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loins. 'The os facrum, as well as the os pudis, im-
perfectly offified. All its joints are very rigid and
ftiff. It has no anus, but paffes off its water in the
natural way. Its flernum is very imperfet; and it
has no clavicula. It feems infenfible of pain, not
removing 1ts arms or legs, if laid 1n an unealy
pofture,

LXL. An Account of the Phenomena of Elec-
tricity in vacuo, with fome Obfervations
thereupon, by Mr. Wm. Watlon, F. R. §.

'To the Royal Society.

Gentlemen,

Read Feb. 20, N a paper I had the honour to lay be-
175%: I fore you in January 1747, which was
the laft I communicated to you of my own upon the
{ubje& of eletricity, and whichhas been fince publifh’d
inthe Phils/. Tran/.*, I acquaintedyou, thatl intended
upon fome future occafion to lay before you a feries of
experiments in eleCtricity made 7z wacuo; from a
comparifon of which with thofe already made in
pen air it did appear, that our atmoiphere, when
dry, was the agent, by which, with the affiftance of
other eleCrics per. fe, we were enabled to accumulate
eleGricity in and upon non-electrics ; that is, to com-
municate to them a greater quantity of eleCiricity
than thefe bodies naturally have. ‘That, upon the
- ‘ removal

~#* Numb., 485, p. 520.
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removal of the air, the eleGricity did pervade the
wvacuum to a confiderable diftance, and did manifeft
its effeéts upon any non-ele@ric fubftances, which
did terminate that vacuum ; and that by thefe means,
originally-ele@ric bodies, even in their moft perfect
ftate, put on the appearance of non-electrics, by be-
coming themfelves the conductors of electricity.

I had not fo long delayed the illuftration of thefe
opinions by the experiments, which put me in pof-
feflion of them, but that I was not only diverted
therefrom by very wvarious avocations, but de-
firous of giving them a ftill greater degree of per-
fection, in order to place the above deductions be-
yond all controverfy. The exccuting the apparatus -
neceffary hereto was not eafily furmounted: I unfuc-
cefsfully tried feveral artificers, who were not able to
arrive at the nicety, which I thought neceflary in the
conftruétion of my inftruments. Animated however
by a late very honourable occafion, and affifted by
Mr. Smeaton in the completing my apparatus, the
event fully anfwered what I propofed ; although
from the experiments I had made before the com-
munication of the above accounts, I was fully con-
vinced of their truth. I had other opinions indeed,
which did ftill require a further degree of demon-
ftration. ,

To make thefe experiments fucceed, two things
were more particularly required ; firft, that the in-
fide of the glaffes made ufe of fhould be perfectly
dry ; and therefore it was neceffary, that their internal
furface thould be expofed to the wet leathers, ufually
employed in pneumatic experiments, as little as might
pofibly be ; otherwife, the vapours, arifing therefrom
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in exhaufting, defeated the intent by econdu&ing
the eleétricity, and thereby preventing its accumu-
lation. Secondly, the more complete the vacuum
was, ceteris paribus, the more confiderable were
the effects: and here I fhould not do juftice to
real merit, were I filent in regard to Mr. Smeaton,
This gentleman with a genius truly mechanical,
which enables him to give to fuch philofophical in-
firuments, as he executes, a degree of perfection,
fcarce to be found elfewhere; this gentleman, I fay,
has conftruéted an air-pump, by which we are im-
power’d to make Boyle’s vacuum, much more per-
fe&t than heretofore. By a well-conduéted experi-
ment, which admits of no doubt as to its truth, I
have feen by this pump the air rarefied to a thoufand
times its natural ftate ; whereas commonly we feldom
arrive at above one hundred and fifty. As the pro-
motion of the mechanic arts is a confiderable object
of our excellent inflitution, if this gentleman could
be prevailed upon to communicate to the Royal
Society that particular conftrution of his air-pump,
which enables it to execute {fo much more than thofe
commonly in ufe, it would not fail to be an accept-
able prefent : but to return:

The experiments treated of in this paper muft be
confidered to have been made in this vacuum. The
cle@rical machine, with its prime conduétor, need
here no particular defcription ; but that of the glafs,
in which the wacuum was made, thould be more
minutely confidered. It confifted of a glafs tube
nearly three feet in length, and of almoft three inches
in diameter. A ring of brafs, exactly fitting this
tube, was cemented to both its extremities, into eac}}
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of which was {crewed a hollow brafs cap, nearly of an
hemifpherical figure. Into the top of one of thefe caps
was adapted a brafs box of oiled leathers, through
which was admitted a flender brafs rod of a length
fufficient to reach within eight inches of the other
extremity of the tube. Into the top of the other
brafs cap was fattened a brafs rod, like the former,
only of eight inches in length. Thus the extremity
of one of thefe brafs rods might at pleafure, with~
out letting in the air, be made to touch the other;
and for the better obferving what difference in effect
would arife from an increafe of furface, a fmall brafs
circular plate was made to fcrew into each of thefe
extremities. As the fight of this inftrument will
convey to you at once a more clear- idea than the
moft accurate defcription, I take the liberty of lay-
ing it before you.

The intent of being able to bring the extremities
of thefe rods near together, and to feparate them
again to what diftance you pleafed, was, that it
might without difficulty be determined, whether,
and to what diftance, the elerical fluid would ma-
nifett itfelf 7z vacuo, further than in air of the fame
denfity with the external.

The tube then thus fitted, and made dry both
within and without, was plaged in a cylinder of brafs,
of about two inches long, and of a diameter juft fuf-
ficient to admit the brafs cap bhefore-mentioned ; and
round the rim of this -brafs cylinder, to prevent the
ingrefs of air, was adapted a narrow piece of wet
leather. Thefe being placed upon the plate of the
air-pump, which ftood upon cakes of wax, a piece
of wire paffed from the prime conductor to the g)on?
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brafs rod, at the other extremity of the tube, and by
thefe means, upon fetting the electrical machine in
motion, the long brafs rod in the tube was eletrified.
When the brafs plate at the bottom of this rod was
placed near, or even at the diftance of two inches
from the plate of the other rod, the bruthes of elec-
trical fire were feen pafling from the periphery of the
upper plate to that of the lower, and every part of
the air-pump fnapped upon the touch of any one
ftanding upon the floor, and gave the other ufual
figns of the accumulation of elericity.  But, as
thefe plates were made to recede from each othex,
this effet grew lefs and lefs; fo that, when they
were removed five or fix inches from each other, no
{naps could be drawn from the air~-pump; as the
diffipation of the eleCtric fluid was now as eafy from
every part of the prime conductor, as from the upper
brafs plate in the tube: but it is to be noted, that
this diftance is different, as from the weather or ‘other
circumftances the eleé’tnc:lty is more or lefs ftrong.
Upon exhauﬁmg this tube, and ele&rifing as be-
fore the air-pump ftill ftanding upon cakes of wix,
the electrical fire was not only feen to pafs from
one plate to the other at the diftance of ¢ inches,
but the fame effect enfued at the greateft diftance,
to which in the tube the brafs plates could be drawn.
Being therefore defirous to fee a farther effe, and
to avail myfelf of the whole length of this tube, I
took from the infide of it the fhort brafs rod, to
which the lower brafs plate was fixed, and faften’d
this plate at the very bottom of the tube into the
cap. The confequence was, that the eleGricity,
meeting with fcarce any refiftance, pafled from the
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top to the bottom of the tube, and ele@rifed the air-
pump as before: and it was a moft delightful fpecta-
cle, when the room was darkened, to fee the electri-
city in its paffage; to be able to obferve, not, as in
the open air, its bruthes or pencils of rays an inch or
two in length, but here the corufcations were of the
whole length of the tube between the plates; that
is to fay, thirty-two inches, and of a bright filver hue,
Thefe did not immediately diverge as in the open air,
but frequently, from a bafe apparently flat, divided
themfelves into lefs and lefs ramifications, and refem-
bled very much the moft lively corufcations of the
aurora borealis.

At other times, when the tube has been exhaufted
in the moft perfe¢t manner, the eleCtricity has been
feen to pafs between the brafs plates in one continued
ftream of the fame dimenfions throughout its whole
length; and this, with a fubfequent obfervation,
{feems to demonflrate, that the caufe of that ver
powerful repulfion of the particles of eleérical fire
one to the other, which we fee in open air, is more
owing to the refiftance of the air than to any natural
tendency of the eledtricity itfelf ; as we obferve, that
the brothes thereof from blunt bodies, when the
electricity is ftrong, diverge fo much, as to form,
when feen in the dark, an almoft fpherical figure.
This figure feems therefore toarife from the ele@ricity’s
endeavouring to infinuate itfelf between the particles
of air. 'The figure, that an elaftic fluid of lefs denfity
muft form, when let loofe, and equably compreffed
by one more denfe and more ¢laftic, muft neceffarily
approach to that of a {phere.

Upon
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Upon admitting a very {fmall quantity of airinto the
tube, thefe phenomena difappeared ; not fo much from
the fmall quantity of air admitted, as from the vapours,
which infinuated them{elves therewith. Thefelined the
fides of the glafs, and conducted the eleGricity imper-
ceptibly from one end of the tube to the other. And
to illuftrate farther, that the vapours, and not the air,
in the fmall quantity admitted, occafion’d this total
difappearing of thefe phznomena ; upon experiment
they have been vifible, though in a lefs perfet de-
gree, when a much larger quantity of air was omit-
ted to be exhaufted from the tube.

Thefe experiments feem to evince, that however
great the vacuum could be made, the ele@rical co-
rufcations would pervade it through its whole length.

From hence it appears, that our atmofphere, when
dry, is the agent, by which we are enabled to accu-
mulate electricity upon non-eleétrics ; as in the expe-
riment before us, upon the removal of it, the elec-
tricity pafled off into the floor through a wacuum,
of the greateft length we have hitherto been able
to make, became vifible in this vacuum, and ma-
nifefted itfelf by its effects upon the air-pump,
being the non-eleftric fubftance, which terminated
that vacuum : whereas, when the air is not taken
away, the diffipation of the electricity is from every
part of the prime conductor. We fee here alfo, con-
trary to what we have found hitherto, that an ori-
ginally-electric body, viz. a dry glafs tube, puts
on the appearance of a non-electric, by becoming
itfelf the conductor of electricity, thatis, by its keep-
ing out the air, and fuffering the electricity to per-
vade the vacuum.

How
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How much foevér the vacuum, here made ufe of,
may exceed that, which isufually arrivedaat, it is far from
being a perfect one ; and to make one more fo, ex-
cept that of Torricelli, which cannot without difficulty
be applied to the prefent purpofe, is not very eafy.
But it appears from the already mentioned experi-
ments, as well as from a fubfequent one, that the vacy-
um, which we are mafters of, does not tranfmit the
electricity fo perfectly as metals and water ; as we are
able to draw fnaps from the prime conductor, an ar-
gument of {ome degree of accumulation, while the
electricity is paffing through the vacuum. 'This never
happens, when metals, ftanding upon the ground,
touch the primeconductor. As we obferve therefore,
that the corufcations diverge more or lefs, in propor-
tion as there is more or lefs air left in the tube, this
effect may arife even from the fmall quantity of air
till remaining undifcharged. o

I was defirous of knowing, for the farther illuf-
tration of my propofitions, whether the experiment
of Leyden could be made through the wacuum. For
this purpofe I made the before-mention’d exhaufted
tube part of the circuit, fo neceflary to this experi-
ment. What this circuit is, I have in my former
communications fo often and fo clearly exemplified,
that it would be needlefs to repeat it here. You
know in this experiment it is likewife abfolutely ne-
«ceffary, that the whole quantity, or nearly fo, of the
accumulated electricity thould be difcharged in the
fame inftant of time. Accordingly, upon making
the experiment, at the inftant of the explofion, you
faw a mafs of very bright embodied fire jump from
one of the brafs plates in the tube to the other : but
this did not take place, when one of the plates was

Aaa farther
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farther diftant from the other than ten inches. If
the diftance was greater, the fire then began to di-
verge, and lofe part of its force ; and this force di-
minithed in proportion to its divergency, which was
nearly as the diftance of the two plates.

The difficulty however of applying the Torricel-
lian vacuum to thefe experiments has been happily
got over by the right honourablethe Lord Charles Ca-
vendifh, our worthy Vice-prefident. This noble lord,
who toa very complete knowlege of the fciences joins
that of the arts, and whofe zeal for the promotion of
true philofophy is exceeded by none, has applied it in
the following manner, and his lordthip has had the
goodnefs to put his apparatus into my hands. 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 fomewhat like a para-
bola 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 inches *. 'This tube was carefully
fill'd with mercury ; and each of its extremities being
put into its bafon of mercury, fo much of the mer-
cury 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 s and thefe glafles were faften’d to the bot-
tom of a {quare wooden frame, fo contrived, as that
to its top was fufpended by filk lines the tube filled

with

* See the reprefentation of this apparatus, Tab, XVI,
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with mercury before-mention'd ; fo that the whole
of this apparatus without inconvenience might be
moved together. The Torricellian vacuum then occu-
pied a fpace of about thirty inches. In making the
experiment, when the room was darkened, a wire
from the prime conductor of the common ele@rical
machine communicated with one "of the bafons of
mercury, and any non-cleGric touching the other
bafon, while the machine was in motion, the eleéri-
city pervaded the vacwum in a continued arch of
lambent flame, and as far as the eye could follow it,
without the leaft divergency.

That the electricity was not furnithed from the
glafles employed in_thefe operations, nor from the
circumambient air, I have heretofore, in my coms
munications to you upon this fubje&, endeavoured to
evince. I have thewn, that eleCricity is the effeét of
a very fubtil and elaftic fluid, occupying all bodies
in contact with the terraqueous globe; and that
every-where, in its natural flate, it is of the fame
degree of denfity ; and that glafs and other bodies,
‘which we denominate electrics per fe, have the power,
by certain known operations, of taking this fluid
from one body, and coaveying it to another; in a
quantity {ufficient to be obvious to all our fenfes:
and that, under certain circumftances, it was poffible
to render the eledricity in fome bodies more rare
than it naturally is, and, by communicating this to
other bodies, to give them an additional quantity,
and make their electricity more denfe: and that thefe
bodies will thus continue until their natural quantity
1s reftored to each; that is, by thofe, which have
loft part of theirs, acquiring what they have loft;

Aaa 2 and



[ 372 ]

and by thofe, to which more has been communicated,
parting with their additional quantity. Both one and
the other of thefe is, from the elaflicity of the eleftric
matter, attempted to be done from the neareft nona
cle@ric ; and when the air is moift, this is foon ac-
complithed, by the circamambient vapours, which
here may be confidered as preventing in a very great
degree our attempts to infulate non-eletric bodies.
But thefe matters I have copioufly treated of in my
former communications upon this fubject *: this (hort
recapitulation however 1 thought neceflary, for the
more eafy illuftrating what I propofe to fubjoin;
and it is upon thefe principles that we are able to ac-
count for the circulation of eleCtricity deferibed in the
Philsfopbical Tranfaéiions, Vol. XLIV. p. 740.

If therefore the before-mention’d principles are
true, and if the ele@ricity is not furnithed by the
globe in its retation, nor by the air, it ought to be
vifible in the wacuum of the before-deferibed glafs
tube, in its ingrefs to the frame of the elecirifying
machine, if this machine, and the man who turns
the wheel thereof, are fupported by eleGrics per /e,
and if, during this operation, the elettricity, as faft
as furnithed, is taken off by a byftander, or other-~
wife, from the prime conductor; as under thefe
circumftances the wacuum is the only paffage open tor
its progrefs, and from its elafticity the eleétricity
fhould protrude itfelf through it. And from ex-
periment this is the cafe; for, upon a piece of
wire being conneéted with the end of the long braé‘s‘

rod,

* See Phil. Tranf. Vol. XLV, pag. 95 & /feq.
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rod, or with the brafs cap at the upper extremity of
that tube, and the other end of the wire faftened to
any part of the frame of the elerifying machine,
and this laft put in motion, the ele€trical corufcations
are feen to pafs as before from one of the brafs
plates contained in the tube to the other ; and to con-
tinue, unlefs the air infinuates itfelf, as long as the
machine is in motion. If, under thefe circumflances,
the hand of a perfon ftanding upon the floor is
brought near the fides of the glafs, the corufcations
will dire¢t themfelves that way in great variety of
forms, extremely curious to behold. But here, as
in the former experiment, our vacuum did not con~
du&t fo perfetly as metals or water; as a perfon,
ftanding upon the floor, and applying his finger to
the upper brafs cap of the tube, receives a fmart
ftroke : and this I conceive to arife, from the elec-
tricity of this brafs being fo much more rarefied, or
attenuated, than that of the body of the man, ap-
plying bis finger.

This experiment fhould be made in the middle
- of a large room, and the machine, and man turn.
ing it, thould be raifed from the floor at leaft a foot :
otherwife the effets defired will be diminithed by
the eleiricity being in part furnithed by the floor to
the machine.

To what is here laid down it may be objected,
that the eletrical corufcations in the laft experiment
proceed, not from the floor of the room, as I have
conjeGtured, but from the eleGricity being, from the
globe in motion, diffufed at the fdme time upon
the prime conducor, as well as all over the machine,
and which in the tube becomes vifible in its paffage

4 to
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to the floor. But it is to be remember’d in this ex~
periment, that no eledricity is perceptible either i
vacuo, or upon any part of the machine, as above-
mentioned, unlefs at the fame time the prime con-
du@or is made ufe of; for, without that, there will
be no: diminution of the denfity of the elericity in
the machine, as the quantity taken from the cufhion
by the globe inits rotation is returned vpon it
again the next revolution, the cufhion being the firft
non-ele@tric, which offers itfelf: but this I have
have confider'd at large, as may be feen in the Phi-
lofophical Tranfaétions *. 'This experiment therefore,
in which the eleGricity is feen, without any preter-
natural force, pufhing itfelf on through the vacuum
by its own elafticity, in order to maintain the equi-
librium in the machine, which had loft part of its
“natural quantity of eleé@ricity by the prefent opera-
tion ; this experiment, I fay, I do not fcruple to
confider as an experimentum crucis of the truth of
the do@rines here laid down; to wit, not only that
the ele@ricity is furnifh’d by thofe bodies, hitherto

called non-ele@rics, and not by the electrics per /¢ || 5
but

* Vol. XLV. p. gb. o

{i *Since the communication of this paper to the Royal Society
in February 1752, wiz. in the fucceeding fummer, the truth of
this do&trine is put out of all doubt by the difcovery made in
France, in confequence of Mr. Franklin’s hypothefis, of being
able, by a proper apparatus, to colle& the eleGtricity from the at-
mofphere during a thunder-florm, and to apply it to’ the ufual ex-
pefiments, which demonftrates, that the matter of thunder and
lightning and that of elcctricity are one and the fame. 'That the
electricity did not proceed from the glafs, or other electrics per /e,

as they had been ufually called, I firft difcover’d in the year 17§6:
ce
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but alfo, that we are able to add to, or take from, that

quantity of ele€tricity, naturally adherent to bodies.
By what denomination fhall we call this extraor-
dinary power ? From its effects in thefe operations,
fhall we call it electricity ? From its being a princi-
ple neither generated nor deftroyed; from its being
every-where and always prefent, and in readinefs to
ew itfelf in its effeCts though latent and unobferved,
till by fome procefs it is produced into a&tion, and
rendered vifible ; from its penetrating the denfeft and
hardeft bodies, and its uniting itfelf to them ; and
from its immenfe velocity ; fhall we, with Theo-
phraftus, Boerhaave, Niewentyt, s'Gravefande, and
other philofophers, call it elementary fire? Or fhall
we, from its containing the fubftance of light and
fire, and from the extreme f{malinefs of its parts, as
pafling through moft bodies we are acquainted with,
denominate it, with Homberg and the chemilts, the
chemical fulphureous principle, which, according to
the docrines of thefe gentlemen, is univerfally dif-
feminated ? We need not indeed be very follicitous in
relation to its denomination: certain it is, that the
power we are now treating about is, befides others,
poffefled of the properties before -mentioned,  and
cannot

See Phil. Tranf. Vol. XLIV. p."713.- 749, and explained
further Vol. XLV. p. g5, ¢ feq. and though the electric mat.
ter may be taken from the atmofphere during a ftorm of thunder,
or even when it is only charged with what are ufually called
thunder-clouds, that is, when the atmofphere is replete with hete-
rogeneous phlogiftic matter, yet it muft not be confidered as com-
ing from pure dry air, which, as I before mentioned, I conceive to
contain in its natural ftate fcarce any of the electric matter, and is

the agent, by which we are enabled te communicate electricity to
other bodies.
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cannot but be of very great moment in the fyftem of
the univerfe.

I am, Gentlemen, with all poffible refpe&,

London,Feb.12,. Your moft obedient humble fervant,
1752.

W. Watfon.

LXIL A Letter from Dr. Bevis to Dr. Dé
Caftro, F.R. S. containing Extracts of
Father Auguftin Hallerftein’s gffronomical
Obfervations made at Pekin in 1744 and
1747.

Read March sI AM much obliged to jou, Sir, for fur-
175% R theringF. Aug. Hallerftein’s letter tome.

It informs me, thdt the inftrument I wrote the defcrip=
tion and ufe of, was arrived fafe it Pekin. According
to that miffionary’s requeft, I have carefully looked
over the obfervations he fent to Dr. Sanchez at
Paris, to be communicated to the Royal Society
through your hands. They dare comparifons of all
the planets with known fix’d ftars taken in the
Jefuit’s College at Pekin, in 1746 and 1747, with a
well-adjufted pendulum-clock, and a micrometer ;
and appeartome to have been done withjudgmentand
accuracy





