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XIV. Eleitrical Experiments made in order fo afcertain the non-
condulting Power of a perfect Vacuum, &c. By Mr. Wil-
liam Morgan; communicated by the Rev. Richard Price,
LL.D. F.R.S. |

Read February 24, 1785.

-~ HE non-conduéting power of a perfe&t vacuum is a fa&
T in ele&tricity which has been much controverted among
philofophers. The experiments made by Mr. Wavrsu, F.R.S. in
the double barometer tube clearly demonftrated the impermeabi-
lity of the ele&ric /ight through a vacuum ; nor wasit, 1think,
precipitate to conclude from them the impermeability of the
ele&tric fluid it{elf. But this conclufion has not been univerfally
admitted, and the following experiments were made with the
view of determining its truth or fallacy. When I firft attended
to the fubje®, I was not aware that any other attempts had
been made befides thofe of Mr. WaLsH ; and thdugh I have
fince found myfelf to have been in part anticipated in one of
my experiments, it may not perhaps be improper to give {fome
account of them, not only as they are an additional teftimony
in fupport of this fa&, but as they led to the obfervation of
{fome phanomena which appear to be new and interefting.

A mercurial gage B (fee tab. IX. fig. 1.) about 15 inches
long, carefully and accurately boiled till every particle of air
was expelled from the infide, was coated with timn-foil five
inches down from its fealed end (A), and being inverted into

mercury
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Myr. MorGAN's Experiments, &c. 2%3
mercury through a perforation (D) in the brafs cap (E) which:
covered the mouth of the ciftern (H), the whole was cemented
together, and the air was exhaufted from the infide of the
ciftern through a valve (C) in the brafs cap (E) juflt mentioned,
which producing a perfe€ vacuum in the gage (B) afforded an
inftrument peculiarly well adapted for experiments of this
kind. Things being thus adjufted (a fmall wire (F) having
been previoufly fixed on the infide of the ciftern to form a com-
munication between the brafs cap (E) and the mercury (G)
into which the gage was inverted) the coated end (A) was ap-
plied to the conductor of an eleftrical machine, and notwith-
ftanding every effort, neither the fmalleft ray of light, nor the
flighteft charge, could ever be procured in this exhaufted gage.
I need not obferve, that if the vacuum on its infide had been a
conductor of ele@ricity, the latter at leaft muft have taken
place, for it is well known (and I have myfelf often made the
experiment) that if a glafs tube be exhaufted by an air-pump,
and coated on the outfide, both light and a charge may very
readily be procured. If the mercury in the gage be imperfectly
boiled, the experiment will not fucceed; but the colour of the
electric light, which, in air rarefied by an exhaufter, ‘is always
violet or purple, appears in this cale of a beautiful green, and,-
what is very curious, the degree of the air’s rarefacion may be
nearly determined by this means ; for I have known inftances,
during the courfe of thefe experiments, where a fmall particle
of air having found its way into the tube (B), the eleétric
light became vifible, and as ufual of a green colour; but the
charge being often repeated, the gage has at length cracked at
its fealed end, and in confequence the external air, by being
admitted into the infide, has gradually produced a change in

the eleCric light from green to blue, from blue to indigo, and
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fo on to violetand purple, till the medium has at laft become fo
denfe as no longer to be a conduftor of eleftricity. I think
there can be little doubt from the above experiments of the
non-condudting power of a perfe® vacuum; and this fa& is
ftill more ftrongly confirmed by the pheenomena which appear
upon the admiffion of a very minute particle of air into the
infide of the gage. In this cafe ‘the whole becomes imme-
diately luminous upon the flighteft application of ele@ricity,
and a charge takes place, which continues to grow more and
more powerful in proportion as frefh air is admitted, till the
denfity of the condulting medium arrives at its maximum,
which it always does when the colour of the ele@ric light is
‘indigo or violet. Under thefe circumftances the charge may
be fo far increafed as frequently to break the glafs. In fome
tubes, which have not been completely boiled, Ihave obferved,
that they will not condu@ the ele@ric fluid when the mercury is
fallen very low in them, yet upon letting in air into the ciftern
(H), fo that the mercury fhall rife in the gage (B), the elec-
tric fluid, which was before latent in the infide, fhall now be-
come vifible, and as the mercury continues to rife, and of con-
fequence the medium is rendered lefs rare, the light fhall grow
more and more vifible, and the gage fhall at laft be charged,
notwithftanding it has not been near an ele@rical machine for
two or three days. This feems to prove, that there 1s a limit
even in the rarefa®ion of air, which fets bounds to its con-
ducting power ; or, in other words, that the particles of air may
be fo far feparated from each other as no longer to be able to
tranfmit the eleftric fluid; that if they are brought within a
certain diftance of each other,their condu@ing power begins, and
continually increafes till their approach alfo arrives at its limit,

when the particles again become {o near as to refift the paflage
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non-condulting Power of a perfeét Vacuum, 2%%
of the fluid entirely, without” employing wiolence, which is
the cafe in common and condenfed air, but more particularly
in the latter. ‘Thefe experiments, however, belong to another
fubjet, and may poflibly be communicated at fome future
time.

It is furprifing to obferve, how readily an exhaufted tube is
charged with ele@ricity. By placing it at ten or twelve inches
from the conductor the light may be faen pervading its infide,and
as ftrong a charge may fometimes be procured as if it were in
contat with the condultor: nor does it fignify how narrow the
bore of the glafs may be; foreven a thermometer tube, having
the minuteft perforation poflible, will charge with the utmoft
facility ; and in this experiment the phwenomena are peculiarly.
beautiful.

Let one end of a thermometer tube be fealed hermetically.
Let the other end be cemented “into a brafs cap with a valve,
or into a brafs cock, f{o that it may be fitted to the plate of an.
air-pump. When it is exhaufted, let the fealed end be applied
to the condu&tor of an ele&rical machine, while the other end
1s either held in the hand or conneéed to the floor. Upon the
flighteft excitation the eletric fluid will accumulate at the fealed
end, and be difcharged through the infide in the form of a
{park, and this accumulation and difcharge may be inceflantly
repeated till the tube is broken. By this means I have had a
fpark 42 inches long, and, had I been provided with a proper tube,
I do not doubt but that I might have had a {park of four times
that length. If, inftead of the fealed end, a bulb be blown at that
extremity of the tube, the eleCric light will fill the whole of
that bulb, and then pafs through the tube in the form of a
brilliant fpark, asin the foregoing experiment ; but in this cafe
1 have feldom been able to repeat the trials above three or four
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bulb. If again a thermometer filled with mercury be inverted
into a ciftern, and the air exhaufted in the manner I have de~
{cribed for making the experiment with the gage, a Torricellian
vacuum will be produced; and now the eletric light in the
bulb, as well as the {park in the tube,. will be of a vivid green;
but the bulb will not bear a frequent repetition of charges be-
fore it is perforated in like manner as when it has been ex-
haufted by an air-pump. It canr hardly be neceflary to obferve,,
that in thefe cafes the eleGtric fluid affumes the appearance of a
fpark *, from the narrownefs of the paffage through which it
forces its way. If atube, . 40 inches long, be fixed into a globe
8 or g inches in diameter, and the whole be exhaufted, the ele&ric
fluid; after paffing in the form of a brilliant fpark throughout
the length of the tube, will, when 1t gets into the infide of the
globe, expand itfelf in all direCtions, entirely filling it with a
wiolet and purple light, and exhibiting a {triking inftance of the.
vaft elafticity of the electric fluid..

I cannot conclude this paper without acknowledging my obfi~
gations to the ingenious Mr. Brook, of Norwich, who, by com~
municating to me his method of boiling mercury, has been the
chief caufe of my fuccels in thefe experiments-. I have lately:

learned

~* By cementing the {tsing of a guittar into. one end of"a thermometer tube,, a
fpark may be obtained as well as if the tube had been fealed hermetically,
4+ Mr. Brook’s method of making mercuriat gages is'nearly as follows. Let a
glafs tube L (fee fig. 2.), fealed hermetically at one end, be bent into a right~
ancle within two or three inches of the other end. At the diftance of about an inch
or lefs from the angle et a bulb (K), of about # of an inch in diameter, be blowa.
in the cutved end, andlet the remainder of this part of the tube be drawn out (I)
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Learned from him, that he has alfo afcertained the non-condu&ing
power of a perfect vacuum ; but what fteps he took for that pur~
‘pofe I know not.  Of his accuracy, however, Tam fo well con-
vinced, that hadlnever made an experiment myfelf,I fhould,upon
his teftimony alone, have been equally aflured of the fa&t. To
moft of the preceding experiments Dr. Price, Mr. Lang, and
fome others of my friends, have been eye-witnefles, and I be-
lieve that they were as thoroughly fatisfied as myfelf with the
‘refults of them. I mufl beg leave to obferve to thofe who with
to repeat them, that the firft experiment requires fome nicety,
and no inconfiderable degree of labour and patience. I have
boiled many gages for feveral hours together. without {uccefs,

fo as to be fufficiently long to take hold of, when the mercury is boiling. ‘The
Bulb (K) is defigned as a receptacle for the mercury, to prevent its bailing over,
and the bent figure of the tube is adapted for its inverfion into the ciftern; for by
breaking off the tube at (M) within £ or  of an inch of the angle, the open
end of the gage may be held perpendicular to' the horizon when it is'dipped into
the mercury in the ciftern, without obliging us to bring our finger, or any other
fubftance, into contact with the mercury in the gage, which never fails to render the
inftrument imperfet. It is neceflary to obferve, that if the tube be fourteen.
or fifteen inches long, 1 have never been able to boil it effectually for the experis
ments mentioned in this paper in lefs than three or four hours, although Mr,
" Brook feems to preferibe a much fhorter time for the purpofe; nor will’ it even
then fucceed, unlefs. the greateft attention be paid that no bubbles of air lurk
behind, which to my own: mortification I have frequently found: to have been ths
cafe; but experience has at length taught me to guard pretty well againft this
difappointment, particularly by taking care that tire tube be completely dry before
the mercury is put into it; for if this caution be not obferved, the inftrument can
never be made perfect. There is, however, oneevil which I'have not yet Been able to-
remedy ; and that is, theintrodu®ion of air into the gage, owing to-the unboiled
mercury Io the ciftern ; fot when the gage has been a few times exhaufied,.the mer--
cury which originally filled it becomes mixedswith that into shich it is inverted, and:
in confequence the vacuum is rendered itfs and lefs perfe@, till at laft the inftru-
ment is entirely fpoiled. I have juft conftructed a gage' fo as to be able to boil the:
mercury in the ciftern,, but have not.yet alcertained.its fuecefs,.
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and was for fome time difpofed to believe the contrary of what
1.am now convinced to be the truth. Indeed, if we reafon
a priori, 1 think we cannot fuppofe a perfe&t vacuum to be a
perfe& condutor without fuppofing an abfurdity: for if this
were the cafe, cither our atmofphere muft have long ago been
deprived of all its eleéric fluid by being every where fur-
rounded by a boundlefs condu&or, or this fluid muft pervade
every part of infinite fpace, and confequently there can be no
fuch thing as a perfe vacuum in the univerfe. If, on the
contrary, the truth of the preceding experiments be admitted,
it will follow, that the condu&ing power of our atmofphere in-
creafes only to a certain height, beyond which this power be~
gins to diminifh, till at laft it entirely vanithes; but in what
part of the upper. regions of the air thefe limits are placed, I
will not prefume to determine. It would not, perhaps, have
been difficult to have applied the refults of fome of thefe ex-
periments to the explanation of meteors, which are probably
owing to an accumulation of eleftricity. It is not, however,
my prefent defign to give loofe to my imagination. I am fen-
fible, that by indulging it too freely, much harm is done to
real knowledge ; and therefore, that one fact in philofophy well
afcertained is more to be valued than whole volumes of fpecu-
lative hypothefes. '

Chatham-Place, Feb. 12, 1785,
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