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It may farther be obferved, that the whole fur-
faces of thefe two ftones, except the parts of them
where they lay in contact with each other, or where
they continually preflfed upon the lower furface of the
urethra, or bed, which they had formed for themfelves
in this chanel, are rough, and have feveral inequa-
lities, or eminences arifing from them.,

Fig. 2. reprefents the inferior fmooth parts of the
two ftones, as they appeared when feparated from
each other, as well as the fmooth or polifhed furfaces
of the ends of thefe ftones, which lay in conta& with
each other, and upon motion rubbed againft each
other..

XXXV. Experiments on the Tourmalin: by
Mpr. Benjamin Wilfon, F.R.S. In a letter
zo Dr. William Heberden, F. R. S.

SIR,
Read Dec. 6.°f Have the pleafure to communicate to
1759 you fome experiments made upon the

Tourmalin, or Afbflone, which you were fo kind as to
procure me, together with fome others, refpeing the
vitreous and refinous ele€ricities, as they are called,
and the obfervations I have made thereupon.

The more I am acquainted with elericity, the
more I admire a- wonderful fimplicity which feems
to prevail in nature, at leaft in this part which abounds
with phenomena of a very curious kind ; whereof
many that have paflfed under my examination of late
are fo extremely nice, that I avoid venturing to relate
them, becaufe I would not willingly fubje& myfelf

to the cenfure of incautious obfervers.
4 I can-
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I cannot enter into this particular fubje&, without
firft fettling a difpute amongft ele@ricians, which {ub-
fifts at this day, concerning the two eleCtricities; be-
caufe fome confequences, drawn from the feveral ex-
periments I have to produce, greatly depend upon it.

Polifhed glafs, upon being rubbed properly, has
been fuppofed to gsve an elericity to bodies, and
thofe bodies that receive it from the glafs, are faid to
be eledtrified plus. 'Whereas wax, amber, 8cc. upon
being rubbed in the fame manner, have on the con-
trary been fuppofed to receive an eleétricity from
bodies, and thofe bodies which part with it are faid
to be ele@rified minus. But no experiment, that I
know of, has yet appeared to determine which of
thefe ele@ricities does really eleGrify plus, and which
of them does really eleGrify minus ; though it hap-
pens that the fact turns out juft as they have all along
fuppofed.

In a fecond treatife upon the fubject of eleétricity,
that I publithed in the year 1748, feveral experi-
ments were produced, to fhew that all bodies are fur-
rounded with a medium, which is of an. exceeding
elaftic nature, and extends but to a very [fmall di/-
tance from the body when it is not difturbed by heat,
or other caufes, Since that, other experiments of the
like kind have been publithed in a. work, wherein
my late worthy friend Dr. Hoadly was concerned
with me. Among the proofs therein given, is a cu-
rious one, which I obferved in the Torricellian va-
cuum, where the appearance was remarkably fenfible.
And what is more fingular, that fame appearance not
only proves the exiftence of a medium, at or on the fur-

face of bodies, but at the fame time determines which
of
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of the ele&ricities is truly plus, and which of them
is minus. :

You muft remember, Lord Charles Cavendifb firt
obferved the luminous appearance in one continued
ftream throughout the whole vacuum of an exhaufted
tube. It is a fine experiment, and affords more in-
formation than I at firft imagined, therefore I fhall
beg leave to recite it from the Philofophical Tran-
factions *, before I give you any farther particulars
about it.

“ ‘This apparatus confifted of a cylindrical glafs
¢ tube of about three tenths of an inch in diameter,
¢ and of feven feet and half in length, bent fome-
“ what like a parabola, in fuch a manner, that thirty

inches of each of its extremities were nearly
« ftraight, and parallel to each other, from which
“ an arch {prung, which was likewife of thirty in-
* ches. This tube was carefully filled with mer-
“ cury; and each of its extremities being put into its

bafon of mercury, fo much of the mercury ran
out, until, as in common barometrical tubes, it
* was in equilibrio with the atmofphere. Each of
¢ the bafons containing the mercury was of wood,
and was fupported by a cylindrical glafs of about
four inches in diameter, and fix inches in length ;
and thefe glafles were faftened to the bottom of a
¢ {quare wooden frame, {0 contrived, as that to its top
¢ was {ufpended with filk lines the tube filled with
“ mercury before mentioned ; fo that the whole of
this apparatus without inconvenience might be
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‘“ moved together. The Torricellian vacuum then
‘¢ occupied a fpace of about thirty inches. In make-
‘ ing the experiment, when the room was darken-
 ed, a wire from the prime condutor of the com-
mon eleftrical machine communicated with one
of the bafons of mercury, and any non-eleCtric
¢ touching the other bafon, while the machine was
“ in motion, the electricity pervaded the vacuum in
“ g continued arch of lambent flame, and as far as
“ the eye could follow it, without the leaft divergen-
(43 cy.”
I imagine Dr. Watfon, who has defcribed this ex-
periment, did not, when he made the experiment, at-
tend to a fingular appearance of light upon one of the
furfaces Jof the quickfilver, becaufe he has taken no
notice of it. However, I had a mind to make the
experiment myfelf, and try whether I could not ma-
nage the quickfilver, fo as to have more than two vi-
fible furfaces, in order that I might have that re-
markable appearance repeated. _

To do this, Ilet a very {mall quantity of air into
the tube, by which means four columns of quickfil-
ver were obtained, reckoning great and {mall toge-
ther; and fix vifible furfaces, three of which I called
upper, and three under furfaces. But. the figure in
the plate N°. IX. will give you a better idea of the
inftrument, than I am able to do by writing.

When the column of quickfilver on the left hand
was ele@rified, and the other on the right commu-
nicated with the earth, the ftream of light was vi-
fible in a darkened chamber, and the general appear-
ance, all the way through the vacuum, was a light of
a feeming uniform denfity, excepting at the upper
furfaces, for above one tenth of an inch, reckofx}ing
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from each furface; and there the light was always
confiderably brighter ; infomuch that a gentleman,
then prefent, who was unacquainted with experi-
ments of this kind, defired to know the reafon of
the three &nobs of light appearing on the tops of the
quickfilver. I mention this circumftance, becaufe
they were remarkably confpicuous; whereas the three
under furfaces exhibited no fuch appearance, the
light being rather lefs bright than even in the general
appearance of the whole illuminated vacuum.

An eletric current, fetting in from the glafs of the
eletrifying machine, and pafling along the tube
through the quickfilver and vacuum, and fo to the
earth, muft have caufed thofe bright k7obs by means
of the refiftance the fluid met with at the upper fur-
face of the quickfilver in endeavouring to enter it ;
becaufe the appearances were alike on the three up-
per furfaces, and nothing of the {ame kind was feen
at the under furfaces. Glafs therefore eleCtrifies bo-
dies plus, or, in other words, gives bodies a quan-
tity of eleéric fluid more than they have naturally.

I am now to acquaint you with the appearances
that the msnus eleCiricity occafioned. .

Inftead of the glafs cylinder to eledrify with, I
put a refinous one, preferving the communication,
and every thing elfe, as in the former experiment.
In thefe circumftances, the general appearance of
the light in the vacwum was the fame; but in this
experiment the Znobs of light were on the under fur-
faces, and not upon the ugper.

From the knobs of light being at the under fur-
faces, and not upon the upper, I concluded that the
flow of the fluid was the contrary way to that caué'ed

y.
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by glafs ; for in this cafe it appeared to come from
the earth; then into the tube, and {o on to the refinous
cylinder. Thofe bodies therefore which have no com-
munication with the earth, and from which the refi-
nous cylinder is fupplied, muft be eleGrified minus *.

Thefe luminous £nzobs (were there no other proofs)
are a ftrong confirmation of the exiftence of a medium
at or on the furfaces of bodies, which, to a limited
degree, refifts or hinders the entrance and exit of the
eleric fluid. But we have fome other experiments
to illuftrate the fame, and the Tourmalin does affift us
not a little.

There is one thing more, which I am obliged to
take notice of, concerning the impermeability of glafs
by ele@ricity. Our friend, Dr. Franklin, {eems to
found a great part of his fyftem on this opinion.

“« Glafs, fays he, has within its fubftance always
« the fame quantity of eletrical fire, and that a very
¢« great quantity in proportion to the mafs. This
‘¢ quantity, proportioned to the glafs, it ftrongly and
¢ obftinately retains, and will have neither more
< nor lefs, though it will fuffer a change to.be made
 in its parts and fituation; 7. e. we may take away
« part of it from one of its fides, provided we throw
¢« an equal quantity into the other.”

This doérine I could never agree to, fo far as it re-
lates to the impermeability of glafs, as appears by my
letters in anfwer to the Abbé Noller and M. /e Roy,
on their requefting to know my fentiments about it,

* The fame cylinder made rough with emmery, and rubbed with
flannel at one time, and with leather at another, will afford thefe
different appearances, the firft caufing the minus, and the laft the
plus appearance.

Vor. LI Ss in
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in the year 1746, the former of whom it is well
known could never come intoit*. And Iam fill the
lefs inclined to alter my opinion of this matter, from
an acquaintance with the properties of the Tourma-
lin, which I think has furnifhed me with fufficient
grounds for advancing that Dr. Franklin is miftaken.
1 have wondered that Zpsnus did not take notice of
fome of the experiments which eleGrify glafs either
plus or minus, becaufe the Tourmalin affordeth lead-
ing experiments towards it ; and can afcribe it to no
other caufe than a favourable opinion he was willing
to entertain of Dr. Franklin’s hypothefis.

To prove that glafs is permeable by ele@ricity, I
took a very large pane thereof (I chofe it large, that no
objeion might be made to the experiment) and then
warmed it a little, {o that it was free from moifture,
After that, I held it upright by one edge, whilft the
oppofite edge refted upon wax, and rubbed the mid-
dle part of the furface with my finger. After this, I
found that both fides were electrified plus. Upon
repeating the experiment many times, with different
glafs and different degrees of rubbing, ftill both fides
were in every experiment eleCtrified p/us.  Now they
could not both be ele@rified plus by this treatment,
unlefs fome part of the fluid had really paffed through
the glafs ; becaufe the virtue could not get round to
the other fide over fo great a furface: befides, the ex-
tremities of the glafs were not electrified at all.  As
to ele@rifying glafs minus, 1 find it may be done
three different ways, But thefe and other experi-
ments relating to the permeability of glafs, I {hall

* Vid. lettres fur VeCricité par M, ' Abbé Nollet, lett. iv.
forbear
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forbear mentioning, till I have brought you better ac-
quainted with the Tourmalin.

The firft account I met with of the Tourmalin, and
the remarkable properties belonging to it, was from
a memoir in the Berlin afls, printed in the year 1758;
wherein it appears, that F. V. T. Apinus, profeflor of
natural philofophy, made feveral very curious and
judicious experiments upon it ; the moft material of
which, prove a plus eleCtricity on one fide thereof,
and, at the fame time, a minus eleGricity on the other
fide; provided the Tourmalin is moderately warmed,
and even by hot water. Thefe appearances are the
more extraordinary, as the like means employed in
the fame manner upon diamonds, glafs, and all other
eleCtric bodies hitherto tried, produce no fuch ap-
pearances.

The Duke de Noya, who vifited this kingdom in
1758, wrote a fmall treatife on the {ubjeét, and pub-
lithed it at Paris on his way to Italy : in this work he
mentions Zpinus’s experiments, but does not admit
of a plus and minus eleCricity belonging to the Tour-
malin when heated. On the contrary, he fays that
the two fides are eleCrified plus, but one of them is
more {o than the other; and that it is the difference
between thofe degrees which has led Zpinus into the
miftake.

I remember to have repeated moft of the experi-
ments mentioned in the Berlin memoir, foon after it
appeared in England, with the Tourmalin belonging
to our friend Dr. Sharp, which you fortunately re-
colle@ed to have feen in his pofieflion many years ago
at Cambridge ; for it was the only one known of here
at that time: and though but a {mall one, compared

Ss2 with
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with Zpinus’s, yet it was large enough to fatisfy me
that his opinion was well founded. Befides, the trials
you made with the fame ftone before I had it, were
a farther confirmation of the truth. However, the
following experiments, which I made to procure more
data towards attaining fome fimple explanation of
thefe curious phanomena, will fufhiciently prove, that
one fide of the ftone is really eletrified plus, and the
other fide minus. And had the Duke de Noyz made
farther experiments, and purfued the fame method I
have done, T think he would have been of the fame
opinion. , '

The largeft Tourmalin ¥ had from you, and with
which I made the following experiments, weighs
above 120 grains. It is of an oval form, and polithed:
the greateft diameter meafures an inch and a quarter,
and the leaft one inch. One fide is plain, the other
is convex, but cut into feveral fmall planes or facerzes,
fomething like a rofe diamond ; the thickeft part of
which is near one third of an inch. This fhape does
not {feem to me to be the moft convenient for make-
ing experiments, but I would not alter it, left the
ftone fhould break ; for there are feveral cracks in it;
and I fear it will be difficult to meet with another of
the fame fize.

To make experiments with the Tourmalin requires
the greateft attention, as the appearances fometimes
are {carcely fenfible, infomuch that 1 have been obliged
to employ the tendereit kind of apparatus, and even
interpofe a fort of fkreen to prevent my breath, or
other like motions of the air, from difturbing the ex-
periment.

My apparatus for making many of thefe experi-
ments, confifts of two very fmall balls made of thﬁ

pitt
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pith. of clder, and fufpended by two linnen threads
of ‘the fineft kind : the ends of thefe threads I faften
to a {lip of wood about three inches long, and half an
inch broad: then upon a ftick of fealing wax nine
inches long, fixed upright on a table, or any other
convenient place, I faften the flip of wood, from one
end of which the threads &c. hang down five inches,
fo that the pith balls are about four inches from the
table. Thefe balls are always fuppofed to be eleétri-
fied plus, except where the contrary is mentioned: but
with .no greater power, than to make them recede
from each other about one inch in every experiment.

I prefer the wax ftand to a glafs one, as the latter
when cold acquires moifture very foon, and therefore
becomes a conductor: whereas wax, when it is once
in good order, will continue a non-conductor for a
long time.

Before I fet down my experiments, I muft mention
three truths that are commonly known, and which,
for the prefent, I fhall call

GENERAL LAaws.

Two bodies equally ele@rified plus recede from
each other, or are repelled.

Two bodies eleGrified msnus recede alfo from each
other, or are repelled.

One body electrified plus and another body eleétri-
fied minus, to an equal degree, accede, or move to-
wards each other, or, as it is generally exprefled, are
attracted.

EXPERIMENTS upon the TOURMALIN.

Exp. 3. One edge of the Tourmalin being properly
faftened to a long fick of fealing wax, I dipped the
8

ftone
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frone into boiling water, and continued it there near
one minute. On taking it out, and prefenting the
convex fide thereof near the pith balls, they immedi-
ately receded from it, but not very ftrongly.

On turning the plain fide towards the balls, it
caufed them to accede to it, but rather at a greater di-
itance in this cafe, than they receded from it in the
laft. When the flone was colder, thefe appearances
were confiderably ftronger; but, on cooling ftill
more, they were lefs and lefs.

Exp. 2. 1 repeated this laft experiment, with the
difference only of having the balls elettrified minus
inftead of plus*. And in this cafe (as might be ex-
pected) the effeCts were reverfed; the balls acceding
f\o(;vards the convex fide, and receding from the plain
i1ae.

Thefe appearances in the two experiments agree-
ing with one another, fufficiently prove, that when zhe
Sflone has been beated by water, one fide is eleéirified
minus, and the other fide is electrified plus ; which is
the firft law laid down by Zpinus. This ftate has
not imprciserly been called its #atural flate ; becaufe
the beat, which difpofed the Tourmalin to afford thefe
appearances, was #niform in every part of its furface,
and the water itfelf an uniform condu@or.

Exp. 3. 1 prefented the convex fide to the flame of
a candle, but not fo near as to touch the flame, and
held it there about one minute, during which time
the ftone acquired a plus eletricity on both fides, for

* I did the fame thing in every experiment where there was oc-
cafion to ufe thefe balls, to be more certain of the conclufions.

the
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the balls receded from them, but rather with a greater
force from the convex fide, than from the plain fide.

This appearance proves an 7ncreafe of the power in
the flone ; becaufe it continued to a& for a time like
other bodies electrified plus. And in regard to the
different forces of the two fides, that will be particu-
larly confidered hereafter.

Exp. 4. After a thort time, the Tourmalin being
coldet, and the remaining heat more equally diffufed,
it changed its laft ftate to a plus and minus one ; for
the plain fide made the balls accede, and the convex
fide made them recede.

This change feemed to arife from fome alteration,
on or near its furfaces, by having the heat equally dif-
fufed throughout the ftone: if it was not fo, I fee
no reafon but that the Tourmalin fhould continue to
be eletrified plus on both fides, whilft any eleGrical
figns remained.

Exp. 5. Inow held the plain fide as near the flame
as I had done the convex one; and inftead of both
fides being eleCrified plus, they were eleCtrified -
nus, for each fide caufed the balls to accede.

From this experiment, I had reafon to believe that
the flone was emptied (if 1 may fo fay) of its electri-
city; becaufe it continued to aét for a time like other
bodies ele€trified minus.

Exp. 6. After the fame length of time as in the
fourth experiment, the Zourmalin being colder, it
changed its ftate alfo; for the convex fide made the
balls recede, and the plain fide continued to make
them accede, as they had done before. ki

is
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‘This change feemed likewife to arifé¢ from fome
alteration on the fuifaces of the Tourmalin, by having
the heat equally diffufed throughout the ftone : if it
was not fo, I fee no-realon but that the Tourmalin
thould: continue to be electrified minus on both fides,
whilft any eletrical figns remained.

I was naturally led next to examine at which fur-
face of ‘the Tourmalin the fluid entered (if any did),
whilft it continued heating.

Exp. 7. Flame being improper for my purpofe,
becaufe the eleétric fluid is readily diffipated by its
prefence, I made choice of an iron rod, at the end of
which was a round knob. This was heated, and af-
terwards brought to a certain diftance from the balls,
in order to fee if they were moved by it: but not per-
"ceiving the leaft motion, I interpofed the Tourmalin,
with the convex fide next the balls. They acceded
a little, and when I removed the heated iron, they
returned to their-place again. I then brought the
[iron nearer to the Tourmalin than before : the balls
Jin this cafe moved with vigour towards the ftone, and
continued in contaé? with it for a confiderable time;
and, after that, they receded from it.

On examining the balls, I found they had loft all
their plus eleCricity, and were eleGrified minus, 1
alfo obferved that the fone itlelf was minus on both
Jides. v

I gathered from this experiment, that the elec?ric
Jluid flowed from the balls towards the flone ; becaufe
they not only loft their own p/us eleGricity, but were
eleirified minus : and, as the Tourmalin was minus
alfo on both fides, a quantity of cleciric fluid mufp

bave
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bave flowed from it towards the iron. 'That this was
really the fact will appear prefently,

Exp. 8. When 1 heated the convex fide in the
fame manner as I did the plain one, the balls were
not moved towards the Tourmalin, but from it, and
continued in that ftate. In this experiment they were
electrified p/us, and the ftone alfo was plus on both
fides.

I gathered from this experiment that the plus elec-
tricity in the ftone did not flow from the balls, be-
caufe they loft none of their virtue ; but it muft be
Jrom the iron itfelf.

It was now neceflary to examine the iron: but I
found it very difficult to do this for many reafons,
and fuch as might perhaps be thought too tedious if
I mentioned them.

I therefore had recourfe to another expedient,
where there was a probability of meeting with better
fuccefs. This was to make ufe of a tube of glafs
about two feet long, one end of which I heated red
hot and tried the experiments again: obferving at the
fame time the ftate of the glafs after each experi-
ment.

Exp. 0. When the plain fide of the Tourmalin was
expofed to the heated end of the glafs, in like man-
ner as it was to the knob of iron in the feventh ex-

eriment, I obferved that about zhree inches of the
heated part of the glafs was elec?rified minvs, and be-
yond that diftance it was eleftrified plus, and conti-
nued fo even when the glafs was very near cold.

This plus and minus ftate in the glafs, muft be
caufed from the action of the fluid flowing from the

Vo, LI Tt balls
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balls and Zourmalin towards the glafs: becaufe 1
found that a current of the eletric fluid acting againft
the natural quantity of the fluid in the glafs will pro-
duce the fame effe¢t: for having rubbed a tube of
glafs, I applied it to the heated end of another tube,
and the appearances were exatly alike; that part
which was heated being minus, and the part beyond
it plus.

pThis feems a leading ftep, towards difcovering the
truth we are in fearch after : for the current of the
fluid feems to be fairly traced in thefe circumftances,
the heat having difpofed the Tourmalin properly to
let the fluid pafs from the balls, through its fubftance,
towards the glafi.

Exp. 10. 1 was now eager to try what would be
the event, when the heated part of the glafs was next
the convex fide of the Tourmalin. Upon making the
experiment, I found that the tube was electrified -
nus above one foot in length, without the leaft appear-
ance of a plus elericity beyond the minus one, as in
the laft experiment. And this minus appearance con-
tinued alfo when the tube was nearly cold.

Now becaufe the Tourmalin was plus, the balls plus
alfo, and the heated glafs minus, the eleCtric fluid
muft bave flowed from the glafs to produce a plus elec-
tricity in the flone and balls.

Thus you fee, Sir, I have difcovered tawo currents
of the eleétric fluid pafling in contrary directions, the
one of them electrifying both fides of the Tourmalin
plus, and the other both fides minus.

MY next ftep was to put the Tourmalin into its
natural ftate (as Zpinus calls it,) in order to make

farther experiments.
Exp. 1i.
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Exp. 11. To anfwer this purpofe beft, I feparated
the Fourmalin from the wax, and placed it in boil-
ing water for a {hort time, where it was furrounded
on all fides with a conductor and an equal degree of
beat : then, taking it out of the water, I laid the
convex fide (after it was dry) upon the flip of wood,
fupported by wax, to which the pith balls were fuf-
pended ; but no appearance happened, for the balls
continued at reft.

Exp. 12. But when the fforre remained on the wood
a little time longer, the balls feparated to a confider-
able diftance, fometimes near two inches; and re-
mained fo for more than one minute.

In this ftate they were eleCrified plus, as appeared
by their acceding towards amber when it was rubbed
and brought near them. From the balls being elec-
trified plus, the flow of the fluid from the plus fide
of the Tourmalin muft have caufed fome part of the
wood itfelf to be minus, and the balls plus; becaufe
the fame effets happened in Exp. 9. Befides, elec-
trified glafs oppofed to the fame wood produced fimi-
lar appearances.

Exp. 13. If, whilft the ftone continued refting
upon the wood, I brought my finger near the plain
fide of the Tourmalin, the balls receded farther from
each other; and when I repeated the approach, it
every time affeCted the balls and made them recede
a little more, unlefs the Tourmalin was become too
cold; in which cafe they approached nearer, but ftilt
continued to be eleCtrified plus.

In this experiment, the finger did nothing more
than fupply the ftone with the electric fluid, more
readily than the air itfelf would have done.

Ttz Exp. 14
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Exp. 14. Upon removing the ftone 4y degrees
from off the wood, the balls approached nearer and
nearer : but when it was taken away entirely they
receded again, and in this cafe were eleCrified minus
inftead of pius.

This is a farther confirmation that the fluid flow-
ing from the flone eleCtrified the wood minus, by
forcing part of the natural quantity in the wood into
the balls, and fo made them plus ; but becaufe fome
part of the fluid was forced likewife out of the balls
into the air whilft they continued plus, therefore
when the flone was taken away, they were juft as
much ele&rified minus, as the force of the fluid flow-
ing from the flone was able to drive out of the balls:
and I have formerly thewn * that the balls will 7e-
cede from one another in this minus {tate as they do
in a plus one, by the crouding in of the fluid from
the air &c. on all fides to reftore the equilibrium ;
but being retarded in, fome degree in endeavouring
to enter the balls by the medium on their f{urfaces,
an accumulation is formed, and confequently atmo-
{pheres fimilar to the plus ones ; with this difference
only, that one is tending from the body and the other
to the body.

Exp. 15. After heating the ftone again in boiling
water, I laid the plain fide upon the wood. In this
cafe the balls continued at reft as they did in the
eleventh experiment, when the convex fide laid upon
the wood.

% See exp. and obf, by Hoadly and #ilfon.
Exp. 16.
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Exp. 16, But, after a little time, the balls feparated
an inch or more, and remained o for fome time.
In this ftate they were ¢leGrified minus; for the
receded from the amber. v B

The Tourmalin, in thefe circumitances, was fup-
plied with the eleéric fluid from the wood and balls,
as appears from the preceding experiments, when the
heated glafs was applied ; fo that the balls muft have
been in a minus ftate, and fome part of the wood in
a plus one : becaufe of the like refiftance at the fur-
face to be overcome, where an accumulation of the
flaid muft have been caufed before it could pafs to
the Tourmalin; as appears by Lord Charles Caven-
difli’'s experiment.

Glafs elerified minus, and applied in the fame
manner, produced the like effet.  As to the method
of ele@rifying glafs minus, it will be thewn pre-
fently.

Exp. 17. Upon bringing my finger near the convex
fide, {’hc 7ballsp(:'eadedg}a§‘tbe}; Jrom each other, as
they did in the thirteenth experiment: and, on re-
peating the approach, the balls receded a little more,
unlefs the ffone was become too cold.

The approach of the finger, therefore, conducted
the fluid from the flone, more readily than the air
furrounding it.

Exp. 18. On removing the Tourmalin the leat
from the wood, the balls approached nearer each
other, and continued to do o as the ffone was removed
farther off ; neverthelefs they were ele@rified minus,
though in a lefs degree.

Exp. 19. I then removed it intirely, and the balls
receded, but to a greater diffance than at any time

before
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before in the preceding experiments ; and, inftead of
being minus, they were now plus; for the amber
caufed them to accede.

By the balls receding to a greater diftance in this
Jaft cafe than in any other experiment I have yet pro-
duced, and the flow of the fluid, during the natural
Slate of the ftone, being from the minus to the plus
fide, we have produced another proof, that the refifi-
ance is leaft at the minus fide of the flone : and from
this caufe, the tendency of the fluid from the balls
towards the ffone muft be greater, than when the fluid
tended from the fone towards the balls. But thereis
a refiftance appertaining to the wood, that was ob-
ferved before, and which muft be taken into the ac-
count, though it is the fame in each experiment.
Neverthelefs, fince the tendency of the fluid is differ~
ent when different fides of the flone are expofed, dif-
ferent degrees of the eleric fluid will be accumu-
lated. Hence we fee the reafon why, upon removing
the flone from off the wood, as in this laft experi-
ment, more of the accumulated fluid muft have
flowed in, than flowed out, becaufe the balls were elec-
trified plus.

HAVING endeavoured to explain thete zhree dif-
Serent flates of the Tourmalin, caufed by different ap-
plications of beat, I fhall now offer fome farther ex«
periments in which frié#ion is concerned, and com-
pare them with other experiments of the vitreous and
refinous kind, in order to obferve how far they agree
with one another, and whether the principles here
advanced are conftant and uniform.

Exp. 20. The Tourmalin being again fixed to the
wax, I gave the convex fide one {light rub with my

Singer,
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Jfinger, a1d obferved, that both fides were eleGrified
Jus.

‘When the Tourmalin was put into its natural flate,
fo as to eleCrify plus and minus, I gave the fame fide
another flight rub; and in this cafe both fides were
eleGrified plus.

Upon repeating thefe two laft experiments with the
plain fide inftead of the other, the Tourmalin was
ele@rified plus on both fides likewife ; but with this
difference, that now they were confiderably more
eleGtrified than before.

This is a farther argument, that zhe refiffance is
lefs on the plain fide than on the convex fide ; and that
the fuid paffed through the flone.

And becaufe fo flight a fri¢tion occafioned {uch a
fenfible alteration, we are {ufficiently cautioned from
touching the ftone at any time, but when the experi-
ment requires it. The fame caution is to be obferved
with glafs, amber, filk, &c.

Thefe experiments put me upon trying the experi-
ment with the pane of glafs, mentioned in the begin-
ning of this letter; and, upon finding that the eleéZric

fluid not only paffed through the glafs, but eleGrified
it plus, 1 had a mind to try, whether I could not elec-
trify it minus. ’

Exp. 21. For this purpofe I made ufe of the fame
glafs, and, when it was a little warmed, I held it
within two feet of the prime conductor, which was
cleCtrified plus. By this method, that part of the
glafs, which was oppofed to the conductor, became
eleGrified minus on both fides ; but beyond that, a con-
fiderable part all round the minus, was eleCtrified plus
on both fides. 'This effe@ is of the fame kind \‘Vliih

2 that
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that mentioned in the gth experiment. In a few
minutes, the minus eleétricity difappeared, and the
plus continuing, diffufed itfelf into the place of the
other ; fo that now the whole was ele@rified plus.
Exp. 22. The experiment fo far fucceeding, in-

duced me to make ufe of a lefs piece of glafs, that I
might have the whole eletrified minus. Upon making
the experiment, it anfwered accordingly.

~ Thefe advances led me to obferve the power of
electrifying this fmall piece of glafs and the Tourma-
lin at different diftances. ’

Exp. 23. 1 expofed the fmall piece of glafs to the
prime conduttor, at the diftance of two feet, which
was the fame as before in the 211t experiment, and
obferved a minus electricity at both furfaces.

 Exp. 24. As I moved the glafs nearer, to a certain
diftance, it was more fenfibly ele&rified minus; and
after that, on moving it fill nearer, the minus ap-
pearance was lefs and lefs fenfible, till it came within
the diftance of about one inch, and then it was elec-
trified plus on both fides.

Thefe laft experiments are farther confirmations of

the permeability of glafs.

Exp. 25. This plus ele@ricity in the glafs I found
might be changed to a msnus once again, by remov-
ing the glafs, and holding ## for a time at a greater di-

Slance : which is another proof of the repulfive power
of this fluid. |

Exp. 26. The Tourmalin afforded like appearances
when in the fame circumftances ; with this difference,
that they were caufed at greafer diftances than thofe
of the glafs; and particularly the plus ele@ricity was
acquired at the diftance of one fooz, or more,

From
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From this difference in the power at different di-
ftances, I inferred, that the Tourmalin refifis the exit
and entrance of the fluid confiderably lefs than glafs, or
even amber ; for the diftances requifite to caufe
changes in thefe, were lefs, than the diftances which
caufed changes in the Tourmalin : and fince, by ex-
pofing glafs, and the Tourmalin, to an eleGrified body,
at confiderable diftances, they are rendered minus,
and at a nearer diftance plus; it is no inconfiderable
argument that their general laws are the fame; and
that the Tourmalin differs in nothing from other elec-
tric bodies, but in acquiring an eleGricity by beat.
And, in regard to this remarkable effe&, the experi-
ments I formerly made, which rendered eleérics
non-eleétric, as likewife Mr. Delaval’s curious expe-
riments upon earthy fubftances, are other inftances
how particular bodies may be fo altered, as to fuffer
the electric fluid to pafs through them or not, accord-
ing to the different degrees of beas employed in the
experiment.,

But to proceed with our obfervations onrubbed glafs.

Exp. 27. Having by me a pane of glafs, one fide
of which was rough, and the other fmooth, I rubbed
it flightly on the rough fide; upon doing which, dozh
[fides were eleCirified minus.

Exp. 28. I treated the other fide in the fame man-
ner; after which, the minus ele@ricity was changed
to a plus one, on both fides.

Now, becaufe the fame glafs afforded different ap-
pearances when different fides thereof were rubbed,
and there being no other difference in the circum-
ftances of the two experiments, except that in the
furfaces themfelves, the one being rough, and the

Voui, LI Uu other
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other fmooth; it follows, that the power of ele@ri-
fying plus or minus arifes from one and the fome fuid.

Exp. 29. 1 then had a curiofity to try, whether I
could not, by rubbing, make one fide of this glafs
plus, and the other minus, at the Jame time. This 1
effeCted, after both fides were made plus ; for, by rub-
bing the rough fide of the glafs lefs, than I rubbed
the fmooth fide, that became minus, and the {mooth
fide continued plus. I rubbed the rough fide /fs,
becaufe I found from experience, that rough glafs
required a lefs power to eleCtrify it minus, than
Smooth glafs did to eleCrify it plus; and therefore I
concluded, that the medium on the different furfaces
has different powers, the greateff belonging to the
Smooth, and the leaft to the rough [furfaces ; as Sir
Ifaac Newton has thewn concerning light falling up-
on polithed and rough glafs.

I remember an obfervation of the like kind, which
Mr. Short made, upon having occafion to heat one
of his metal [peculums, behind which was faftened a
wooden handle. This fpeculum he placed near a
ftrong fire, with the polifhed furface towards the fame,
‘where it continued above an hour, without receiving
the leaft degree of warmth. ‘That power therefore,
which reflected the beat, muft certainly be of the fame
nature with that, which occafioned the zobs of light
in vacuo, mentioned in the firft experiment. I have
frequently endeavoured to caufe alterations in that
power, with a view to be better acquainted with its
laws ; and, amongft other attempts, I rubbed elec-
trics againft ele@rics,

Exp. 30. 'The firft trial was with the Tourmalin

and amber, which produced a p/us eleGricity on both
2 fides
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fides of the ffone, and a minys one in the amber.
Afterwards I eleCrified the amber, and held it near
the Tourmalin ; ftill both fides were plus : and if I
rubbed the Tourmalin whilft the amber was ele¢tri-
fied, it continued plus. Then I rubbed the ffore with
glafs ; notwithftanding which, both fides of the Tour-
malin were plus, and the glafs minus.

Exp. 31. But when the glafs was eleCrified plus,
and held near the Tourmalin, as 1 had done before
with the amber, in this cafe, both fides were ele@ri-
fied minus.

Thefe experiments feem to thew, that where elec-
¢ric appearances are produced, by the rubbing of any tuwo
polifbed bodies together, that body, whofe fubftance
is bardeft, and elettric power firongeff, will be always
plus, and the fofteft and weakef}, always minus. It was
from this theory, with which I had the pleafure to
ac%uaint you, that I was defirous of trying to elec-
trify the Tourmalin minus by rubbing, not having at
that time been able to do it. I fixed upon a brilliant
diamond for this purpofe, as being the bardefi body,
and firongef} elettric, that I was acquainted with ;
and, upon rubbing the Tourmalin with it, my expec-
tations were anfwered ; for both fides of the Tourma-
lin were eleGrified minus, and the diamond plus.

Exp. 32. Thele experiments fucceeding, I rubbed
glafls againft glafs, and found, that they elecirificd
each other ; but one of them wus plus, and the other
minus.

Exp. 33. "T'wo pieces of amber, treated in the fame
manner, were alfo eleCtrified plus and minus.

Exp. 34. When I rubbed glafs againft amber, the
former was plus, and the latter minus,

Uua2 Exp.
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Exp. 35. Two Tourmalins being rubbed againft
each other, one became p/us, and the other minus.

From all which it appears, that fome alteration
was made in the medium on their furfaces; otherwife
thefe oppofite effets could not have been produced :
and in regard to the fame bodies producing different
effets, it is not improbable but they may differ in
degrees of hardnefs, polith, or of their electrifying
power.

Now, as eletrics, rubbed againft eleftrics, occa-
Sioned electrical appearances, 1 was encouraged to tr
what would be the effe& of a7, if 1 rubbed, or rather
Jorced, it againtt eleérics ; for I fuppofed the particles
of air to be furrounded with a medium of the fame

kind as groffer bodies, which is the caufe of their
being fo elaftic.

Exp. 36. 'To do this, I only made ufe of a com-
mon pair of be/lows, and having brought the Tourma-
Jin near to the end of the pipe, Ifound, after it had
received about twenty blafts, it was electrified plus on
both fides.

Air therefore feems to be /lfs eleciric than the
Tourmalin,

Exp. 37. Inta the place of the Tourmalin I brought
a pane of glafs, and blew againft it the fame number
of times as in the former experiment. When I exa-
mined both fides, they were ele@rified plus alfo, but
lefs than the Tourmalin.
Exp. 38. Amber, treated in the fame manner, was
ele@rified lefs than the glafs.
Exp. 39. 1 had recourfe next to a fmith’s se/lows.
The difference thefe occafioned was only a much
ftronger
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ftronger elericity in the Tourmalin, Amber was
ftill weaker than the glafs, and the glafs weaker than
the Tourmalin.

Still having in view the medium on the furfaces of
the particles of air, I confidered, that beat would ra-
rify it; by which means, air, having its refiftance lefl-
ened, would more readily part with the ele@tric fluid,
and of confequence electrify more powerfully. '

Exp. 40. The pipe of the bellows being made red-
hot, I blew againft the Tourmalin twelve times only,
which was eight blafts lefs than in the former experi-
ments with cold air. In this experiment likewife the
Tourmalin was eleGrified plus on both fides, but to a
confiderable degree more, than was done in the 36th
and 39th experiments. The hot air had the fame
effect upon glafs ; but electrified it lefs than the Tour-
malin : and amber, though, like the ether bodies, it
fuffered an increafe of power by the fame treatment,
was electrified the leaft of all.

From the air eleCrifying more powerfully when it
is hot, than when cold ; and the Tourmalin being elec-
trified more than glafs, and glafs more than amber,
as appears by thefe laft experiments, we feem to have
obtained a proof, that the whole atmofphere is con-
ftantly promoting a flow of the elettric fluid, by the
alternate changes of heat and cold : and further, that
air, is not only lefs eleétric than the Zourmalin, but
lefs than glafs, and even amber.

Exp. 41. When the Tourmalin had received the
fame number of blafts againft the plain fide, whilft
my finger touched the convex fide, it afforded differ-
ent appeafances; for the plain fide was eleCtrified
plus, and the other minus.  After a fhort time, both

Sides
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Jidss were plus; and fome time after this the fone re-
covered its natural flate, the plain fide being minus,
and the convex plus.

What appeared fingular in this experiment, was,
that the m:ddle flate of the flone (hould be plus on both
Jfides., But we no more wonder at this, when we
confider, that there were two caufes to produce thefe
effets: the firft was Aeat, which put the flone into
an wunnatural flate (as AEpinus had obferved be-
fore) ; for, upon cooling, it would recover its #azu-
ral flate, and confequently afford different appear~
ances.

But the fecond caufe, which ele@rified both fides
plus when the flone was in an intermediate (or, as
Hipinus calls it, neutral) flate, between the two ex-
tremes, was, that then the effe@s of the air itfelf toak
‘place, and electrified bozh fides plus, as it had done
before in the 35th experiment.

Exp. 42. The convex fide was now prefented to
the fellows in the fame manner, and received an equal
number of blafts. In this experiment both fides were
plusy but weaker than in the laft experiment; and,
after a time, the fone returned to its natural flate,
affording a plus and minus appearance.

This property in the air, of ele&rifying glafs, am-
ber, &c. will, in all probability, account for an ex-
periment I met with in France, made by M. Le
Monnier *, who fhewed me, at St. Germains en Lays,
two or three long wires, which he had fufpended
horizontally from the palace to his apartment, above

* Seg the Memoirs of the Academy of Sciences. )
thirty
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thirty feet from the ground (the fame experiment that
was made by my friend the 4bbé Mazeas, and com-
municated, with feveral others, to the Royal So-
ciety #), in order ta obferve the electric effects during
thunder florms and cloudy weather. Thefe wires he
frequently found elefirified in a finall degree, when
the day was clear, and without the leaft appearance of
@ cloud. Might not this effe therefore arife from
the friction of the air againft the wires?

From confidering all thefe things, and what thefe
laft experiments have taught us concerning the dif-
ferent effe@s produced by bot and cold air, it feems
probable, that many of the curious operations in na-
ture arife from a conflant flux and reflux of the elec-
tric fluid. And if the obfervation be true, that air,
free from moifture, during tempefts and hurricanes
in the night, frequently affords a faint kind of light,
refembling what is feen in an exhaufted receiver,
through which the electric fluid is caufed to flow,
as alfo it occafions a more general clearnefs in the
heavens, than would appear werc there no fuch violent
agitations ; it is reafonable to imagine, that 2 flux of
the electric fluid in the air, is the caufe of fuch ap-
pearances ; for the fame reafon that our artificial blafis
produced the elecrical effects I have juft now men-
tioned.

But it remains to be inquired into, whether the
Tourmalin is fo difpofed by nature, as to fuffer the
eleCric fluid to pafs through it only in one diretion,
like magnetifm through the loadflone, or is indifferent
which way it flows.

* See the Tranfactions of the Royal Society, Vol. XLVI%.
' x[’a
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Exp. 43. Upon examining a Tourmalin which was
Jlat on both fides, and polifbed, except upon its edges,
part of the edge appeared plus, and another part op-
pofite to it minus ; {o that a line, drawn from the plus
part through the centre of the ftone to the other fide,
would pafs through the minus part.

Exp. 44. Two fmaller Tourmalins, that were flat
alfo, and polifhed, like the other, exhibited the fame
appearances.

Exp. 45. Another Tourmalin, which was alfo flat,
but unpolifbed, afforded a fourth inftance of this
kind.

Exp. 46. The firlt of thefe Tourmalins was after-
wards poli/bed, as well at the edges as the furface; in
order to fee, whether that would make any alteration;
but I found it ftill retained its former electrical ftate.

Egp. 47. 1 experienced the fame with another
Tourmalin, which had been rough likewife.

Exp. 48. I then, with a little emery, made that
edge, which was plus, rough again, preferving all the
reft finooth ; but I could not perceive, that any altera-
tion was made by it. I did the like with the edge of
the other polithed Tourmalin, without being able to
obferve any difference.

Exp. 49. As to the {mall Tourmalin, that is plain
on one fide, and a little convex on the other, which
you obferved to bea very good one, it is plus on the
plain fide, and minus on the convex ; which is con-
trary to the large Tourmalin defcribed in the begin-
ning of this letter.

Exp. 5o. I had an opportunity of trying another
Tourmalin, now in the Britifb Mufeum, which af-
forded another inftance of the fingular difpofition of

this
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this ffone. The Tourmalin 1 now fpeak of, is plain on
one fide, and concave on the other; with a {fmall flat
border round it. It was {quare, but one of the cor-
ners had been broken off. When I examined it, the
broken part was plus, and the corner oppofite to the
broken part minus: fo that here alfo the ele@ric cur-
rent ran through the ftone in a diagonal line.

Exp. 51. Every one of thefe Fourmalins, except
that in the Britifh Mufeum, 1 greafed all over, and,
whilft they were warm enough to preferve the greafe
liquid, I tried each Tourmalin feparately, but found,
no alteration in the virtue of the ftone, except weak«
ening it a little ; though it is well known, that moift-
ure, of any fort, readily conduéts the ele@ric fluid;
and therefore, if the Tourmalkin had not a fixed kind
of ele@ricity, the plus and minus obferveable on
the two fides of the ftone, muft, by this treatment,
have united, and deftroyed each other: the plus fide
parting with as much of the fluid, as the minus, on
the other fide, wanted, to reftore the equlibrium.

Upon the whole, all thefe experiments do moft
clearly prove, that the Tourmalin fuffers the elerical
fluid to pafs through it only in one direiion, and fo
“far it bears fome analogy to the loadffone. And as the
loadfione Isfes its virtue by being made red-bot, 1 was
defirous to fee what would be the event in the Zour-
malin under the fame treatment,

Exp. 52. 1 therefore put one of the flat Tourma-
lins into a ftrong fire, for half an hour ; but could oz,
afterwards, perceive the leaft alteration. 1 made the

fame experiment upon another Tourmalin, with the
fame fuccefs.

Vor. LL X x Exp,
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Exp. 3. Laftly, I heated the ftone again, and,
whilft it was red-hot, I threw it into water ; by which
treatment the virtue of the Tourmalin was intirely de-

Sroyed, and it had the appearance of being fhivered
in many parts, without breaking.

IN regard to the internal frame of the Tourmalin,
we can fay nothing ; yet fo much I have learned, by
thefe experiments, that there are three different me-
thods of beating the Tourmalin, which produce dif-
ferent eleCtric appearances ; that different degrees of
beat, afford diﬂgrent appearances ; that friéfion has
the fame effect upon it, as upon glafs; and that the
Fourmalin, when it is heated lprogcrly, fuffers a cur-
rent of the eleGric fluid to pafs through it 7z one di-
reétion only : fo that the Tourmalin hath, as it were,
two eleftrical poles, which are not eafy to be deftroyed
oraltered ; and farther, that there is not any fubflance
in nature, which we are acquainted with, that the
electric fluid does not readily pafs througk ; that there
feems to be @ conflant flux and reflux of it in all bodies,
aswell in-the air as in vacuo, occafioned by the alter-
nate changes of beat andcold in every part of this globe.
All which things do very much confirm the opinion
I formerly entertained, and attempted to prove by
experiment, that the electric flusd is diffufed through-
out the whole earth, as well as in the air furrounding
it *, \

How far this flowing of the ele@ric fluid may be
concerned in the ordinary operations of mature, by
keeping up that motion, which feems fo neceffary in
the feveral parts of the grand machine, 1leave to others,
who may be more fuccefsful in their refearches.

* Seea Treatife on Elericity; the 2d Edit. by B, Wilfon. B
Y
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By thefe advances, we have likewife attained to a
more certain knowlege of that medium, which feems
to furround the furfaces of all bodies, and which,
being of a greater or lefs denfity, or exercifing (if I
may fo fay) a gredter or lefs refiftance, produces dif-
ferent effe@s, as the electric fluid (or ether, if you
pleafe) paffes inand out of bodies, whenever they are
difturbed by any external violence; and, were it not
for -this medium furrounding all bodies, the electric
fluid, I apprehend, could neither be accumulated, nor
detained, in any body whatfoever.

This principle is very fimple, and feems to be of a
very general nature. Our great philofopber adopted
it from many experiments: he fuppofed, that the
wonderful phznomena of nature, particularly thofe
of light, were not to be explained without it; and
therefore did not fcruple to propofe it, asa principle,
to be farther inquired into.

I fhall think my time well employed, if, by thefe
inquiries, I have at all contributed to fhew, how much
we are indebted to this happy Interpreter of Nature,
and have afforded freth occafion, by the light of his
labours, to admire, and adore, the firf caufe of all
things. But whatever may be the fuccefs of my en-
deavours, they have at leaft been attended with a fa-
tisfa@ion, which not a little increafes that defire T
have ever had for purfuits of this kind. Iam,

SIR,
Your moft obliged humble fervant,
Great Queen-fireet, London, Bcnja‘ Wilfon.

Nov. oth, 17359.
Xx2 XXXVI.



