi conftante, de DPEleétricité de Ia
Tourmaline : Que cette pierre eff todjours dans Uétat contraire (Ceft
dire, que fon coté pofitif, ¢ff négativement eletrique, et le cité négatif
Peft pofitivement) quand un de fes cotés, quel quw’il foisy ¢ff plus chaud
que Lautre 5 et qu’elle ne retourne dans fon état naturely, qu’aprés quela
chaleur s'eft diftribuée uniformement en elle. Par les expériences de
Mr. Wilfon au contraire, il faut établir une regle tout a fait diffé.
tente, favoir: Que la Toarmaline, quand elle chauffée inégalement,
des deux cités, a Defpice délectricité, qui oft naturelle au coté le plus
chaud ('¢f a-dire, que la Tourmaline eff pofitivement élelirique des deux
citds, quand et le cité pofitif, qui ¢ff le plus chaund; et q’elle Peft
nigativement. quand c'eft le coté négatify qui eft le plus chaud) mais
quwelle retourne dans fon etat naturel, quand la chaleur seft répandue
uniformement.  Cette regle ne s’accorde en aucune fagon avec celle
que j’avois avancée. L PR

Encore que je fuffe tout 3 fait convaigcti de la_juftefle de mes
affertions, et de leur parfaite conformité'avec Pexpérience,je ne pou-
vois pourtant que fort difficilement me refoudre, 2 douter de I'ex-
actitude des expériences faites par un auffi habile Obfervateur, que
Mr. Wilfon, J’ai donc mieux aimé fuppofer, qu’l y avoit, dans
la maniére, dont Mr. Wilfon et moi avions procedé dans ces ex=~
périences, quelque différence, qui piit étre la caufe de la différence
qui fe trouve dans nos réfultats.  Je croyois 3 la vérité de trouver
facilement une circonftance fur la quelle on pit fonder quelque
foupgon. Ceeft que moi j’avois todjours pofé la Tourmaline, ou
fur un charbon ardent, ou fur une plaque de metal ou de verre
échauffée, defagon, que I’un des cbtés de Ia pierre, avoit toiijours
totché 3 quelque corps. Mr. Wilfon au contraire, en échauf-
fant la Tourmaline, y a procedé tellement que la pierre n’a jamais
touché A quelque corps. Voild une circonftance, qui femble affez
importante, pour aveir pi caufer une différence, fenfible, C’étoit
3 Pexpérience d’en décider.

Cleft
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then declare that you have eftablithed this, as a con-
ftant law, namely, that the Tourmalin is ahoays in
an inverted flate 5 that is, its plus fide is electrified mi-
nius and the minus _fide plus, whenever eithcr of the fides
25 hotter than the other : and that it does not return to
its natural ftate, until the heat is diftributed uniformly
therein. My experiments on the contrary, you ob-
ferve, lead one tolay down a rule intirely different.
viz. ‘That the Tourmalin, when its fides are une-
qually beated, exhibits the fpecies of electricity which is
natural to the hotter fide, that is, the Tourmalin is
Plus on both fides, when the plus hide is the botter; and
minus on both fides, when the minus Jideis fo: but that
it returns to its natural ftate alfo, when the heat is uni--
formly diftributed. To account for thefe different opi-
nions, you think it more agreeable to fuppofe fome dif-
ference in our methods of making the experiments,than
to queftion the facts I have declared. Accordingly you
obferve one circumftance which would naturally give
rife to fuch a fufpicion. And then tell us, that you
always placed the Tourmalin upon burning coals, or
upon a plate of metal, or heated glafs: fo that one
fideof the ffone was always in conta& with fome (ron
eletric) body. That I, on the contrary, in heating

Ceft elle qui me force et m’autorifead declarer, que la regle,
que j’ai avancée, eft la feule, quiluifoit conforme. J’ai échauffé
la Tourmaline de 1a méme maniére que Mr. Wilfon, et jai pris
garde, qu’elle ne todchat i rien, mais pour le refultat, je I’ai,
non obftant cela, todjours trouvé conforme i ma regle, et pasune
Jeule fois 2 celle de Mr. Wilfon.

Je le repete encore ; il m’eft extremement difficile, de fuppofer,
que Mr. Wilfon foit tombé ici dans une méprife, néanmoins je

fuis convaincu, que de mapart, il n’y a affurement, aucune faute.
Ainfi je ne fais qu’en juger. '

Vou. LIII, Mmm the
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the Tourmalin, never fuffered it to be in conta@® with
any (non electric) body.

Here, fay you, is a circumftancethat feems of con-
fequence enough to caufe a fenfible difference; and then
you appeal to the experiment which is'to decide it:
adding at the fame time, sf is experiment that obliges
and authorizes you to declare, that the rule advanced
by you, is the only one that agrees: therewith. Now
your experiment tells us no:more, than that you
heated the Tourmalin in my manner, taking care
(as you exprefs it) that it was in contaét with notbing.
But notwithftanding this, that yow bave always found
the event agreeable to your rule, and notone fingle time
to mine.

From your defcription of this experiment, your
exac method of making it doesnot appear. Iam
inclined tobelieve fome material circamftance has been
_omitted in the method ; orthatour apparatus’sare effen-
tially different ; (thoughyou feem to have had a regard
to fome of the neceflary requifites. for. making the
experiment properly :) otherwife; I'icannot appre-
hend: why you were not able to: fucceed: becaufe
the experiment always anfwers with me. Perhaps
the. difference in the fize of our Tourmalins may
have contributed ‘towards caufing the different effects.
The Tourmalins 1 employed in the experiments with
the flame, are above five times larger than yours: and
muft therefore require a longer timein beating. Now
the degree of heat given to my large Tourmalins,
was much below -that of boil‘i;g‘ water; and there-
fore I fupe®; that the fmall Tourmalins, you em-
ployed, were made botter; whereas they oughl:a to

have
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have been at the moft, but about blood warm. FEor
Jince a difference of heat, between the two fides, isab-
Sfolutely neceffary, it isof importance that this difference
be increafed as much, and as fuddenly, as the nature
of the circumflances will admit.

If you follow this rule, I apprehend you will be
more likely to fucceed: but that you may be the bet-
ter enabled to make my experiments anfwer, it may
not be amifs to relate them again in the manner they
were lately repeated, and frequently, with two ditferent
Tourmalins, befare feveral members of the Royal-
Society of London, who are wellacquainted with en-
quiries of this kind.

EXPERIMENT.

After the convex fide of the Tourmalin (4, fig. r.
Tab. XXII.) has been held for a fhort time, about
one tenth of an inch, from the dﬂame of a candle,
both fides thereof are electrified plus: and con-
tinue fo for balf a minute or more. And ina
fhort time after, the fame Tourmalin, without being
heated a frefh, or difturbed by any other caufe than
thatof the air furrounding, returns toits natural ftate ;
asyou have called it ; that is, the plain fide changes to
minus, and the convex fide remains plus. Thefe appear-
ances continue whilft the Tourmalin is cooling,

Upon heating the Tourmalin again, as before, ex-
cepting that the plain fide was now next the flame,
both fides thereof were ele@rified minus : and conti-
nued fo, for half a minute or more; and in a fhort

Mmm 2 time
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time after, the fame Tourmalin, without being heated
afrefh, or difturbed by any other caufe but that of
the air furrounding, returned to its natural ftate again;
that is, the convex fide changedto plus, and the plain
fide remained minus,

One of the Tourmalins that were employed in thefe
experiments, (marked b) belongs to Dr. Heberden, and
isthe famelformerlymadeufeof: butthelargeftof them
was put into my pofieflion by the favour of Dr. Morton
Secretary to the Royal-Society, of London, who re-
ceived it, with feveral others, from Mr, Lofon F. R. S,
late governor of the Ifland of Cylon. This ftone
weighed about one hundred and eighty grains: but
the form thereof not being the moft favourable for
experiments, I had permiffion to fathion it into fuch
fhape as would anfwer the purpofe beft, For this end,
alterations were made therein ; and at, one time, the
ele@ric poles (if they may be fo called) were pretty
near in the longeft dire&tion of the ftone, and at
another time, in the fhorteft. Thefetrials terminated
in the form and fize, nearly, as reprefented by the
letter 4, fig. 2: and the direction of the poles is now
in the fhorteft line that can be drawn between any of
the oppofite fides. -

1 have to obferve, that when this Tourmalin is held
between the eye and the light, and viewed in the
direction though which the eleétrie fluid is found to
pafs, itappears of a darker colour confiderably, than
when it is viewed at right angles to the former direc-
tion. This appearance obtains in many other Toxr-
malins, efpecially if they happen to be as conveniently
fhaped. -

In
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In regard to the other experiments with the beated
iron, and Tourmalin, which you have only hinted at,
it is enough to recommend the utmoft care, to avoid
the leaft degree of frition; and the iron itfelf muft
be fo managed, that there may be as eafy an eleéirie
communication with the air, from it, as the flame of
a candle is found to bave.

Give me leave, in this place, to make fome obferva-
tions on the apparatus you have made ufe of in thefe
experiments, as it does not in my opinion, feem the
beft calculated for fuch nice purpofes; at leaft in our
climate, which is certainly more moift than yours.

The inftrument firft defcribed, * confifts of a dal-
lance 12 inches long, fixed upon a fmall ftand ; from
one arm of which, that moves upon a hinge, is fuf-
pended, by a filk ftring, a fimall cork ball : but there is

* Le prémier de ces inftrumens eft répréfenté par la Fig. I.
Sur un pied quarré A B. je fis drefler un biaton CD. environ
d’un pied de hauteur. Ce biton avoit au haut une charniere
prés de D.  au moien de laquelle le lévier 4 bras égaux F G.
€toit un peu mobile, Chaque bras de ce lévier FD. et D G.
avoit la longueur de 7. pouces & peu prés. J’employai cet in~
ftrument pour pouvoir fufpendre commodément le pendule HI.
Le lévier F G. étoit un peu mobile, afin de pouvoir au befoin
hauffer, ou baiffer un peu le pendule. Pour faire le pendule H I.
je pris un fil de foie crué, j’y attichai par le bas un petit morceau
de liege arrondi de la grofleur & peu prés d'unelintille. La long-
ueur du fil HI. étoit de 53 6. pouces environ, et jattichai le
pendule avec de de la cire 3 un des bras du lvier F G. Sur un
autre petit pied quarré MN, qui eft répréfente dans la Fig. II.
je mis dans le milieu un tube mince de verre OP, 3 peu pres de
6. pouces de longueur, dont le haut fe terminoit dans un hémif-
phére OR, de deuxlignes environ, II eft trés-facile de faire ce
tube en fouflant une petite boule de verre, comme on fait en
faifant un Thermométre, et en brifant enfuite cette boulejusque’a
la moitié. Je me fers dans les expériences de cet inftrument

pour y pofer 1a Tourmaline, afin qu'elle puifle agir librement.
no
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no mention of what the fland or dallance is made ;
though a difference in the materials will, I apprehend,
make fome difference in the experiment. And if
the cork is, as you fay, the fize of @ pea, it will be a
confiderable objection withme : and the more fo, if it is
to be moiftened ‘with water. For the force employed
to move it, in fome of myexperiments, is too incon-
fiderable. And I fhould imagine the ballance itfelf
could not be very nicely adjufted ; becaufe fuch an in-
creafe in the weight of the cork, by moiftening it (as
you fay) from time to ‘time, ought to make it not
only preponderate, but unfteady; as an evaporation
of the moifture is conftantly making fome alteration
in the weight. My apparatus contrived for the fame
purpofes, hath already been defcribed, except that
part of it which refpects the fize of the pith balls,
‘and each of thefeare about the thirtieth part of a pea.
T his fmallnefs, neverthelefs, does not require any moif~
ture to etain the eleGricfluid, as the balls communicate
with the fineft flaxen threads, and the threads witha
flender piece of wood, about one inch long, and the
greater part one tenth of an inch thick; with the angles
rounded off, and polithed. Thisis fixed upon the end
of acylinder of amber, properly fupported. But that
there may be no miftake in the conftrution thereof,
1 have given a drawing and defcription of the one
I ufe at prefent, fee fig. 2. When I at any time want
to examine the ftate of the Tourmalin, it is brought
flowly towards the eleGrified balls in an horizontal

diretion. \
Your glafs fland feems liable to an objection, unlefs
the air be extreamly dry: becaufe the mere breath-
ing, if not properly guarded againft, in very delicate
‘ experi=
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experiments, Is fufficient to caufe an unfavourable
alteration ; by the moifture candenfing vpon it.

We are not told of what materials your pincers %
were made, but I fuppafeof fome.ele@ric fubftance ;
otherwife in removing the Tourmalin from time to
time, they may interrupt the experiment, by condu&-
ing away the fluid. And even fuppofing them made
of an ele@tric fubftance, the unavoidable friGtion may
poflibly difturb the experiment. 1 have therefore
always preferred a different method, which will ap-
pear prefently,

I fhall now comply with the promife I made in
the beginning of this letter, to acquaint you with
fome fimple and interefting experiments ‘upon the
Tourmalin: moft of them were made during the
froft in Nov. laft, in confequence of an appearance
which I then obferved accidentally. .

With me it has been always found moft conveni-
ent to fix the Tourmalin at the end gf alng fick of
the bardeft kind of Sealing-Wax, andwhen 1 am not
ufing it, to put the other end into the top of a can-
dleftick, or other fuitable fland; that the fone may
be the lefs expofed toany kind of friction (See fig. I.)
And it is a rule with me never to take hold of the
Sealing-wax, or even to touch it, but by that end
(d) the farthet from the Tourmalin., One day on

* Jiemploie encore de petites pincettes ABC, pour ne pas
toucher la Tourmaline avec les doigts, et jela prens teujours par
les cotés, comme il eft indiqué dans la Fig. IIL. afinque la pierre
foit touchée le moins qu’il eft poffible par des corps non é€leétri-
ques, ‘Il faut encore avoir un T'ube dé verre et un biton de cire
d’Efpagne tout préts, pour qu'on puiffe examiner de la manicre

que nous décrivons plus bas Pefpice d’Elecricité produite par la
Tourmaline, :

removing
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removing the Tourmalin into another room, to repeat
the experiments we have here been treating of, I
obferved if was.elettrified ; though no caufe for its
being fo then appeared: the friction arifing from the
air, in fuch circumftances, being not fufficient to pro-
duce that effe@. And I muft here take notice, that
many months before this fat was afcertained, I fre-
quently fufpected the like appearance : but it happened
at thofe times'that the effe@s were fo uncertain, and
appeared fo accidental, thatIdid not think they de-
ferved attention .

In tracing out the caufe of this appearance, it feem-
ed moft neceffary to obferve the changes in the air
with refpec to warmth : for, it is well known, thofe
changes caufe manifeft alterations in the expanfion and
contraction of bodies.

EXPERIMENT L

In a room with a fouth afpe&, and where no fire
had been for fometime, Farb. Therm. ftood at 42.
The Tourmalin was in the fame room, and had con-
tinued there fome hours, undifturbed, without fhew-
ing any figns of eleCtricity. On removing the Tour-
malin into a warm room carefully, and the Therm.
along with it, in lefs than 3 minutes (the Therrm.
having rifen to 47) the convex fide of the ftone thewed

+ N. B. The experiments upon the Tourmalin, by Mr. Epi-
nus, which refpe the heating and cooling of its fides egually,
when occafioned by wiolent and artificial means, are, it is apprehend-
cd, very different from the ten following experiments ; tho’ the
alfo refpet an equal heating and cooling of the ftone; becaufe
the degree of heat employed, is not only extreamly different, but
the means of obtaining it, is fo likewife, The one being natural
and the other artificial, .

a minus
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a minus, and the plain fide a plus, ele@ricity, Thefe
figns increafed for a time, and then decreafed, till they
entirely difappeared. When this happened, the Tour-
malin appeared to be of the fame temper, in refpedt
to warmth, with the room; and the Therm. was
raifed to ¢8.

The fame degree of warmth, or nearly fo, was
continued in the room for thirty minutes and more,
without caufing any alteration; for the Towrmalin
afforded no electric appearance whatfoever.

EXPERIMENT IL

I then removed the Tosrmalin with the Therm,
into the cold room and with equal care®*. The flone,
fome little time after, thewed figns of elericity again:
but then, thofe figns were contrary to what had been
obferved before.  For, in this cafe, the convex fide was
Plus, and the plain fide minus, in nearly the fame time ;
and thefe figns encreafed alfo for a time, and then
decreafed, till they entirely vanithed. When that
happened, the ffone appeared alfo of the fame temper,
in refpect to coldnefs, with the room. And the
Therm. was fallen to about 42°. During half an
hour, or more, after that time, the Tourmalin thew-
ed no ele@ric figns whatfoever, nor did the Therm.
fall any lower.

* It is indifferent which fide of the Tourmalin is moved
foremoft, provided it bedone fowly,

Vor. LIIL Nnn EXPE-
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EXPERIMENT IIL

Not content with this laft difcovery, I removed the
Tourmalin and Therm. into the open air. In about
three minutes, the Therm. having fallen from 42to 39,
the Tourmalin was ele@trified again, in the fame man-
ner asin the laft experiment. But when the electric
figns difappeared, the Tourmalin and the air were
in this cafe alfo of an equal temper: at which time
the Therm. had fallen to 34. The flome was con-
tinued in the open air for half an hour or more, but
no further eleétric figns appeared.

EXPERIMENT IV.

Onreturninginto theroom wherethe firftexperiment
was made, the eleCtric figns were ftronger than inany
of the preceding trials, and contrary to the two laft;
for the convex fide was minus, and the plain fide plus,
which agrees with the appearances in the firft ex-
periment.

EXPERIMENT V.

When the Therm. fhewed the ftate of the out-
ward air to be confiderably lefs warm, than what an-
fwers to the degree at which water is fixed, the fame
changes happened, by carrying the Tourmalin from
it, into a room, where the Quickfilver ftood at 34:
and afterwards, from thence, back again into the open

air, )
Sir
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Sir Ifaac Newton carried two Thermometers, pro-
perly prepared, out of a cold place into a warm one,
in order to fhew that the warmth was conveyed
through the wacuum, by the vibrations of a much
fubtiler medium than the air: and had thefe laft ex-
periments upon the Towrmalin at that time been
known to him, he muft have been agreeably furprifed
to find them tending fo firongly to eftablith the ex-
iftance of that fubtile medium*. This do&rine re-
ceives a further confirmation from the experiments
that follow. o

EXPERIMENT VL

About the middle of this month, December, the
wind being full fouth, and the air loaded with a thick
fogg, which you know is the worft of weather for
ele@ric experiments, the Tourmalin afforded the fame
appearancesas before, by removing it from one room to
another; and even into the open vapourous air ; not-
withftanding the unfavourable feafon: but then, the

‘appearances were weaker.

EXPERIMENT VI

In the moft wet feafon, and during frequent heavy
fthowers of rain, I repeated the firft, fecond, third, and
fourth experiments. And though the ele@ric power

was not very firong, yet they always fucceeded fo well
as to afcertain the falts.

* See Newton, Opt, page, 323,

Nnn 2 - EX-
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EXPERIMENT VI

After being acquainted with the preceding expe-
riments, you will not wonder that the Tourmalin
afforded the fame appearances on removing it, in the
open ‘dry air, from the fun-fhine into ‘the fhade;
and again, from the {hade into the fun-fhine.

If thefe fmall differences, in the degrees of warmth,
are capable of caufing fuch appearanees; well may
the greater differences; and fuch more particularly as
Mr. Brawn and yourfélf have experienced in freezing
of Quick-filver : and therefore I cannot now agree with
you in calling that the natural fate of the Tourmalin,
which arifes from the beat given it by boiling water.

EXPERIMENT IX.

It appears by the preceding experiments, that when
the Tourmalin was of the fame temper with the air
in the different rooms, there were no eleétric figns to
beobferved. From which we may underftand, if
the heat of the air thould be increafed, even beyond
that of boiling water, a Tourmalin expofed therein
for a time, would afford no ele@ric figns; that is,
whilft the flone continues of the fame temper with
theair. I have lately caufed the heat of the air to be
increafed, in-a-convenient room, beyond the degree of
vital heat, even-to 108: and then placed rwo Tour-
malins; in the fame room, very near the Thermometer,
without being able to obferve any electric effects ; that
is, after they had remained therein a fhort time.

E X-
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EXPERIMENT X

Upon a very nice examination, and during fome fa-
vourable opportunities, I have obferved the Tourmalin
to be feebly electrified, when the Therm. varied, up or
down only one degree. '

The {fmallnefs of the force here required to caufe
thofe manifeft effe@s, and even them by natural means
only, is a new difcovery, and, perhaps, deferves the
attention of philofophers. |

In my firft and fecond letters upon the Tourmalin,
there are experiments that give us aflurances of a
fluxe and reflux of the ele@ric fluid, or ether, at different
times, even without artificial meanstooccafionit. And
I did not fcruple to advance that do&rine, as appears
from a paflage in the opticks which I quoted in the
fecond letter, fomewhat favouring the fame opinion.
This you fee has happened to bea right conjeGture ; for
thefe laft experiments, are Iapprehend, fo clearand
fatisfaory, that there is no room left for a doubt about
it. And I do hope they will lead to fome ufeful
difcoveries, For thefe forces, however {mall they may
appear, are probably fufficient to anfwer very great
purpofes in nature.

Upon confidering the effets which heat and cold
occafion in the Tourmalin, it may not be improper
here to obferve, that all bodies we are acquainted with,
are dilated by heat, and contracted by cold: and when
they acquire the fame temper with the air, whether
it be hot or cold, the fame ftate of dilatation, or con-
traction, continues unaltered.

The
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The Tourmalin we find, when uniformly diftusb-
ed on all fides, by changing the temperature of the
air ; is not only electrified, but thews two oppofite
and contrary effe@s. That is, in paffing from a great,
to a lefs, degree of warmth, it is eletrified in one
manner; and in pafling from a lefs to a greater de-
gree of warmth, it is electrified in another manner;
which evidently thews, that there is fome power, be-
longing to the ftone, which is differently affected by
fuch contraction and dilatation. The fame thing appears
from other different effe@s it affords, whenits two fides
are equally warm. But the Towrmalin, affording no
ele@ric appearance whatever, when the whole mafs
is of the fame temper with the air, agrees with the
obfervation that a4/l bodies ceafe in that fate, to con-
traét or dilate : and is a manifeft indication, that the
Jluid, which caufes thefe electirc appearances, is in fuch
circumftances, in equilibrio; and muft ever remain
fo, unlefs difturbed by violence. '

The importance of this laft obfervation befpeaks
your attention, as it greatly tends to throw more light
upon this curious {ubject.

From the experiment with the bent tube, menti-
oned in the former part of this letter, it was proved,
that there is a refjffance exerted at, or near, the furface
of the Quickfilver where the light is accumulated.
This refiffance, which 1 apprehend is effential to all
bodies, merits a further illuftration ; becaufe the elec-
tric phznomena in general greatly depend upon it.

When a bladder is well blown up, and fecured
properly, it will yeild or give way, and change its
form, in that part againft which any given preﬁ"ureéés

exerted,
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exerted. And upon removing the preflure, the bladder
will immediately recover its firft form.

This yielding or giving way of the form, and then
afterwards recovering it, proves an elaftic fubftance ex-
ifting within the bladder, and between the two fides
where the preflure is employed.

In like manner when two glafs prifms, or the ob-
ject glafles of two long Tellefcopes prefs upon each
other with their own weight only, philofophers know,
by the phznomena of light, that they do not touch :
and that there muft be fomething between the glafles
to keep them ata diftance. They alfo know, by the
like phznomena, that more prefling is required to
bring them nearer to a conta&t; and that when the
preflure is removed, they immediately recover their
firft diftance.

Now this yeilding or giving way, and the recovery
of the diftance between the glaffes, proves the ex-
iftence of fome elaftic fubflance between them ref-
pectively.  Since we find the effets of applying, and
removing, the preffure, exa&ly fimilar to the cafe with
the bladder.

Hence it is evident that the fame elaffic fubfiance
or medium caufes prifins, and convex glafles, when
prefled againft each other, to exhibit feveral rings
of different colours; by having its denfity vari-
ed: and that it occafions all bodies to act upon
light at a diftance, by reflefting, refratting, and
infleting it; and light fto a& upon bodies, at a
diftance, by caufing a motion of their parts, and
heating them.

This is the medium then which gives rife ta the refifi-
ance found in eleSiric experiments.
For
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For when a quantity of the eleGric fluid is forced into
the apparatus, which fupports the two balls, we thould
from its elaftic principle, expect it to pafs out again
immediately : whereasthe fa& is, thatit pafes out by
flow degrees; and takes a confiderable time in eva-
cuating the apparatus effeCtually. Some power there-
fore muft hinder the fluid, at leaft, in fome meafure,
from efcaping : and that power muft be exerted at, or
near, the furface of the body.. | ‘

To fay it is detained by an attradtion of the body,
will not anfwer the purpofe: for the power which is
fuppofed to draw the fluid into it, muft certainly be
fafficient to hinder it from paffing out. Now by the
experiment, the fluid does pafs out, though flowly:
this power therefore, which refifts its pafling out, can
be noother than what arifes from the medium we have
preved to be fpread upon the furfaces of bodies.

The evidence in favour of this do&rine is greatly
ftrengthened by the following experiments, the three
firft of which, are well known to eleCtric en-
quirers. ‘

When glafs is properly ele@rified, and held over
the wooden part of the apparatus (¢) at the diftance
of fix or eight inches, and there continued for a time,
the balls are feparated to a confiderable diftance.

But upon taking away the glafs, the feparation is
at an end, and there are no eleric figns remaining
in the balls. o

Thefe appearances therefore argue, that no part of
the ele@ric fluid, appertaining to the excited glafs,
pafled from it into the wood. And that the caufe,
which ohftru@ed its paflage, is a 7¢fjffance, exerted at
or near, the furface of the wood: becaufe we know,
from a variety of experiments, that the repulfive po‘ww;‘

5 o)



[ 461 ]

of this fluid a&s at great diftances, and in grofs bo-
dies particularly ; without the fluid being able to en-
ter them. There can then be no doubt that the fe-
paration of the balls, in the prefent circumftances,
entirely depends upon this repulfive power; which
- drives the natural quantity of the fluid belonging to
the wood, or part of it at leaft, towards the balls.
And though the repulfive power is fuflicient to force
the fluid from the wood into the balls, and there oc-
cafion the effe@s of a plus eleétricity, (as is found
upon tryal ;) * yet the experiment fhews, it is not fuf-
ficient, in the fame circumftances, to force it out of
them, as they ceafe to be eletrified on removing the
power., A
If this is not the cafe, and the fluid from the glafs
is fuppofed to enter to the wood; I would atk, why
the balls do not retain the fluid, or at leaft fome part
of it, and continue feparated when the glafs is taken
away ? It would be unphilofophical to fay, the glafs
actually fuffered a quantity of the electric fluid to pafs
from it, into the wood and balls; and then, on re-
moving the glafs, that it took it away again; or at-
trated it back: becaufe when the fame glafs is
brought near enough to the wood, the balls will be
eleGrified, and feparated fo effectually, as to continue
in that ftate of feparation, after the glafs is removed :
which proves clearly, that the repulfive power is not
only great enough to overcome the refyffanceof the
balls; but even to force out fome part of the fluid
contained therein : therefore in this cafe the balls are
eleCtrified minus. And this minus may be increafed,

* For the proof of this, fee the Effay by Dr. Hoadly and my-
felf, page 13.

Vor, LIIL Ooo by
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by bringing the power gradually nearer, and then re-
moving it quickly.

~ We may then very juftly conclude, that this fepara~
tion of the balls, is occafioned by the expanfive power
of the eleéric fluid, or etber, crowding from without,
and through the air, to enter the balls, and reftore the
equilibrium. And in like manner that the plus eleGri-
city caufes a feparation of the balls in confequence
of the fame eleCric fluid, or ather, crowding from:
within to get out of the balls, and pafling through:
a like quantity of air, in order to reftore the equili-
brium; for the fame medium which appertains to the fur-
Jaces of bodies, muft refift the exit and entrance equally :
and therefore the one cafe will be always the converfe
of the other.

We have feen that on bringing the eleCrified glafs
near enough to the wood, the balls are ele@rified mi-
nus. If now the circumftances are changed, by
bringing the fameglafs confiderably nearer to the wood,
and much quicker, the balls are electrified plus ; and
continue fo for a confiderable time after the glafs is
removed *: which is the ftrongeft confirmation that
this effett entirely depends upon the refiffance of the
wood. being overcome, and the ele@ric fluid entering
the apparatus, by the nearer approach of the glafs.

There are then two different methods of caufing
a plus appearance in the balls,. ‘The one, we find, de-
pends upon an aGtual enterance of the fluid, from the
glats, into the wood, 8cc. And the other upon a quan-
tity of the fluid, originally in the wood, being forced

* The glifs in this experiment muft not only. be brought
quickly towards the Wood, but it muft likewife be removed from
it as fuddenly,

2
from
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from it into the balls, by the repulfive power of the
fluid appertaining to the excited glafs. ‘

In thefe experiments we alfo learn, that when the
glafs is held nearer to the wood, than in the minus,
and farther from it than in the plus appearance of the
firft experiment, it does not produce any electric figns
whatever in the balls. Which fhews a kind of 4a-
lance {ubfifting between the power of the glafs, and
the »¢fiffance of the wood, &c. For, if we deviate the
leaft on either fide from this intermediate diftance,
eletric effects, of the one kind or other, immediately
take place.

I fhall produce another experiment in favour of
thefe forces, and of the dallance obtaining between
them, in certain circumftances. In the experiment I
am about to mention, it is neceflary, firft to ele@rify
the wood and balls; by properly rubbing that end
of the fealing-wax, amber, or glafs, to which they
- are affixed.

You know then, that, if we touch the balls with
the hand, we immediatly unele@rify them, and the
wood ; but not the amber: and that thefe balls with
the wood, will continue unele&rified. But if I blow
ever fo gently againft that part of the amber which is
electrified, the balls will be feparated to a confiderable
diftance, and continue in that ftate. On the other
hand, if zhe amber bas not been rubbed, mo eleiricity
can be produced by the fame force of blowing, or even
by a blaft fix or eight times greater: but if the blaftis
confiderably increafed, the amber will be eleGrified*.
By which it appears that in the firft cafe, the eleétric
power in the amber receives fuch an additional force from

* See the letter to Dr. Heberden, page 332.
Ooo0 2 the
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the flight friction of the breath, as enables it to de-
ftroy the ballance and overcome the refifiance at the
Jurface of the wood, in that part, where it is joined to
the amber.

‘The Leyden experiment depends alfo upon a certain
ballance, which obtains between the mediums at the
oppofite furfaces of the glafs, by the power of re-
pulfion®: but this enquiry, being of a very exten-
five nature, would lead me too far for the bufinefs
of a letter ; I muft therefore refer you to the works
quoted laft. In felecting the experiments above re-
lated to prove the refiffance, I have purpofely confined
myfelf toa few, and thofe fuch as appeared to be the
moft fimple and moft worthy of attention. You
will therefore do me the honor to examine, and
confider carefully thefe experiments and obfervations,
as I think they have fufficiently effablifbed a refiftance
appertaining to bodies, independent of the grofs
matter they contain: and that it arifes from the fame
elaftic medium which we before proved to exift
between the convex glafles.

London Dec. 20, 1763. Iam, &c.

B. Wilfon.

* The confideration of this experiment was particularly at-
tended to, in a former work, by Dr. Hoadly and myfelf. See
alfo the Phil. Tranf. Vol, LI Part II, and Pages 898, 899.

Expla-
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Explanation of Fig. 1. TaB. XXIL

a, b, 'Two Tourmalins fixed upon
¢. ¢. Sticksof the hardeft kind of fealing-wax.
d, d, Two handles of wood, in which the other

ends of the fealing-wax are fecured.

S /5 Aftand of wood, with holes to reft the han-

a, a,

dles therein, when the Tourmalins are unem-.
ployed.

Explanation of Fig. 2. Tas. XXIII

Two very {mall balls of the pith of Elder,
fufpended by

b, &, The fineft flaxen threadsabout fix inches long,

The balls and threads together weigh about the
fiftieth part of a grain. |

Thefe threads are neatly faftened in a fmall
hole on the under fide of the thin end, and fo as
to touch the wood

Which is mahogany. Every part of this
{mall piece of wood is well polifhéd, and neatly

joined to

the cylinder of amber; which is about four
inches long, and near half an inch thick. It is
finely polithed alfo, and the other end flides
nto
which is part of the arm: ¢ is joined to f by a
fcrew ; and the other end of
flides into the upper part of the ftand g. One
end of the upright h fcrews on to g, and the
other end, into the crofs piecess, 7, and %24 ;
which are let into each other by a mortafs, and
thus
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thus fecured. 'The whole apparatus takes to
ieces eafily, for the conveniency of packing up
1n acafe fix inches and half long. _
The ftand is made of Cocoa-tree, without
angles, or edges, and well polifhed.
The fize of my apparatus is about twice as
large as the drawing before you.

LV. 4
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